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ABSTRACT 

This  study attempted to examine ( i )  the relationship between Thai 

s cience s tudents ' comprehension of English complex s t ructures and their 

reading comprehens ion of  scient i fic Engl ish pass ages , (ii)  the patterns 

among comprehens ibility l evels of complex s tructures for good and poor 

readers and ( iii )  the differences in the comprehensibility of complex 

s t ruc tures within given types for good and poor readers , taken separately . 

The sample comprised 1 9 0  subj ects who were drawn from f ive differ­

ent Faculties at Khon Kaen University -- Medicine , Nurs ing , Science , 

Agriculture and Education . Four tests were cons tructed -- two measuring 

comprehension of scientific English , two measuring comprehension of  

three types of  complex s t ructures , viz . , complement s ,  comparat ives and 

relatives . 

On the basis of c lo ze reading scores , 40 good readers and 4 3  poor 

readers were  ident ified . Thei r  struc ture comprehens ion scores were 

analyzed and compared . 

The results revealed that comprehension of  Engl ish complex 

s tructures and reading comprehension of  scient ific English passages were 

pos i t ively related . When comprehensibility levels of complex s truc tures 

were examined for pat terns and when patterns characteristic of good and 

poor readers were compared , the results revealed a group of structures 

easy for both groups and another group of structures which tended to 

be relatively difficult for both groups . Easy s t ructures seemed to 

share several general features notably the presence of part icular types 

of s u rface cues in the surface structures , the presence of all surface 

elements and overt rather than covert ordering of surface elements 

wi thin clauses . Difficult s t ruc tures , on the o ther hand , displayed 

different types of surface cues or had surface cues absent from the 

surface struc tures . Moreover in such difficult structures , no t all 

surface elements were present . 

It was also found that there were differences in the comprehens­

ibil ity levels of complex s t ructures within the different types . Again 

the presence or absence of  surface cues seemed to affect s entence 

comprehensibility . The easier s t ructures wi thin the dif ferent types 

tended to contain the surface elements required to understand the 

sent ence . 



The pos ition of the relative clause seemed also to have an effect 

on the comprehensib ility level of  relative s entences.  Right-branching 

relat ive c lauses seemed to be more comprehensible than c entre-embedded 

rela t ive clauses . 

iii  

Finally the data revealed that good readers comprehended complex 

s t ru ctures s ignificantly better than did poor readers in most  o f  the 

s t ru ctures investigated . Their comprehension of  two complex struc tures , 

however , was found no t s ignificantly different . They were ( i )  Non­

f inite ( to-infinitive)  obj ect complement and ( i i )  Comparison o f  in­

equality where than is absent . Some explanat ion of  the results was 

attempted and some educat ional implications were drawn. 



iv 

This thes is is dedicated 

to 

my parents 



ACKNOWLEDGEMENTS 

I t  is a great pleasure to express my thanks to a number of people 

who have contributed to the . completion of this thesis . In particular 

I wish to thank : -

The late Pro fessor C . G . N .  Hili,  my first chief supervisor , whose 
understanding and b roadmindedness and whose keen interest in 
the learning process of  the author who came with very little 
research experience , provided the opportunity for the proj ect  
to be undertaken in  Thailand . 

Professor R . S .  Adams , who kindly consented to act  as my s econd chief  
supervisor soon after the great loss of  Pro f .  C . G . N .  Hill . 
Despite all of  the difficul ties he had to f ace in catching up 
with a proj ect which had al ready been s tarted three years 
previous ly , he has made a las ting impression because of his 
ability in developing an interes t in the proj ect which in turn 
enabled him to suc cess fully guide the author all through the 
difficult s tages of writ ing up this thesis . His patience in 
discuss ing the research prob lems , going over and over drafts , 
b eing there in t imes of frus tration , and mos t  importantly 
o ffering cons t ruct ive criticisms always together with valuab le 
suggestions for rewriting , has been highly appreciat ed . 

Dr N . R .  Watts , my second supervisor , whose unders tanding in second 
language l earning and teaching , has encouraged me all the way 
through to the completion of the proj ec t . 

Mr Paul Nation , a s enior lec turer at the English Language Institut e , 
Victoria University , to whom I owe my great deb t of  gratitude . 
His vast expert ise on English language learning and teaching , 
his insight ful critic isms together with sugges tions , his keen 
interest in the proj ect , his pat ience in going over drafts o f  
writing , and his unfailing encouragement a t  times of  despair 
and frustrat ion , has earned him a special depth of  appreciation . 

Dr V icky Johnson , Berkeley University , U . S . A . , who , despite a very 
short s tay in the Department of Education , has in her cheerful 
and enthusias tic manner had so much influence on the author ' s  
attitudes toward research and life in general . From her , 
I have learnt so much of  the "how to"  cope with academic and 
psychological techniques which were highly demanded in completing 
the proj ect . For all of  these , I feel so very gra teful to her . 

Dr Adrian Palmer , Associate Professor of  English , University of Utah , 
U . S .A . , whose wide experi ence in the t eaching o f  English as 
a foreign language to Thai university s tudents in Thailand for 
so many years , and whos e  insights into the research problems 
inves tigated , has offered guidance and feedback , on a regular 
mail contact basis , particularly at the initial s tage of the 
development of research design . His cons is tent support throughout 
sometimes f rus trating circums tances has enabled me to continue 
the proj ect when I might o the rwise have given up . 

v 



Dr Al ison St . George , for being supportive , especially for offer ing 
valuable sugges tions in edit ing some of the drafts . 
Dr J .  Chapman and Dr K .  Ryba who have, in a friendly manner , 
o ffered advice concerning the statist ical analyses . 
An appreciation is also due to Cathy Smith , Mike Brennon and 
Steve Black whose expertise on computer  programs have resolved 
many worrie s . 

The following s c ience  l ecturers , for their  t ime and valuable comments 
on test cons t ruction as it invo lved s cience concepts : Dr Mary 
Earle , Assistant Professor Suparb NaNakorn , Mr Preecha Nakorn 
and Mrs Jarumarn Jitrungsee . 

The s taff at Mass ey University Library - particularly Miss Green -
the former Head of  the Interloan Uni t , whose friendly and 
patient assistance has been much valued . 

The s taff of the Department of  Foreign Languages , Khon Kaen University, 
each member of whi ch has made sacrifices during the lengthy period 
of the proj ect  taking over some of  my t eaching respons ibilities . 
Special appreciation is forwarded to Assistant Pro fessor Jarin 
Paorohitr , the Head o f  the Department , As sis tant Professor 
Sunantha Laochan who is always the re in times of need to o f fer 
a hand , and the late Mis s  Urai Thepboontham who was the Head 
of the Department at the t ime when the proj ect was undertaken 
in Thailand . By all who knew her special way of encouraging 
and her enthus ias tic way of helping , she is sadly missed . 

The Heads of  the English Departments and the large number of students 
from Mahidol University , Kasetsart University , Bangkok , Chiengmai 
University , Chiengmai , Khon Kaen Univers ity , Khon Kaen , without 
whose cooperat ion throughout various s tages of pilot testings 
and final tes t ing, this proj ect could never have b een completed . 

v i  

D r  Patcharee Chit taporn and Miss Nanthiya Samanonth for their invaluab le 
friendship and cheerful assis tance througho ut the time when the 
proj ect was undertaken in Thailand . Special thanks are due to 
Roselyn Dixon , for pat iently edit ing the English version of the 
appendices ; Puntipa, Suthewee , Sunantha and Nuch for assisting 
with the proo f-reading , graph making , checking of references and 
particularly for cheering me up in t imes of overt iredness . 

The New Zealand Bilateral Aid Scholarship from which financial assistance 
enabled me to devote my full time and ef fort to completion o f  
this thes is .  

Erin Temperton , for  the cheerful ,  helpful and competent manner in whi ch 
she typed the thesis;  Mrs Samorn Kumpol  for the speedy and 
accurate manner in which she typed the tests and the Thai version 
of the appendices . 

Finally , I wish to express my deepes t  gratitude to those people 
who are so very close and very dear to me . Firstly , my parents whose 
love , sacrifices , concern and unders tanding have contributed so much 
to the completion of this the s is . Mrs McDonald who particularly at 
th e initial s t age of the proj ect when academic and personal l i fe 
adj us tment was very difficult , always s tood by my side offering moral 
support and encouragement.  Mr and Mrs Moxon whose genuine concern , 



care and unders tanding have made my life in New Zealand as pleasant 
as it should be despite all  of  the difficulti es arising at times 
during the proc ess of  thesis preparation . Special thanks is forwarded 
to Mrs Moxon who pa tiently went through all of the original drafts 
of the thesis , checking' for grammatical mis takes before they were 
handed over to supervisors . To her , I am so very grateful . 

vii 



TABLE OF CONTENTS 

Page 

ABSTRACT . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  v 

L IST OF TABLES . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xix 

CHAPTER 1: 

INTRODUCTION AND BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . .  1 

Importance of English Language Learning for 
Thai Science Students 1 

Si tuation of  English Language Teaching for 
Thai Science Student s at the Univers ity 
Level in Thailand 1 

Significance of  the Present Study 4 
Order of  Presentation 6 

REVIEW OF THE L ITERATURE 

Introduction 

Reading Process 
First Language Reading 
Foreign or Second Language Reading 
Conclus ion 

Linguistic Research on Engl ish for Science 

8 

8 

8 
9 

1 3  
1 6  

and Technology ( EST) 1 7  
English Language Teaching and Engl ish for 

Special Purposes ( ESP)  17  
Linguistic Research on English for Science 

and Technology ( EST)  19  
Lexical Analys is 1 9  
Syntac t ic Analys is 20 
Discourse Analysis 24 

Conclusion 26 

Research on Language Structure and Reading 
Comprehens ion 2 7  
Knowledge o f  English Grammatical Structures 

and Reading Comprehension 2 7  
Readab ility and Sentence Structure 3 1  
English Complex Struc tures 3 7  

English Relative Clauses 3 7  
English Complement Structures 4 7  

Conclusion 51 

viii 



CHAPTER 2 :  

C HAPTER 3 :  

Page 

"Clo ze" Technique 5 2 
Definition 52  
Val idity : Cloz e  as a Measure o f  Reading 

Comprehens ion for Nat ive Speakers 53  
Val idity : Cloz e  as a Measure of  Reading 

Comprehens ion for Non-native Speakers 
of  English 5 7  

Cloze Tes t Reliability 58  
Methodological Cons iderations 60 
Scoring Procedure 62 
Conclusion 64 

RESEARCH DESIGN . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . .  

Introduction 
Research Quest ions 
Hypo theses 
Sample 

Composition of  the Sample 
Ins truments 

Cloze Reading Comprehension Test 
Multiple-choice Reading Comprehension 

Test 
Test of Comprehension of English 

Grammatical Structures 
English-Thai Translation Test of 

Comprehension of Engl ish 
Gramma t ical Structures 

KKU English Language Proficiency Test 
Collection of the Da ta 
Treatment of the Data 

Test Scoring 
Compu tation 

Summary 

66 

66  
66 
73 
7 7  
7 8  
80 
8 1  

8 1  

8 1  

8 1  
82 
82  
82  
82  
83 
84 

TEST CONSTRUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

Construction of the C loze Reading 
Comprehension Test 
Selection of  the Sample Passages 
Cons truction of Cloze Items 
Pilot Testing II 

Test Sample 
Test Adminis tra t ion 
Scoring Procedure 
Result s  

Construction o f  the Multiple-choice 
Reading Comprehension Test 
Selection of  the Test Passages 
Construction of the Mul tiple-choice 

Items 

85 
85 
86 

§l.. 
8 7  
88  
88  
89  

9 0  
90 

9 0  

ix 



Page 

Pilot Tes t ing I 1 00 
Test Administration 100 
Scoring Procedure 100 
Results 1 0 1  

Pilot Testing II  102  
Test  Sample 102  
Test Administration 102  
Scoring Procedure 102  
Resul ts 103  

Cons truct ion o f  the Test of English 
Grammatical Structures 104 
Sel ection o f  the 1 5  English 

Grammat ical S t ructures 1 04 
Rela tive Construct ion in Scient i f ic 

English 105 
Res tric t ive Clauses of Non-f ini te 

Cons truct ion 106 
Res tric t ive Clauses of Fini te 

Cons truct ion 1 0 7  
Compl ement Struc tures i n  Scientific  

English 109 
Fini te Complements 1 10 
Non-f ini t e  Complements III 
Preposition-governed Complement s 1 14 

Comparat ive Cons truct ions in 
Scientific  English 1 16 
Comparisons o f  Similarities o r  

Differences 1 1 7  
Comparisons o f  Inequality 120  
Comparisons o f  Equality 1 2 2  

Cons truct ion o f  the Test Items 124  
Selection of  the Target Sentences 124  
Vocabulary Contro l 1 2 5  
Construction of  the Mul t iple-choice 

Items 1 2 6  
Pilot Testing 129  

Test Sample 129 
Test Administra tion 1 30 
Scoring Procedure 1 30 
Results 1 30 

Sample Items Measuring Engl ish Complex 
Struc tures 1 32 

Const ruction of the Engl ish-Thai 
Translation Test o f  English 
Grammatical Structures 1 38 
Select ion of  the 15  English 

Grammatical Structures 1 38 
Selection of  the 4 5  Target Sentences 1 38 
Pilot Testing 1 38 

Test Sample 1 38 
Test Adminis t ration 1 38 
Scoring Procedure 1 39 

Conclus ions 1 39 

x 



C HAPTER 4 :  

CHAPTER 5 :  

Page 

TEST ADMINISTRATION AND TEST RESULTS . . . . . . . . . . . .  1 41 

Procedures .14 1 
Time Arrangement 14 1 
Student Co-operation 1 4 1  
Room Arrangement 142  

Cloze Tes t Administration 1 43 
Test Booklet 1 4 3  
Test Administration 1 4 3  
Scoring Procedure 1 45 

Exact Word Scoring Procedure 1 45 
Acceptable  Word Scoring Procedu re 145 

Result s  1 4 7  
Reliabi li ty 148  
Validity 1 4 8  

Multiple-choice Reading Comprehension Test : 
Adminis t rat ion 149  
Test Booklet 149 
Test Adminis tration 149  
Scoring Procedure 150  
Results 1 5 1  

Reliab i lity 1 5 1  
Validity 1 5 1  

English Grammat ical Structures Test : 
Administration 154  
Test Administration 1 5 4  
Scoring Procedure 1 55 
Resul ts 1 5 5  

Re liab i lity 1 56 
Validity 1 56 

English-Thai Trans lation Test of English 
Grammatical St ructures : Administrat ion 1 5 7  
Scoring Procedure 1 5 8  
Results 1 5 8  

Re liab i lity 1 5 9  
Validity 159 

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 160 

Introduc tion 160  

Findings : Relat ionship Between Comprehen-
sion o f  English Complex Structures and 
Reading Comprehension of Scientific 
English Discourse 1 6 0  
Product - moment Correlat ions 1 6 1  
Partial Correlat ions 1 6 1 
Sex 1 6 3  
Conc lusions 165  

Difference Between Reading Performance 
of Two Read ing Abi lity Groups 166  

xi  



CHAPTER 6 :  

Findings : Relat ionship Between Good and 
Poor Reader s ' Comprehension of the 1 5  
Engl ish Complex Structures 
Spearman Rank-order Correlation 
Conclusions 

Findings : Differences in the 
Comprehens ib ility Levels of English 
Complex Struc tures for Good and Poor 
Readers 
Comprehens ib ility Levels of Three 

Main Types of  English Compl ex 
Structures -- Complements , 

Page 

1 70 
1 7 2  
1 78 

1 80 

Comparatives and Relatives 1 80 
Single-factor Analyses of Variance 
( Repeated Measures ) 1 8 1  

Comprehensib ility Levels o f  the Five 
Dif ferent Manifesta tions of Engl ish 
Complement s for Good and Poor Readers 1 85 
Single-factor Ana lyses of Variance 
(Repeat ed Measures ) 1 86 

Comprehensibility Levels o f  the Five 
English Comparat ive Structures for 
Good and Poor Readers 1 8 8  
Single-fac tor Analyses of Variance 
( Repeated Measures ) 1 90 

Comprehensibility Levels of the Five 
English Relative St ructures for 
Good and Poor Readers 1 9 2  
Single-factor Analyses of  Variance 
(Repeated Measures ) 194  

Conc lusions 196  

DISCUSS ION OF RESULTS 1 98 

Introduction 1 9 8  

Relat ionship Between Comprehens ion o f  
English Complex Struc tures and 
Reading Comprehension of Scient ific 
English Discourse 198  

Relationship Between Good and Poor Reader 
Comprehens ion Pat terns o f  English 
Compl ex Structures 200 

Comprehensibil i ty Levels of Complex 
Struc tures for Good and Poor Readers 204 
Comprehensibility Levels of  the Three 

main Types of  Complex S tructures 204 
Good Readers 204 
Poor Readers 205 
Good Readers vs Poor Readers 205 

xii 



CHAPTER 7 :  

APPENDICES 

A .  

B .  

C .  

D .  

E .  

F .  

G .  

H .  

I .  

Page 

Comprehensib ility Levels of the Five 
Compl ement Structures 206 
Good Readers 206 
Poor Readers 209 
Good Readers vs Poor Readers 2 1 0  

Comprehensibility Levels of the Five 
Comparat ive Structures 2 1 2  
Good Readers 2 1 3  
Poor Readers 2 1 6  
Good Readers v s  Poor Readers 2 1 7  

Comprehensibility Levels of the Five  
Relative Struc tures 220  
Good Readers 2 2 1  
Poor Readers 2 2 7  
Good Readers v s  Poor Readers 2 2 7  

Conclusions 2 30 

CONCLUSION AND EDUCATIONAL IMPLICATIONS 2 3 2  

General Conclusion 232  
Educat ional Impl ications 234 

Cloze Technique 234 
Cloze Scoring Methods 235 
Scientific English and Its 

Relationship to Language Struc t ure 235 
Patterns o f  Complex Structures 

Comprehension and Reading Ability 236 
Comprehens ib il ity Levels of the 

Complements , the Comparatives and 
the Relatives for Good and Poor 
Readers Taken Separately 2 3 7  

The Test o f  English Grammatical 
Structures 2 37 

Implications for Future Research 2 38 

Cloze Reading Comprehension Tes t  

Multiple-choice Reading Comprehension Test 

Test of Engl ish Grammatical Structures 

Test of English Grammatical Structures -
Administration 

Answer Key for the Test o f  English Grammatical 
Structures 

Talk Given to KKU Science Students 

Let ter to KKU Science Student s 

Cloze Reading Comprehension Test -
Administration 

Answer Key for the Cloze Reading Comprehension 
Test ( Exact Word  Responses ) 

240 

248 

265 

2 8 1  

285  

2 86 

290  

2 9 3  
2 9 3  

300 

xiii 



J .  

K .  

L .  

M .  

N .  

o. 

P .  

Q. 

R.  

S .  

T .  

u. 

Answer Key for the Cloz e  Reading Comprehension 
Tes t  (Acceptable Word Responses ) 

Mul t iple-choice Reading Comprehension Test -
Adminis tration 

Answer for the Mul t iple-choice Reading 
Comprehens ion Test 

Mul t iple-choice Reading Comprehension Test -
Test  Item Statistics 

Correct Response Lengths in the Mul tiple-choice 
Reading Comprehension Test 

Vocabulary Lis t 

Test o f  Engl ish Grammatical Structures - Test 
Item Statis t ics 

Eng l ish-Thai Translat ion Test of  English Grammat ical 
Stru ctures - Administration 

Engl ish-Thai Translation Test of English Grammat ical 
Structures 

Key fo r the Engl ish-Thai Trans lat ion Test of Engl ish 
Grammatical Structures 

Distribut ion of Cloze Reading Scores 

Scheff� Mul t iple Comparisons 

REFERENCES . . • . . . . . . . . . . . . . . . . . • . . • . . • • . . . . . . . . . . . . . . . . . . . . • . . •  

Page 

30 1 

303 

306 

307 

308 

309 

320 

32 1 

324 

335 

340 

342 

345 

xiv 



Table 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10 . 

II. 
1 2 . 

1 3 .  

14 . 

1 5 .  

1 6 .  

1 7 .  

18 . 

1 9 . 

20 . 

2 1 . 

22 . 

23 . 

LIST OF TABLES 

Validity of  Cloze Tests  as Measures of  General 
Reading Comprehension 

Sample by Faculties 

Sample Composition : Age and Sex 

Composit ion of Sample : 
Age and Reading Ab i lity 
Sex and Reading Ab ility 

Cloze Test (Exact Word Scoring) : Basic Statis tics 

Cloze Test (Acceptable Word Scoring ) : Basic Statistics 

Comprehens ion Specifications 

Mul t ip le-choice Reading Comprehens ion Test : 
Basic Statistics (Pilot Testing I )  

Mul tiple-choice Reading Comprehension Test : 
Bas ic Statistics (Pilot Tes t ing II )  

Relativilizat ion (79 1 )  

Relative Cons tructions : Non-finite (Restrict ive )  

Relative Construct ions : Finite (Restrictive) 

Complementation (725 )  

Fini te Complement s 

Non-finite Complements 

Obj ect Complements with To-infinit ive 
Phrases 

Prepos i tion-governed Complements 

Comparative Structures (5 1 8 )  

Comparisons o f  Similarities and Differences 

Func t ions of the Comparat ive Elements 
same and othe r 

Comparisons of  Inequality : �, less , -er 

Comparisons of Equality : so/as 

Engl ish Gramma tical Structures Test : 
Bas ic Statistics 

24 . Clo z e  Test (Exact Word Scoring ) : 
Basic Statistics 

25 . Cloze Test (Acceptable Word Scoring) : 
Basic Statistics 

26 . Mult iple-choice Reading Comprehension Tes t : 
Basic S tatist ics 

2 7 . Test of English Grammat ical Structures : 
Basic S tatistics 

Page 

54 

78  

79  

79  

89  

89 

9 1  

1 0 1  

1 0 3  

1 0 6  

1 06 

1 0 7  

1 1 0  

1 1 1  

1 1 2  

1 1 3 

1 1 4  

1 1 7  

1 1 8  

1 19 

1 2 2  

1 2 3  

1 3 1  

1 4 7  

1 4 7  

1 5 1  

156  

xv 



Table  

2 8 . 

29 . 

30 . 

3 1 .  

32 . 

33 . 

34 . 

35 . 

36 . 

37 . 

38.  

39 . 

40 . 

4 1 . 

4 2 .  

4 3 .  

English-Thai Translat ion Tes t of  English 
� Grammatical Structures : Basic Statistics 

Correlation between Struc t ure Comprehension 
and Reading Comprehension (N = 190 )  

Correlat ional Matrix : ·  Structure Comprehension 
Sco res , Reading Comprehension Scores and 
Vocabulary Scores 

Partial Correlations : Struc ture Comprehension 
Scores and Reading Comprehension Scores 
with Vocabulary Scores Controlled 

Comparisons of  Means for Males and Females 

Correlations between Struc ture Comprehension 
Scores and Reading Comprehension Scores 
by Sex 

Raw Scores and Percent Correct Responses on 
the Cloze Reading Comprehension Test and 
the Multiple-choice Reading Comprehension 
Test for Each of 83 Students 

Placement of  Students in High and Low Scoring 
Groups Based on the Median of Both Cloze 
Reading Comprehension Test and the Mul tiple­
choice Reading Comprehension Tes t 

Comprehension Scores o f  the 1 5  English Complex 
Structures of Good Readers (N = 40) , Ranked 
from Eas iest to Mos t  Difficult  

Comprehens ion Scores of the 15  English Complex 
Structures of Poor Readers (N = 43 ) , Ranked 
from Eas iest  to Most  Difficult 

Comprehension Scores and Comprehension Ranks 
of  the 1 5  Complex Structures for Good  (N  40)  
and Poor Readers (N = 4 3 )  

Spearman Rank-order Correlat ion Coeffic ient 
Between Good Readers ' and Poor Readers '  
Comprehension o f  Engl ish Complex Structures 

Mos t  Comprehens ible , Moderately Difficult and 
Mos t  Dif ficult Ranking Struc tures for Good 
Readers and Poor Readers 

English Complex Structures with Similar 
and Diss imilar Comprehension Ranks for 
Both Good Readers and Poor Readers 

Comprehension Scores , Means and Standard 
Devia tions of the Three Types of English 
Complex Structures for Good  eN  = 4 0 )  
and Poor Readers ( N  = 4 3 )  

Summary of  a Single-factor Analysis with 
Repeated Measures of Good Readers (N = 40)  
by Types o f  Complex Structure 

Page 

1 5 9  

1 6 1 

162  

1 6 3  

164  

165  

1 6 7  

1 6 9  

1 7 1  

1 7 1  

1 7 3  

1 74 

1 7 5  

1 79 

18 1  

1 82 

xvi 



Tab le 

44 . 

4 5 . 

4 6 . 

4 7 . 

4 8 . 

49 . 

50 . 

5 1 . 

5 2 .  

5 3 .  

Summary of a Single-factor Analysis with 
Repeated Measures o f  Poor Readers eN = 4 3 )  
b y  Types of Complex S tructure 

Comprehension Scores , Means and Standard 
Deviations of the Five Compl ements for 
Good eN = 40) and Poor Readers eN = 43)  

Summary of a Single-fac tor Analysis with Repeated 
Measures of  Goo d  Readers (N = 40)  by the Five 
English Complement S tructures 

Summary of a Single-factor Analysis with Repeated 
Measures of Poor Readers eN = 4 3 )  by the Five 
Engl ish Complement S tructures 

Comprehension Scores , Means and Standard 
Deviations of the Five Comparative Structures 
for Good eN = 40) and Poor Readers (N = 4 3 )  

Summary o f  a Single-fac tor Analysis wi th Repeated 
Measures of Good Readers (N = 40) by the Five 
English Comparative Structures 

Summary of a Single-factor Analysis with Repeated 
Measures of  Poor Readers (N = 43) by the Five 
English Comparative Structures 

Comprehension Scores , Means and Standard 
Devia t ions of the Five Relative Structures 
for Good (N = 40) and Poor Readers (N = 4 3 )  

Summary of  a Single-factor Analysis with Repeated 
Measures of  Good Readers eN = 40) by Five 
English Relative Structures 

Summary of a Singl e-factor Analys is with Repeat ed 
Measures of  Poor Readers eN = 4 3 )  by Five 
English Relative Struc tures 

54 . Means , Standard Deviations and t-test Results for 

55 . 

Good (N  = 40) and Poor Readers eN = 4 3 )  on 
Three Types of Complex Structures 

Complement Structure Comprehension Scores and 
Percent ages : Good and Poor Readers 

56 . Means , Standard Deviations and t-test Results 

57 . 

for Good (N = 40)  and Poor Readers eN = 43)  
on the Five Complement Structures 

Comparative Structure Comprehens ion Scores 
and Percentages : Good  and Poor Readers 

5 8 .  Means , Standard Deviat ions and t-test Results 

59 . 

60 . 

for Good (N = 40)  and Poor Readers eN = 43)  
on the F ive Comparative Structures 

Rela tive Struc ture Comprehension Scores and 
Percentages : Good and Poor Readers 

Raw Scores and Percent Correc t Responses on 
Right-branching and Centre-emb edded 
Relat ive Sentences 

xvii 

Page 

182  

1 85 

1 86 

1 8 7  

1 89 

190  

1 9 1 

1 9 3  

1 9 4  

195  

205 

207 

2 1 1  

2 14 

2 1 9  

222  

226  



Table 

6 1 . Placement of  Respons es of English Relative 
Clauses in Pass and Fail Categories 

6 2 . Means , Standard Deviations and t-test Results 
for Good (N = 40)  and Poor Readers (N = 4 3 )  
o n  the Five Relative Structures 

xviii 

Page 

2 2 7  

2 2 8  



Figure 

1 .  

2 . 

3 .  

4 .  

S .  

LIST OF FIGURES 

Map of the Main Idea , Secondary and Supporting Details 
of  the Passage from the Biology Text , "Parasitic 
Reproduction" 

Map of the Main Idea , Secondary and Supporting Details 
of  the Passage from the Physics Text ,  " Mo lecular 
Diffusion" 

Map of the Main Idea , Secondary and Supporting Details 
of the Passage from the Organic Chemistry Text , 
"Covalent  Bonds " 

Al ternative Forms : Cloz e  Test 

Alt ernative Forms : Mul t iple-choice Reading 
Comprehens ion Test 

6 .  Number of  Structures that Occurred Within the 

7 .  

8 . 

9 .  

1 0 .  

Three Comprehens ion Categories for Both Groups 

Comprehensibility Level s  of Three Main Types of  
English Complex Structure (Complement s ,  
Comparatives , Relatives for Good and Poor 
Readers ) 

Comprehensib ility Levels of the Five English 
Complement Structures for Good and Poor Readers 

Comprehensibility Levels of the Five English 
Comparative Struc tures for Good and Poor Readers 

Comprehensibility Levels  of the Five English 
Relative Structures for Good and Poor Readers 

xix 

Page 

96 

97 

98 

143  

149 

1 7 7 

1 84 

188 

192  

1 9 6  



INTRODUCTION AND BACKGROUND 

Impo rtance of Engl ish Language Learning for Thai  Scienc e Stud ents 

Engl ish is nowadays f irmly es t ab lished as an int ernat ional language 

o f  s c ience . The bulk of  research , pub l ishing and training in s c ientific 

and t echnical fiel ds makes use o f  the Engl ish medium . The development 

o f  new t erminology to d es cribe new d iscoveries , proces s es and invent ions 

developed in west ern countries where Engl ish is used as a language of 

communic ation , is too rapid to b e  translated adequately into Thai for 

full advantages to b e  taken o f  such new knowledge . Thus one pos sible way 

fo r s c i entists  from other cul tures to keep up with the rapid growth of  

s cientific  and t echnical knowledge is th rough r ea ding thos e  s cienti fic 
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and t echnical resources in Engl ish . Fo r Thai s c i ence s tud ents , al though 

l ec tures are d el ivered in Thai , the g reat er part o f  bas ic  t ex tbook 

mat er ial is pr int ed in Engl ish . They therefore need to develop  reading 

skills in Engl ish in order to make full use  of their classroom ins t ruction . 

Learning to r ead and comprehend the Engl ish read ing materials of  scientific 

discipl ines i s  no t only an academic nec ess ity fo r Thai science students 

but also  a valuable aid in their future careers . 

Si tua tion of  Engl ish Language Teaching fo r Thai Sc ience Students 

at th e Univer s i ty Level in Tha iland 

In Thailand during the last decade , a numb er o f  s eminars have b een 

conduc ted on English langua ge teaching a t  the university l evel . Among 

them wer e :  the S eminar on Reading ,  i n  1 9 70 ,  the S eminar o n  the Learning 

and Teaching o f  Engl ish at the Univers i ty Level , in 19 7 4 , the Seminar 

and Workshop o n  English for Scienc e and Technology ,  in 1 9 75 , and the 

Nationa l  Conf er ence  on Engl ish for Academic Purpo ses , in 1 9 7 8 . These 

semina rs and the conferenc e reflected an awareness  o f  a s erious problem 

in Engl ish language t eachin g ,  -- the failure to provide an instruc tion 

appropriat e for science students to comprehend their s cientific textbooks . 

The s eminars a l so r eflected the a t tempts by univers ity a dminis t rators , 

English l anguage t eachers and s pecialists to improve the English language 

teach ing at th e university l evel . 

To und ers tand why Tha i s t ud ents do no t satis factorily compr eh end 

their s c ient ific  texts , i t  is ne cessary to cons ider a t  l eas t the 

student s ' Engl ish language backg round , their a t t i tudes towards Engl ish 

language l ea rning , the method o f  t each ing read ing in English , and the 

English language syllabus . 



F rom such a perspective , one o f  the probl ems facing Engl ish l anguage 

teachers a t  th e university  l evel , is wh ere to start t eaching Engl ish to 

stud ent s who come with a range of  Engl ish language pro ficiency . The 

d escription o f  the situat ion in  Chieng-mai University given by Higgins 

( 1966 ) can b e  generalized to o ther univers ities in Thailand . 

The b es t  Bangkok schools produce s tudents who are 

fluent , while country s chools , which canno t attra c t  

well-qual i f ie d  staff , s end u s  boys and girls who 

are almos t  inarticul a t e  in Engl ish 

Wi th classes o f  nearly f i f ty of  widely mixed abil ity , 

one do es no t know wha t  standard to t each t o  (p . 56 ) . 

r-- Furthermo r e ,  the s c ie nce  s tudents ' lack o f  interes t in learning 

Engl ish is ano th er prob l em facing language t each ers at the univers ity 

level . In the Thai s chool sys t em ,  Engl ish is l earned as a foreign 

language , as one academic subj ec t .  Tha i students have to take Engl ish 

language courses for a t  l ea s t  8 years b e fore entering a univers ity . 

However , with a shortage o f  qua l ified Engl ish l anguage t eachers and 

a lack o f  suitable materials ,  mos t  s tudents attain a low l evel o f  Engl i sh 

language pro ficiency ( Sagar ik,  1 9 79 ; S i tachitta & Sagarik , 1 976 ; 

Sukwiwat , 1 9 7 0 ) . This has forced them to , in effec t , s tart l earning 

Engl ish over and over again as they move on to higher educational l ev els . 

Higgins ( 1 9 66 ) again provides a good  illustration o f  the problem :  

Mos t  o f  the students have had anything up to eight years 

o f  Engl i sh b efore reaching university,  but the standa rds 

o f  t each ing at the lower l evels are mixed , and the whole 

sys t em cons is ts of a s eries o f  fal s e  s tarts . Children 

start  to l earn Engl i sh a t  the age of eleven and have two 

yea rs in primary school . On going to h igh s chool a t  

thi rteen, they start a gain a t  the b eginning to repair the 

faults  o f  the previous ins t ruction . When they enter the 

pre-univ ers i ty classes  at s ix teen , they once again start 

a t the b eginning of a cours e ,  l earning "This is a book" . 

When they come to university  the first thing we give them 

is a one-t erm grammar revis ion cours e .  Our first prob l em ,  

then , is  that we have s tudents who are heartily s ick o f  

l ea rning Engl ish and apparently never getting anywhere (P. 5 6 ) . / 
Ano ther problem is tha t the  .Engl fsh language syl labus for s c i ence 

students both a t  the pre-university l evel and at the univers ity l evel , is 
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mainly l i terary-based and i s  irrelevant to the kind of English they 

encounter in sc ientific t ex tbooks . Furthermore , mos t  of the reading 

materials used in English language classes t end to be those which are 

either "simplified" or designed specif ical ly for foreign language 

l earners . After years o f  s t udying books wri t ten for foreign l earners 

of English , science s tudents suddenly have to s t udy academic subj ects  

from tex tb ooks wri tten for Brit ish or  American univers ity s tudents . As 

a resul t ,  the Thai s tudent s find difficulty no t only in understanding 

scien tific concepts in English but also the manner of their presentation 

in such books . 

One o f  the more impor tant prob l ems endemi c in the s ituation is the 

method of t eaching read ing in English . What has b een found in pract ice  

in  English language classes  both a t  the  secondary level and a t  the 

university level , is no t that the disappoint ing performance of s tudents 

is due to their own inadequacy but rather to the performance of  the 

t eacher .  Mackay and Mount ford ( 1 9 76 )  provide an illustrat ion : 

Our observations in a do zen count ries indicate  that the 

method ( "explicat ion de t exte")  is widespread at the 

advanced level of EFL/ ESL ins t ruc tion , ( especially with 

university undergraduates in the sciences and technology )  

and is associated wi th the not ion o f  int ens ive reading 

comprehens ion for special purposes 

Frequently , teachers are l e f t  on their own to 

decide what features of the text should b e  explained . 

This result s  in a rather indiscriminate  "go ing through" 

the passage , after an ini t ial reading aloud , or  s ilent 

reading . The procedure usually takes up a whole  perio d ,  

whi ch i s  convenient , and a mul t iplicity of  l inguis tic 

points may be "covered" i . e .  pointed out , explained 

and further illus trated , d uring the class hour . 

Unfortunately , the procedure l eads to some th ing of 

a virtuoso performance on the part of the t eacher , for 

which the student is required to  use his ears far more 

t han his eyes (p . 8 ) . 

As such problems became apparent in the pas t , s ome a t t empt s  were 

made to improve English language teach ing a t  the university level . 

An English language proficiency tes t  has been developed and used to 

establis h  homogeneous classes ( in t erms o f  l evel o f  English language 
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pro f ic iency) , in an a t t emp t to solve the probl em of prof iciency spread . 

Th is has b een done a t  Thammasart , Khon Kaen and rec ently a t  Chulalongkorn 

Universities . Agai n  the estab l ishment of an Engl ish Language Depar tment 

or English Language Centr e  as the sole , central authority res pons ibl e  

f o r  a l l  Engl ish language programmes fo r all faculties h a s  occurr ed in 

mos t  univers it ies in Thailand . ·  The advantage o f  having such an autho rity 

is to make the mos t  economic use o f  availabl e t eaching resour ces incl ud ing 

t each ing s ta ff , teaching mat erials and equipment . Further , to make 

provis ions for the special needs o f  science s tudents , mo s t  universi ties 

in Thailand provide oppo rtuni ties for s cience s t udents to  take up to  

four courses of  a "general English " language programme , followed by 
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either compulsory o r  el ective courses in Engl i sh for Spe cific Purpos es ( ESP) . 

Specialis ed ESP courses , provid ing instruc tion in English for Sc ience 

and T echnology (EST) for s cience students , have b ecome increas ingly 

common in mos t univer s i t i es . Commercial ESP t ex tbooks have b een widely 

used . Mor eover , attempt s  h ave b een made ,  fo r exampl e ,  a t  Mahidol , 

Chieng-mai and Chulalongkorn Univers ities to develop special ESP readin g  

mat erials for student use . 

The d evelopment o f  ESP programmes in the teaching of  Engl ish to 

scienc e s tudent s , however , is no t without its  prob l ems . The lack of  

appropr iat e ESP ma terials suitab l e  for Thai s c ience s tudents and the 

lack of  qua l ified  English language t each ers to  t each ESP s till pos e  

difficul ties . Final ly , the methods o f  t eaching f o r  reading comprehension 

have no t yet receiv ed much a t t ention . 

Signif icanc e o f  the Pres ent S tudy 

Th e ques t ion of  how to help improve science s tudent s ' English 

language l earning so that they can b et t er compr ehend the ir s c ient ific 

and techn ical ma terials has b een o f  great concern among l inguists  and 

second or fo reign language specialists  for over a d ecad e .  Linguis t s  hav e  

t ended t o  approach the prob l em b y  f irs t inves t igat ing thos e chara c teris tics 

of  English f o r  Science and Technology ( EST) that make it dis t inc t iv e .  

As a resul t ,  some l inguis ts , using f requency counts , have des crib ed EST 

in terms of  i ts formal prope rties (Barb er , 1 96 2 ;  Cowan,  1 9 74 ; Ewer 

& Latorre ,  1 9 6 7 ; Huddleston , 1 9 7 1 ; Martin , 1 9 7 6 ; McConochi e ,  1 969 ; 

Praninskas , 1 9 7 2 ; Puangmal i ,  1 9 7 5 ;  Salager , 1 9 7 8 ; Simpson ,  1 965 ) . 

Others have a t t empt ed to f ind out its  rhetorical character , tha t is , 

the ways a s c i entist uses to c ommunica t e  scientific  conc ept s  to his  

readers ( Jones , 1 9 74 ; Lacks t rom , Selinker & Trimb l e , 1 9 7 3 ;  Mackay , 1 974 ; 



Mackay & Mount ford , 1 9 7 6 ; Sel inker , Trimb l e  & Trimb l e ,  1 9 7 6 ;  Sel inker , 

Trimb l e  & Vroman , 1 9 7 2 , 1 9 74 ; W iddowson , 19 7 1 ) .  The as sumption under­

lying such l inguis t ic approaches  is that if the language mat erial s are 

developed on the basis of the EST charac teris tic s ,  scie nce  stud ents wil l 

l ea rn English mor e  effec t ively and b e  abl e  to us e it better as a tool 

fo r their study . 

However , reading in ESL/ EFL is a compl ex proces s . Tha t  is no t 

appropriat ely covered by giving attention only to the langua ge us ed in 

scientific texts o r  t pe ways the sc ientific idea s  are presented . There 

is  also need for a s tudy which places the emphas is on s cience l earners 

and the language variab l es in EST which s c i ence l earners find diff icult 

and which might impede their compreh ension of s c ientific English . The 

l inguis ts who have a t t emp t ed to s t udy EST chara c t eris tics  hav e  as ye t 

displayed little  int erest in such ma t ters . 

On  the o ther hand , reading researchers whos e  int eres t is in the 

reading comprehension of fo reign language l earners of  English ,  t end to 

approa ch the problem by inves tigat ing ( i )  the r eaders ' r eading s t ra t egies 

(Hat ch , 1 9 7 4 ; Ha tch,  Pol in & Part , 1 9 70 ;  Ol l er & Tulluis , 19 7 3 ) , 
/ 

( ii )  their read ing int eres t s  (Dimitrij evi c  & Gunto , 1 9 7 5 ; Jordan , 1 9 7 5 ;  

Taiwo , 1 9 75 ) , ( iii )  the t rans f er o f  reading skills and reading hab i ts 
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from the firs t l anguage to the s econd or  foreign language (AI-Rufa i ,  1 9 69 ,  

1 9 7 6 ; Clarke , 1 9 79 ; Kaufman,  1 9 6 8 ; Schleppenb ach , 1 9 78 ) , and ( iv)  language 

variables  which might rela t e  to or affect EFL s tudents ' reading comprehens ion 

(Chatas ingha , 1 9 7 2 ;  Johnson ,  1 9 7 2 ; Onprapai ,  19 74 ; Perkins & Yorio , 1 9 74 ; 

Srivicha rn , 1 9 7 8 ; Thammongko l ,  1 9 7 1 ; Yorio , 1 9 7 1 ) .  Rar ely does such 

r esearch d eal wi th scienc e s tudents . 

The a ssessment o f  th e r eading compreh ens ion o f  ESL/ EFL learners 

has b een a to pic of  interest for b o th  specialists  in language t es ting 

and resea rchers in reading s econd o r  foreign language . Clo z e  techniqu e ,  

a word deletion process whereby words are r emoved from a printed pas sage 

and the s t udent ' s  task is  to predi c t  or  identify the word which was 

removed a nd repl ace it , has b ecome a powerful test ing device in th e area 

of  s econd language learning a nd t ea ching . A g reat deal o f  research has 

shown that clo z e  t echnique is a r el iab l e  and val i d  measure of ( i )  overall 

English language pro ficiency for ESL / EFL l earners (Aitken , 1 9 7 7 ; 

Alderson,  1 9 79 ; Darnell ,  1 968 ; Hino fo tis , 1 9 7 7 ;  Hisama , 1 9 7 7 ; Irvine ,  

Atai & Oll er , 1 9 7 4 ;  Ol ler , 1 9 7 2 ;  Oll er & Conrad ,  1 9 7 1 ; Stubb s & Tucker , 

1 97 4 ) , and (ii )  general Engl ish reading compreh ens ion (And erson,  19 76 ; 



Crawford , 1 9 7 1 ; Friedma n ,  1 9 64 ;  Ib e ,  1 9 7 5 ; Johnson, 1 9 7 5 ) . However ,  

again little has b een done in  using the  cloze  t echnique to  measur e 

reading comprehension o f  s c ience s t udents at t�e university l evel . 

If the probl em o f  improving Thai s c i ence s tudents ' reading 

comprehens ion of s cient i f ic Engl ish discours e is  to be solved , a s tudy 

which at l east , in part , focuses on science l ea rners and which in­

corpo rates information f rom EST l inguis t i c  res earch into the study o f  

science l earners ' reading probl ems needs t o  b e  conduc ted . 

Accordingly the present st udy a ims to provide a bett er unders tanding 

o f  the EST reading capab i l ity of Thai s c i ence students and of  their 

comprehension of  s elected compl ex s truc tures encounter ed in reading 

scien tific English t ex tbooks . The hope i s  tha t such a s tudy wil l  y ield 

info rmation wh ich would b e  o f  us e to language t eachers , foreign language 

l earners and textbook wri t ers . It  is hoped that the informat ion given 

in this thesis would  parti cularly help foreign l anguage reading t ea chers 

antic ipate specific ar eas of  r eading difficul ty which Tha i  sc ienc e 

s tudents might  encounter in r ead ing s c ient ific  t exts and therefo re  b e  

better equipped to handl e and perhaps overcome the probl ems . To fo reign 

language l earners , thi s  informat io n  might make them aware of the ir own 

reading problems as they a re r el a t ed in part to the language struc ture . 

To t ex tbook writer s , the p resent  s tudy migh t  o f f er some inf ormation  

which could b e  us ed as guid elin es on whi ch foreign or  s econd languag e  

r eading textbooks could b e  based . 

Order o f  Presentation 

This  thesis is pres en t ed in s even chapters . The present one provides 

a general ba ckground o f  English language learning and teaching f o r  Thai 

science s tudents in Thailand . The problems encountered and the a t t empt s  

to solve them have b een describ ed .  This  l eads to the discuss ion o f - t h e  

.signifi cance of  t h e  s t udy . Chapter  1 is  devo ted t o  a review o f  the 

l i t erature rel evant to the area of read ing compreh ension as it  rel a t es 

to the role of language . The chapter s tarts o f f  by examining the 

read ing proces s in the f ir s t  langua ge and then describes the foreign o r  

second l anguage reading pro c ess . As reading invol ves bo th the role o f  

wri tt en language in the t ex t  and the r eaders who a re language user s , the 

nex t  two s ec t ions focus on the l inguis t ic res earch which attemp ted t o  

find o u t  the charact eris t ic s  o f  Eng lish fo r Sci ence and Technology ( EST)  

and tha t r esearch wh ich a t t empt ed t o  study language variabl es whi ch are  

involved in reading compreh ension . The last part o f  thi s chap ter d eals  

with the  clo z e  t echnique which i s  u s ed to measure r eading comprehens ion 
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of Thai s c ience s tudents in the present s tudy . Chapter 2 is devo t ed 

to the research ques t ions , hypo theses , des c rip tion of  sub j ects , the 

ins truments , methods employed to collect data and the procedures b y  

which the data were analyzed . Chapter 3 is concerned with the t es t 

construc tion .  The t e s t  adminis t ra tion and the test  results are repo r t ed 

in Chapter 4 .  Chapter 5 pres ents th e maj o r  find ings o f  this s tudy . 

Thes e find ings are ful ly discuss ed in Chap ter 6 .  Conclusions , 

impl icat ions for educat ional practice and r ecommendat ions fo r futur e 

res earch are presented in the f inal chapter . 
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CHAPTER 1 

A REVIEW OF THE L ITERATURE 

Intro duc t ion 

It is the purpo s e  o f  this chap ter to prov ide a background to the 

inves t iga tion by reviewing liter ature that b ears on the comprehensib ility 

of  Engl ish compl ex s t ru ctures in scient i f ic t ex tbooks in so far as they 

seem to b e  relevant to Thai sc ience university s tudent s . The f irst  

sect ion of  the chapt er i s  conc erned with descript ion o f  the  read ing 

process both as a f irst  l anguage and as a s econd or fo reign language . 

The a im is to place  r eading in a perspec t ive  appropriate  for the s tudy . 

The s econd sec t ion o f  the chapter reviews a t t empt s  wh ich have b een mad e  

b y  l inguists  and language spec ial ists  i n  t h e  f i e l d  o f  "Teaching Engl ish 

as a Second or Foreign Language" , to improve the teaching and l earning 

o f  Engl ish fo r science s t udent s whos e nat ive l anguage is not Engl ish . 

The purpo se is to po int out tha t  there the emphas is has b een placed more 

on rea ding at the d iscourse l evel and on t e xt ual grammar rather than on 

reading comprehension at  the sentence l evel . The role of language in 

read ing comprehension bo th at the paragraph level and at the s entence 

l evel is  po inted out in th e third section . Prev io us studies of sentenc e 

comprehension to be found in psycholinguis tic  r es earch , reading res earch , 

Engl ish as a second or  foreign l anguage learning research and second 
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language acquisitio n  research , acco rdingly r ec eive at tention in this sec t ion . 

The purpo se is to bring into focus dif ferences and commonalit i es fo r 

research and high-l ight the lack o f  research o n  r eading comprehens io n  

undertaken with non-nat ive English speakers . The last sect ion is d evo t ed 

to a review o f  some o f  the litera ture o n  a t e s t ing techniqu e  to b e  u s ed 

in the present study t o  measur e Thai science s tuden t s '  r eading comprehension 

of  sc ient i f ic English pas sages , -- the cloze t echnique . 

Reading Process 

This sec t ion o f  the r eview sets out to place 'Teading in a foreign 

or second language" in perspe c t ive . In o rder to  ach ieve this purpo s e ,  

d escriptions o n  the read ing process and the defini tions o f  "r eading 

comprehens ion" in the f i r s t  language ( Engl ish) are  g iven init ially . This  

is  followed by  the  d iscussion of  the  read ing pro c ess  as a foreign o r  

second language phenomenon .  



First Language Reading 

There have been several attempt s  to d e scribe wha t  a competent reader 

does in the process of converting a wri t t en message into personally 

meaningful terms. Most descript ions of reading in the first language 

imply that reading is a two stage process :  that of relating .the graphic 

symb o l s  to sound s  in the spoken language and that o f  extracting meaning 

from the se graphic symbols.  Levin ( 1 9 70 )  expresses this view :  

• . .  reading may b e  broken into two b road sub-skills. 

The first is the skill of  decoding th e writ ing 

sy stem to i t s  a ssociated language . . .  

The second rubric of component ski l l s  in 

r eading concerns the use of the code -- the wri tten 

version of  the l anguage -- for the many use s  to 

whi ch reading may be put . This category includes 

comprehension ,  reading for different l evel s of 

meaning , reading for pleasure , and so forth • • .  (p . 1 25 ) . 

Similarly , Wiener and Cromer ( 1 9 6 7 )  concep t uali z e  reading a s  "a two-step 

process" involving first identification and then comprehension . Gib son 

( 1 9 7 6 )  d e f ined reading as follows:  

There  are several ways of  characterizing the behaviour 

we call reading . I t  i s  receiv ing communi ca tion;  i t  

is  making discriminat ive responses to graphic symbols;  

i t  is decoding graphic symbol s to  speech ; and it is 

getting meaning f rom the printed page . A child in 

the early stages of acquiring reading ski l l  may not 

b e  d oing all the se things; however , some a spec t s  of 

reading must be mastered before o thers and have 

an e ssential function in a sequence of d evelopment o f  

the f inal skill (p . 252 ) . 

The n otion that the two stages o f  the reading process could be 

separab l e  and that the identification of graphic symbols and their 

conversion to sounds in spoken language should be ma stered in order to 

derive meanings was also discussed by Venezky , Calfee and Chapman ( 19 70 ) . 

They state :  

. . .  rea ding has been int erpreted a s  the process o f  trans­

lating from alphabet ical symbols  to  that form of  language 

from which the nat ive speaker can already d erive meaning . 

. . .  In rapid , silent reading by a competen t  reader ,  

transl a t ion may at t imes proceed f rom graphical patterns 

directly  ( in some sense) to meaning , especially when non-

9 



�inguistic cues are util ized : paragraph indentat ions , 

po sition of  head ings , quo ta t ions , et c .  But to b ecome 

a skilled speed r eader , it appears that one must  f irst 

pa ss through var io us s t ages o f  read ing -- includ ing 

thos e  tha t require trans la t ion from graph ical fo rms 

to spoken languag e ( pp . 38-39 ) . 

Recognition that the ident ification o f  graphic symbols and their 

convers ion to soun:is in  s'poken l anguage is a prerequisite to getting 

meaning from the  wr i t t en message , is to  b e  found in  the  work o f  s ev eral 

l inguists ( Bloomf ield , 1 94 2 ;  Chomsky & Halle , 1 9 68 ; Fries , 1 9 6 3 ; 

Venezky ,  1 9 67 ) . Bloomf ield and Fries fo r example bo th t r ied to u s e  

linguis tic knowl edge to devise a method o f  t eaching reading based o n  

a bel ief tha t  children had to l earn sound symbol  relatio nships in  order 
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to read . For  Bloomfield ( 1 9 4 2 ) , l earning to read  was a mat ter of  und er­

standing the spelling system o f  English,  as dis t inct from l earning what 

wo rds and sentences mean . The Bloomf ield approach is therefore bas ed  o n  

the introduction o f  regu l ar sound-symbol o r  phoneme-grapheme corre:;;pond­

enc es so that chil dren can acquire the fundamental understanding nec essary 

for reading , the understand ing that writing is a repres entat ion o f  s peech , 

and , o n  the whol e  qui t e  a syst ema t ic one . 

Fr i es ( 1 9 63 )  emphas iz ed the recognit ion o f  both the contrast b e tween 

who le word s and ab ility  t o  sound out the l e t t ers of s ingl e words . This  

method was known as  a "who l e-word " method . L ike Bloomfiel d ,  Fries had 

very l it t l e  to say about  comprehensio n .  Bo th res earchers apparen tl y  

regarded comprehension a s  a basically passive act ivity wh ich i s  highly 

depend ent on oral language skil l s . Venezky ( 1 9 6 7 ) , like Bloomfield and 

Fries , was concerned with the relat ionship b etween letters and sound s .  

However , Venezky saw that relat ionship as b eing much mo re compl ex . He 

attempt ed to construc t a s et o f  rul es for t ranslat ing or thograph ic symbol s 

into speech sounds . His work a t t empt ed to construc t a model of  the 

reading process which r ecognized the distribut ion of  phonemes and 

graphemes , the frequencies of occurrenc e ,  and the pa tterns o f  correspond­

ences . L ike Venezky , Chomsky and Hall e  ( 19 6 8 )  proposed two s ets  o f  rul es 

to d isplay the correspond ences between spell ing and sound ( i )  print -to­

lexical and (ii)  l exical -to-phonetic . The s econd r elat ionship d i f f ers 

from that discussed by V enezky b ecause the phonemic level is elim ina ted . 

For Chomsky and Hal l e , the l exical-to-phonet ic rules are part o f  the 

automa tic syst em of  speec h, therefore l earning to r ead ought to cons ist  

of  learning the appa rent ly qui t e  regular correspond ence between o rtho­

graphic and the l exical forms . 



It is obvious t hat earl ier s tudies ' o f  t he reading process paid very 

l it tle a t t ent ion on t he compr e hension aspect . Meaning was as sumed to 
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be available p r imaril y  t hroug h language as i t  occurs in t he auditory form . 

Venezky et al . ( 1 9 7 0 )  clearly po int ed out t his no t ion : 

In t he l et t er-by-Ietter mo del , o ne can also imag ine at  

l east  two ways in whic h compre hension could be hand led . 

On t he one hand , t he visual pa tt ern may be asso c ia t ed 

directly wit h  i t s  semantic referent so t ha t ,  during 

decoding , compre hens ion takes place  s imul taneously wit h 

pronunc ia t io n .  Compr e hens ion and art iculat ion would b e  

mor e  or  less  independent . T he reader mig ht make a decoding 

mis take and pronounce t he word  inco rrec t ly , al t houg h 

unders tanding qui t e  well w hat it  meant . On t he o t her 

hand , he mig ht wai t  until t he decod ing pro c ess  was comple t e  

and use  t he s po ken repres entat ion o f  t he word ( o r  some 

equival ent t her eo f )  for compre hension . T he word would 

be compre hend ed only after it was pro no unc ed (p . 4 1 ) . 

Similar po int of  view was expres s ed by Wiener and Cromer ( 1 9 6 7 )  w ho stated 

t hat : 

We also hav e  as sumed implicitly t hat  o nc e  t here is 

a transformat ion from t he visual to t he auditory 

form , compr e hens ion would fol low . • .  ( p . 6 38 ) . 

Rec ent ly " compre hens iod' -- t he s econd s tage o f  t he read ing pro c es s  

has been a ttra c t ing a t t en t ion . Reading is v i ewed not o nly as decoding o f  

grap hic symbols but  mos t  importantly as d ecoding o f  meaning . Goo dman 

( 1 9 73a ) comment ed t hat  o ne may t hink o f  r eading as matc hing oral uni t s  

wit h wri tten units a n d  t hen label t his opera t io n  a s  deco ding b u t  "decod ing" 

is a pro c ess  of go ing from code  to message in informatio n  t heory ( p . 1 63 ) . 

Smit h  ( 19 7 1 )  c l early pointed out t ha t  "reading for  meaning" entails  

making u s e  o f  informa tion s imul taneously at  bo t h  t he sur fac e  and d eep 

s tructure l evel s of  language , u sing el ement s  of b o t h  vis ual and s emant ic 

informat ion ( p .  20 7 )  . He makes a dis tinctio n  b e tween "med ia ted meaning 

id ent ificat ion" , involving t he ident i f icatio n  o f  ind iv idual words befo r e  

compre hens ion o f  a meaningful s equence of  words  as a w ho l e ,  and "immediate  

meaning ident i f ica t ion" whic h goes d irectly from grap hic f ea ture discrimin­

at io n  to t he ident i f icat ion of meaning ( p . 2 0 6 ) . For Ward haug h ( 1 9 69 ) ,  

"reading is no t a pas s ive process , in w hic h a reader takes some t hing out 

of  t he t ex t  wit hout any effort or  merely recogn i s es w ha t  is in t he text " 

(p . 1 3 3 ) . 



To illustra te  his po int o f  view,  Wardhaugh ( 1 9 69 )  des c rib ed wha t  

a person do es whil e reading : 

When a person reads a t ext , h e  is a t t empt ing t o  d is cover 

the meaning of wha t he is reading by us ing the v isual 

clues o f  spell ing , his knowledge o f  probab il it ies of  

occurrenc e ,  his cont extua l-pragma tic knowl edge , and his 

syntactic and semant ic compet ence  to g ive a meaningful 

int erpreta t ion to the t ex t  . . . .  ( p . 1 3 3 ) . 

Wardhaugh ( 1 9 69 )  conc luded tha t "reading is ins t ead an active proc ess , in 

which the reader mus t make an a c tive contribution by drawing upon and 

using concurrently various abil it ies tha t he has acquired " ( p . 1 3 3 ) . 
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This view o f  r eading as a n  ac tiv e  process i s  also shared by o ther educators 

and psycholinguist s  (Goodman,  1 9 7 6 ;  Ryan & Semmel ,  1 9 69 ) . Goo dman ( 1 9 .7 6 )  

sees reading a s  a psycho l inguis t ic guessing game which involves a n  int er­

action between thought and language . He describ es th e r eading proces s  

a s  fol lows : 

Reading is a sel ec t ive proc es s .  I t  invo lves part ia l  use  

of  availabl e  minimal language cues s el ec t ed from percep tual 

input on the basis of the reader ' s  expectation .  As this 

par t ial informa t ion is pro cessed ,  t en ta t ive decisions are 

made  to be confirmed , r ej ec ted , o r  refined as reading 

progresses ( p . 49 8 ) . 

Ryan and Semmel ( 1 9 69 )  cons ider r eading a s  a language proces s . They stat e :  

Readin g ,  l ike speaking and listening , can b e  cons idered 

as a language process . I t  is no t only a ma t t er o f  

sequ entially pairing visual forms with auditory forms 

wh ich are then interpre t ed l ike speec h ,  but rather , it  

is  a cons truc t iv e ,  ac tive  proc ess in which the  reader 

uses his cognitive and l inguistic knowl edge to reproduce 

a probabl e u t t erance from a careful sampling of cues and 

then ma tches that predic tion for appro pr iateness (p . 8 1 ) .  

According to Goodman ( 1 9 7 3b )  there are thr ee types o f  cues which the 

read ers o f  Engl ish u tilize s imul taneously : graphopho nic , syntac t ic and 

semant ic . Goodman ( 1 9 7 3b)  explains : 

. . .  The s tart ing po int is graphic in r eading and we may call 

one cue sys t em graphophonic . The r eader responds to graphic 



sequences and may ut il ize the cor respondences b etween 

the graphic and phonolo gical sys t ems o f  his Engl ish 

dial ect . . . . . . .  . 

The second cue sy stem the r eader u s es is syntac tic . 

The reader u s ing pat t ern markers s uch as funct ion words 

and inflectional suf f ixes as cues recognizes and predic t s  

structures . S inc e the underlying o r  d eep struc ture o f  

written and oral langua ge a r e  the same , the reader seeks 

to inf er the deep struc ture a s  he r eads  so tha t he may 

ar rive at meaning . 

The third cue sys t em is s emant ic . In order t o  derive 

meaning from language , the language user must b e  abl e  to 

provide s emantic input . This is not s imply a ques tion o f  

meaning for wor ds but the much larger question o f  the 

r eader having suf f icient experience and conceptual background 

to feed into the r eading process  so tha t h e  can make sens e 

o ut o f  what h e ' s  reading ( p . 2 S ) . 

It  must be admitted that there are many definitions o f  reading , f rom 

the s impl e  decoding process to the mos t  compl ex proc es s involving all  

past  experienc e (Mackworth,  1 9 7 2 ) . Despite  var ious views o f  what read ing 

is , a po int on which educators , psychologists , l inguists  and psycho­

l inguists  agree is that r eading is a very complex pro c es s .  

Foreign or  Second Language Read ing 
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Reading in a for eign or s econd language however , is even more  complex . 

Yo rio ( 1 9 7 1 )  discus s ed in full detail prob l ems the foreign language 

reader encounters : 

When r eading in a foreign language , . . . • . . . . . . . . . . . 

( 1 )  the reader ' s  knowledge o f  the foreign language is 

no t like that o f  the nat ive speaker ; ( 2 )  the gues sing 

or  predicting abil i ty neces sary to pick up the correc t 

_ cues is hindered by the imperfec t knowl edge o f  the 

language ; ( 3 )  the wrong cho ice of cues o r  the uncertainty 

of  the cho ice makes associations more d i f f ic ul t ;  (4 ) due 

to unfamiliarity with the mat er ial and the lack of train­

ing , the memory span in a fo reign language in the early 

stages o f  its acquisition is usually shorter  than in our 

na t iv e  language ; recollect ion o f  previous cues then , is 

more difficul t in a foreign l anguage than in the mo ther 



tongue ; ( 5 )  at all l evels , and a t  all t imes , there is 

int er ference of the na t ive language (p . 1 0 8 ) . 

A sim ilar view on the ability o f  the firs t and for eign language 

readers to predict the cues nec essary for comprehens ion o f  the ma terial 

was also expressed by Elias ( 1 9 7 5 ) . In her words : 

It was found that nat ive speakers of  Engl ish " tend to 

ignore  grammatical markers " and pay much more attent ion 

to content words than do foreign students (Ha tch , 1 9 7 3 : 5 ) . 

This would seem to indicate tha t  nat ive speakers o f  

English are able t o  supply the s e  gramma t i cal markers 

from their knowledge of t he language ; whereas s econd 

l anguage l earners a re no t .  In o ther words , nat ive speakers 

have the ab ility to predict syntactic markers .  This is 

something that the foreign s t ud ent lacks ; so he/ she must 

pay closer attention to the s t ructur e  words . . . . .  . 

In addi tion to this intuitive knowl edge of the 

syntax o f  English , nat ive speakers have the advantage o f  

knowing l exical assoc iat ions . Since th es e associations 

ar e partly convent ional in a cultur e ,  nat ive speakers are 

b et ter able to ant icipat e  l exical items tha t are l ikely 

to occur together in a part ic ul ar contex t .  No t o nly are 

na t ive s tudents better than foreign students at predicting 

syntax and vocabula ry , they also have the advantag e  of  

b eing familiar with cultural contexts . This experient ial 

pr edictab il ity makes it pos s ibl e  for them to antic ipate  

a t  t imes even the  sub s t ance that is l ikely to foll ow in 

a g iven context (pp . 307-308 ) .  

Pla is ter ( 1 9 73 )  also pointed out tha t the mos t  obvious d if ferences 

between the nat ive reader and the  non-na tive reader is the r eader ' s  

knowl edge of the language and h i s  knowl edge o f  the culture he is read ing 

about (p . 3 1 ) . 

Al though f ir s t  languag e  r ead ers and foreign or  s econd language 
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readers d iffer in their abi l i t ies t o  use  language cues , b o th a r e  consid ered 

as language users . Reading for them has the same a im which is to a chiev e  

meaning f ro m  the t ext  (Davie s ,  1 9 79 ) . Eskey ( 19 73 )  go es fur ther and 

cons iders that f irst and foreign l anguage r eaders process  info rma t ion 

from the t ext similarly . With in the r eading framework developed by 

Goodman ( 1 9 7 6)  and Smith ( 1 9 7 1 ) , Eskey ( 1 9 7 3 )  expla ined how " " any r eader 



proc esses info rmation . In his words : 

. . . . • . . . . . • • . . . . . .  he must proces s  info rmation a t  t hree 

levels s imul taneously .  There is f irst  the outer layer 

of  the prin t ed page itsel f ,  the bundles of let t er s  to 

be dec ipher ed ; then, at one remove ,  there is the l evel 

of ab stra c t  form , which in the cas e  o f  reading includes 

bo th rhetor ical form , the s t ruc ture of th e tex t , and 

linguis t ic form ,  the s t ructure of the sentences , phras es , 

words ; and there is f inally the inner l evel of meaning , 

bo th the meanings o f  the s epara te l inguis t ic forms and 

the c umulative meaning of the passage as a whole  ( p . 1 7 4 ) . 

Read ing in a fo reign or second language has been generally accep ted 
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a s  a language pro c ess . It is believed that the abil i t y  to  crack the 

appropriate  l inguistic  codes is essential for non-native readers in o rder 

to a scertain the r eal meaning o f  a mes sage (Cowan , 1 9 74 ; Eskey , 1 9 7 3 ,  1 9 7 5 ; 

Pierce ,  1 9 7 3 ; Pla ister ,  1 9 7 3 ) . Mackay and Mountford ( 1 9 7 6 ) , in an a t t empt 

to define the no t ion o f  " teaching reading comprehens ion " in a foreign 

language clas s ,  po int ed out tha t mos t  EFL / ESL s tudents have already 

acquired the skil l o f  r eading with comprehension and have frequently 

practised it in their own mo ther tongue . Ac cordingly , "what we t each" , 

Mackay and Mount ford ( 1 9 7 6 ) stated , "is not the ability to  rea d ,  nor 

really the abil ity to compr ehend , but the s t ra t egies that  will enabl e  

the t rans fer o f  skills  already acquired in th e mo ther tongue to  int erpret 

meaningfully the s ynta c t ic , semant ic and rhetor ical pa t t erns o f  L 2  

(second language) "  ( p . 1 0 ) . For Mackay and Mount ford ( 1 9 7 6 ) , the abi l ity 

o f  the student to comprehend a for eign or  s econd language depends upon :  

(a ) his  having a c quired a knowledge o f  many ( i f  not mos t )  

o f  the rul es governing the language syst em ( i . e .  i t s  syntax ) , 

(b)  his h avin g  built  up a large enough s tore  o f  vo cabulary 

meanings and r ela t ionships ( i . e .  the s emant ics of the 

language ) ,  and (c ) his having become accustomed to the ways 

in wh ich the l anguage ' s  syntactic and s emant ic propert ies 

are explo ited in the crea t ion of meaning in actual communica t ive 

use ( p . l O ) . 

Wardhaugh ( 1 9 7 6 ) , in the discussion o f  r ea ding techni cal pro s e ,  

d es crib ed the r ea ding process as follows : 



. . . .  read ing is ac tiv e ,  int eract ive , product ive ,  and 

cogni tive . It involves an active s earch for informa tion 

and interac tion with the tex t ; it r equires the constant 

const ructive involvement o f  the r eader in what he is 

do ing ; and it demands the use of higher order mental 

abilitie s  (p . 9 2 ) . 

To Wardhaugh ( 1 9 7 6 )  three fac tors ar e r elevant for the succes s ful 

r eading of  technical prose -- the r eader ' s  knowl edge of subj ec t matter ,  

his knowl edge o f  language -- vo cabulary , syntax , discours e ,  and his 

reason for reading . 

The r eading process in Engl ish as a for eign o r  second language has 

been r ec ently viewed as an activ e ,  sel ect ive process in which meaningful 

informa tion is contributed mor e  by the r eader than by the print of the 

page (Clarke & S ilb erstein , 19 7 7 ; Eskey , 1 9 7 3 ; Moody , 1 9 7 6 ) . This 

standpo int , influenced by Goo dman ' s  reading mod el has l ed to an emphasis 

being placed on d eveloping in the non-na t ive reader the ability to make 

pr ed ic tio ns as to meaning on the ba sis o f  syntactic ,  s emantic and 

rheto r ical clues picked up and accommoda t ed during the r ead ing proces s 

(El ias , 1 9 7 5 ;  Mackay & Mount ford , 1 9 7 6 ;  Moody , 1 9 7 6 ; Pier c e ,  1 9 7 3 , 1 9 7 5 ) . 

Conclusio n  
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Reading in na tive language is a compl ex process . It  has b een def ined 

as a two -s tage process : that o f  rela ting the graphic symbols to sounds 

in the s poken language and that o f  extra c t ing meaning from thes e graphic 

symbols . There has been some disagr eement on the relat ionship o f  the s e  

two stages o f  the r eading process . Reading , f o r  some l inguis ts , pyscho­

l inguists  and educa tor s ,  has been defined as a s imple d eco ding process 

f rom graphic s ymbols to sounds . For o ther s ,  reading has b een defined 

only when comprehens ion occurs . Recent r ea ding models cons id er read ing 

as an a c t iv e  proces s where a r eader must cont ribute in o rder to 

as certain the meaning from tex t . 

The read ing process bo th in a na t ive l anguage and in a foreign or 

second l angua ge has been cons idered s imilar . However , a r eading task for 

a non-nat ive r eader is mor e  dif ficult becaus e  of his lack o f  knowl edge 

of the langua ge . Influenced by the r eading f ramework developed by 

Goodman ( 1 9 7 6 ) , r eading in Engli sh as a foreign or s econd language has 

b een r ec ently cons idered as an ac t iv e ,  sel ective proc ess where a reader 

mus t  ac t iv ely u til ize productive cues to make the print meaningful to him .  
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For the purpose o f  the present  s tudy , reading in Engl ish a s  a for eign 

language wil l  be viewed as an active , selectiv e ,  langua ge proc ess , whic h 

involves the active contribution from the reader in order that a writt en 

message wil l  b e  meaningful to him .  I t  i s  a pro ces s in which the reader 

has to util iz e  three kinds o f  informat ion simul taneously -- graphophonic , 

syntac tic and semantic ( Goodman , 1 9 7 6 ) . 

This sec tion has examined the no t ion of wha t reading is . The nex t 

s ec tion will focus on the ro l e  of  l inguis t ic res earch on read ing in 

Engl ish fo r Science and Techno logy . 

Linguis t ic Research o n  Engl ish for Scienc e a nd Technology ( EST ) 

This s ec t io n  d escrib e s  the par t tha t Engl ish plays in scienc e 

education a t  the tertiary l evel , and reviews l inguis t ic res earch which 

d eals with Engl ish for Science and Technology . 

Engl ish Language Teach ing and Engl ish fo r Spec ial Pu rpo ses (ESP ) 

Fo r the last  ten year s ,  the t eaching o f  English as a foreign language 

(TEFL ) and as a second language (TESL ) for s cience and t echnology students , 

has b ecome mor e  widely known a s  " English for Special Purpo ses" ( ESP) . 

The t erm is generally used to refer t o  the t eaching o f  English with 

a clearly util itarian purpos e .  The purpose can be vo ca tional or  

occupat ional tra ining or fo r aca demic o r  pro f es s ional s tudy (Mackay & 

Mountfor d ,  1 9 78 ) . Accordingly t here have arisen various t erms to d esc ribe 

spec ialized applica t ions , for exampl e ,  "Engl ish for Vo cat ional o r  

Oc cupa tional Purposes " ( EOP)  , "Engli sh for Acad emic Purposes " ( EAP)  , 

I IEngl ish for Sc ience and Technology" ( EST ) . Such ESP cours es , al though 

they are d if f erent for each specific purpose , ref l ect the same r eaction 

agains t t raditional literary-oriented TEFL or TESL cours es previously 

provided . Strevens ( 1 97 7 )  des c r ibes this reac t ion : 

They (spec ial -purpos e  courses)  r epresent , in fact a reaction 

aga in st conventional foreign-language ins t ruction as part 

of the humanis tic s egment o f  a general schoo l  edu ca tion , in 

which the unspoken as sumpt io n  is made  by bo th l earner and 

t eacher tha t  the tar get for achiev ement is "the who le o f " 

the foreign language (p . 1 4 5 ) . 
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The l it erary-based TEFL o r  TESL cours es have proved insuff icient 

for the need s  of sc ienc e students who s e  purpose  in l earning English 

is to pursue their s tudies in the f ield of Scienc e and Technology 

(Cooper,  1 9 7 6 ;  Pit tman , 1 9 5 7 ;  Strevens , 1 9 7 1 ;  Swal es , 1 9 7 3 ) . The short­

comings o f  thes e  cours es wer e due  to  (i)  the l it erary bas is of  the Engl ish 
/ 

language syllabus (Barto l ic , 1 9 6 2 ;  Ba tes & Dudl ey-Evans , 1 9 74 ; Garwoo d ,  

1 9 7 0 ; Macmillan , 1 9 7 1 ) ,  ( ii )  the  tradit iona l  or ienta t ion of the 

Engl ish language teachers who were called upon to t each Engl ish for the 

us e of s c i ent ists (Harrison ,  1 9 7 3 ; Macmillan , 1 9 7 1 ) , and (iii)  the 

use of t each ing methods which placed primary emphasis  on speech , r egard­

l es s  of the a im in language  l earning (Corbluth , 1 9 7 5 ) . 

Thr e e  fac tors seem to have contribut ed to the rapid growth o f  the 

curr en t  ESP programmes : ( i )  the shortcomings of the tradit ional  TEFL 

and TESL courses , (ii )  the n ew t rend in educat ional thought which 

focused a t t ent ion rather upon the l earner and upon ways of  optimis ing 

his l ea rn ing ( St revens , 1 9 7 7 )  and (iii)  the impor tant rol e  of Engl ish 

as the pr incipal int erna tional language o f  Sc ience ( Ewer & Latorr e ,  1 9 6 7 ; 

Farrokhpey , 1 9 7 0 ; UNESCO , 1 95 7 ) . 

As Pritchard and Chamb erla in ( 1 9 74 )  point out : 

In recent years profound changes hav e  occurred ins id e the 

subj ec t onc e  known so s impl y  as H English" . Revital i z ed 

thinking in psychology , l inguis t ic s  a nd so cio logy has l ed 

to re-orientation in methodology , whi l e  the mor e  pragmatic 

for c es of  economics and pol it ics have af f ec t ed the funct ions 

o f  Engl ish throughout the wor l d .  

O f  the many changes tha t have taken place , the c entral 

one  is probab l y  the mov ement towards the t eaching o f  English 

a s  an int ernat ional medium of communica t ion in such fields 

a s  commerce , industry ,  s c i enc e and techno logy . This revis ed 

d e f inition of the rol e  of Engl ish has usually r eplaced 

a n  o ld er tradition in which English was the language o f  

education , o f  colonial c ul t ur e , and o f  governmental admin­

istrat ion .  It has given rise to s u ch acronymic  variat ions 

as ESL , EFL , ESP and EST (p . 4 8) . 

I t  is the area o f  EST , a maj o r  sub-divis ion o f  the f ield o f  t eaching 

Engli sh for Sp ecial Purpos es (ESP)  which is o f  concern in the pres ent 

study . 



Linguis tic Res ear ch o n  Engl ish for Science and Technology (EST ) 

Mos t  o f  the s t ud ies o f  English for Special Purpos es ( ESP) have 

been concerned with Engl ish fo r Scienc e and Technology - due to  the 

grea t d emand from sc ience and t echnology students to l ea rn Engl ish to 

keep up with advanc ed knowl edge in their f ields (Ewer & Latorre , 1 9 6 7 ; 

Harrison , 1 9 7 3 ; P i t tman , 1 9 5 7 ; Smithies , 1 9 7 6 ;  Strevens , 19 73 ) . Their 

spec ific need to l ea rn Engl i sh , espec ial ly  in a for eign language 

si tuation however , was and is mainly to rea d  t echnical and scient ific  

materials - (Bates & Dudl ey-Evans , 1 9 74 ; Cooper , 1976 ;  Dudl ey-Evans , 

Shet tl esworth,  & Phi l lips , 1 9 75 ; Mackay & Mountfor d ,  1 9 7 8 ) . Because  of  

this , linguis t s  and  language t eachers have come to a t t empt to s tudy 

vocabulary , syn ta c t ic s t ructure and discourse aspect s  of Scient i f ic 

Engl ish writing in order t o  es tabl ish the characteris tics o f  EST . 

In the fol lowing d is cu s s io n ,  EST l inguis t ic res earch will b e  grouped 

according to the approaches u s ed in stu dying EST . 

L exical analys is 

Influenced by the not io n  of " regis t er" defined a s  " formally  d i f fer­

ent ia t ed and dis t inct sub -codes of a part icular languag�' (Mackay & 

Mountford , 1 9 7 8 ) , a g ro up of  r es earchers has tried to dif ferent ia t e  EST 

from o ther variet ies o f  Engl ish by studying i ts lexical propert ies . 

Frequency counting (one o f  the criteria for  the sel ect ion o f  useful 

l inguistic units  for language l earning purpose)  was wid ely accepted in 

these l exical studies . Invest iga tion of  s c ience textbooks at the 

secondary school  (Curt is , 1 9 69 ; Powers , 1 9 6 2 )  and univers ity l evel  

(Martin , ' 1 9 7 6 ; Praninska s , 1 9 7 2 )  yielded frequency lis t s  o f  vocabulary 

common to all scient ific discipl ines . Cowan ( 1 9 74 )  undertook a s imilar 

s tudy o f  medical vo cabulary in medical j ournals , and Puangmali  ( 1 9 7 5 )  

compil ed a list  o f  t ec hn ical and non-technical t erms along with their 

frequency and range , especia ll y  for engineer ing students in an Engl ish 

as a foreign language s i tuation . Puangma l i ' s  l i s t  was drawn from 
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a corpus of  ten t ex t s  repres ent ing f ive maj o r  areas of  technology 

including chemica l eng ineering , computer s cience , elec t ronics ,  surveying 

and tra ffic engineering . His wo rd l is t  a l so inc luded words with a l ow 

fr equency o f  occurrenc e .  Ano ther engineering vocabulary l is t  was 

compil ed by Salager ( 1 9 7 8 )  who a t t empted to define the specific chara c t er­

istics of technical Engl ish l i teratur e .  Salager ' s  l i s t  was drawn from 

a corpus of 1 00 , 000 words  consis t ing o f  fifty s ampl e-t exts  o f  

2 , 000 words each . Thes e  sample-texts  were randomly s el ec t ed in 



engineering l i teratur e .  Salager , in her study , ident ified three kinds 

of t echnical vocabularies ( i )  Bas ic English , ( ii) Fundamental Technical 

English , and (iii )  Spec ial ized Technical Engl ish . 

The l exical stud i es on scient ific wr it ing men t ioned above have b een 

conducted at three l evels -- ordinary language l evel , s emi-technical 

language l evel , and scient i f ic l anguage l evel . Ordinary language 

encompasses bas ic or common vocabul ary , that i s , function words and 

content words tha t  carry a general meanin g .  This vo cabulary has proved 

to be very d if f ic ul t  fo r non-native English sc ientists  ( Smithies , 1 9 7 6 ) . 

Semi-t echn ical language refers to cont ext independent  wo rds which occur 

with h igh frequency acro ss discipl ines (Cowan , 1 9 74 ) . This l evel is 

also a probl em one for foreign l earners ( Cowan , 1 9 74 ; Herb ert , 1 9 6 5 ) . 

By contrast , words belonging to a par t icular sc ience or technical 

subj ect , h ave proved to b e  the easiest for non-nat ive Engl ish scient ists  

( Smithies , 1 9 7 6 ) . The m eanings of spec ialized t echnical vocabulary can 

apparently b e  r eadily picked up whil e l earners are s t udying the 
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disc ipl ine which u ses them . Even so , vocabulary has b een found to 

constitute one of the maj or  reading probl ems for non-native Engl ish 

speakers (Cowan , 1 9 7 4 ;  Eskey , 19 7 5 ;  Flood & Wes t ,  1 9 50 ; Pit tman , 1 9 5 7 ; 

Siripo l , 1 9 7 9 ; Smithies , 1 9 7 6 ;  Sopher , 1 9 74 ; Yor io , 1 9 7 1 ) . Und ers tandably 

the problem has rec eived a great dea l  of attention from l inguis t s  and 

educa tionist s .  In prac t ic e ,  vo cabulary s eems easier to l earn fo r non­

nat ive Engl ish speakers than are syntactic struc t ures or  Sc ient i f ic 

Engl ish d iscourse . 

Syntact ic analysis 

Under the same no t ion of  "regis t er ", empirical res earch has b een 

undertaken into the fr equency o f  occurrence o f  Engl ish syntactic  

struc tures in sc ientific writ ing . These syntac tic studies , inf luenced 

by diff erent s chool s , invest igated the language of science at different 

t ex tbook l evels .  Ac cord ingly conclusions varied . However the informat ion 

obtained s erved the same two purposes , it provided : ( i )  a bas is for 

grading the l anguage mat eria l s  for the t eaching of science students  and 

( ii)  a l is t  o f  t eaching po int s . 

The s ys t emat ic obs ervat ion of  the frequency o f  o ccurrenc e o f  

syntactic  stru c tures was f ir s t  made within the f ramework of  the 

Struc tural Grammar approach . Several frequency coun t s tud ies o f  Engl ish 

syntact ic struc tures of t echnical pro s e  b ased on the concept o f  

struc tur a l  l in guist ics , were made by Barb er ( 1 96 2 ) , Ewer and Latorre ( 1 9 67 ) ,  



McCono chie ( 1 9 69 ) , and S impson ( 1 96 5 ) . Barb er ( 1 96 2 )  conducted a small 

scal e study with the specific a im of examining the charac t er is t ic s  of 

modern Sc ient ific  Engl ish . The data were taken from three s tandard 

university t ex tbooks repr esenting s ix d ifferent scient ific f ields -

el ectroni cs and engineering ; bio l o gy and chemistry ; as tronomy and 

instrumental o pt ics . Two areas o f  grammat ical cons truc tion wer e 

examined : sentence s t ructure  and verb forms . The resul t s  reveal ed 
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that the "s imple  sentence " was the commones t s entence type and "adj ec tive 

clauses " wer e the  largest singl e type among all  subordinate  clau s es in  

the sampl e .  For the verb forms , the  "pr es ent s impl e ac t ive" was found 

to be the predominant t ens e fo llowed by the present s impl e passiv e .  

O f  the non-f inite  verb s ,  the largest  group was the -ing form . S imilar  

high frequency u s e  o f  "the present s impl e t ens e "  and of  "pass ive forms " 

was also found by Ewer and Lator re ( 1 96 7 ) . Their da ta , however , wer e 

drawn from d i f f erent 1 evel s o f  t echnical material s , ranging from " s emi­

popular " ,  int roductory univer sity t extbooks , advanc ed t extbooks , to 

specialized a rt icles , professional papers and monographs . 

Simpson ' s  ( 1 965)  s tudy , using the me thod of  des crip t ive l inguis ti c s ,  

analyzed scient ific writ ing i n  English t o  dis cover charac teris t ic 

struc tures . These struc tures were compared in frequency . Their 

patt erns were a lso compared with o ther s  f rom g eneral wri ting so that 

the gramma tical construc t ions o f  sc ient ific writing which might 

distinguish it from general writing could be discovered . Representa tive 

structures of sc ient ific writing were extracted from 60 papers . 

prepared for sympo s ia principally in metal lography , f ric t ion and fluid 

phenomena , chemis t ry and nuclear phys ic s .  The struc tures o f  o rdinary 

writ ing wer e drawn from quant i tatively equal ma t erials of a general 

non-fic tion character . The f indings r evea l ed that scient ists  sel ec t 

more simpl e s en t ences u s ing noun and intrans itive-verb or  noun and 

l inking verb pat terns than do general wri t ers . They pref er compl ex 

s ent ences and t ransitive-verb pat t erns taking d irect obj ects ( Simpson , 

1 9 6 5 ,  p . 1 64 ) . Simpson also  found tha t noun unit modif iers occurred 

twic e as often and gro up qual if iers containing nouns 20-perc ent mor e  

o f t en in the t echnical than in the g eneral ma terial s .  Highly charact er­

ist ic of pronoun o ccurrences were the third-person impersonal "it " 

and the demons t ra t ive pronoun "this " .  The passive predica t es acco un t ed 

for 50 percent o f  a l l  transitive verb s u s ed in the technical wri t ing 

but represented only about  10 percent o f  tho se u sed in non-fict ion . 



In the f inal s tudy to b e  r eviewed in this sec t ion , McConochie 

( 19 69 )  examined ( i ) the fr equency of occurrence and ( ii )  the s ent enc e­

l ev el u s e  of syntact ic s t ructures in c ivil and el ectrical engineering 

t ex tbooks . The primary sample consis t ed of 2', 000 sentences 

(approximately 4 6 , 000 words ) from 1 00 engineering texts . 

A control sampl e of  9 1 9  sent ences (approx imat el y  2 3 , 000 words ) was 

drawn from cont emporary Amer ican l i t erary pros e ,  as represented in 

anthologies compil ed for use  in undergradua t e  Engl i sh cours es for 

na t ive speakers . The data were coded in t erms of s ector analys is , 

a tagmemic (slot-and- f ill er )  grammar in whi ch : 

. . .  the primary emphasis  is upon the d i f ferent kind s 

o f  po sit ions tha t are to be found in Engl ish s ent ences , 

and o n  the different kinds of  unit s  that may o ccupy one or 

ano ther position . I t  i s  assumed tha t every sent enc e 

cons is t s  of  a st ring o f  pot ential posit ions for different 

kinds of construc tions , al though in any given s entenc e one 

or more  of these posit ions may be unoccupied , each o f  

thes e  construct ions , in turn , consis ts of  a s t ring o f  

posit ions for dif f erent kinds of units , on a lower l evel 

(Allen , 1 9 64 , p . 2 3 ) . 

The r esults o f  th e s tudy revealed tha t engineering writ ing uses 

a smaller subs et o f  the to tal inventory o f  grammat ical cons t ruct ions 

in Engl ish than does lit erary writing . The modal pa t t ern is subj ec t ,  

passive verb , complement ,  with the subj ec t pos i t ion fil led by a clus t er 

and the compl ement po s i t ion b y  a prepo sit ional phras e . 

However , the s truc tural g rammar approach which provided the 

theoretical framework for the above studies proved inadequat e  to reveal 

the complexity inherent in scientific writing . This is b ecause the 

maj or emphasis o f  structural i sm is o n  the fo rm o f  s entences and their 

par t s , not on their deep meaning . Accordingly , it  fa ils to provide 

a satisfa c to ry explanation of the relationship b e tween two sent enc es 

which have d ifferent surface s tructures but whi ch contain the same 

meaning .  Chomsky ' s  generative-t rans fo rmat ional g rammar ( 1 9 5 7 ,  1 9 6 5 )  
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has provid ed researchers with a prec ise method o f  r epres ent ing syntac t ic 

opera tions ( i . e . transformations ) in language . With i ts set o f  

expl icit  syntac t ic rules , the g enera t ive-transformat io nal grammar helps 

to clarify o therwise intui ted r elat ionships among s entenc es and to 

det ec t  ( i ) synonymy result ing f rom identity deletion , ( ii )  synonymy 



resul ting from d el et ion o f  ind e f init e el ement s ,  (iii ) ambiguity (L e e ,  

1 9 7 5 ) . Huddl eston  ( 1 9 71 ) �  using genera t ive-transformat ional grammar 

as the th eoret ical f ramework,  invest iga t ed grammatical cons tructions 

of sc ient ific Engl ish specificall y ,  moo d ,  tr2ns itivity and voic e , 

complementat io n , r el a t iv i za t ion ,  comparison , the mo dal auxil iaries  and 

theme . His co rpus consisted o f  some 1 3 5 , 000 words o f  wri t t en 

scientific Engl ish , derived from 2 7  texts of  5 , 000 words 

ea ch . The t ex t s  were t aken from three d i f f erent " s trata" . Nine 

"high " stratum texts came from special i s t  j o urnals and nine "mid I I  

stratum ones from undergradua t e  t extbooks . Th e high and mid t ex t s  
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were classified according t o  field o r  subj ec t ma t ter , namel y ,  bio l o gy ,  

chemis try and physics . Nine "low " stratum t exts came from mor e  popular 

works addres sed to the int el l igent and well-informed layman . Hud d l e s ton 

( 1 9 71 ) r eported the findings o n  subj ec t and obj ect compl ementation in 

the corpus tha t : 

. . .  with finite  claus es obj ect funct ion was almos t five 

t imes as f requent as subj ect , with non-finites ther e  is 

not very much dif ference in frequency b etween obj ect and 

subj ect complements . . .  (p . 1 80) . 

When the to-compl ement i z er was compared to the ing-forms , i t  was f ound 

that the to-compl ernen tizer was about 3 0  t imes the mor e  f requent 

(Huddl eston,  1 9 7 1 , p . 1 80) . Res trict ive dependent relative c lauses w i th 

the relativ e  pronouns tha t ( 3 25 ) and which ( 4 8 2) were seen to  form the 

maj ority of  the exampl es of  dependent relat iv e  clauses (9 6 5  exampl es ) . 

Among comparisons o f  inequa l i t y ,  Huddl e s ton ( 19 7 1 ) found that the mor e  

-er l ess  comparatives withou t  than occurred mo st  frequent ly  ( 4 84 out :o f  

631 exampl es) . 

Cowan ' s  ( 1 9 7 4 )  analysis  o f  syntac tic  s tructures wa s t o tally  b a s ed 

on the framewo rk o f  the generative - t rans format ional grammar . His 

corpus cons ist ed o f  1 , 5 00 sen t enc es compiled from diff erent medical 

texts used a t  the University  of  Teheran . The s tudy a imed to provide 

accura t e  informa tion about the syntac t ic s tyl e of med ical pro s e  so tha t 

it would help t each ers in selec t ing the st ructures to be t aught and 

indicate  which s t ructures t end to occur frequently and with o ther 

struc tures . 

One of  the maj o r  r eading probl ems facing non-nat ive Engl i sh speakers 

at the advanced l evel has proved to be  their inability to cope with 

s yntac tic struc tures ( Eskey , 1 9 7 0 , 1 9 7 3 , 1 9 75 ; Nilagupta , 1 9 7 7 ; 
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Pierc e ,  1 97 3 ; Siripol , 1 9 79 ; Sopher , 1 9 7 4 ) . The s tud ie s reviewed 

above have prov ided some interes t ing info rma t ion on s yntactic 

struc t ur es o f  sc i ent i f ic English in t erms of rela t ive fr equency of  

o ccurrence . However , their immediate aim was purely descriptiv e .  

L inguists  o ffered l it t l e  informa t ion which coul d help det ermine how 

c erta in syntac tic s t ruc tures found in s c ientific  Engl ish shoul d b e  

taught s o  tha t they would become more comprehens ible f o r  foreign s c ienc e 

s tudent s . If the t ea ching of reading comprehens ion is to b e  improved , 

the knowl edge of the frequency of  oc currence of syntac t ic struc tures in 

scient i f ic wri t ing onl y  is no t enough . There is also a need to  

invest iga t e  spec if ic probl ems which migh t  deter non-nat iv e  English 

sc ience students f rom understanding . 

D i scourse analysis 

At t empts to inves t i gate EST at  the d i s cours e level were made by 

Lacks trom , Sel inker , Trimble , Vroman , }1ackay a nd Mount ford . Lacks trom, 

Sel inker and Trimble  ( 1 9 7 3 ) approached EST by s tudying it s rhetoric in 

terms of " conc eptual paragraph" as well as i t s  rhetorical functions 

such as definition,  c lassif ication,  expl anat ion ,  descript ion and 

argument .  Rhe toric in EST has been defined as the process employed to 

produce a des ired t ex t .  This process is  basical l y  the act  of  organizing 

s c ient i f ic and t echn ical informa t io n  for s pec i f ic purposes and for  

specific  types o f  r eaders (Trimb l e ,  1 9 7 7 ) . The  no tion " conceptual 

paragraph ", a basic unit of sc ient if ic discour s e ,  was explained thus : 

It contains , or cl early impl ies , a genera l i za tion ,  which 

we shall call the "core general i zat ion " . This  cor e  

general izat ion,  if  s tated in the EST t ex t , is  usually  

found in the  first  s entenc es of  the  paragraph . It  may b e  

st a t ed as a separat e  sent enc e ,  o r  i t  may b e  rheto rically 

emb edded in adj o ining sentences . This core i s  developed 

by suppor t ing info rmat ion which ranges f rom d ependent 

generaliza t ions , that is generalizations o n  a level 

lower than that  of the cor e ,  to very spec i f ic stat ements  

It is our content ion that in EST the conc eptual 

paragraph is the bas ic unit of d is cours e ,  and that i t  

can b e  equivalent t o  one o r  mor e  physical paragraphs 

(Lacks t rom , Sel inker, & Trimb l e ,  1 9 73 , pp . 1 29 -1 30) . 
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By contras t ,  t h e  phys ical para graph is def ined as a group of 

s entences marked on a page of t ex t  by spac ing or  indentation (Lacks trom 

et al . 1 9 7 3 ,  p . 1 30 ) . Lackstrom et al . ( 1 9 7 3 )  suggests tha t a conc eptual 

paragraph may func tion to repor t  past research , to discuss theory , to 

s tate purpo se , to desc rib e  appara t us , to explain an illust-rat ion , to 

s tate a probl em ,  and tha t thes e rh eto rical functions affec t  th e 

surface grammatical forms o f  artic l es and t enses . 

The inabili ties of  advanced  non-na tive readers of EST to comprehend 

the to tal meaning of the EST discourse,  even when they under s tand all  

the word s in  each sentenc e  and a l l  the  s ent enc es tha t make the  discours e ,  

l ed Sel inker,  Trimbl e and Tr imb l e  ( 1 9 7 6)  to as sume that this was 

becaus e th ey d id no t possess tho s e  abilit ies which would allow them 

to recognize the existenc e o f  the types of presuppos itional rhetorical 

informa tion that were impl ic i t .  Fur th er invest iga tion into impl icit 

rhetor ical functions wi thin a particular piece of dis course (specifical ly , 

impl icit d efinition and impl icit classif icat ion) was therefore under­

taken ( Sel inker , Trimb l e , & Trimbl e ,  1 9 7 6 ) . As a resul t ,  it has been 

disc erned tha t def ining and class i fying informa tion presented implic it ly 

does no t usuall y  func t ion as the core generalization or part of  the 

general ization of an EST paragraph . Rather , it functions as the 

informa tion which is suppo rting the g eneralization (p . 285 ) . They have 

also di scovered that impl icit defined and classified info rmation affec t ed 

the usages o f  articles and t ens es in EST d iscours e .  

As a r esul t  o f  the above s tud i es , a "rheto rical approach " to the 

t eaching of r eading to advanc ed non-na t ive readers o f  EST was proposed . 

It enta il s  the t eaching o f  the not ion "conc eptual paragraph" , 

emphas iz ing "rhetorical f unctio ns" o f  the conc ep tual paragraph present ed 

bo th expl icitly and implicitly ( Selinker et al . ,  1 9 7 6 ) , and d eal ing 

with the "informat ional c lues"  which are  present ed in the form o f  

key terms which indicate causal i t y ,  comparison , contras t ,  analogy 

etc . 

The role  o f  s emantic , syntactic and rhe torical c lues has been the 

area of  interest in s tudies b y  Mackay ( 1 9 7 4 )  and Mackay and Mount ford 

(1 9 7 6 ) . These researchers v i ew r eading comprehension at the discourse 

l evel a s  involving the perceptio n  and interpretat ion of l inguistic  

signals  which make up  the gramma tical cohesion of  t ext and the 

communica t ive cohes ion of  d iscourse (Mackay , 1 9 74 ) . They bel ieve that 

such l inguis tic knowledge as l exical rela t ionships , syntactic  



relationships and logical relat ionships is required for a reader to 

have adequat e compr ehens ion of  the t ex t .  In this r espec t , l exical 

relat ionships were consid ered in t erms of  " l exical inclus ion" o r  

"hyponomy" and "equival ence" or  "synonymy" . Syntac t ic relat ionships 

between sentenc es incl uded anaphora (b ackward ref er enc e )  and cataphora 

( forward ref er ence) . Logica l  r ela t ionships between s ent ences or 

stretches of t ex t  included logical connectors like mo reover , �, 
as a r esul t , and (Mackay , 1 9 74 ) . 

To Mackay and Mountford ( 1 9 7 6) , t eaching reading compr ehens ion to 

advanc ed non-native readers of EST , means to help them develop 
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a reading st rat egy which includes the ab il ity to r ecognize such l inguis t ic 

signals . 

Studies a t  the discourse  l ev el have produced some useful and 

promising info rmat ion for the t eaching o f  reading comprehension to non­

nat iv e  Engl ish speakers . The s tud ies , however , were conduct ed on the 

assumpt ion that readers already po ssessed the ab il i ty to compr ehend 

at the sentence l evel , and tha t the rhe torical prob l em is the only one 

being faced at the t ime . Furthermore , informat ion on the rhe to rical  

approach was ma inly bas ed on  the  analysis of  s cient i f ic writing . More  

data from r ead ing research i s  needed to show that the  approa ch actually 

does improve the reading strat egies o f  non-nat ive Eng lish science 

students , a nd in turn helps them improve in their read ing comprehens ion . 

Conclusion 

This part of the review has b een concerned with l inguis tic s tudies 

which have inves t igat ed English for Science and Technol o gy ; a t  the 

l exicon l evel , the syntac tic s truc ture l evel and at the d is cour s e  l evel . 

Al though these studies took differ ent approaches in s tudying the EST 

charact er i s t ic s ,  they shared the same obj ectiv e ,  that is , to provide 

a basis for the d evelopment of the t eaching material s which woul d suit 

for eign science s tudent s '  need . However , to hel p scienc e l earners 

improve their reading proficiency in Engl ish , it  is al so nec essary 

to focus on their reading probl ems . A primary concern o f  the present 

study is such prob l ems . . Accordingly , the review in the next sec tion 

will be d evo ted to the role o f  language in reading compreh ens ion . 
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Resea rch o n  Language S t ruc ture and Reading Comprehension 

Unl ike the product ive skil l s  speaking and writing , reading 

comprehension , a receptive skil l , i s  inac cessible to d irect obs erva t ion . 

Simons ( 1 9 7 1 ) described the produ c t s  and processes o f  comprehension : 

The comprehens ion process i s  the mental operations 

which t ake place in the r ea der ' s  h ead  while he i s  

reading . Thes e  operat ions are  generally no t obs ervab l e  

and no t open t o  intro spect io n .  O n  the o ther hand , the 

products of the comprehen s ion proc ess are the b ehaviors 

produc ed a f t er comprehens ion has taken plac e ,  such a s  

answers to test  ques t ions (p . 3 4 0 ) . 

Because r eading compr ehension is  a v ery compl ex process and is not 

d irectly observab l e ,  many different  approaches to unders tanding the 

reading comprehension process have b een a t t emp ted , o f t en refl ect ing 

different p erspec t ives . 

The review of  research on r eading comprehens ion to b e  undertaken 

here wil l be l imit ed only to tha t res earch which inves t iga t ed read ing 

comprehens ion in rel a t ion to language struc t ur e .  I t  involves ( i )  tho se 

studies which a ttempt ed to see i f  the r elat ionship b etween r ea ding 

comprehens ion a nd the knowl edge o f  Engl ish grammatical s t ru c tures 

exist , ( i i )  tho se r eadab il i ty s tudies which investigated  language 

variabl es in the wri t t en language ,  ( ii i )  thos e  psychol inguistic studies 

and second l anguage acquisition research which inves t iga ted s entenc e 

comprehension . 

Knowl edge o f  Engl ish Gramma t ical Structures and Reading Comprehension 

The a s sumed not ion that the r e  is  a rel a tionship b e tween knowledg e 

of  grammar and r eading comprehens ion has b een invest igat ed in s everal 

studies (Gibbons , 1 94 1 ;  O ' Donnell ,  1 9 63 ; Sauer , 1 9 69 , 1 9 7 0 ; Shackford , 

1 9 1 6 ;  Strom , 1 9 56 ) . 

Gibbons ( 1 94 1 )  administ ered a batt ery of t ests to a group o f  

25 third grade children . A d isarranged ph r ase test was used 

to measure ab ility  to see the rela tionship b e tween parts of a s ent enc e 

and s entenc e comp l etion and quest ion t e s t s  were us ed to measure the 

ability to understand the sentences u s ed in the disarranged phrase 

test . As well the Gates  Standardi z ed Reading Test was used t o  

determine r eading achievement , and t h e  Terman Revision o f  t h e  S imon 



Binet Intell igence Test was used to d et ermine the mental abil ities 

o f  the group . Th e f indings r evea l ed tha t there was a pos i t ive 

correlat io n  b etween (i )  ability to s ee the relat ionship between par ts 

of  a senten c e  a nd ab il ity to understand the sent ence (r = . 889 ) , 

( ii )  abi l it y  to see  the relationship b e tween parts  of  a s ent ence and 

sco res on the s t andardi zed reading t est (r  = . 7 1 7 ) . 
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Ability to s e e  the r elationship b etwe en parts of a s ent enc e was 

al s o  invest iga t ed in a numb er of o ther s tudies . Taking a s t ructural 

approach to Engl ish grammar , O ' Donnell ( 1 9 63 )  analyzed gramma t ical 

struc tures in t erms of certain basic relationships wi thin the s entence 

( the subj ec t -v erb r elationship ; the verb-compl ement r elationsh ip ; 

the relationship b etween coordinate  el ement s ;  the relationship between 

the various types o f  modifiers and e l emen t s  modified ; the relat ionship 

between elements involved in cross-r e f er ence) . A t e s t  cons isting o f  

5 0  items · of the mul t iple response ty-pe was cons truc t ed t o  measure 

the ability to r ecogni ze  these structural r elat ionsh ips . Test C l : 

Read ing Compr ehens ion, Fo rm Z was used to measure r ead ing comprehensio n .  

The Iowa Grammar Info rmation Test,  Fo rm A was  used t o  measure the 

ability to verbal i z e  grammatical rul es  and t erminology . These  t ests  

were administered to 101  students from a s enior class . The correlation 

coef fic ient b etween the struc ture t est  scores and l ev el of  comprehension 

scores was r = . 4 4 . O ' Donnell conclud ed tha t  the r elat ionship was 

no t significant enough to warrant the t eaching of grammat ical s truc ture 

as a maj or means of d eveloping r eading compreh ension . 

Sauer ( 1 969 , 1 9 70 ) construc t ed s en t enc es using a nonsense  language 

call ed Boinguage to match four basic s en t enc e pat t erns . These s entenc es 

varied according to three l evel s of s tructural complexity . One hundred 

and fif ty-three fourth graders were asked to t ransla t e  s entences  such 

as "A bo ing bo inged our bo ing " into English s entences . Their r espons es 

to the t est  o f  gramma tical struc tures and the paragraph meaning sub ­

test o f  the Stanford Reading Test, Int ermed ia t e  I,  were coll ec t ed and 

analyzed . The c orrelation coefficient b etween the to tal grammar t es t  

and read ing compr ehens ion was r = . 64 .  When mul tipl e r egression 

analysis was applied , the relat ionship b e tween predict ed and criterion 

scores was r = . 6 7 .  Sauer concluded tha t there was a predic t ive 

r elationship b etwe en r eading comprehension and knowledge o f  to tal 

s entence  pat terns , in combina t ion . 



Shackford ( 1 9 76 )  investiga t ed the knowl edge j unior high s chool 

s tudent s had concerning the basic s t ruc tur e  of  t�eir language and 

t ested whether their knowl edge o f  gramma t i cal s t ructure  was rela t ed 
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to  reading comprehension . An Engl ish Language Struc ture Test was 

d eveloped to measure the ability to recognize basic structural 

relat ionships in Engl ish sentences . Thi s  was done by scrambl ing 

s ent ences in a manner tha t disguised the meaningful rela tionships o f  

the words t o  each o ther . The scramb l ed sent ences were cons truc t ed to 

match s ix basic sent enc e patt erns and varied in their level of  

compl exit y .  Two hundred and two , s eventh and eighth graders were 

asked to reorder the scramb l ed s ent enc es to res emble logical Engl ish 

sent ence order . The Advanced Stanford Reading Tes t , was also 

administ ered to measure ability in r eading comprehension . The s tudy 

reveal ed that there was a relat ionship b etween the s t udent s ' knowl edge 

of gramma tical structure  and ability  in r eading comprehension . The 

correlat ion coeffic ient (r = . 6 7 )  was repor t ed to b e  significant . 

Shackford also found that j unior high school s t udents ' knowledge of  

six to tal sent enc e pat terns differed signif icantly by sentenc e  pa t t ern ,  

and that s tud ent s in grade eigh t demons t ra t ed great er knowl edge o f  

gramma t i cal s truc tur e .  

Strom ' s  s tudy ( 1 95 6 )  was also concerned with the rela tionship 

between Engl ish gramma tical s t ruc ture and r ea ding comprehens ion . 

In invest igating thi s  relationship , S t rom cons tructed a test bat t ery 

consis t ing of 10 lit erary or informative ' passages of vo cabulary and 

of the gr ammar of the s entenc es compos ing the r eading passages . 

Three hundred and twenty-seven sophomores in the 1 5  classes chosen 

from 1 0  pub lic and priva t e  high school s  in eight sta t es were invo lved 

in the study.  The significan t cor rela t ion coeffic ients between r eading 

and grammar were r = . 5 7 for the pub l i c  schools  and r = . 39 for the 

privat e schoo l s .  St rom suggested tha t an experimental s tudy , util iz ing 

experimental and control  groups , was need ed t o  show spec ifically how 

gramma tical analysis might b e  used to improve r eading . 

Several o ther s tudies r epor t ed substantial correlat ions between 

the knowledge of Engl ish gramma t i cal  s truc tures o f  native speakers o f  

Tha i and their reading compr ehens ion . A case s t udy was conducted by 

Thammongkol ( 1970 )  who invest igat ed the r eading ab il ity of 40 Thai 

student s a t  the university  l evel ( 20 art s t udents  and 2 0  engineering 

s tudents ) . She found tha t the rel at ionship between the skill in 



English and the eff ec t iveness o f  expr ession and the abil ity to r ead 

was r . 62 for art s t ud ent s ,  and r = . 64 for engineering stud en ts . 

Among several suggest ions for further r esearch , Thammongkol stres s ed 

the need for s tud ies of the r elationship b etween knowledge o f  Engl ish 

gramma tical s t ructures and reading comprehension at  var io us l evel s 

(p . 1 9 3 ) . Fol lowing Thammongkol ' s  suggestion,  a study was c onduct ed 

to invest iga t e  the r eading compr ehension of 3 1 0  s tudents at  the 

teachers ' college l evel ( Chatasingha , 1 9 7 2 ) . Chatasingha found that 

the students ' read ing comprehens ion correlated with th eir  knowl edge 

of grammar (r = . 63 )  and of  vocab ulary (r = . 9 1 )  at the . 0 1 l evel of 

significance .  Ano ther study was condu c t ed to 200 student s at  the 

lower secondary l evel ( Onprapai ,  1 9 7 4 ) . By adminis t ering a 70-i t em 

gramma t ical s t ruc ture test  and a 35-it em reading comprehension test , 

she achi eved a correlat ion coeffic i ent o f  r = . 7 6 between knowl edge 

of English gramma t ical s t ruc tures and r eading comprehens ion . 

A s imilar result was achieved by Charoensook ( 19 74 )  who adminis t er ed 

a grammar t es t , a vocabulary t est , and a r eading comprehension t es t  
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to 1 80 Tha i sc i ence stud ent s  at the upper secondary l evel . She found 

significant pos i t ive correlation coef fic ients  of r = . 69 b etween 

r eading compr ehens ion and knowl edge of Engl ish grammat ical s t ruc tures , 

and of  r = . 53 b etween reading compr ehension and vocab ulary . 

Charo ensook po inted out tha t hal f  of  the subj ec ts in �er s t udy found 

the following s t r uc tures dif f icul t to use ; the passive voic e ,  pronouns , 

compar ison of  adj e c t ives and adverbs , and relative c lauses . Fur t he r  

s t udy which invest igat ed the difficul ty  o f  English grammat ical  

struc tures for  Thai voca tional s tud ent s was conduct ed by  Srivicharn 

( 1 9 78 ) . A 50-it em English Syntax Compreh ension Tes t was developed 

to measur e comprehens ion of five diff erent f eatures o f  Engl ish syntax . 

Jhey wer e  the passive voice , emb edding , negation,  nominalizat ion and 

del et ion . One hund r ed and twenty s tudents f rom three campuses o f  the 

Ins t itu t e  of  Technology and Vocat ional Educa t ion in Bangkok wer e i nvolved 

in the s tudy . A correla tion coeffic ient of r = . 87 was achieved 

between English syntax scores as measured by the Engl ish Syntax 

Comprehens ion Tes t  and reading comprehension scores as measured b y  

a 35-it em C l o z e  Reading Comprehension Test . Th e diffic ul ty l evels 

of the five f eatur es of English syntax ranked f rom the mo st difficult 

to the easiest , were passive vo ic e ,  emb edding , negation , nominalization 

and deletion . 

The r esul t s  o f  mos t  of the r eviewed s tud ies suppor t the not ion 

tha t there is a relat ionship b etween the knowl edge  of  grammar and 
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read ing compr ehens ion for  b o th nat ive and non-na tive Engl ish speakers . 

The s t ud ies reviewed however , focu s ed on reading comprehension o f  

g eneral Engl ish reading mat er ials  rather than scient i f ic Engl ish 

textbooks . The subj ects were t es t ed on their knowledge of English 

grammar usage rather than on th eir und er s tanding of  Engl ish grammatical 

struc tures . Mo reover , these s tudies generally involved non-scienc e 

student s .  The resu l t s  t herefore can no t be genera l i z ed t o  those 

students who s e  int erest is in science . 

Readab ility and Sent ence Structure 

Some a t t empt s  at  s tudying r eading comprehens ion by i solating 

c ertain l inguistic features which wer e though t to affect  the 

difficulty o f  the s ent ence or the passage have been undertaken in the 

name of  readability research . The a im of  the readabil i ty s tudies is 

to improve the readabil ity of wri t t en language . 

Traditional readab il ity  research has t ended to  b e  concerned with 

assess ing grammatical compl exity b a s ed on s ent enc e leng th . S ent enc e 

length has b een measur ed using various unit s  of  analys is  - l et t ers , 

syllables o r  wo rds . In readabil ity formulas ,  sentenc e l ength ,  as 

a readabil ity factor , appears to be the one l inguis tic variab l e  mo s t  

pr eferred i n  many o f  the more  wid ely us ed formulas f o r  predict ing 

the reading d i f f icult y  l evel of a pros e  (Dal e-ehall , 1 948 ; Flesh , 

1 948 ;· Lorg e ,  1 93 9 ; Spache ,  1 95 3 ) . The validity of sentenc e l ength as 

a readab il ity fac tor , however , was ques t ioned by Strickland ( 1 9 62 ) . In 

conduc ting an investigat ion to d et ermine whether there was a cor­

relat ion b e tween the l anguage of  children and the syntactic patt erns 

used in chil dren ' s  books , Strickland establish ed a sys t em for 

analyzing langua g e .  The results  o f  the analysis o f  the oral l anguage 

pa t t erns o f  5 7 5  children of  grades 1 t hrough 6 ind ica t ed that some 

syntac tic pat t erns had high frequencies o f  occurrence and some had 

low .  An analysis o f  the language in four sets  of  textbooks showed 

tha t "ther e appeared to b e  no s cheme for  the development of control 

over sent enc e st ruc ture which para l l el ed the generally ac c ep t ed 

scheme for the dev elopment o f  cont ro l  over vocab ulary"  ( S trickland , 

1 962 , p . 1 04 ) . The f inding l ed Str ickland to  raise  the quest ion a s  

t o  whether the sentence struc ture in chil dren ' s  books inf luence s  

the difficul ty o f  l earning to read . S t r ic kland suggested that 

tests  of d if f i culty  of pa tt erns of syntax should be included in 

formulas for m ea sur ing readab il ity . O ther r es earchers (Hunt , 1 96 5 ; 



Loban, 1 9 63 ; O ' Donnel l , Grif f in, & Norris , 1 96 7 ) , in find ing s ent enc e 

l ength an inadequa t e  measur e of  difficul t y ,  followed Strickland ' s  

sugges tion and developed new ways to segment language . Hunt ( 1 9 7 3 ) 

found tha t "Clause l ength is a better ind ex of l anguage maturity 

than s ent ence l ength " . He suggested that the " minimal t erminabl e  

unit " o r  "T-unit " should be  def ined a s  "one main clause plus what ever 

subo rd ina te c lauses are attached to it or embedded wi thin" (p . 1 9 0 ) . 

Further comment about the subordinate clauses ma de by Hunt ( 1 9 7 3 )  is  

worthy of  no t e  here . On the subj ec t of  three kinds o f  subordina te  

clauses : noun clauses , movabl e adverb clauses , and adj ec t ive c lauses , 

he states that : 

Though the total  of  a l l  three increases with ma turity , no t 

all  three increa se equal ly . Noun clauses in general are 

no index of matur ity : the numb er o f  them is det ermined 

instead by the mod e o f  discourse , the subj ect mat t e r ,  all  

the  way from the  early grades to maturi ty . Hovabl e adverb 

claus es do seem to increase with ma turity in the very 
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early grades , but the ceil ing is reached early , and after 

the middle grades the frequ ency o f  them t ells  more about 

mo de of discours e  and subj ect ma t t er t han about maturity . 

But adj ec t ive c lauses ar e different . From the earlie s t  

grades to the lat est t h e  number of th em increases s t eadil y ,  

and among skil led  adul ts the adj ect iv e  c lause is s t i l l  

more  fr equent than it i s  with students finishing high 

school (p . 1 84 ) . 

O ' Donnel l ,  Gri f f in. and No rris ' ( 1 9 6 7 )  resu 1 ts confirm Hunt ' s  

finding that in usage , l ength o f  T-units inc reased pro gressively from 

grade  to grad e (p . 44 ) .  They concluded that : 

ln b o th speech and writ ing there were significant overall 

inc reases acro s s  the g rade spans in the use of the whol e  

clas s es o f  transforma t ion-produc ed nominal s and adverb ial s . 

The overall inc r ease  in use of the whol e  class of  co­

ordinations within T-units  was also signif icant in speech , 

though not in wr i t ing ( p . 89 ) . 

With the advent o f  t rans forma tional generat ive grammar (Chomsky , 

1 9 57 ) , many researchers have employed a new approach for s tudying 

langua ge f eat ures (o ther than sent ence l ength ) which might af fec t  



the diffi culty of wri tten language . The generative-trans formati onal 

theo ry is based on two "givens " : f i rs t , a f inite set  of phras e-structure 

rul es genera tes the four basic s en t enc e patt ern s of  Eng l ish ; second,  

ano ther f inite  set  of  rul es describ es the ways in which the four b asic 

sentences  can be  transformed into o ther s t ructures which can , in turn,  

be combined with other sent enc es in f init e styl istic var ieties ( Evans , 

1 9 7 2-73 , p . 2 7 3 ) . 
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This  approach to the analys is  of Engl ish sent enc e s t ructure permit t ed 

compl ex s en t ences be  cC ;1Vert ed to  s impl e ones s imply by  r evers ing the 

t ransforming and comb ining to d e-t rans forming and un-combining ( Coleman , 

1 964 , 1 9 6 5 ; Col eman & Blumenfiel d , 1 96 3 ; Evans , 1 9 72-73 ) .  

Col eman and Blumenfield ( 1 9 6 3 )  t es t ed 1 00 college s t ud ents on their 

comprehens ion of sentences wi th nominaliza tions (derived f rom v erb s )  

against s entences wri t t en wi thout nominaliza t ions but with the u s e  o f  

act ive-verb s .  Read ing comprehens ion was measured by means o f  cloze 

t ests cons t ruc t ed on b oth nomina l i z ed versions and act ive-verb versions . 

They found that s tudents  read in g the de-trans formed sent ences inser t ed 

mor e  correc t nouns , verbs , adj ec t ives , and adverbs on the cloze  test 

b lanks than th e students  read ing the nominalized sent ences  did . In 

ano ther study , Col eman ( 1 9 64 )  used cloze  tests  to compare 4 8  coll ege 

stud en ts on their compr ehension of pro se  writ t en in two versions (un­

simpl ified v ersus s impl ified by t ransforming nominalizations , adj ect iv­

al izations , and pa ss ives to th eir a c t ive-verb t ransforms ) .  He found 

in all four experiment s  tha t nomina l i zat ions , adj ec t ival izat ions and 

pa ssives wer e l ess  compr ehensibl e  than their de- trans formed a c t ive-

verb versions . A year later , Co l eman ( 19 6 5 )  investiga t ed the comprehens­

ibil ity of four grammat ical t rans forma t ions (nominal izat ions , adj ec t ival ­

ization s ,  pa ssives and embedded sent ences ) . In his  firs t experiment , 

he examined 1 0  differ ent  categories o f  nominal i zations compar ing 

nominalized s ent ences to those d� trans formed using activ e-verb s .  By 

a sking 60 col l eg e  students  to repea t the s entence immediat ely a f t er 

s eeing it , Col eman found tha t for s ix pa irs of t ransforma t ions , the 

de-trans formed act ive-verb vers ions wer e eas ier to l earn . But there wer e  

n o  significant d i f f erences , for the o ther four pairs . Coleman sugges t ed 

on  the basis o f  this f inding that : 

Some n ew ins ights into readab i l i t y  may be provided by 

div id ing these nominal i zations into ones that are 

relatively d if f icu l t  to l earn v ersus those that are 

not (p . 3 34 ) . 



His second experiment d ea l t  with  the c omparison b etween ac t ives 

and pa s s ives . Forty psycho l o gy s t ud ents  were a sked t o  wri t e  down wha t 

they had r emember ed , a f t er s e e in g  on  a s l id e  proj ector , a s et o f  s ix 

s ent enc es ( three  a c t iv es and t hr ee passives ) . It  was found tha t  

ac t iv es were b e t t er retained than pass ives  for al l scoring sys t ems . 
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This f inding did no t provide any evi d enc e to  support the no t ion sugges t ed 

by Mil l er ( 1 9 6 2 )  tha t  a l l  grammat ic a l  t ransformations o f  a s entence 

are s tored in memory a s  kernel s  ( a c t iv e ,  declara t ive s entences)  with 

a sor t  o f  mental subscr ipt  d eno t ing the t rans format ion ( Co l eman , 1 9 6 5 , 

p . 33 6 ) . His third experiment was conduc ted  to compare the  compr eh ens­

ibility  of a dj ec t ival iza t ions and their g rammat ical transforma tions 

using adj ect ives . The r esul t s  revealed that there wer e no s ignif icant 

dif ferenc es b etween adj ectiva l iza t ions and their simp l i f i ed v ers ions . 

CoJ eman comment ed on t his f inding that  " I t  i s  r easonable  to  conclude  

that ind iscrimina t el y  detrans form ing any and  a l l  adj ec t ival i zat ions wil l 

have l it t l e  effec t in making pro s e  ea s i er t o  comprehen d "  (p . 339 ) . Thi s  

seems to confirm Hunt ' s  ear l i er conc l us ion about the grammat ical c omp l exity  

o f  adj ec tive clauses  (Hunt , 1 9 7 3 ,  p . 1 84 ) . In a fourth experiment 

which c ompared four d i f feren t  kind s o f  emb ed d ed sent enc es to non-

embedd ed ones , Col eman found t ha t the  emb edded s ent ences  cause  mor e  

difficul t y  to read ers than t h e  non-emb edded ones . 

Ano ther s tudy ,  by Evans ( 1 9 7 2- 7 3 ) o f f er ed further evidence o f  the 

effec t  of de-t rans format ion on r ea ding comprehens ion . The s tudy c ompared 

two ident ical groups of twel f th gra d e  student s ,  reading two v ers ions o f  

five prose  sel ect ions . One v er sion had s imp l i f ied the f o l lowing four 

s t ructur es -- nominal ization , r el a t iv e  c lauses , passiv e  v o i c e  verbs 

and gramma t ic a l  d el e t ions , maint a inin g  a twelv e-word average sent enc e 

length . The o ther vers ion was t aken a s  used in The Davi s  Read ing Tes t .  

Bo th groups were t es t ed by mul t ip l e -cho ice  que s tions from the r ea ding 

t est  and by c l o ze t est s . The r esul t s  showed a s ignificant  relat ionship 

between achievement on t he mul tipl e-cho i c e  t es t  and on t hree  of f iv e  

cloze  t e s t s  o f  the s imp lified  versi on . 

Fagan ( 1 9 7 1 ) took a s l igh t l y  d if f er ent s t ance . He inv e s t iga t ed th e 

eff ec t  o f  the number and /or  typ es  o f  transformat ions o n  the  r eading 

comprehension of 440 pup i l s  in g ra des  4 ,  5 and 6 .  He grouped in to 

f iv e  ca t ego r i es , 4 3  transforma t ions derived f rom 21 pas sa ges randomly 

d rawn from the gra d e  four basal reader  series , namely , emb edd ing , 

conj o in ing , del et ion , s impl e-trans f o rmat ion and position shif t . Each  



of three s t o r i es d rawn randomly f rom the thr ee basal  r eader series wa s 

then wr i tt en in four d i f f er ent forms . Each form co nta ined 20 

t ransformat ions . Twelv e o f  these t ransfoTmaLions con s i s t ed o f  on e of 

the four maj o r  t ransforma t ion t ypes - emb edding , conj o ining , delet ion 

and s impl e ,  whil e the r emaining eight trans forma t ions came from the 

35  

o ther three c a t egor ies . The r esul t s  revealed t hat the presenc e o f  

deletion and emb edd ing transforma t ions t ended t o  make s ent enc es and 

passage s d i f f icult  for chil dren to r ead . Spec ific t ransforma t ions causing 

the mo s t  dif ficu l t y  were r epor t ed . They were appos i t ives , ing-nominal­

izations , gen i t ive  pronouns , common el ements  deletions and negat ives . 

Fagan also found that s ent ence diff icul ty was more d ependent on the 

presenc e and diffic ul ty o f  t ransformat ions than was the dif ficul t y  of 

the passage . He comment ed t ha t  this could be  explained in t erms o f  

redundancy o f  language : " Informat ion which an individual may miss within 

the boundaries  o f  a part icular sent enc e may be acquired within some o ther 

s entences of the passage" ( Fagan, 1 9 7 1 , p . 1 7 l ) .  

The ef f ec t  o f  short ening compound and compl ex sent enc es on the 

compr ehens ib i l it y  of pas sages was stud ied by Col eman ( 1 9 62 ) . He rewro t e  

each o f  the t hree or iginally d i f f icul t  passages in two o ther vers ions 

(one con t ain ing 6 sent enc es , and one containing 1 5 ) , by d iv id ing the 

compound and c omplex sent ences  into shorter ones . Th e comprehensib il ity  

of these  passages was measured by  the  cloze t echnique . Th e resu l t s  

ind ica t ed tha t t h e  effect o f  short ening sentences was smal l .  However , 

the detailed analysis o f  the  s en t enc es enab l ed C o l eman t o  make the 

fol lowing pr ed ic t ions : 

(a ) It  may improv e comprehensibility  if "clause f ra gmen t s "  

such a s  subord ina t e  c l auses a r e  rai s ed t o  full s en t enc es . 

(b ) I t  may improve comprehensib il ity  to divide sent ence s  

j o ined by conj unc t ions (bu t , for , because ,  e t c . )  that 

signal  t ha t the 1 st c lause is qualified by t he 2nd one . 

( c )  I t  wil l no t improve comprehensib ility  to d ivide 

a sent enc e j o ined by "and" into  2 s en t ences . (d )  Shor t ening 

clau s es IDay be mo re ef f ect ive  than merely emphas i z ing their 

boundaries by punctua t ing th em a s  s epa ra t e  sent ences (p . 1 3 1 ) . 

The third s t a t ement was l a t er support ed by the study o f  Drumm ( 1 9 7 4 )  

wh o  found that pa ssages which mad e u s e  o f  t he conj unc t ion "and " t o  

j o in short  sent enc es into l arger units  were s ignificantly easier for 

the primary ch il dren to  comprehend than were pa ssages wh ich conta ined 

short simpl e s en t enc es . 



Sho r t en ing and s impl i fying "Hi t t en ma t er ials was also  found t el 

improve their c omprehens ib ility . S chul z  Von Thun , Von B erghes , Langer , 

and Tausch ( 1 9 7 6 ) " improved"  1 0  summar ies o f  pub l i ca t ion from two 

psychology j ournal s along f our d imensions ; s implici ty , organisation­

s t ru cture ,  brev ity and add i t ional s t imulation .  Comprehension and 

ret ention were a ssessed in a free  recall  and wri tten examination .  

Resul ts r ev ea l ed tha t students at  d i f f er ent academic l evels  secur ed 

higher scor�s  o n  a l l  1 0  revised summa r i e s . 
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Several o t h er studies a t t emp t e d  to pinpoint spec i f ic grammat ic a l  

diff icul t i e s  cont ribu t ing t o  poo r  r ea d ing . Rob ertson ( 1 968 )  inves t iga t ed 

pupil understanding o f  1 7  connec t iv es f r om thre e  b asal read ing s eries . 

The Connec t iv e s  Read ing Test  o f  1 50 mul t ipl e-cho ic e i t ems , a t est  o f  

mental abil i t y ,  and a s tanda rdized ach i ev em ent  t est wer e a dm inis t ered 

to a sampl e o f  4 02 fourth , f i f th and s ix th graders . Resul t s  ind icated 

(i)  that und er s t and ing o f  c onnect iv es wa s s ignificant ly rela t ed to s ex ,  

mental age , l i s t ening , reading and wri t i ng abi l i t y ,  and ( i i )  increased 

s ignif icant ly with an increase  in gra d e  l evel . Six connec tives whi ch 

caused dif f icu l ty for 34% or mor e  o f  the stud ent s were : howev er ,  thus , 

although , wh ic h ,  and , yet . 

S toodt  ( 1 9 7 2 )  a t t empt ed to  d e t erm ine if  an unders t an ding o f  

conj unct ions wa s r elat ed t o  r ea d in g  c ompr ehension , With t ex tual 

readability h el d  constant , three c l o z e  t es t s  were developed to m easur e 

compr ehens ion o f  c onj un ct ions -- one \vi t h  a la rge number o f  conj unct ions , 

another with hal f as  many c onj unct ions , and the third with no con­

j unc t ions . Three  c loze  pas s ages , a mul t ip l e-cho ic e t es t  o f  conj unc t ions , 

a standardized  r ea d ing achievement a nd m ental maturity t es t  were 

a dminister ed to  a s trat i f ied r andom sampl e o f  9 5  fourth gra d e  s t ud ents .  

A s ignif icant r el a t ionship b etween r ead ing c omprehens ion and under­

s tand ing conj unc t ions was found f o r  bo t h  the mul t ipl e-cho ice  and t he 

cloze  measures . The mos t d i f f i cult  conj unc t ions were repor t ed . They 

included when , so , but , o r ,  where ,  whil e ,  how, that , and i f . 

The stud ies r ev iewed abov e ,  r ev ea l e d  t ha t  "gramma t ical c ompl exi ty " 

ha s been in t erpre t ed in many d i f f erent  ways . Whe ther d et ermined by 

"sentence l ength" , " claus e length ", " s ent ence s t ructure", "types of t rans­

f o rmat ion", "number o f  t rans fo rma t ion" ,  I l typ e s  o f  conj unc t ion" , the  

gramma tical c ompl exity  of  a s ent ence or  of  a passage has b een 

demonstrated to  a f f ec t  the comprehension d i f ficul ty o f  a wri t t en language . 



Engl ish Compl ex S truc tures 

Att empt s  have been made in s everal studies to invest iga t e  the 

ef f ec t s  on comprehens ion of such f ea t ures ( i )  position of the emb edd ed 

clause , ( ii )  sur face cues in the surface s t ructur e ,  ( ii i )  word o rder 

within clau s e s , ( iv )  clause order , (v)  grammat ical funct ions of the 

ident ical noun phrases . 

Engl ish rela t ive clauses 

Ear l i er studies of r el a t ive  sent enc es have shown tha t s entenc es 

with mul t iply self-emb edd ed r el a t ive c lauses such as in , "The pr i z e  

that t h e  r ing that t h e  j ewell er tha t t h e  man that she l iked vis i t ed 

mad e  won was g iven a t  t he fair " ,  wer e more d i f ficult to  p roc ess than 

sentences with righ t branching r ela t ive  clau s es as in , " She l iked the  

man tha t  visit ed the j ewell er tha t mad e the  r ing that won the pr i z e  

tha t was given a t  the fair " (Blumenthal , 1 9 66 ; Chomsky & Mil l er ,  1 9 6 3 ; 

Miller & Isard , 1 964 ; Stol z ,  1 9 6 7 ) . Mil l er and his co-workers 
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( Chomsky & Mill er , 1 9 63 ;  Miller  & Isard , 1 9 64 ) , explained that  sent enc es 

containing self-emb edded relat iv e  clauses are  difficul t b ecaus e such 

clauses in t er rupt  the clauses in which they are emb edd ed . 

Several o th er s t udies have demons t ra t ed fur ther tha t the presenc e 

of surfac e cues in relative  sent enc es has an ef f ect on s ent enc e compr ehens ­

ib il ity . The Fodor and Garrett  ( 1 9 6 7 ) s t udy involved doub l y  s el f-

embedded s en t enc es l ike ( i )  where rel ative pronouns wer e pr es ent and 

( ii)  where relat ive pronouns were  d el eted . 

( i )  Th e car which the man tha t t h e  dog 

bit d rove crashed 

( ii)  Th e car the man the dog b i t  drov e 

c ra she d . 

( unreduced sel f­
emb edded clau s e )  

( reduc ed sel f -embedd ed 
claus e )  

In their experiments , subj ec t s  heard nine doubl y  sel f-embedded s ent ences , 

either reduced o r  unr educed . Aft er hear ing the  sent ences , subj ects  were 

to paraphra se  t hem , i . e .  to say in their own words wha t  it meant . Each 

sent ence was pre s ented and paraphras ed f ive  t imes in succession .  The 

data were ana l y z ed in t erms o f  paraphrase  accuracy and also in t erms 

of  response d elay . On b o t h  response mea sur es , performanc e was bet ter 

with the unreduc ed sent ences . Tha t  i s ,  the paraphrase were bo th quicker 

and mor e  accura t e  when the s entences were unreduc ed . Fo dor and Garr e t t  
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( 1 96] ) and Fodor , Garrett , and Bever ( 1 9 6 8 )  explained th e rol e o f  

surface cues in the surface s truc tur e . Und erstanding a s ent enc e  requires 

the r ecovery o f  the gramma t ical relat ions und erlying the s en t enc e .  The 

hearer , it is as sumed ,  in recover ing the rela t ions , u t il iz es cues in 

the sent enc e ' s  surface s tructure a s  a bas is for proj ec ting hypo theses 

about the und erly ing grammat ical r el a t ions . A sent enc e is easy or 

difficul t to compr ehend to the ex t en t  t o  ,.;rhich such sur face  cues are 

ava ilabl e ,  and further to  the ex t en t  to  which the gramma tical r elations 

receiv e  a dis tor t ed representation in the  surface s t ructure . 

Foss and Lynch ( 1 9 69 )  have repo r t e d  an experiment which compa red 

( i )  reduc ed with unreduced doubly s el f- embedd ed sentences and (ii )  doubly 

sel f-emb ed ded sent enc es wi th right b ranch ing s entences as in ,  "The dog 

bit the man that drove the car which crash ed . "  Comprehens ion wa s meas ured 

by response l a t ency on the "phoneme monitor"  task.  Under this task , 

subj ects  had to  l is t en in each sen t enc e for a word beginning w i th 

a particular l et t er and , if  they h eard one , press a but ton . Foss  and 

Lynch ' s  resul t s  in dica t ed tha t there were no sentenc e type differ ences 

when the mon itor word occurred early .  When it  occurred la t e ,  la t ency 

for the righ t branching sen t ences was s ignificantly l ess  than for either 

r educ ed and unr educ ed self-embedded s ent enc es . But there was no 

difference between r educed and unreduc ed s elf-emb edd ed sent enc es .  This 

l a t t er r esul t was incons istent with tho se  o f  Fodor and Garre t t  ( 1 9 6 7 )  

who used the paraphrase task a s  a measure  o f  comprehension . 

This conflicting resul t made Hakes  and Cairns ( 1 9 70)  ques t ion the 

va lidity o f  the two types of measure of comprehension used in the 

pr evious studies . Hakes and Cairns ( 1 9 70 )  accord ingly used doubly self­

embedd ed sentenc es , differing o nl y  in whe ther the relative pronouns 

wer e pres ent or del eted . They gave t hem to  two groups o f  subj ec t s  who 

were requ ired to respond to  a word b eginning wi th a part icular l e t t er 

in each s ent ence (a "phoneme monitor" task)  and to paraphra se  the 

sent ence .  The r esul t s  from bo th tasks indica ted that comprehension was 

bet t er when the relat ive pronouns wer e pres ent than when they were 

deleted . These resul t s  were cons is t ent wit h  Fodor and Garre t t ' s  ( 1 9 6 7 ) 

resul t s  for the paraphra se task but wer e  no t consis t en t  with Fos s  and 

Lynch ' s  ( 1 969)  resu l t s  which u sed the phoneme monitor task.  Hakes 

and Ca irns concluded tha t the phoneme monitor task refl ec t ed comprehension 

dif f icul ty in a manner consis t ent wit h  the  pa raphrase task and tha t 

del e t ing the relat ive pronouns mad e  comprehending sel f-embedded 

sentences more difficul t . 
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Hakes and Foss ( 1 9 7 0 )  inves t iga t ed the usefulness of  relative pronouns 

as cues to the deep s t ructure underlying self-embedded s en t ences . At 

the s ame t ime , their s tudy compared the relat ive sens i t ivity of two 

measures of s en tence-comp rehens ion difficulty -- paraphrasing and phoneme 

monitoring . Nine ty s en t ences from the Foss and Lynch experiment ( 30 of 

which had right b ranching relative c lauses , 30  of whi ch had reduced s elf­

emb edded relative clauses and 30 of  which had unreduced s e l f-emb edded 

relat ive clauses)  were present ed to  students from introductory psychology 

classes . I t  was found that the pres ence of  the relative pronouns led to  

significantly  fas t er phoneme monitoring t imes and t o  marginally b e t t er 

paraphrasing . They concl uded tha t relative pronouns were effec t ive cues 

and tha t the phoneme monit oring t echnique was a bet t er index o f  

comprehension di fficul t y  than was the paraphrasing t echnique . 

The role of the rela t ive pronouns in the comprehens ion o f  relative 

sentences was also inve s tigated in child language development research . 

Brown ( 1 9 7 1 )  in s tudying children ' s  comprehension of relative s ent ences  

examined three syntac tic  variab l es . They were (i )  embeddedness posi tion 

of the clause (centre- , r ight - ,  and ambiguous embeddednes s ) , ( i i )  focus 

of the relative pronoun ( s ubj e c t  or obj e c t  focus ) , and ( iii)  the relative 

pronoun i t self (who , who-delet ion , whi ch , that ) .  A pic ture cued comprehension 

test  which incorporat ed al l three variables , was adminis t ered t o  three 

groups of children three , four and fiv e  years of age . Ana lysis of 

variance showed that in overall performance three year olds had signif­

icantly lower s cores than four and five year olds . Embeddedness was non­

signi fican t  exc ept in the case of an added s t ruc tural amb igu ity . Subj ect  

focus was signi f i cant ly easier to comprehend than obj e c t  f ocus . 

Studies of comprehens ion o f  relativ e  s entence s  have further examined 

factors as the appropriateness of subj ect-verb rel a tions ( Hamil t on & 

Deese , 1 9 7 1 ) ,  c lause order effect  (Holmes , 1 9 7 3 )  and word order wi thin 

clauses  ( Edwards , 1 969 ; Hakes , Evans & Brannon , 1 9 7 6 ; Sheldon , 1 9 7 4 ) . 

Hamil ton and Deese  ( 19 7 1 )  inves t iga ted two determiners of  comprehens­

ibi l i ty of  comp l ex s en t ences -- the surface form of compl ex s en t ences and 

the appropria teness of  the nouns which were sub j e c t s  of  the various 

clauses in these sen t ences for their  respe c t ive verb s .  Thir ty subj ects  

lis t ened t o  tape recordings o f  288 sentences of two t o  f ive clauses in 

leng th ,  and during a 2-second int e rval between sent ences , were asked 

to  lab e l  the sen t enc e as comprehensibl e or  incomprehensible and to  record 

the degree of conf idenc e they held in this j udgement on a 7-point scal e . 



All sub j e c t s  respond ed to "right-b ranc hing" , "cent r e-emb edded"  and 

"mix ed " s ent enc e s . Right-branching s entenc e s  ( "The congregat ion 

compl iment ed  the  organist  that d i r ec t e d  the cho ir tha t sang new hymns . " ) 

were j ud ged t o  b e  �os t  c omprehens ibl e ,  and c ent re-emb edded s entences 

( "The cho ir  tha t the organist tha t the congregation compl imen t ed 

d ir ec ted sang n ew hymns . " )  l east c omprehen s ib l e .  The mixe d  type 
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( "The cho ir that the organist  d ir ec t ed that  the congrega t ion compl imen t ed 

sang new hymns . " ) was int ermed iat e in compreh ensibil ity .  Th e comprehens ­

ib il ity o f  r igh t-branching s ent enc es was scarc ely a f fect ed by l ength , 

though this d id a f f ec t  the c entre-emb edd ed and mixed fo rms . Findings 

on the ra t ings o f  the appropriatenes s  of the s ubj ect noun a nd v erb 

comb inat ion howev er , r ev ea l ed a l ow po s i t iv e  but s ignif icant correl a t ion 

with the compr ehens ibil ity ratings for a l l  s en t ences . Hamilton  and 

Deese concluded that " gramma tical structure , includ ing bo th syntax and 

ca t egory rul es , was the maj or det erminer o f  comprehensibil i t y "  (p . 1 6 9 )  . 

Holmes ( 1 9 7 3 )  conduct ed an exper imen t wh ich compared th e per c ep t ua l  

compl exity o f  the three  types o f  compl ex s ent enc es (adv erb ial s ,  compl ements 

and relat ives ) in order to see whether pro c es s ing the main clause first  

d ecreased perc eptual complexity . According to the propos ed "rna in-c lause­

first"  hypothes i s , s ent enc es  with an adverbial c lause a f t er the main 

c lause wer e hypo thes i z ed to be eas i er to perceiv e  than s ent enc es with 

an adverbial clause  o ccurring b efore the  ma in c laus e .  S ent ences in 

which a rela t iv e  c lause mod if i es th e ob j ec t  of the main v erb ( r i ght ­

b ranchingrcl a t ive s )  were hypoth esized  t o  b e  eas i er than s entences with 

a r el a t ive  c la u s e  mod i f y ing the subj ec t (c entre-emb edded rela t iv es ) . 

Noun-phras e c ompl ement s entences in which  the  subord ina te  clause  i s  the 

obj e c t  (obj ec t c ompl ement s )  were hypo thes i z ed to b e  eas i er than s entences 

in which the subord i na t e  clause i s  the s ub j ect (subj ec t  compl em ents ) . 

For ty subj ec t s  were  presented with 7 2  s ent enc es o f  s ix types o f  s yntac t i c  

construc t ion . They w ere in s t ruct ed to wri t e  out the s equenc es a s  

ac curately a s  po s s ib l e  and without gues s ing , a f t er they have s een each 

s entence in the f ilm . The f indings ind ica t ed the effect  o f  the clause  

order where the  main c lause occurs f ir s t  fo r adverbials and noun-phrase  

compl ements . The rever s e  was found for  r ela t iv es , that is , r ight ­

branching rel a t iv e s  were  found to be  mor e d i f ficu l t  than c entr e-embedded 

rela t ives . Holmes ( 1 9 7 3 )  d iscus s ed the confl ic t ing result  in t erms o f  

the construct ion o f  the s entences whi ch r equ i r ed "na turalnes s " , the 

effects  of  gue s s in g  and the rapid- s er ia l-visual presenta tion task 

used in the stud y . Holmes concluded : 



How the perceptual advantage of centre-embedded over 

right-branching relatives is to be explained is no t 

clear at  present . S everal possibilit ies suggest 

themse lves . For example , the dif ficulty of right­

branching relatives may derive from ambigui ty of 

reference of the relative clause . Al t ernat lvely , 

s torage requiremen rs for the preceding input may be 

greater in the case of  right-b ranching relatives . 

Such accounts are complet ely ad hoc , however , and 

fur ther research i s  obviously required t o  discover 

wha t  the underlying percept ual mechanisms are (p . 2 9 2 ) . 

A r es e a r c h  s t u d y  was conduc t ed by Edwards ( 1969 )  who examined 
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80 high s chool senior s tudents ' comprehension o f  1 6  types o f  relative 

sentences .  Three syntactic  variab les across sentence types we re inves t iga ted 

-- the relative claus e  posi tion , independent claus e s truc ture and relat ive 

c lause s tructure . C ompreh ension of  sentences was measured by having the 

subj ects  read each s en t ence silently , then comple t e  a wri t t en paraphrase 

of the original sentenc e to show th eir unders tanding of it . Analys es of 

variance indicated that relative clause pos i t ion , independen t claus e 

structure , and rela t ive clause s t ructure all affe c t ed comprehension s cores . 

Sen t ences were easi er t o  und erstand if the relative clause appeared second , 

at  the end of the independent claus e ,  rather than firs t . Sent ences  also  

were easier if  the independent clause was active rather than passiv e .  

The effec t o f  the third variable , relative clause struc ture , could b e  

traced t o  the difficulty o f  one type o f  relat ive c laus e ,  -- where the 

agent is ment ioned first and the verb is passive ( e . g  . . . .  that the girl 

was dislik ed by) . 

In an experiment wh ich invest igated children ' s  comprehension of  four 

types of sentences with rela t ive c lauses , She ldon ( 1974 )  a t t empt ed to 

test three hypotheses about the role of  grammatical variab les in the 

acquis it ion of  relativ e  c lauses . On the basis of the int errupt ion 

hypothesis , She ldon predic ted  tha t  subj ect relatives ( for example ,  "The 

boy who hit the girl saw the man . " ) would be harder to process than obj e c t  

relatives ( for example , "The man saw t h e  b o y  who hit  the girl . " ) ,  b ec ause 

the former contained an int erruption of  the main c lause by  the emb edded 

clause . On the basis of the word order hypothesis , Sheldon predicted that 

relative clauses in which the subj ect  noun phrase relativized ( for  

example , " the boy who h i t  the girl . . .  " )  would b e  easier to process 

than relativ e  clauses in which the obj ect noun phrase relat ivi zed  

( for example , " the boy who the girl hit . . •  ") . This 



wa s b ecaus e ,  accord ing to the standard t rea tment of rela t iv izat ion , 

the underl y ing wo rd order is pres e rved in the surface s t ruc tur e  of  the 

relative claus es  in which the subj 2ct  noun phra se  is rela t iv i z ed . The 

third hypot h esis  which was propo s ed by Sheldon ( 1 9 7 4 ) , " the Paral l el 

Func tion Hypo th e s i s " ,  claims tha t  "children wil l  be fol lowing a strat egy 

of int erpr e t ing the gramma tical funct ion of the relat iv e  pronoun as 

being the same as its  ant eced ent" Ba s ed on the hypothesis , Shel don 

pred i c t ed tha t tho se s ent enc es in which the shared nomina l s  had the 

same gramma t i cal func t ion in their respec t ive  clauses ( for example , 

4 2  

"The man saw the boy who th e girl h it" would b e  easier t o  process than 

s entenc es in which the coreferential noun phra ses had di fferent gramma t ic al 

func t ions (for  exampl e ,  "The man saw the  boy who hit the girl . " ) . Th ir ty­

three children with the age ranging from 3 . 8  - 5 . 5  were involved in the 

study . Th eir comprehens ion wa s measured by a toy-manipulation task.  

A to tal o f  1 2  s ent enc es  wer e  presen t ed in thr e e  bl ocks , each o f  which 

conta ined four s ent enc e s .  Each child was asked t o  perform the s ent enc es 

to ver ify tha t h e  und ers tood the procedu r e  and coul d act out the s equence 

of  two act ions . The results  indica t ed that if the id ent ic al noun phra s es 

have the same funct ion in their respec t iv e  claus es , the s ent enc e is 

s ign if ican tly  ea s i er to und er s tand . The l evel of performance on the 

s el f-emb edd ed sentences , howev er , was no t signi ficant ly  d i f f er ent from that 

on the right-branching sentences . Compr ehens ion of relative clau s es in 

which the subj e c t  noun phrase  was relativ i z ed was no t significantly 

d ifferent from tho se  in which the obj ec t noun phrase wa s relat ivi zed . 

On the ba sis  o f  these r esul ts , Shel don ( 1 9 7 4 )  concluded tha t "the  

Paral l el Function Hypo th es is "  is cruc ia l  for the explanat ion of c ertain 

fac t s  about the acquisit ion of  r el a t iv e  claus es in Engl ish" ( p . 2 79 ) . 

Ano ther s tudy which quest ioned whe ther the int errupt io n  hypo thesis 

accounts for the d ifficul ty o f  self-embedd ed sent ences was conduc t ed by 

Hakes ,  Evans and Brannon ( 1 9 7 6 ) . Hakes e t  �l . ( 19 7 6 )  argued tha t the 

s elf-embedded and right -branching r elat iv e  sent enc es that have  b e en u s ed 

in the previous s tudies which confirm ed the diff iculty of  self -embedd ed 

clauses over the r ight-branching relativ e  c laus es , hav e d i f fered in the 

int ernal s t ruct ure of the r elative clau s es u s ed . Hakes et al . ( 1 9 7 6 )  

s t a t ed :  

The rela t ives used in the self-embedded s en t enc es have 

been obj ect relativ e s , ones in which the direct obj ec t 

of the c laus e has b e en fronted and relativ i z ed . Tho s e  

used in the right-branching s ent enc es , however , have 



b een subjec t rela t iv es , ones in which the subj ect  o f  

the r ela t ive c lause has been relativ ized . Given this 

confounding o f  a d if ference in r el a t iv e  clause location 

with a difference in the in t ernal s t ructure of the 

r elat ives , i t  i s  ent irely po s s ible that  the resul ts 

o f  all the per t inent exper iments could b e  at tr ibu t ed 

to the int ernal s t ruc ture d i f f er ence ra ther than to 

the d ifference b e tween s elf-embedded and right-branching 

locations (p . 2 84 ) . 

Realiz ing that such factor  as the int ernal s truc ture o f  the relat ive 

clause might ac count for the diff iculty of rela t ive sent enc es , Hakes 

et al . ( 1 9 7 6 )  design ed two experiment s which hel d the internal s t ructure 
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of the r ela t ive  claus es constant whi l e  varying th eir loca t ion . Experiment 1 
compared the comprehens ion diff iculty o f  selP-emb edded as in ( i )  and 

right -branching obj ect  r elative clauses as in ( i i )  on two measures o f  

compr ehension : paraphra s ing and phoneme monitoring . 

( i )  Af ter the f inal curtain on opening night , the director 

( tha t )  the r ep ertory company had hi red praised the 

star per fo rmer . 

( ii)  Af t er the f inal curtain on opening night , the star 

performer praised the director (tha t )  the reper t o ry 

company had h ir ed . 

The obj ec t r el a t ive  c lause in sentenc e ( i )  mod i f ies  the subj ect  ( sel f­

emb edd ed ) o f  the sen t enc e ' s  main clause , wher ea s  the obj ect relative 

c lause in sen t enc e ( ii )  modif ies the obj ec t (right-branch ing ) of the 

sent ence ' s  ma in claus e .  Experiment 2 compar ed the comprehension diff icul ty 

o f  self-emb edded as in ( ii i )  and r ight-b ranching subj ect relat ive c lauses 

as in ( iv )  on bo th measures used in Experiment 1 .  

(iii)  The children ( that wer e )  playing in the hayloft  

startl ed the farmer ' s  wife  when she  went to  

gather the eggs . 

( iv )  The farmer ' s  wif e s tart l ed the chil d ren ( that 

were )  playing in the hayl o f t  when she went to 

gather the eggs . 

The subj ec t relat ive  clause  mod ifies the subj ect  ( i i i )  or the d irec t  

obj ec t  ( iv )  of  the s en t enc e ' s  main clause . The r esults indicated that 



there was no ev id enc e that sentenc es containing sel f -embedd ed rela tives 

were mor e  difficu l t  to compr ehend than ones  cont aining right-branching 

r el a t ive s .  They suggest ed that f indings of past res earch coul d b e  

accoun t ed for by the fact t hat  obj e c t  r elat iv e  clauses were more 

difficult to comp rehend than sub j e c t  relat iv e  clauses , rather than the  

al t ernat ive explana tior. tha t self-embed ded relatives were  more diff icul t 

than right-branching relatives . 

The studies on comprehension o f  r e l a t iv e  claus es reviewed so far 

have  all invo lved na t ive  speakers of Engl ish . The sec t ion which follows 

covers non-na tiv e  speakers of English . 

P erkins and Yorio ( 19 7 4 )  a t t empted  t o  f ind out ( i ) to wha t ex t ent 

gramma tical compl exity  contribut ed to d i ff icul t y  in the comprehension 

of sen t enc es and ( i i )  which s t ruc tures non-nat iv e  speakers of  English 

found par t icularly compl ex . A 50-i t em r ead ing t es t  was cons t ruct ed and 

adminis t er ed to a group o f  38 advanced s tudent s enroll ed in the int ensive 

courses of  the Engl ish Language Institu t e  at the Univers ity o f  Michigan . 

Th e sam e  t est  \l7a s a l so adminis t ered to 20 f resl1men and sophomores for 

control purpo ses . The gr amma t ical st ructures und er invest igation were 
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( i )  po sses sive vs mul t ipl e po ssessive conf igur at ions , ( ii )  word morphology , 

( i ii) d if ferent types o f  r elat iv e  c lause cons t ru c t ions , (iv )  passive 

construc tions , (v)  s en t enc e nominal izat ions , (vi )  amb iguous structures : 

gerundiv e vs  part ic ipial cons truct ions , (vi i )  d i f f er ent cases of pre­

suppo sit ions and ent ailments . Th e analysis r ev eal ed that  there was no 

correlat ion b e tween stud en t  errors and the l ength o f  the s en t enc es o r  

wo rds . Passive cons t ruc t ions and s ent enc es conta ining pr esuppos itions 

and en ta ilments however appeared to cons t it ut e r ea l  ob stacl es for 

comprehension even for s tu dents with a high l evel  of pro f iciency . In the 

case of  the  r elativ e  clauses , a very small numb er of errors was found . 

This seemed to ind icat e  tha t fo r the advan c ed group in the study ,  

rela t ive  clauses d id no t cause much dif ficul t y . P erkins and Yorio ( 1 9 7 4 )  

po in t ed out  that  the numb er o f  errors found o n  ea ch type o f  rela t iv e  

s en t enc es however seemed to indic a t e  t h e  rol e  o f  t h e  gramma t ical compl exity  

on s ent enc e dif ficulty . They repo r t ed : 

The s impl est case o f  relativ e  clause that w e  had was : 

"The mailman carri ed th e bag which contained the  l e t t ers . 1 i 

No errors wer e mad e . The med ium d i f ficul t y  sentence 

with two rela t ive  claus es was : "The man who won the 

cont es t in 1 9 7 1  married the girl who won the cont est  



in 1 9 7 2 . " Wi th this  s econd s ent ence  there was one 

error . The mo st compl ex s en t ence  o f  the � ela t ive 

lot was : "The  John Smi th who introduced the speaker 

who rec e ived the award is no t the s ame as John Smith 

who r�c e ived the f irst  award ever  g iven two yea rs 

ago . , .  Thi s  t ime the numb er of erro rs was four (p . 4  ) .  

Al though Pe rkins and Yo rio ( 1 9 74 ) d id no t set out  to inv es t i ga t e  

pa rt icularly s e l f -embed ded r el a t ive  clauses  versus right-branching 

relat i ve clauses , the da ta seemed to reveal that righ t -b ranching r ela t ive  

s entences were eas ier for  the subj ec t s  o f  their  s tudy . 
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The effect  o f  syntax o n  the compr ehens ion o f  wri t t en Eng l ish was a l so 

di scovered in a p i l o t  study conduc t ed by Nilagupta ( 1 9 7 7 ) . The Engl ish 

Scr eening Test cons i s t ing of three sub t es t s  - vocabulary , s t ruc ture 

comprehens ion and r ea d ing comprehens ion ,  was administ er ed to 1 , 2 7 8  Tha i 

gra dua t es .  Only the scores  from the St ruc ture Comprehension Sub t es t  

and from the Rea d ing Comprehens ion Sub t es t  were analyz ed . The d a t a  were 

sel ec t ed by t aking ev ery third answer sh eet f rom a total of  1 , 2 7 8 .  

A pos it ive relat ionship  was found to exist  b e tween the scores on s t ructure 

compr ehens ion and reading comprehension .  The correla t ion ob ta ined was 

r = . 54 .  Further ana l yses  of s t ud ent p er fo rm ances on ind ividua l t es t  

i t ems revealed tha t nega t iv e  wo rd s ,  t h e  passiv e  vo ice ,  emb edd ing, del et ion 

and nomina l izat ion s e emed to cau s e  dif f iculty  for these Tha i  studen t s . 

On the b a s is o f  the resul ts ,  Nilagupta  ( 1 9 7 7 )  further comment ed tha t 

ther e might b e  d i f f er ent l evels o f  d i f f icul ty with in th e same type o f  

s t ructure . As an i l lus t ra tion , she po int ed out that no t a l l  emb edded 

relat ive clauses a nd appo s i t ive  phra s es cause d if f icul ty in compreh ens ion 

(p . 59 2 ) . 

The d if f icul ty o f  English r el a t ive c la us e s  has a lso b e en examin ed 

in second language l ea rn ing r es ea rch ( Sc o t t  & Tucker , 1 9 7 4 ; Scha ch t er ,  

1 9 74 ) . 

Sco t t  and Tucker ( 1 9 7 4 ) , applying an error-ana lysis approach , examined 

t ypes and frequency o f  errors from b o th the  speaking and writ ing o f  

Arab ic stud en ts enro l l ed in an Int ens ive Engl ish Cours e a t  the Ame rican 

University  o f  Beiru t . Verb s , prepo s i t ions and a r t ic l es wer e repo r t ed a s  

"the areas where the studen t s  mo s t  o f t en d evia t ed from standard Eng l ish . 

Rela t ive  c laus es were a l so a fre quent sourc e o f  error "  (p . 75 ) . The 

types o f  errors frequ en t l y  made in rela t ive c la us es inc luded omi s s ion 

of  the  relativ e  pronoun , r epet i t ion of  the  obj e c t , inco rr ec t word order 



and subj e c t -verb a greement . 

Ano ther error-analys is s t udy was conducted by Schachter ( 1 9 74 )  who 

a t t empt ed t o  discover the d i f f icul t ies th� � d i f f erent groups o f  foreign 

s tud ent s (Per s ia n ,  Arabic , Chines e ,  Japanese)  have wi th the a cquis i t ion 

of Engl ish r el a t iv e  clauses . Based on the number o f  errors mad e by the 

four groups , Scha cht er ( 1 9 74 ) r epo r t ed tha t  1 Lhe  Per sian and Arab 

l earners have fa r more d if f i cul ty  produc ing rela t ive c lauses than do 
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t h e  Chin ese a nd Japanese l earners" ( p .  209 -2 1 0 ) . Howev er , Schach t er " a s  

cau t ious t o  c onclude  o n  the  sol e  bas i s  o f  error-ana lysis  d a t a  tha t b ecause 

Chinese and Japanese  stud ent s  mad e f ew rela t iv e  clause  errors in the 

d a ta , the  rela tive clause was qui t e  a minor probl em for  these  groups . 

Scha cht er po in t ed out tha t such a conclusion might b e  b iased  for i t  d id 

no t a ccount fo r the avo idanc e pro c ess . Scha cht er thus examined further 

the  t o t a l  numb er o f  r ela t iv e  c lauses produced by t h e  four groups . Th e 

resu l t s  r ev ea l ed the d i f f er enc e in the total  numb er o f  rela t iv e  clauses 

pro d u c ed by the  Per s ian ( 1 7 4 )  and Arab ( 1 54 )  s tud ent s on the one hand , 

and the Ch in ese  ( 7 6 )  and Japanese  ( 6 3 )  s t udents o n  th e o t h er . The 

Per s ian and Arab students produ c e d  mor e  r e l a t ive clauses  b ecaus e ,  Schacht er 

expl a ined , they a l r eady have po stnomina 1 rela t ive c lauses in their 

nat iv e  l anguage s . Chinese and J apanes e s tudents , on the  o ther hand , 

hav e pr enominal r el a t ive clauses  in  their nat ive l angu ages  and mus t l earn 

to swi t ch r ela tive  cl auses to a postnomina l po s i t ion in th e pro c e s s  o f  

l earn ing Engl ish ( p . 2 1 0 ) . Schacht e r  po int ed out  tha t :  

. . .  t h ey SChin es e and Japa n es e )  produ c e  f ewer r ela t ive 

c la u s es in Engl i sh b ecause  th ey are t rying to avo i d  them ,  

and t ha t  they only produc e t h em in Engl ish when they a r e  

r e l a t ively s u r e  tha t they a r e  corr ec t , which wou l d  a l so 

a ccount for t he extremely smal l numb er o f  errors  they 

make . . . ( p . 2 1 0 ) . 

To conc lude , s ev eral na t ive s peaker studies  o f  compr eh ension o f  

Engl ish r e l a t ive s en t ences hav e d emonstra t ed tha t mul t iply self-emb edd ed 

r ela t iv e  s en t en c es are more d i ff icul t to pro c es s  than righ t -branching 

r ela t iv e  s ent enc es . O ther s tudies  ( Fodor & Garr ett , 1 9 6 7 ;  Hakes & Ca irns , 

1 9 7 0 ;  Hakes & Fo ss , 1 9 7 0 )  found ad d i t ionally  tha t  t h e  compr ehens ion o f  

s ent ences with mul t iply s el f-embedded r el a t iv e  c lauses  i s  facil i t a t ed 

by the p r es enc e o f  r e l a t ive pronouns . Recent work ( Sheldo n ,  1 9 7 4 ;  

Hakes e t  a 1 . ,  1 9 7 6 )  a t t empt ed t o  val idate  the  int errupt ion hypo thes is 

wh i ch c l a ims tha t s el f -embedded rela t ives a re harder to proc ess  than 



the r igh t -branch ing r e la t iv es b ecause  t he fo rmer con t ain an int erru � t ion  

o f  the ma ir' c l ause  by  t he emb edded c l a us e .  Sheldon ' s  ( 1 9 7 4 )  f ind in� .· 

s e em t o  : :1d ica t e  tha t r el a t iv e  s ent enc es a r e  -more d i f fic ;... .  t when t h e  

iden t ical  noun phrases  have d i f f e rent gramma t ical  func t ions . Again 

Hakes et a l . ' s  ( 1 9 76 \ resu l t s  t end to r evea l that the int e rnal s t ruc t ure 

of the  r e l a t ive clause  migh t  have an e f f ec t  on compreh ens io� d i f f i cul t y  

o f  En gl ish r el a t ive s ent enc es . Al tho ugh c er t a in fa c t o r  wh ich  a ccounts  

for t he d if f iculty  of  En gl ish  r ela t iv e  s ent enc es is no t def ini t e l y  

establ i s h ed , gen eral f indings : rom t h e  prev i o us s t ud i es s e em to indica t e  

t ha t  such f a c t o r s  a s  the po s i t ion o f  t h e  embedd ed clause , t h e  surface 

cues in the  surface  s tructure , clause o rd er , word o rder wi  L , in c lauses , 

may par t l y  h av e  an e f f e c t  on s ent ence d if f i c ul t y .  
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Non-na t iv e  speaker research o n  the compr ehension o f  Engl ish rela t i ve 

s t ructures  s eems t o  ind ic a t e  t ha t  t h is t ype o f  compl ex Engl i s h  s truc t u r e  

is  diff icul t t o  l earn . However , v ery f ew s t ud ies were conduc t ed to  

examine whe ther vario u s  r e l a t ive s t ru c t u res  are equa lly d i f ficul t for 

second o r  f o r e ign language l earner s .  Mor eover , s tud i es whi c h  inves t igat e  

why cert a in t ype o f  Eng l ish relat ive s ent enc es a re mor e  d i f fi c u l t than 

o ther s ,  have no t b een conduc t ed . 

Engl i sh compl emen t s t ru c t ures 

Ano ther type of  complex En gl is h  s t ru c t ur e ,  compl ement s t ruc ture , as  

in s ent ences ( i )  to  ( iv )  b elow ( taken f rom Chomsky , 1 9 6 9 )  has a l s o  

r ec eived consid erabl e a t t ent ion from l ingu is t s , psychol ingu i s t s , s econd 

langua ge spec ia l i s ts and read ing r e s ea rchers . 

( i )  Don allowed Fr ed to s tay . 

( i i )  Don promi s ed Fr ed to s t ay . 

( ii i )  John t o ld Bill  wha t  t o  do . 

( iv )  John a sked Bill  what to  do . 

Such s ent enc es as in ( i i )  and ( iv )  a re genera l l y  r egarded a s  b e ing 

d i f f icul t to compr ehend . Severa l s tu d i e s  have b een devo t ed to d emons t ra t ­

ing t ha t  they a r e  mor e  d i fficult  to compr eh end t han sen t enc es ( i )  and ( i i i ) . 

In a study o f  t h e  a c qu is i t ion o f  s yn tax in chil dren b e tween t h e  

a g e s  of  f ive a n d  t en ,  Chomsky ( 1 9 6 9 )  inve s t iga t ed t h e  developmental 

pa t t ern o f  a s e t  o f  c ompl ex l ingu i s t i c  s t ru c t ures  which appea red t o  b e  

l iable for l a t e  a c qu is i t ion . Among the s t ru c t ures  inves t i ga t ed ,  
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complement claus es a s  in sentences ( i )  t o  ( iv)  above , were also inc luded 

in her s tudy ( Chomsky , 1 9 69 ) . According to Chomsky ( 1 9 69 ) , the comp lement 

clauses in s en t ences ( i )  and ( iii)  conform to the syntactic rule known 

as the  "Minimal Distance Principle" (MDP) , that is , the implic i t  subj e c t  

o f  t h e  compl ement verb is the  NP mos t c losely preced ing i t  (p . 10 ) . For 

example , in sen tence ( i )  Fred is the subj ect  of the complement verb stay. 

S imilarly , in sentence ( i i i ) , Bill is  the subj e c t  of the complemen t verb do . 

On the o ther hand , the comp l ement clauses in sen t ences ( ii)  and ( iv)  

violate  the MDP principle . In  sentence (ii ) , for example , the  sub j ec t  

o f  the comp lement verb is no t the immedia t e ly preceding noun but  ra ther 

is  the subj e c t  o f  the main verb : Don is the sub j ect  o f  promised and of  

the compleme n t  verb do . In sen tence ( iv ) , John is the subj ect  of  the 

main verb asked and of the compleme n t  verb do . The results  of  this s t udy 

indicated tha t comp lement clauses which vio lated MDP as in ( ii )  and (iv )  

were mor e  d i ff icul t t o  comprehend than those which conformed to the 

MDP principle . 

Chomsky ' s  wo rk ( 1 969 ) has been rep l icated and extended by severa � 

resear chers ( Cooper , Olshtain , Tucker & Wa terb ury , 1 9 79 ; Crome r ,  1 9 70 : 
d ' Anglej an & Tucker , 1 9 7 5 ; Kel leher , 1 9 7 3 ; Kramer , Ko ff  & Luria , 1 9 7 2 ) . 
Results  generally confirm Chomsky ' s  f ind ings . 

Unl ike o ther previous s tudies where comprehens ion was demons tra t 2 d  

orally i n  ind ividual int erv iews , Richek ( 1 9 7 6 )  inves tigated l O �-third , 

-fourth , -fif th graders ' compreh ens ion of  comp lements where comprehens ion 

was demons trated in a reading context in which subj ects  were free to 

reinspe c t  the linguis tic s t imuli .  Two class ifications of four typ es o f  
syntac t ic s t ruc tures : those  o f  subordina te c lauses  which conform to 

a Minimal Dis tance Principl e  as in s en t ences ( i ) and ( i i )  below and [hose 

wh ich vio late  i e ,  as in s en t ences ( ii i )  and ( iv)  b e low , we re pre�ented 

to the subj ec t s . 

( i )  J ohn convinced B i l l  [ 0  do the homework . 

( i i )  John managed to take :he ball  from Bil l . 

( i i i )  John ama zed B i l l  by w �nning t h e  prize . 

( iv )  John vis i t ed Bill  i� order co  give the g i f t . 

The findings confirmed findings tha t struc tures viola ting the MDP have 

no t been comple t el y  mas tered by t he early school years . \.Jhen the tr.VO 

s t ruc tures tha t conformed to the MDP were examined , Richek repor tee : 

. . .  no dif ferences are o o s erved b e tween a s t ruc ture in 

which the subo rdinated clause is preceded by two nouns 

and a subo rdinated claus e which is preceded by only one 



noun see  Sent ences ( i )  and ( i i ) ) .  This sugges t s  

that - ent ences in wh ich the closest  o f  two preced ing 

nounE is to be cho sen a r e  no mor e  d i f f icul t t han 

sent enc es in which onl y  one noun prec ed es the sub­

o rd inate clause ( p . 804 ) .  

For the s t r u c ture typ es tha t v io la te t h e  MDP , Richek found tha t : 

. . . .  no d if ferenc es are  obs erved b e tween an adverb ial 

c lau s e  and a compl ement s t ructur e  ( s ee S ent ences ( i ii )  

and ( iv ) ) ( p . 804 ) .  

d ' Angl ej an and Tucker ( 1 9 7 5 )  invest igat ed the acqui sition o f  �ompl ex 

Eng is:  s t ructures by adul t non-native speakers o f  Engl i sh .  Fiv e  s ets 

of c ompl ex Engl ish struc tur es d es c ribed by Chomsky ( 1 9 6 9 )  wer e adap teo . 

Amor g  these s t ruc tures were inf init ivial c ompl ements  a s  in s ent enc es ( i )  

t o  ( iv )  b elow .  

( i ) Don allowed Fred t o  st a y .  

(ii ) Don promised Fr ed to s t ay .  

( i i i )  Th e girl t el l s  t h e  b oy wha t t o  pa in t .  

( i\- ) Th e girl asks the boy wha t t o  paint . 

To t es t  compr eh ens ion o f  compl ement s t ruc tur es as in ( i )  and ( i i ) , t\vQ 

exper imen tal  groups o f  20 Fr ench Ca nad ians at beginn er and advanc ed 

levels  o f  Engl ish pro ficienc y ,  wer e as ked to answer a s impl e ques t ion to 

each s ent enc e r ead al oud by the experimenter . Comprehension of  compl ement 

s truc tures as ( ii i )  and ( iv )  was mea sur ed by a sking the subj e c t s  to 

choo s e  a p ic ture which was a c o rrec t interpr etation of the que s t ion 

a sked by the experimenter . The r esul t s  on  comprehens ion o f  compl ement 

s t ructures as in ( i )  and ( i i )  were repo r t ed :  

The pa t t ern o f  error s for  t h e  BEG (Beg inner ) group 

ind icates  tha t they d id not d ist inguish b etween 

ta rge t and control s ent enc e s . They s t il l  have no t 

ma s tered the minimal d i stance principle and they 

are  g enerally respond ing t o  s entences in an erra t ic 

way ( p . 288 )  . 

S imilar  f indings were a ch i eved fo r the comprehens ion o f  compl ement 

s tructures as in ( ii i )  and ( iv ) : 



Th e p er fo rman c e  o f  the  ADV (a dvan ce d )  and NS (na t ive 

speakers o f  Engl i s h )  g-oups was e s s en t i 2 l l y  s im i l a r . 

Bo t h  a ppea r e d  t o  a pply the  minima l  d i s tanc · pr inc ipl e 

but  r ecogn i z ed t h a t a sk and t e l l  q u e s t i ons , d espit e 

their s imila r i t y  i n  s u r f a c e  s t r u c t ur e ,  d er ive f rOI� 

two d if f er ent  d eep s tr u c tu r e s  invo l ving a d i f f er ent 

s e t  o f  und e r l y ing r e l a t ionsn ips . 

Th e BEG g ro up performed s imil a r l y  to the two 

o t her g ro up s  when d ea l ing w i t h  t e l l  s ent en ces wh ich 

fo llow the b ro a d  s yn t a c t i c  rul e .  Howev er , they d i f f er ed 

f r om the  o t h er groups in th eir handl ing o f  the ask 

s en t en c es whi c h  v i o l a t ed t h e  m in imal d is t an c e  princ ipl e 

( p . 29 0 ) . 

An a t t empt t o  ex t end the work o f  d ' Angl e j a n  and Tucker ( 1 9 7 5 )  wa s 
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made b y  Coo per , Ol sht a in , Tucker and Wa t erb u ry ( 1 9 79 ) .  The i r  inv e s t i ga t ion 

examin ed the ac quis i t ion by Egyp t ian and I s ra e l i adul t l ea rners a t  

d i ffe rent l evel s o f  p ro f i c i enc y ,  o f  f iv e  s e t s  o f  comp l ex Eng l ish 

s t ructur es . The same t es t  ma t e r i als d ev i s ed by d ' Ang l ej a n  and Tu cker 

( 1 9 7 ) wer e u s ed . S im i l a r l y  to  d ' Angl ej a n  and Tucker , Coo p e r  e t  a 1 .  ( 1 9 7 9 )  
f o und t ha t , for t h e  l es s  a dvan c ed s tu d ent s , th e error ra t e s  f o r  s ent enc es 

whi ch viol a t ed the }fDP pr in c ip l e were high er than for  the s ent enc es  

which c o n fo rmed to t h e  MDP . 

" Su r f a c e  c ues " whi c h  had b een fo und t o  have a n  e f f ec t  on  the 

compr ehensib il i t y  of Engl i sh rela t ive s ent enc e s , w er e  inv es t iga t ed by 

Hakes ( 1 9 7 2 )  in s en t enc es w i t h  compJ em ent c l a u s es . Fo l l ow ing Fo dor 

and Garr e t t ' s  ( 1 9 6 7 )  theory o f  s en t enc e compr eh ens ion (wh i c h  ho l d s tha t 

d el et ion o f  an o p t i o na l  c u e  to  s en t enc e s t r u c t u re incr ea s e s  c ompr eh ens ion 

d i f f icul t y ) , Hakes ( 1 9 7 2 )  d emon s t ra t ed f ur ther tha t  s en t enc es wh ich 

con tained t ha t-comp l ement cons t r uc t ion wher e t h e  compl emen t iz er was  

pr e s ent ( a s  in ( i )  b el o w )  were ea s i er t o  comp r ehend than tha t -compl emen t 

con s t ru c t ion wh e r e  t h e  c ompl em ent izer was abs ent  ( a s  in ( i i )  b el ow ) . 

( i )  The bl ind s t u d ent f e l t  tha t t h e  ma t er ia l  in the  

a r t  c o u r s e  wou l d  be  too d i f f i c u l t  for h im to 

und ers t and . 

( i i )  Th e bl in d s tu d en t  f e l t  t h e  ma t er ia l  in  t h e  

a r t  cou r s e  wo u l d  b e  too  d i f f icul t fo r h im 

to  und e r s tand . 



In Hak e ' s  s t u d y  ( 1 9 7 2 ) , 4 0  s t ud en t s  f rom the fr eshman-l ev el 

i n t ro d uc t o r y  ps y cho l o gy co u r s e  s erved as subj ec t s  i n  two exper imen t s .  

Compr e h ens ion i n  bo t h  exper ime n t s  was m e a su r ed by b o t h  p a r a phra s in g  

and phonem e  mo n i t o r ing t a s ks . Ha kes ( 1 9 7 2 )  c o n c l u d e d  t ha t : 

The phonem e  mo n i t o r in g  r e sul t s  f o r  th e two exp e r imen t s  

a r e  c o n s is t ent i n  ind i ca t ing t h a t wh en a n  o p t i o na l  c u e  

t o  a s en t enc e ' s  und er l y ing gramma t ic a l  r e l a t io n s  i s  

d el e t ed , t h e  d if f i cul t y  o f  compr ehen d ing i s  in c r e a s ec . 

Th e paraph r a s in g  d a t a  f o r  the two ex perimen t s ,  t a ken 

t o g e t h er ,  s u g ge s t  the s am e  conc l u s ion as the ph o n em e  

mo n i to r ing d a ta , though no t n e a r l y  so s t ro ng l y  . . .  ( pp . 2 8 3 - 2 84 ) . 

Co n c l u s i o n  

Gene r a l f in d in gs f rom r es ea r ch on t h e  ro l e  o f  l angua g e  and i t s  

re l a t i o n  t o  r ea d ing comp r eh en s i o n  s e em t o  i n d i c a t e t h a t  t h e r e  ex i s t s  

a r e l a t io n s h i p  b e tween knO\.J l ed g e  o f  En g l i sh g r ammar and r ea d ing 

compreh ens ion for bo t h  na t iv e  and non-na t iv e  s p ea kers of En g l i s h . 

Thes e s t ud i e s ,  howev e r ,  hav e t end ed t o  inves t i ga t e  gene r a :  En gl ish 

r ea d in g  m a t e r i a l s  a nd to invo l v e  g en era l l y  s t u d en t s  who s e  i n t eres t s  
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a r e  n o t  i n  s c i enc e . Mo r e  inv es t i ga t i o n  i s  n e e d e d t o  s ee wh e t h e r  t h e  

r el a t i o n s h i p  be tween c ompr ehens i o n  o f  En gl i s h  g ramma t i c a l  s t ruc t ur es and 

r ea d i n g  c o mp r ehens i o n  of s c i en t i f i c  En g l i s h  r ea d ing m a t e r i a l s  ex i s t s  

when no n-na t i v e  En g l i s h  s c i en c e  s t u d en t s  a r e  t h e  focu s .  

Aga in s ev e ral a t t emp t s  hav e b e en ma d e  t o  d emo ns t r a t e  t h e  e f f e c t  o f  

l angu a g e  s t ru c t ur e  o n  r ead ing compr ehe n s i o n  b o t h  a t  t h e  p a ra graph l ev e l  

an d a t  t h e  s e n t en c e  l ev e l . S u c h  fa c t o r s  a s  s e n t ence l en g t h , c l a u s e  

l engt h , s en t en c e  s t r uc tu r e , t y p e s  o f  t rans f o r ma t io n ,  numb er o f  t rans­

f o rma t io n ,  t y p es of c o nj unc t io n ,  hav e b e en s hown to h av e an e f f e c t  o n  

the d i f f ic u l t y  o f  r ea d ing passa g e s  f o r  na t iv e  Eng l i sh s p ea k er s . Very 

f ew r e s ea r c h e r s  hav e shown a n  in t er e s t  in exam ining l a n gu a g e  va r iab l es 

in t h e  r ea d ab i l i t y  o f  r ea d ing ma t e r i a l s  f o r  no n-na t iv e  s p ea k e r s  o f  

En gl i s h . R e c ent wo rk h a s  emph a s i z e d  s ur f a c e  c ompl ex s t ru c t u re wh i c h  

m i g h t  ha v e  a n  e f f e c t on s en t en c e  c ompr eh ens i o n . Again t h i s  h a s  b e en 

inv e s t i ga t ed ex t en s iv el y in t h e  f i r s t  l angua g e  l ea rning a r ea .  Gen e r a l  

f in d in g s  s e em t o  ind ic a t e  tha t s u c h  f a c t o r s  a s  surfa c e  c u e , wo r d  o rd e r  

w i t h in c l a us es , c l a u s e o r d e r ,  pa r t l y h a v e  an e f f e c t  o n  compr ehens ion 

o f  compl ex Engl i s h  s t ruc t u res . 



At t emp t s  have no t b e en mad e t o  und er t a k e  s imi l a r  wo rk on n o n ­

n a t ive s p ea ke r s  o f  En� � ish . 

" Cl o z e "  T e c h n iqu e  

i s  
The " c l o z e  p ro c e du r e "

" to D e  u s e d  in t h e  pr esent s t u d y  t o  mea su r e  

the s t u den t s ' d e g r e e  o f  under s t an d ing o f  s e l ec t e d s c i en t i f i c  Eng l i s h  

pa s sages . Mo s t  prev iou� r e s e a r c h  o n  c l o z e  proc edu r e  a s  a mea s u r ing 

in s t rumen t has b e en c ar r i e d  out wi th En g l i s h  la ngua g e  ma t e r ia l s  and 
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w i t h  na t iv e  s p ea ker s of En gl i sh . Find ings genera l l y show t ha t  t h e  

t echnique is a r e l i ab l e  a n d  v a l i d  m e a s u r e  o f  b o t h  r eadab i l i t y  a n d  r ea d ing 

compreh ens ion f o r  n a t ive s p ea k er s . Howev er , v e ry f e\\I s t u d i e s  hav e 

appl i ed t h e  pro c e dure to t ec hn i ca l p ro s e  ma t er i a l s  and u s ed i t  w i t h 

no n -na t ive s p e a k er s . B e c a u s e  t h e  p r es e n t  s t udy is to a t t emp t t o  e s t ab l i sh 

t h e  v a l i d i t y  o f  t n e  p r o c ed u r e  as a mea su r e  o f  r ead ing compr eh e n s i o n  f o r  

non-na t iv e  Engl i s h s pe a ke r s ,  i t  i s  n e c es s a ry t o  prov i d e  h e r e  a f u l l  

b a c kground o n  t h e  p r o c edu r e .  Th i s  pa r t  o f  t h e  r ev i ew t h u s  inc l u d e s 

a c o n s id er a t ion o f  t h e  d e f in i t ion o f  t h e  p r o c edur e ,  f o l l ow ed by a r ev i ew 

of va l i d i t y s t u d i es o f  c l o z e a s  a m ea s u r e  o f  r ea d in g  compr ehens ion f o r  

bo t h  nat ive a n d  non-na t iv e  s p ea k e r s  o f  En gl i s h . The c l o z e  t e s t  

rel ia b i l i t y , i t s  � e thodo l o gi c a l  c o n s id e ra t i o n s  and i t s  s c o r i n g  p r o c e d u r e s  

wi l l  al so b e  d e s c r i b e d . 

D e f i n i t ion 

The t erm "c l o z e  proc e d u r e "  f i r s t  a p p ea r e d  in t h e  p ro f es s iona l 

l i t era t u r e  in 1 9 5 3  wh e n  i t  wa s u s ed by Ta y l o r  f o r  a mea s u r e  o f  r ea d ­

ab i l i t y .  He a d ap t e d  t h e  wo r d  "c l o z e " f rom t h e  Ges t a l t p s y ch o l o g y  

conc ept o f  c l o su r e whi ch means f i l l ing i n  t h e  par t s  in a n  i nc ompl e t e  

pa t t e rn in o r d e r  t o  a r r iv e  a t  a m eaning . Tay l o r ' s  r ea so n i n g  was t h a t  

i f  a pe r so n ,  i n  o r d er t o  und er s t an d  t h e  mes s a g e  o f  a pr in t e d  pa s sa ge 

when wo rd s wer e r emo v e d , cou l d  repl a c e  th e s e  wo rds exa c t ly ,  h e  wa s 

und e r t ak ing a f o rm o f  c l o su r e . The t es t  p ro c e du r e  i t s e l f  enta i l s  

f i r s t the sel ec t i o n  o f  a pa s sa g e  appro p r ia t e  f o r  t h e  purpo s e a n d  s ec o nd 

the d e l e t i on o f  wo r d s  f rom t h e  pas sag e b y  a n  obj e c t iv e l y  s p ec i f iab l e 

pro c e s s .  The d e l e t io n  pro c e s s  g eneral l y  r e qu i r e s tha t e i t h e r  ev ery 
t h  

n wo r d  o r  wo r d s o f  a pa r t i c u l a r  t ype ( l ex i ca l , s t r uc t u ra l )  a r e 

d el e t ed .  The wo r d s  r emoved a r e  t h e n  r ep l a c e d  b y  b l anks o f  u n i f o rm 

l ength . The subj e c t s  a r e  r equ i r e d  to t ry t o  comp l e t e  t h e  b l anks b y  

gu e s s ing t h e  wor d  wh i c h  has b e e n  d el et ed . The fo rms may b e  s co r e d  



by c ount in:" a s  corr e c t  o nl y  t ho se i n s e r t ion s wh ich ma t ch ex a c t l ," t h e  

wo r d s  tha t hav e b e en d e l e t ed o r  b y  a c c ep t in g  in a d d i t ion t o  exa c t  

r epl a c emen t s , s yno nyms o f  wo r d s  d el e t e d . 

S in c e  Tayl o r  ( 1 9 5 3 )  i n t ro duc e d  t h e  c l o z e  proc e du r e  t o  a s s es s  t h e  

r ea d ab i l i t y  o f  wr i t t en p a s s a ges , s ev e r a l  r e s ea rchers have f u r t h e r  

inv es t i ga t e d t h e  a ppropr i a t eness o f  t h e  p ro c edure f o r  t h i s  purpo s e  and 

g en era l l y  c o n c l u d e d  i t  t o  b e  a v a l i d  m ea s u r ement o r  r ea dabi l i t y  --
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t ha t  is , ( i )  o f  Engl i sh ma t er ia l s for n a t i v e  s p ea ker s ( B ea r d ,  1 9 6 7 ; 

Bormu t h , 1 9 6 3 , 1 9 6 7 ; Ga l l a n t , 1 9 6 4 , 1 9 6 5 ; J e f f ers o n .  1 9 69 ; Kn i gh t ,  1 9 6 6 ) , 

( i i )  o f  Engl i s h  m a t e r ia l s  f o r  no n-na t iv e  Eng l is h  speakers ( And e r s o n ,  

1 9 7 2 )  and ( i i i )  o f  m a t e r ia l s  i n  o t h e r  l a n gu a g es , e . g .  Ko r ean ( Ta y l o r , 

1 9 54 ) , Japan e s e  ( Sh ib a , 1 9 5 7 ) , Tha i ( Ru f en er , 1 9 7 2 ) , Ma l a y  (And ers o n , 

1 9 7 6 )  a nd Mand a r in (An d er s o n ,  1 9 7 6 ) . In a d d i t i on to b e ing u s e d  a s  

a mea sur e o f  r e a d a b i l i t y , t he proc ed u r e  h a s  a l s o  b e en c l a imed t o  b e  

a measur e o f  r ea d in g c ompr eh en s i o n . Ta y l o r  ( 1 9 5 6 ) who s u g g es t ed t h a t  

t h e  method c o u l d  b e  u s ed f o r  m ea su r ing compreh ens ion , r ea soned t ha t  

" i f  t h e  s t a t emen t t ha t  a p a s s a g e  i s  ' r ea d ab l e '  means t ha t  i t  i s  

' un d er s t andab l e ' , then t he s c o r e s  tha t mea s ur e  r ea d ab i l i t y  s h o u l d  m e a s u r e  

c ompr eh ens ion to o " ( p . 4 4 ) . He t h u s  a s s umed t h a t r eadab i l i t y 2 nd 

comp r eh ens ib i l i t y  a r e  s ynonymous t erms . S t u d i es o f  c l o z e pro c ed ur e  

have furt h er a t t empt ed t o  pr ov i d e  evid en c e  fo r t h e  cl a im t ha t t h e  c l o z e  

t e s t  i s  a va l i d me a s u r e  o f  r ead i n g  comp r eh en s i on for b o t h na t i v e  a n d  

no n -na t iv e  speak e r s . 

Val i d i ty : Cl o z e  a s  a Mea sure o f  Rea ding Comp r ehens ion f o r  

Na t ive Speak e r s  

Ra nkin ( 1 9 5 9 ) , i n  h i s  r ev i ew o n  t h e c l o z e proc edur e ,  d i s c us s ed t h e 

va l i d i t y  o f  cl o z e  t e s t s  a s  m ea su r e s  o f  r ea d i n g  c ompr eh en s i o n  from 

the s t a ndpo int of g en e r a l  r e a d ing comp r eh ens i o n  and spec i f ic r ea d i n g  

compr eh ens ion . The v a l i d i t y  o f  c l o z e  t e s t s  a s  mea s u r es o f  g en e r a l  

r ea d in g  c ompr eh ens ion t end t o  b e  t es t ed b y  c o r r el a t i ng c l o z e  s c o r e s  w i t h  

s t and a r d i z ed t es t s o f  r e a d ing . Val i d i t y o f  sp e c i f i c  r ea d ing c o mp r eh en s ion 

t end t o  be t e s t e d  b y  c o r r el a t ing cl o z e  t e s t s  wi t h  compr ehen s ion t es t s  

made o v e r  t h e  s ame pas s a g e s . 

Mo s t  o f  t h e  c l o z e  v a l i d i t y  s t u d i e s  h av e  s hown i t s  c o nc u r r en t  

v a l i d i t y  by corr el a t in g  c lo ze t es t  s co r e s  w i t h  s co r es on o th e r  r ea d in g  

t es t s . Tab l e  1 wh i c h  ha s b e en r epr o d uc ed f r om And e r son ( 1 9 7 6 )  s hows 

the c o rr el a t ion c o e f f i c i en t s  b et w e en c l o z e  t e s t s  and s t a nd ar d i z ed t e s t s  

o f  r ea d in g  a c h i ev ement a t  t h e  p r ima r y , s ec o n d a ry and t er t ia r y  l ev el s . 
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Tab l e  1 

Val id i t y  o f  C l o z e  Tes t s  as Mea s u r es o f  Gen e r a l  R ea d in g  C om p r e h ens ion 

S t ud y  

P r imary 
B r ual ( 1 96 2 )  

Ru d d e l l ( � 9 6 3 , 1 9 6 5a ) 

Ga l l a n t  ( 1 9 64 , 1 9 6 5 )  

M.: L eoc ( 1 9 6 5 )  

And e r s o n  ( 1 9 6 5 )  

Ru dd e l l  ( 1 9 6 5b )  

Ra nsom ( 1 9 6 5 ,  1 9 6 8 )  

S e c ondary 
Jenk inson ( 1 9 5 7 )  

T e r t i a ry 
Rankin ( 1 9 5 7 )  

Fl e t c h e r  ( 1 9 5 9 )  

Haf n e r  ( 1 9 64 )  

T e s t  

Scho n e l l  R .  4 
Wa t t s S en t enc e R ea d in g  

S t an f o r d  Achiev ement 
Parag raph Mean ing 

M e t r o po l i t an Rea d ing A c h i ev ement 

Scho n e l l R . 4  
Wa t t s  Sen t en c e  R ea d in g  

G a p  R ea d ing Comp r e h e n s i o n  

S t anfo rd Ac h iev em e n t  
Pa r . graph Mean ing 

I n f o r ma l  R ea d ing Inv e n t o ry 
Ind ependent L ev e l  
Ins t ruc t ional L ev e l  
Fru s t ra t i on Lev e l  

C oop e ra t iv e  R ea d i n g  C - 2  
Vo cab u l a ry 
L ev e l  o f  C ompr eh ens i o n  

D iagno s t i c R ea d in g  Surv ey 
S t o r y  Compr ehens i o n  
Vocab ul ary 
Parag raph Comprehens i o n  

C o o p era t i ve R ead ing C-2 
Vo c ab u l a r y  
Level o f  Compr eh e n s i o n  
S p e e d  o f  Compreh ens io n  

Dvorak-Van Wag enen 
Ra t e  o f  Comp r eh e n s i o n  

M i c h i ga n  V o c ab u l a ry P r o f i l e  

\�eaver & Ki ngs ton ( 1 9 6 3 )  Dav i s  R ea d ing 

Gr eene ( 1 9 64 ,  1 9 6 5 )  D ia gno s t i c Rea d ing S u r v ey 

r 

0 . 6 7 
0 . 7 2  

0 . 6 1 -0 . 74 

0 . 7 1 -0 . 7 9 

0 . 6 7 -0 . 7 6 
0 . 7 5-0 . 8 2 

0 . 7 5  

0 . 7 2 & 0 . 7 8 

0 . 5 0 
0 . 84 
0 . 8 1 

0 . 7 8 
0 . 7 3 

0 . 2 9 
0 . 6 8 
0 . 6 0 

0 . 6 3 
0 . 5 5 
0 . 5 7 

0 . 5 9 

0 . 5 6 

0 . 2 5 & 0 . 5 1 

0 . 5 1 
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Th e r es ul t s  in g en eral ind i c a t e mo d era t e  t o  high c o r r e l a t ions wi t h  

t h e  oc c a s ional o � e  qu i t e  h i g h  (r  = . 84 .  r = . 81 Ransom )  a n d  one q u i t e 

low ( r  = . 2 5 Weaver & Kings t o n ) . R e c en t l y ,  mo r e  val i d i t y  s tudies h:i \r e 

b e en r e po r t ed . Fo r exampl e ,  Pran g e  ( 1 9 7 4 )  inv es t iga t e d  t he r el a t io L shipE' 

between t wo forms of  the c l o z e  t e s t  a nd s t andard i z e d  mea s ures o f  

c r it ical r ea d ing , gen era l r ea d ing a n d  intel l i genc e a dmini s t ered t o  

s ix t h  gr a d e  s tuden t s . S h e  r e po r t ed : 

The c o r r el a t ions amo ng a l l m e a s u r es were mod era t el y  high 

a nd pos i t ive , . 4 8 to . 88 .  C l o z e  Tes t I ( s t ruc tural  

d e l e t ion pa t t ern ) and Cl o z e  T e s t  I I  ( l ex i cal d el e t io n  

pa t t e rn ) were po s i t iv el y . 4 8 t o  . 64 and s ignif icant l y  

r ela t ed tc  t es t s  o f  c r i t i ca l  r ea d ing per formanc e .  

C l o z e  T e s t  I and I I  cor rel a t ed . 6 5 and . 7 2  with wo rd 

meaning a nd . 7 0 and . 7 4 r e s p ec t iv eJ y w i th paragraph 

meanin g .  Similar correla t io n s  wer e found b etween 

C l o z e  T e s t  I and the O t i s -L enno n ,  . 69 ,  and Cl o z e  

T e s t  I I  and the O t i s-Lennon , . 7 3 ( Pran g e ,  1 9 74 , p . 6 4 59 ) . 

Prange ( 1 9 74 )  co ncluded t h a t  "th e da t a  o f  t h i s  s t ud y s ug g es t t ha t  c l o z e  

t es t s  t a p  many o f  the s ame proc e s s e s  o r  b ehav i o r s  a s s es s e d  b y  s t a nda rd ­

i z ed group r ea d in g  compr ehens i o n  a n d  wr i t t en in t ell ig enc e t es t s "  I p . 6 4 5 9 ) . 
Ano t her s t udy by Salup ( 1 9 7 5 )  compa r ed t he c l o z e  scor es w i t h  t he S L � r es 

from th e Cooper a t ive Engl ish Tes t , C ompr ehens ion 1 C .  B� t h  t e s t s  w e r e  

admin i s t er e d  twic e ,  f irs t t o  a group o f  5 5 9  under gradua t e  s t u d en t s  in 

the  Fa l l  o f  1 9 7 1  and s econd to a group o f  2 1 7 i ncomin g s t u d en t s  in the 

Fa l l  of  1 9 7 2 . The correl a t ions ob t a in ed were . 3 6 and . 6 7 r es pe c t iv el y .  

Three s t ud i es r epo r t ed evi d en c e  o n  t h e  "construc t  v a l i d i ty "  o f  

c l o z e  t e st s .  Weaver a nd Kings t o n  ( 1 9 6 3 )  s ubm i t t ed t o  fac t o r  a na l y s i s  

a ba t t ery o f  l�  c ogni t iv e  t e s t s  wh i ch inc luded e i gh t  c l o z e  t e s t s  

and a s tand a r d i z ed t es t  o f  r ea d in g  c o mpr ehens io n .  They found thr e e  

f a c t o r s  to b e  predom ina n t . The s e  wer e ,  "ve rbal compreh en s ion" , 

"redundancy u t il i z a t ion" and "ro t e  m emor y  f l ex ibl e ret rieval " .  Th e 

c lo z e  t es t s  r el a t ed mo s t  c l o s e l y  t o  " r edund ancy u t il iza t io n "  and o nl y  

modera t el y  t o  "verb a l  comprehension" . Such cor r ela t ions ha d n o t  b e en 

a c h i eved in p r ev io u s  res earch i nv e s t i ga t ions s inc e mos t  of t h e  

l i t era t ur e  o n  th e c l o ze h a s  emph a s i z ed a cl o s e  r ela t ionship b etwe en 

c l o z e  t es t s  a n d  t es t s  o f  v erba l  ab i l i t i es . No t ab ly ,  Bormu th ( 1 9 6 9 )  

mad e  s everal c ri t i c a l  comments  o n  t h e  Weaver and Kings ton f ind ings o n  

( i )  t h e  s ampl e o f  c o l l ege s tud en t s , " a  h i gh l y  s el ec t  group i n  which 



the <. J il i t y  d i s tribut  lon wa s unde '..1b t  edl y sever el y  t runca t ed " .  and 

( ii )  in s t r umen t s  u s ed "a wide assor tment  of s t andard i z ed t es t s , the 

con t en t  of  which had l it t l e  relat ionship t o  t he c l o z e  t es t  pas sages"  

( p . 364 ) . To study t h e  " construc t val idi t y "  o f  the c lo z e  proc edur e ,  

Greene ( 1 9 64 )  pr epa r ed a test  t o  measure two factors  (wo r d s  and 

r elationships Detween wor d s )  which he as sumed a ccount ed for most o f  

t h e  va r iance in comprehension t e s t  r esul t s .  S i gni f i cant correl a t i o ns 

ranging f rom . 49 t o  . 5 9 wer e found b etween the cloze  t es t s  and the  

c r it er ion t e s t s . However , l ik e  Weaver and  Kings ton ( 1 9 6 3 ) , Greene 

ob served that  a con s i d erab l e  amount of the  var iance was no t a ccount ed 

fo r by the c - oze s c o re s  and con c l uded that " the  c l o ze procedure i s  mor e  

c ompl ex than was though t " .  Ano the r s tu dy r ec en t ly t r i e d  t o  es t ab l ish 

the "con struct  val i d ity"  o f  the c lo z e  t es t . Horton ( 19 74 - 7 5 )  submi t t ed 

to fa c tor  analysis  a ba t t ery o f  1 5  cognit ive tests whi ch inc l uded  

two clo z e  t est s ,  a pa ra gr aph r ea ding t es t , and  1 2  tes t s  designed 

to measure S t ructur e-o f - In t el l ec t  abil it ies hypo thes i z e d  t o  be r el a t e d  

t o  cloz e a n d  pa ragraph r ea d ing . Hor t on found tha t t h e  two c ] o z e  t es t s  

ha d signif icant factor  l oa d ings o n  the Eva l ua t ion o f  S eman t i c  Rel a t ions 

fa c tor only , whil e the pa ragraph rea d ing t e s t  had sign i f icant  load ings 

on the Evaluat ion of S emantic  Rela t ions fac tor  and the Evalua t io n  o f  

S emant ic Impl i cations  fac t o r . 

5 6  

Research  stud ies on the  val i d i t y  o f  c l o z e  t es t s  as  measu res o f  

spec ific rea d ing compreh en sion showed genera l  a greement i n  t he ir 

findings at  a l l  l evel s .  In a study with  Air  Fo r c e  Trainees  a s  subj ec t s ,  

Taylor ( 1 9 5 7 ) r epo r t ed a c o rrel ation  o f  . 70 between a pre-cl o z e  t es t  

fol l owed imm ed ia t el y  b y  a c ompr eh ens ion t es t  and a correlat ion o f  . 80 

between a compr ehens ion t e s t  followed b y  a pos t -cloze  t es t . At th e 

h igh s chool l evel , Jenkinson ( 1 9 5 7 )  foun d  a c o r r elat ion o f  . 8 2 between 

a pre-c l o z e  and a compr ehen sion t es t . At t he el emen ta ry l evel , 

Bo rmuth ( 1 9 6 7 )  us ed four t h  and f i fth grad er s as subj ec t s  and found 

a correl a t io n  of . 9 5 b e tween nine c lo ze t es t s  and nine mul t ipl e-ch o ic e 

comprehens ion t ests . A s imilar s t udy was conduc t ed by Rank in and 

Cul hane ( 1 969 ) . They used  f i f th grade subj ec t s  and f ive  pa ssages 

ranging f rom f i f th to e i ghth  grade  in r eadabil i t y  level a s  mea sured 

by the Fry Readab il i ty Formula . They a ch ieve d  c or r ela t ion c o ef f ic i ent s 

b etween t h e  c l o z e  and mul t ip l e-cho ic e t es t s  ranging f rom . 54 to  . 7 7 ,  

with an average o f  . 68 .  A t  the c o l l ege l evel , Ent in and Kla r e  ( 1 9 7 8 ) 

compared s even mul t ipl e -cho i ce compreh en s ion t es t s  with  two f o rms o f  

s even c l o z e  t es t s , s t an da r d  blank and ,pash b lank (dashed und e r l ines 

replace  l et t er s  in the d e l e t ed wor d ) . The c o r r el a t ion c o e ff i c ients 



be tween the mUl t iple-choi c e  comprehens i on t ests  and the c l o ze t e s t s  on 

the standard bl ank and on the d ash b lank were . 5 7 and . 6 1 respe c t iv el y . 

Va l i dity : Cloze  as  a Measure o f  Read ing Compr ehens ion for 

Non-na t ive  Speakers o f  Engl ish 

5 7  

Th e c l o ze pro cedure has not onl y  b een used t o  assess  read ing 

comprehension of na tive speakers but a l s o  to asses s overa l l  l angua ge 

prof ic iency in Engl is h  as a Second or a Fo reign Language (Aitken . 1 9 7 7 ; 

Al derson , 1 9 79 ; Darne l l , 1 9 6 8 ; Hino fo t is , 1 9 7 7 ;  Hisama , 1 9 7 7 ; Irvine , 

Atai  & Oller , 1 9 74 ; Oller , 1 9 7 2 ; Oller  & Conrad , 1 9 7 1 ; S tubbs  & Tucke r , 

1 9 7 4 ) . The procedure has also  a t t ra c t ed int erest  in i t s  use as a measure 

of  read ing comprehension . Although no t many such val idity stud i e s  have 

been undertaken , tho se  tha t have been , conf i rm the cloze  test  as a val i d  

measure of  reading comprehens j on (And erson , 1 9 7 6 ; Crawfor d ,  1 9 7 1 ; 

Fr i edman , 1 9 64 ; Ibe ,  1 9 7 5 ; Johnson , 1 9 7 5 ' . For exampl e ,  Friedman ( 1 964 ) 

demons t ra t ed the va lidity o f  c l o z e  as a measure  o f  general reading 

comprehens i on by correlat ing c l o z e  scores on 2 0  selec t ions from McCal l ­

Crabbs Standard Test  Lessons in R eading with the  Metropoli tan Ach i eve�ent 

Tes t . Correl a t i ons wi t h  vo cabulary ranged from . 6 3 to  . 8 � and from . 7 1  

to . 8 7 wi th total  read ing scor e .  She concluded  that c l o z e  procedur e w a s  

a v a l i d  measure o f  c ompr ehens ion for foreign students . In tes t in� Il e 

spe c ific read ing comprehension val idity , Friedman correlated c l o z e  sc ores 

wi th sco res f rom the  mul t ipl e-choic e t e s t  an2 found the  correla t i ons 

ranged only from . 24 to . 4 3 .  Fri edman a t t r ib u t ed these l ow correla t i ons 

to spec ial cha rac teris t ics  of the  s tuden t s  involved . However the t es t s  

she used were very shor t .  Each passage contained only eight to  twelve  

items and this had  th e e f fect  o f  reducing the  t es t  variance .  Anderson 

( 1 9 7 6 ) , in the second o f  h i s  series  o f  1 0  exper iments on cloze  proc edure , 

provi ded evi dence f o r  the  val i d i t y  o f  c l o z e  t e s t s  as mea sures o f  r ead ing 

comprehension . He r eported correlations b e tween standard- and exac t ­

l eng th (blanks o f  the  s ame l ength as  t h e  d e l e t e d  word )  vers ions o f  

cloze t es t s  and a s t anda rd i zed mea sure o f  r eading comprehension (Wa t t s  

Sen t ence Read ing Test  I )  o f  r = . 6 1 and r = . 7 5 respect ively . His 

fourth experiment inv e s t igated mor e  fully the val idity of cloze test s 

as measures o f  r ea d ing comprehension . A r andom s ample o f  1 50 pupi l s  in 

Standards 4 ,  5 and 6 o f  one primary school  in Papua New Guinea were  

involved in that  part icular s t udy . Three tests  were  adminis t er ed to  

the  subj ect s :  the  Cloze  Reading Comprehens ion Tes t ? the Wa t ts Sent enc e  

Read ing Test I ( a  s tand ardized measure o f  r ead ing comprehens ion ) and 
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a e rad i t ional-typ e  Comp r eh ension Test mad e over the same t es t  pa ssages  as  

in the  Clo z e  Read ing Compr ehens ion T es t . The f indings su gges ted tha t 

the Cloz e  Test was a r el iable  and val id measu r e  of  both general and 

specif ic r eading c ompr ehens ion : 

To obtain a concu r r en t  val idity est ima t e  o f  genera l 

rea ding comprehens ion , to tal score  on the  Cl o z e  Rea d ing 

Compreh ens ion Test  wa s correla t ed with Wa t t s  scor e .  

The obt a ined corr elat ion W2. S 0 . 7 8 .  Similarly , an es t ima t e  

of  concur rent va l id i t y  o f  specific rea d in g  comprehens ion 

was obtained by c o r r elating to eal score on the C l o z e  

Rea d in g  Compr ehens ion Test w i t h  t o tal Compreh ens ion 

sco r e .  The correla tion was 0 . 8 5 (Anderso n ,  1 9 7 6 ,  p . 8 7 ) . 

Mo s t  importantly , wh en And er son  s ubj ect ed t o  fac tor  a nalysis  

a ba t t ery of  s ix comprehen s ion sub t ests , three sub t ests  of  the Clo z e  

Rea d ing Compreh ens ion Test , and a s tandardized t es t  o f  read ing comprehension 

(Wa t t s  S en t enc e Read ing Tes t I ) , he found tha t  o nly one factor  emerged 

and this fac tor ac count ed for  6 5  percent o r  the variance .  Ander son 

conc lud ed t ha t  the Clo z e  Reading Compr ehens ion Test , th en , may 

legi t ima t e l y  be call ed a r ea ding compr ehension t es t . 

�� il e Anderson ' s  s t udy d eal t wi th the sub j ec t s at the el emen t ary 

l evel , Ibe ( 1 9 7 5 )  inv es t i ga t ed the cloze  proc edur e wi th a group o f  

Southeas t As ia n t eachers o f  Engl i sh from nine d i f f erent c o untries  in 

Sou theast  As ia . Ib e ( 1 9 7 5 )  correlat ed the s ubj ec t s ' sco r es on  the s ix 

clo z e  t es t s  with sco r e s  on  a 40-itern vo cabul ary t est and s co r es o n  

a 20-item r eading compr eh ens ion o f  the standa r d i z ed Engl i s h  Pro f i c iency 

t es t  - the Michigan Language Pro ficiency Tes t (MLPT) . The correlat ions 

were found to b e  h i gh and highly significan t . Th ey ranged from . 6 2 to 

. 7 6 .  She conclud ed tha t "Cl o ze t es t s  are  a s  va l id a s  mul t ipl e-

cho i c e  t e s t s  f o r  a ss es s in g  r eading comprehens ion" ( Ibe , 1 9 7 5 ,  p . 3 2 ) . 

Cl o ze Test  Rel iab i l ity 

Several s tu d i es o f  c l o z e  pro c edure with na t iv e  Engl ish  speakers 

(Bo rmu th , 1 969 ;  C ranney , 1 9 7 2-7 3 ; Panackal & Hef t , 1 9 7 8 ;  Tayl o r ,  1 95 7 )  

and f o r eign s tudents l ea rning Engl ish (Ander son , 1 9 76 ;  And er son  & Hun t ,  

1 9 7 2 ; Darne l l , 1 96 8 ; Ibe ,  1 9 7 5 ; Oll er , 1 9 7 2 ;  Ol l er , Bowen , D ie n , &  

}fuson,  1 9 7 2 ; Oll er & Ina l , 1 9 7 1 ) have shown the h igh  r eliabil i ty o f  

t h e  c l o z e  t es t . Tayl o r  ( 1 9 5 7 )  using Armed For c es Personnel a s  subj ec t s  

and employin g  the "any ", "easy " and "hard"  clo z e  forms , found t ha t the 



test-retest  rel iabil ity coeffic ient s for these forms were r espectively 

. 88 ,  . 80 and . 8 4 . In a study u s ing grade four , f ive and s ix pupil s ,  

Bo rmuth ( 1 9 69 )  computed the rel iab il ity o f  the c l o z e  procedure by the 

spl it-ha l f  metho d .  Cl oze  t es t s  were �a de over nine pas sages covering 

a var iety o f  subj ect  mat t er . Rel iab i l ity coefficien ts , when calculat ed 

for each o f  the nine pa ssages ranged from . 84 to . 8 8 .  Ib e ( 1 9 7 5 )  used 

the spl i t -ha l f  or o dd-even proc edure to ob tain rel iabil i ty coeffic ients 

for two probab ilis t ic or random delet ion c l o z e  t ests and two judgement al 

del et ion c l o z e  tests . The coef f ic i en t s  were . 93 and . 96 for the former 

and . 94 a nd . 94 for the latter . Ib e conclud ed : 

On the  basis o f  the coeffic i en t s  ob tained i t  can be said 

tha t c lo z e  t es t s  t end to be  mor e  r el iabl e because o f  the 

larger number o f  items tha t can b e  u s ed to generat e  

a scor e .  The r el iability co e f f ic ients  were no t due 

mainly to the number of items , however . The two j udge­

mental  clo ze t ests  had a s  high reliab i l i t ies as the 

probab il i s t ic cloze t ests a l though the fo rmer had onl y  

30 i t ems each whil e the lat t er ha d 4 3  ( Ib e ,  1 9 75 , p . 29 ) . 
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In a s tudy using grade four , f ive  and s ix foreign pupils  l earning 

Engl ish in Papua New Guinea , Anderson and Hunt (1 9 7 2 )  found that  the 

c1 0 z e  t es t  r el iabil ity coeffic ient a ch i eved by coeffic ient alpha wa s . 89 .  

Anderson ( 1 9 7 6 )  in his f ir s t  exper im ent of a s er ies of 1 0  explored 

three sco r ing methods with the same c l o z e  t es t  when it was appl ied to 

second language l earners . The rel iabi l i ties of th e scoring methods 

wer e calculated using coeffic ient a l pha . Coeffic ients of . 9 2 ,  . 9 2  and 

. 93 were obtained for th e Verba t im ,  Synonym and Alt ernate respons e scores 

respec tiv el y . The same reliabil i t y  est ima t e  was used in the four th 

exper iment when he invest igated the clo z e  pro cedure as a technique for 

as sessing comprehension ab il ity of s e co nd langua ge learners in the 

Pac ific Region . The rel iabil ity c o e f f ic i ent o f  the Clo z e  Reading 

Compr ehens ion Test was . 95 .  A study by Cranney ( 1 9 72- 1 9 7 3 )  using 

universit y s tud ent s ,  employed the mul t iple-cho i c e  cloze test  and the 

fr ee-respons e c l o ze t est . The Kud er-Richardson 2 0  rel iabil ity  co­

effic ient s f o r  these t es t s  were . 93 and . 86 r espec t ively . When the 

less effec t iv e  i t ems f rom bo th o r�ginal fo rms were eliminated by the 

use of item-analysis techniques , the r el iab il i ty coeffic i ents for the 

mult ipl e-cho i c e  cloze form and the f r e e-response  cloze form wer e . 83 

and . 88 respec t iv ely . Oll er ( 1 9 7 2 )  r epor t ed K-R 20 rel iab i l ity 



co e f f ic ients o f  three cloze  t ests  sco red by t he exa ct-word scoring 

method . Th ey ranged from . 80 to . 92 .  hThen the cont extually a c c eptab l e  

wo rd scoring method was app l i ed , the r el iabil ity co e f f ic ients ranged 

from . 9 0 to . 95 .  

Methodolo gical Cons id era t ions 

To construc t the clo z e  test , many consid era t�ons need to be taken 

into a ccount , for exampl e t he appropriate  l ength o f  c lo z e  passages , the 

type o f  delet ions to  be mad e ,  the ra t e  of d el etions and the total  number 

of d eletio ns . 

When Taylor ( 1 95 3 )  intro duced  the clo z e  procedur e ,  h e  ( i )  used 
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a compl etely mechanical method for choosing the wordp to be del e t ed and 

(ii)  call ed for exac t  replacem ent o f  the original word . Comparing random 

d 1 ·  d h 
th 

d l '  d h f d h 
th  

e et lon an  t e ev ery n e e t lon proc e  ur e ,  e oun t a t  eve ry n 

del et ion was eas i er to use . On the other hand , Greene ( 1 9 6 5 )  c ompared 
th a mod ified clo z e  proc edur e  (rational d el etion) to the every n proc edur e .  

He found the mod if ied c lo ze produc ed a t est b et t er in r el iability  and 

item perfo rmance  but no t b et t er in val idity . He sugges t ed tha t  increased 

rel iability might be suffi c ien t cause  to  consider using rational d el et ions 

in some circums tanc es . A mor e  contro l l ed s tudy on the f requency o f  

wo rd d el etions was undertaken b y  Ma cGinitie ( 1 96 1 ) who compared the 

effect  of  delet ing every third , s ix th , twelfth and twenty-four th wo rd . 

He found that  wo rds wer e equally  r estorable und er s ix th , twel f th a nd 

twenty-fourth d el et ion syst ems but when every third word was omit t ed ,  

restorat ion was mor e difficul t .  He concluded tha t con t ext  mo r e  than about 

f ive words  d is t ant exercised rela t ively l i t t l e  constra int . Mo st researchers 

accept ed MacGinitie ' s  conclusion and used an every f ifth del etion r a t e  

(Bormut h ,  1 963 , 1 96 7 ,  1 9 68 9-, 1 9 &9 ;  Cohen, 1 9 7 5 ; Hat er & Kan e ,  1 97 5 ; 

Panacka l  & Heft , 1 9 7 8 ;  Rankin & Culhane , 1 9 69 ) . However , the r esul t 

cannot b e  general ized  to cov er all reading mat erials and for all  ab il ity 

groups . Other r e s earchers such a s  Cranney ( 1 9 7 2-7 3 )  used every t enth 

wo rd on t echnical pro se  ma terials and with university s tudent s .  

While mos t o f  the studies reviewed so far employed the  f i f th word 

d elet ion ,  they al l d ea l t  with na tive Engl ish speakers . The r es ea rch 

on  cloz e  proc edur e  with non-nat iv e  speakers ,  however , has shown that 

a var iety of wo rd deletion f requenc ies has been employed . For exampl e ,  

Stubbs  and Tucker ( 1 9 74 )  employed f ifth word deletion . O l l er e t  al . 

(1 9 7 2 )  a nd Ibe ( 1 9 7 5 )  employed s ixt h  word del etion . Oll er and Conrad ( 1 9 7 1 ) ,  



Ol l er ( 1 9 7 2 ) , Irvine , Ata i and Ol l er (1 9 7 4 ) empl oyed s eventh word 

delet ion whil e And er son ( 1 9 7 2 )  and Por t er ( 1 9 7 8 ) used eigh th word 

del et ion . Anderson ( 1 9 7 6 )  invest iga ted syst ema tical l y  the fr equency o f  

wo rd del e t ions when c l o z e  procedur es wer e appl ied t o  non-na t ive Engl i sh 

speaker s .  In the third experiment of h is s eries o f  1 0  exper iment s , 

6 1  

h e  compared the effect  o f  d el et ing every s econd , fourth ,  eighth , s ix teenth 

and thirty-s econd wo rd . 

There was a s ignif icant d if f er enc e b etween every s econd 

and every fourth d e l e tion . The d i f f er ence b etween every 

fourth and every eigh th deletion was no t s ignificant . 

Nor were the d i f f erenc es b e tween eighth and s ixt eenth and 

th irty-second d el e t ions signif icant . Of the dif f er ences 

between every fourth del e t ion and the thre e  l ess f requent 

del etion sys t ems , only the difference b e tween every fourth 

and every thir ty-s econd was signif icant . . .  The data  

ind ica t ed tha t cloze  uni t s  s epara ted by a t  l east s even 

wor d s  of context ( every eighth deletion)  wer e sta tis t ically 

ind ependent o f  each o ther whil e cloze units  s eparat ed by 

thre e  words  o f  cont ex t ( ev ery fourth d el e t ion)  were no t 

compl etel y  ind ep endent (Anderson , 1 9 7 6 , p . 6 6 ) . 

He concluded that "for passages o f  s imilar dif ficul ty to tho s e  u s ed 

in the s tudy and for subj e c t s  in the s ame range o f  abi l i ty ,  the  c ommon 

pra c tic e  o f  del eting every fifth word in c l o z e  t e s t  cons truction is  

l egitima t e .  That is , resul ting cloze  units are  s t atis ti ca l ly independ ent 

of each o ther " (Anderson , 1 9 7 6 ,  p . 6 7 ) . Ibe ( 1 9 7 5 ) , on the o ther hand , 

investigat ed the issue wi th a group o f  South ea s t  As ian t eachers o f  

Engl ish b y  comparing a j ud gemental c l o z e  pro c edure (sel e c t ed word 

deletion) , to the every s ix th word proc edure .  She conclud ed on the 

basis of her exper imental  f ind ings tha t :  

If the  r ea ding pas sage  is easy , j udgemental d el et ion 

pro duc es essentia l ly the same o rd er ing o f  scores as 

probabi l is t ic del et ion (every nth d el et ion ) . The two 

sets  o f  scores a r e  very highly and posi tively  correla t ed .  

If the  passage i s  d i f f icul t , the correlation b e tween 

probabilis t ic and j udgementa l  clo z e  scores is only 

mod erately high ( Ib e , 1 9 7 5 ,  p . 3 2 ) . 

Both ques tions , whe t he r  the rat ional d e l e t ion is p r eferab l e  to the 
th 

every n del etion and how many del e t ions are appropria t e ,  are s t ill 



no t ful ly answer ed , given dif ferent kinds o f  read ing ma t er ials  and 

dif f erent abil ity groups of non-native English speakers .  

In consider ing wha t numb er o f  deletions t o  make and how l ong t o  

make a test , such fac to rs as t im e ,  fat igue and the degr ee o f  t es t  

rel iab il ity must b e  taken into account . According t o  Taylor ( 19 56 )  

50 item test provides a suffic ient sample for a s tab l e  s core wi th 
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chanc es for  easy and hard 1:yords to cancel each o ther out . Bormuth ( 1 9 64 )  

using 20 passages wh ich ranged in Dal e-Chall  Readability 'from ab out 

the 4 . 0  to 8 . 0  grad e l evels o f  difficul t y ,  investiga t ed dif fer ent t es t  

l engths wi th tests  o f  f ive items to tes t s  o f  5 0  i t ems . He also 

invest igated five differ ent cloze forms tha t wer e made f rom the same 

passage . He r epor t ed that "the means on diff er ent cloz e  t es t  forms 

tha t are made f rom the same pas sage differ s ignificantly for tests  of 50 

items or l ess . There wer e signif icant d if f er ences among over hal f  o f  

the 2 0  sets o f  test  fOTIns used i n  this s t udy"  (Bormuth , 1 964 , p . 306 ) . 

He concluded that " the differences in dif f icul t y  among t es t  forms made 

from the same pas sage t end to diminish as mor e  i t ems are  included in 

the t es t  fOTIns " (Bormuth , 1 9 64 , p . 306 ) . 

Scoring Pro cedure 

The scor ing method mo st frequently used 1:Vi th native speakers is t o  

count as correct only exact repla c ement s o f  d el e t ed word s . The r esul t s  

o f  the r esearch r elated t o  scoring are summarized by Ol l er ( 1 9 7 2 ) , who 

states : 

Previous research has shown r epeatedly that the b e s t  and 

mos t  convenient method fo r s co ring when nat ive speakers 

are tested is simply to count th e numb er o f  exa ct-words  

r estor ed to the context (Taylor ,  1 9 5 3 ; Rankin , 1 9 5 7 ; 

Ruddell , 1 9 6 3 ; BOTInuth , 1 9 65 ) . Al though na tive speaker s 

t end to get higher mean scores when accep t able sub s t i tut es 

are counted as correc t ,  the inc rease  in tot al tes t  variance 

is so sl ight that the ext ra e f fort invo lved is scar cely 

wor thwhile (Oller , 1 9 7 2 ,  p . 1 5 1 ) . 

With non-nat ive speakers , previous res earch ers on cloze  tests  have 

preferred scoring systems tha t give cred i t  fo r c ontextually acceptab l e  

responses . Darnell (1 968 ) scored r espons es o n  g iven i t ems on  the 

basis o f  native speaker responses f o r  tho se same items . Bowen ( 1 9 69 )  

used a system o f  s co r ing which a l lowed cred i t  fo r varying degrees o f  



correctness which wer e subj ectively d et ermined . Oll er and Inal ( 1 9 71 ) 

counted any contextually acceptabl e respons e as correct . 

Two research s t ud ies syst emat ically investigated the scor ing 

procedure when non-na t iv e  Engl ish speakers were t est ed . Oller ( 1 9 7 2 )  

used five different scoring methods t o  score each o f  the three pas sages 

tha t had diff erent d i f ficulty l evels (as mea sured by the Dal e-Chal l  

R eadability Formula s ) . H e  concluded that : 

The best of the f ive  scoring methods inv es tigated here is M2 , 

i . e . the one tha t counts any cont extual ly  acceptable respons e 

a s  co rrec t . . .  Mor eover , t he da ta show that the acceptabl e­

word scoring metho d is superior in t erms of item discrimina tion 

and val idat ing correlations r egardless of the l ev el-of­

d ifficulty of  the t es t  (Oller , 1 9 7 2 ,  p . 1 S 7 ) . 

Oll er ' s  find ings wer e cont radict ed by And erson ' s  ( 1 9 7 2 ) . Anderson 

employed four scoring methods on three pas sages of  differ ent r eadability 

l evel s and found tha t all four scoring methods ranked the pas sages and 

the subj ec ts in the same way . And erson concl uded that " the s impl e s t  

scoring proc edure o f  crediting only exact replac ement s  was both r el iabl e  

and eff icient " (p . 7 2 ) . 

As the issue on c l o z e  sco ring procedure i s  a controvers ial one , 

recent research studies wi th non-na t ive  speakers have a t t empt ed t o  

inves tigat e  further . S t ubbs and Tucker ( 1 9 7 4 )  were in teres t ed in the 

r elat ionship which eX ist ed b etween scoring the t ests for exac t replace­

ment and for contex tually appropriate responses . They found tha t with 

a group of  206 univ ersity  s tudent s in ESL , cloze  tes t s  s cored bo th 

ways correlated very highly wi th each o ther ( r  . 9 7 ,  p< . Ol ) .  They 

suggest that the exact  wo rd replacement method is as valid as the 

o ther method . Thi s  resul t was suppor t ed in a s tudy car rie d  out by  

Irvine ,  Atai and Oller ( 1 9 74 ) . I t  was concerned to check the int er­

correla tion of  clo z e  and d ictation with each o ther and wi th the Test  

of  Engl ish as a Foreign Language ( TOEFL) wh en the sample compris ed 
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1 S9 non-native speakers o f  Engl ish in Iran . The authors s co red the 

cloze t est by  both the exac t word and the contex tually acceptabl e wor d  

methods and obtained a correla t io n  o f  . 94 b e tween the two methods . 

Another s tudy was carried out by Hinofotis ( 1 9 7 7 )  who inves t iga ted the 

concurrent validity of cloze  t es t ing as a m easur e of overall  prof ic iency 

in English as a Second Language .  Clo ze�exac t  and clo ze-accept abl e  



word scoring methods were correlat ed with the Test o f  English as 

a Fo reign Language (TOEFL ) . The correlat ions obtained were r = . 7 1 

and r = . 79 respec tively .  When correla ted with the CESL Pl acement 

Tes t , . the correla tions ob tain ed were r = . 80 and r = . 84 respec t ively . 

Resul t s  ob tained by the two diff erent scoring me thods were then 

compared . Hino fo tis reported tha t the data did no t ind icate clearly 

which scor ing method was pref erab l e . In the same vein , Porter ( 19 78 )  

was int eres ted in checking the claim ma de by Oller ( 19 7 2 )  that 

significantly superior differentia t ion of ESL speakers is obtained 

when any contextually a cc eptable word is counted as correct . He found 

with a group of 39 Pol ish s tudents l earning English as a foreign 

language , tha t "the assert ion tha t acceptab l e  wo rd scoring giv es 

bet ter diff erentiation with E SL s t ud ents was found to b e  generally 

t rue  o f  discrimination b etween ind ividual sub j ec t s ,  but not t rue of 

discr imina tion between year-gro ups in the popula tion s tud ied" (Port er , 

1 9 78 ,  p . 34 0 ) . 

Conc lus ion 
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Cloz e  t echnique ,  a word d el e t ion process whereby words are removed 

from a printed passage and the s t ud ent ' s  task b ecomes to pred ict or 

id en tify the word which was r emove d  and replace  i t ,  has been used to 

assess reading comprehension of  nat ive and non-na tive speakers of  

Engl ish .  

Clo z e  t est has b een investiga t ed in several studies for its  con­

current val idity as a mea sur e o f  specific or general reading comprehens ion 

for both nat ive and non-na t iv e  Engli sh speaker s .  Contradict ing r esul t s  

have been ob tained when the c la z e  t es t  has b e en used to measure 

r eading comprehension of native Engli sh speakers .  When the cloz e  t e s t  

has b een used to measure reading comprehension o f  non-native speaker s 

o f  English , general resu l t s  have ind icat ed that it is a valid measur e o f  

spec ific and general r eading comprehension . 

}�ny clo ze  test s tudies have b een undertaken to invest igat e  the 

cloze  test construc tion methods -- the l engt h  of  clo ze passages , the 

type of  delet ions to be mad e , the rate of d el e t ions and the total 

numb er of  deletions . Clo z e  s coring procedur e has also b een a subj ec t 

o f  int er est . There has b een no d e f init e answer as to whether an exact­

word sco ring procedur e is preferrab l e  t o  an a cceptabl e-word sco ring 

procedur e , when the subj ects  involv ed are  non-nativ e  speakers o f  

English .  
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Previous  s tudies on cloze proc edure with non-native English speakers 

reviewed so f a r  h ave generally dealt  with general Engl ish r ead ing 

ma ter ials . L i t t l e  has b een done to use  the pro cedur e on ·s cience reading 

mat erials  at  the  university l evel and with scienc e stud ents . 

The pres ent study therefor e  includes an a t t empt to establ ish the 

concurrent val idity  of  the clo ze test  a s  a measure of spec i f ic r ea d ing 

comprehens ion and t o  invest iga te two different scoring proc edures , when 

the procedure is appl ied to scient i fic Engl ish passages and with  non­

native Engl ish s c ience s tudents at the univ ersity level . 



CHAPTER 2 

RESEARCH DESIGN 

Introduction 

The purpos e of this chapter is to pres ent an account o f : ( i )  the 

res earch ques tions which this s tudy seeks to answer , ( ii) hypo thes es , 

( iii ) the subj ec t s , ( iv) the i ns t ruments u sed,  (v ) the me thods employed 

to collect data , and (vi ) the procedures by which the data were 

ana lyzed . 

Res earch Quest ions 

During the nineteen f if ties and s ixt ies , reading in ESL/ EFL was 

neglected b ecause the aud io-l ingual approach to foreign language t each­

ing attrac ted grea t er int eres t ( Brumfi t , 1 9 7 7 ; L im Kia t  Boey , 19 7 6 ;  

Norris , 1 97 5 ; O ' Donnell , 1 9 7 4 ; Wil so n ,  1 9 7 3 ) . The audio-l ingual 

approach , in plac ing heavy emphasis on speaking skil l ,  assumed that 

reading and writing skill s  woul d fol low "na turally" (Fries , 1 96 3 ) . In 

the s eventies , with l ess emphasis  plac ed on s t rictly audio-l ingual 

t echniques , a t t ention came to b e  r efocused on th e reading componen t . 

The focus , however , t ended to b e  put on reading a t  advanced rather than 

elementary l evels (Berman , 1 9 7 5 ) . This came to b e  characteristic  o f  the 

field of  t each ing English for Science and Technology ( EST) also . 

6 6  

In r ecen t  years , the n eed o f  s ci ence s tudents t o  compr eh end scientific  

Engl ish t extbooks has  b ecome a maj or concern among l ingu±s ts and TESL /  

TEFL res earchers . Their contempo rary at t emp ts have b een direc t ed at  

inves tigatin g :  (i )  r eading a t  the  discours e l evel rather than a t  the  

s ent ence l evel , and (ii )  t ex tual grammar rather than s entence grammar 

(Davies , 1 9 79 ) . The dis t inct ion between textual grammar and sentence 

gramma r is sign i f icant . T ex tual grammar involves logical-rhetorical 

categories such as conj unc tion and reference , sentenc e g rammar on the 

o ther hand is l argely concerned with l inguis t ic categories such as nouns 

and verb s  (Davies , 1 9 79 , p . 1 24 ) . The basic and o f ten unstated as sump t io n  

underlying discourse  analys is approach to  the s tudy of E S T  chara ct eris t i c s  

was that the subj ec t s  at the advanced l evel h a d  a good command o f  

s ent ence g rammar . Accordingly , wha t was thought t o  impede them in 

comprehending longer scient ific English d iscours e ,  was lack of knowl edge 

of the rhetorical devic es which s c ience writ ers used to communicate their 



67  

intended message ( Se l inker e t  al . ,  19 76 ) . 

The need for science s tudents to l earn rhetorical devices in order 

to comprehend EST texts has been emphas i z ed in EST teaching . Yet a maj or 

prob l em seems to arise when the reading in EST has to be taught to students 

whos e  English l anguage proficiency may b e  at e i ther an advanced l evel or 

relatively low l evel . Predictab ly ,  the lat t er would have dif f i culty in 

understanding meaning not only beyond the s ent ence level but even at the 

sentence l evel ( Eskey , 1970 ; Pierce , 19 7 3 ) . The question impl ied is , how 

could science s tudents comprehend longer s c i ent ific English dis course 

when they had no t even mastered the ab i l i ty t o  comprehend Engli sh at the 

sentence level ? 

ESL/ EFL readers , when reading advanced t ex tbooks , are faced with 

various types of English structures , s impl e  as well  as complex . Ob servat ion 

has indicated that many of  them tend to cau s e  difficulty for ESL /EFL 

readers ( Eskey , 1 9 70 ;  Pierce , 19 73 ; Perkins & Yorio , 1 9 7 4 ) . Previous 

studies both of nativ e  and non-native Engl is h  s peakers have already 

conf i rmed , perhaps no t surprisingly , tha t  Engli sh complex s tructures are 

more dif ficult than s imple ones . What has no t yet been established is : 

( i )  the relative comprehensibi lity of  various types o f  English compl ex 

struc tures for ESL/ EFL readers , and ( i i )  the relative comprehensib i l i ty of 

the various manifestat ions of a given type of English complex s t ructure 

for ESL / EFL reader s . 

Three  types o f  Engl ish complex s t ructures have been selected for  

investigation in  the  present study . They are  the complement ,  relative 

and comparative s t ructures . They were s e l ec t ed on the assumptions that 

( i )  they are involved in the emb edding t ransf o rmat ion , the process which 

has been shown to increase sentence comp l exity and cause dif ficulty to 

r eader s , ( ii )  they occur in EST and are faced by  s cience readers , and 

(iii )  they t end to be dif ficult s tructures for Thai student s to l earn . 

The author of the present s tudy has to admit however , that this selection 

s till  l eaves unexamined other s tructures whi ch would also be d i f ficult  

for Thai s tudents and which should ideal l y , be  investigated . However , 

given the time and resource availab l e ,  only a l imited number o f  s tructures 

could be encompas sed . The selection mad e  depended to some extent on the 

basis of  the author ' s  experience teaching English to Thai s cience s tudents . 

That experience together with the crit eria described above led t o  the 

conclus ion that the three  types of English comp l ex structures mentioned 



earlier were wor thy o f  inves t i ga t ion first . 

Ob servation and experimental s tudies on second or foreign language 

learning have both indicated that ( i )  English complex s t ructures which 

include complement , relative and comparat ive struc tures are difficult  
v 

for ESL/ EFL learners to lea rn (Boonswasdi , 1 9 7 8 ; Duskova , 1 96 9 ;  Eskey , 

1 9 70 , 1 9 75 ; Nilagupta , 1 9 7 7 ; Pierce , 1 9 73 ; Schachter , 1 9 7 4 ; Srivicharn , 

1 9 7 8 ;  Tachasansaku l ,  1 9 7 8 )  and ( i i )  different mani fes tations of  relat ive 

struc tures are no t equal ly difficult to learn ( Schachter , 1 9 74 ; Perkins 

& Yorio , 1 9 74 ) . However , informat ion on the relative comprehensib i lity 
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of complement , relative and comparative s t ructures and on  the rela t ive 

comprehens ib ility o f  dif ferent manifestations of each of these three types 

of English compl ex s tructures for ESL/EFL readers has not yet become 

available . Careful examinat ion o f  second or  foreign l anguage learning 

research which investigated the difficulty of Engl ish grammatical s t ructures 

for ESL/ EFL learners does provide some explanation for such a lack . These  

are deal t with in turn below . 

First , the approaches used t o  study the concept of  the difficu l ty o f  

English grammati ca l  s tructures t end t o  b e  derived from different  theoret ical 

b ackgrounds and have differ ent orientations . For example , the contras t ive 

analysis approach attempts  t o  determine the degree of dif ficulty of Engl i sh 

grammatical structures on the basis  of the degree and type of difference 

b etween Language 1 and Language 2 .  By contrast ,  the error analysis approach 

attempts to determine the degree of dif ficulty of English 

grammatical struc tures on the basis  of  the learner ' s  errors -- errors 

mainly from speech or written samp les . As a resul t ,  Engl ish rela t iv e  

c lauses , for exampl e ,  which were p redicted b y  the contras t ive analysis 

approach to be  more difficult for the Japanese and Chinese learners than 

for the Persian and Arab learners ,  turn out , on the, basis of error analysis 

approach , to be  far less d i f ficult for them (Schachter , 1 9 7 4 ) . Never­

theless , the interpretation made by an error analys is approach might  b e  

erroneous for , a s  Schachter points out , i t  fails t o  take into accoun t  

the avoidance phenomenon .  S chach t er s tated that : 

• . .  they produce fewer rel a t ive clauses in English 

because they are trying to avoid them , and tha t  they 

only produce them in English when they are relatively 

sure that they are corr ec t , which would also account 

for the extremely sma l l  number of errors they make (p . 2 1 0 ) . 
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Second , the t erm , "dif ficulty to l earn" used in  second or foreign 

language l earning research has b een int erpreted differently by d i f ferent 

researchers . In some s tudies , the difficulty o f  English grammatical 

structures has b een determined in t erms of  the learner ' s  product ive skills 

(Duskova , 1969 ; Schach t er , 1 9 7 4 ; Scott  & Tucker , 1 9 7 4 ) . In o ther s t udies , 

the difficulty of  English gramma tical s t ructures has been determined in 

terms of the learner ' s  receptive skills  (Boonswasdi , 1 9 78 ; Cooper et a l . ,  

1 9 7 9 ; D ' Anglej an & Tucker , 1 9 7 5 ; Nilagupta , 1 9 7 7 ;  Srivicharn , 1 9 7 8 ;  

Tachasansakul , 1 9 78 ; Perkins & Yorio , 1 9 7 4 ) . I t  is still  unclear whe ther 

certain types of  English gramma t ical s t ructures which ESL/ EFL learners 

found dif ficult t o  produce in speaking and writ ing , would also be found 

difficul t to comprehend in reading , -- especially where "to  compreh end" 

means gett ing meaning out of  particular types o f  English s t ructures rather 

than knowing their correct usage . 

Third , different researchers have focused on the difficulty o f  d i f ferent 

types of  English complex structures . Perkins and Yorio ( 19 74 )  inves t igated 

such complex structures as pas sive cons t ruc tions , relative clauses , 

sentence nominalizations and ambiguous s entences us ing gerund ive and 

participial const ructions . For Schachter ( 1 9 74 ) , English complex s tructure 

covered only rela t ive clauses . For Nilagupta ( 1 9 7 7 ) , the English c ompl ex 

s tructures covered , were passive const ru c tions , relative clauses , complement 

and comparat ive s t ructures . In the latter s tudy , English complement ,  

relat ive and comparative structures were examined . However , the a t t empt 

to determine their  relat ive comprehensib ility  has not b een made . 

Nilagupta ' s  ( 19 77 )  s tudy which attempted to f ind if there was any relation­

ship between syntax and the readability o f  English sentences for Thai 

l earners , was only exploratory and was not well designed . 

Four th ,  many s tudies of the dif ficulty o f  English gramma tical s t ruc tures 

focused on dif ferent  groups of ESL/EFL l earners . Perkins and Yorio ' s  

( 1 9 74 )  study reported that advanced ESL l earners did not f ind Eng l i sh 

complement and relative s truc tures difficult to understand . Their 

findings cannot b e  generalized to ano ther group of ESL/EFL learners whose 

language i s  different  and whose l evel of English language proficiency 

varies . 

There is then , a certain lack o f  coherence in the f ie ld . There is 

the theoretical controver sy over the concept of "difficulty" in s econd 

or  foreign language learn ing and t eaching and there are different int er-
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pretations of the term "diff iculty to learn" . As well , different types 

of English complex s t ructures interest dif ferent researchers d ifferently , 

while different groups of  learners yield dif ferent result s  on the difficulty 

of English s tructures . No clear cut evidence on the relative comprehens­

ibility o f  English complement ,  relative and comparative s tructures is  

ob tainable . 

In the field of second or foreign language teaching , the concept of  

"difficult y "  is  not  the  only c r i t e r i o n  used to select  l inguistic i t ems 

t o  be  taugh t . The concept o f  "frequency of occurrence" has been also 

accepted a s  ano ther (Mackey , 1 9 69 ) . The assumpt ion underlying this  

notion is  that what  is  taught should be  useful  to the learners . Usefulness , 

in  this case , is  oft en associated with the f requency of oc currence o f  

l inguist ic i t ems in the variety o f  the language t o  b e  s t udied . Influenced 

by this no t ion , attempt s  have been made in EST l inguist i c  research to f ind 

which Engl i sh lexical items and grammatical s tructures occur the mos t  

frequently in EST . I t  i s  assumed that those lexical items and grammatical 

s t ructures which have been found to  b e  distinctive of EST are l ikely to be 

of greates t util ity and therefore o f  greatest  need of a t t ention for science 

l earners (Whit e ,  1 9 74 ) . Very l i t t l e  a t t empt has been made , however , to 

see whether those English gramma t ical s t ructures which occur mos t  frequently 

in  EST are comprehens ible for science s t uden ts .  

Reading ab i lity and its relationship to reading comprehens ion have 

also been o f  interest to researchers of reading . At temp t s  have been made 

to invest igate the characteristics  of good and poor readers . The rationale 

underlying such a t temp ts was clearly described by Golinko f f  ( 1 9 75-76 ) : 

One way in which this analysis  may be useful is  to provide 

the theoret i cian with a sense of  what  a model of comprehens ion 

mus t  encompass . Often ,  as Glaser ( 1 9 7 3 )  has writ t en , s t udying 

the skilled performer of a cognit ive task does not lend 

itself well to analyzing the processes involved in the 

performance of that task . Task sub skill s  may be so 

integrated and automatic tha t components of  the process 

may be  overlooked . Comparing readers a t  various s tages of 

the acquisition process , however , may assist  researchers 

in their analys is  of  the skill .  Furthermore ,  a comparison 

of good and poor comprehenders may help researchers s elect  

issues o f  pragma t ic importanc e . I f  certain aspects o f  the 



process seem more diff icult than others , researchers 

may gain insight into the more critical components 

of  the skil l .  They may also gain information on how 

subskills are integrated . Finally , cont ras t ing good 

and poor comprehenders may have pedagogical implications . 

To design reading comprehension ins truct ion for the 

b eginning reader or for  the reader requiring 

remedia tion , it may be useful to determine at what  

points in  the process good  and poor comprehenders 

do and do not diverge (p . 6 2 6 ) . 

7 1  

Evidence from previous s t udies o n  good and poor readers has revealed 

that good readers : ( i )  s eem to  b e  capable  of  rapid and accurate word 

recognition (Golinkoff & Ros inski , 1 9 7 6 ) , ( i i )  read at least in phrase-l ike 

unit s  (Cromer , 1 9 70)  and incorpora t e  mat erial outside phrases , clause or 

s entence boundaries during the reading process  ( Kolers , 1 9 7 1 ;  Willows , 1 9 74 ) , 

and ( iii)  are adaptab l e  and flexible in their pat tern of  reading -- they 

vary their eye movement s ,  shif t  the s i ze of their proces s ing units and 

efficient ly use supplementary contex tual informat ion ( S t einer , Wiener , 

& Cromer , 1 9 7 1 ) . Poor readers , however , ( i )  are inadequate in decoding 

skills (Buswell , 1 9 20 ;  Clay & Imlach , 19 7 1 ;  Cromer , 19 70 ; Fairbanks , 1 9 3 7 ; 

Golinkoff  & Rosinski , 1 9 76 ; Perfetti  & Hogab oam ,  1 9 7 5 ; Steiner et al . ,  

1 9 7 1 ; Weber , 1 9 7 0 ) , ( ii )  read t ex t  in a word-b y-word manner (Cromer , 1 9 7 0 ; 

Oaken , Wiener , & Cromer , 1 9 7 1 ;  Steiner et al . ,  1 9 7 1 ) , and (iii)  tend to  r ead 

all materials in the s ame way (Anderson , 1 9 3 7 ; Levin & Cohn , 1 968 ) . 

S imilar investigations of  the charact eris tics of  good and poor ESL/ EFL 

readers have not as ye t b een a ttemp t ed . Effort has however b een made to  

(i )  compare the reading processes of  ESL/ EFL readers and native speakers 

( Hatch , Pol in, & Part , 1 9 7 0 ; Oller & Tullius , 1 9 73 ) , and ( ii )  investigate 

the trans fer of reading skills  from the f irst  language to the second 

l anguage (Clarke , 1 9 79 ) . 

Reading abil ity and i t s  influence on the ease or difficulty of  reading 

writ t en mat erials has b een qui t e  a preoccupation o f  readab ility researchers . 

Bormuth ( 19 6 8b) s tated the b asic  prob lem : 

A prob l em long plaguing researchers was the question of  

whether the f eatures tha t  influenced readab i l ity for 

poor readers also inf luenced the readability  of 

materials for more abl e  r eaders . If the s ame features 



of language influence readab il i ty for both and by 

the same amount , then a s ingle and fairly s imple 

formula can be used to predict  readability for all 

students ,  regardless of their l evel of accompl ishment 

in reading . But if different f eatures influence 

diff iculty for s tudent s  of differing levels of  

reading achievement or if the s ame features 

influence d ifficulty by dif ferent amounts , then 

we mus t  develop mor e  complex and materially 

different kinds of  formulas ( p . 49 1 ) . 
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Nonetheless in  an earlier s t udy (Bormuth , 1 9 6 6 ) ,  he had  come to the 

c onclusion tha t ,  regardless of the s ubj ects ' reading levels ,  the same 

f eatures o f  l anguage that causes difficulty for the able  r eaders caused 

difficulty for the no t so able . Scot t  ( 1976 ) who investigated the effect  

o f  reading ab ility on the readab ility  of  grammat ical pat t erns for B la ck 

inner city first  graders , provided evidence which supported Bormuth ' s  

f inding . He found a s ignificant relationship ( r  = . 4 3 )  between the overall 

comprehens ion of grammatical patt erns for students who dif fered in reading 

abil ity . Sco t t  ( 19 7 6 )  interpreted the . 4 3 correlation : 

. . .  We would  expect some o f  the patterns to be  at 

similar l evels o f  difficulty for  the two group s (p . 44 ) . 

The quest ion as to whether reading abil ity has its effect  on the 

comprehens ib i l i ty of  Engl ish complex s t ructures for ESL/ EFL s cience readers 

h as not yet been asked . 

On the basis  of  such previous s tudies , together with the awarenes s  

that the s tuden t s  of  concern t o  the present study ( i )  will no t have yet 

reached an advanced l evel of  English language proficiency and ( ii )  need 

t o  be abl e  to comprehend s cientific  English both a t  the s entence level 

and at the disco urse level , the present  study sets out wi th the following 

s pecific quest ions in mind : 

1 .  Does there exist  a relationship between the ability t o  

comprehend longer passages o f  scientific English 

and the ability to comprehend complement ,  relative and 

comparativ e  s truc tures ? 



2 .  Within the respective groups of  good and poor readers , are 

the pat terns of the comprehens ibility level s of complement , 

relative and comparat ive structures s imilar ? 

3 . (a) What is the relative comprehensibility o f  complement , 

relative and comparat ive structures for good and poor 

Thai science readers ? 

(b)  What is the relative comprehens ib ility o f  dif ferent 

manifes tat ions o f  complement , relative and compara t ive 

struc tures taken separately , for good and poor Thai 

s c ience readers ? 
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While the s earch for answers to these questions can be j us ti fied on 

the grounds of  ( i )  an existing lack o f  information ( ii )  the pot ential 

usefulness of  definit ive answers , ideally something more than estab l ishing 

the "fact s "  would  be preferable . 

For non-nat ive English speakers the phenomenon o f  English language 

learning - whe ther general English or Engl i sh for Science and Technology 

- is  dif ficult . Currently it is no t known what " caus es " the difficulty 

although conj ecture i s  freely availab l e . Without knowledge o f  " cause" 

it is not poss ible to overcome learning d i f f i cul t ies . While i t  is not 

within the competency of the current thesis  to advance a fully developed 

explanation of  the difficulties , it  can take two rather tentative and 

not particularly radical s t eps in the direct ion of exp lanation . To this 

end two hypotheses have b een advanced . Discus s ion follows . 

Hypotheses 

A maj or concern of  the present study is  to detect empiri cally any 

difference in the comprehensibility levels o f  complement ,  rela t ive and 

comparat ive s tructures for Thai science readers who d i ffer in EST reading 

pro ficiency . One a ssumpt ion basic to this concern is that s entence 

comprehension is a prerequisite for the comprehens ion of  longer Engl ish 

discours e .  This assumption is however t es table - by measuring reading 

comprehension in relationship to grammatical capabili ty . 

On this point , the evidence comes almo s t  entirely f rom native speaker 

studies . It shows that there exists  a moderately strong relationship 

between reading compr ehension and knowl edge of s entence grammar .  The 

correlation b e tween these two variables is even higher in the f ew cases 
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when the subj e c t s  of invest igation were not native speakers of English . 

There is no reason to  believe that a similar rela tionship will no t 

exist for the ( Thai) subj ects  of  the present s t udy . The f irs t f ormal 

hypothesis then i s  tha t : 

Hypothesis 1 :  Reading Comprehens ion is a func tion of  

Comprehens ion of Engl ish Grammatical 

Struc tures : the b e t ter the comprehens ion 

of English grammatical s truc tures, the 

bet ter the reading comprehension of  

s cientific Engli sh passages . 

This f irst  hypothes is was then operationally defined as follows : 

There is a significant positive correlat ion 

b e tween the to tal s cores from the Cloze 

Reading Comp r ehension Tes t  and the t otal 

scores from the Tes t o f  English Grammat ical 

S tructures . 

There i s  a certain log�c to such a hypothesis . It  would appear t o  

b e  reasonab l e  to assume that people who have a n  understanding of grammat ical 

s tructures should be b e t t er equipped to deduce meaning in s entences than 

those who merely h ad to  rely on intuit ion . If , in turn these sen tences 

were treated so as to conceal the meaning ( as the cloze test  doe s )  then the 

proposition should still  obtain - the grammatically knowledgeab l e  should 

do better . 

While the argument above has s ome face val idity,  the compelling 

evidence has to be admit t ed that profic ient nat ive speakers generally have 

intuitively arrived at  a more comp l ex set  of grammatical rules than 

grammarians themselves have yet b een able to formulate (Chomsky , 1 9 7 3 ) . 

However , the subj ects o f  the present s t udy are not native speakers and 

f ew,  if any , will  have arrived at a suitably intuited form of rul e-governed 

b ehavior with respect to Engl ish . Accordingly it seems reasonab le t o  

argue tha t those who have achieved a measure of grammat ical understanding 

should have a b e t t er basis for deducing meaning than should those who 

have not . 
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The second hypothes is b ears on the i s sue o f  the kinds of difficulties 

experienced by good and poor readers . 

One of the questions which readab i lity researchers have been regularly 

concerned with is whether the same f eatures of l anguage equally a ffect 

s tudents at dif ferent l evels of  reading a chievement . Evidence from previous 

s t udies on native speakers of  English showed that general reading ab ility 

was not found to affect the readability of the same features o f  l anguage 

i nvest igated ( Bormuth , 1966 ; Scott , 1 9 7 6 ) . Similar studies of non-native 

s peakers of  Engl ish are no t available . Accordingl y ,  the hypothesis for 

t he present s tudy then has to rely on previous nat ive speaker s tudies . 

The second formal hypothesis then is that : 

Hypothesis 2 :  The comprehensib i l i ty of  English s t ructures 

is no t a function o f  general reading ability:  

the  relative di fficulty of  s tructures is the 

same for good readers as it is for poor  

readers . 

This second hypothesis was operat ionally defined as follows : 

English grammatical s tructures rank-ordered 

for difficulty respectively for good and 

poor readers wil l  b e  posi t ively correlated . 

This relatively weak hypothesis is the result of lack o f  evidence on 

the relat ionship b e tween reading abi lity and comprehensib ilit y  of complex 

s tructures when the subj ects  are non-nat ive English speakers . At the 

moment , it  cannot be claimed that there are actual developmental stages to 

be discerned in the way acquisit ion of unders t anding of  English complex 

s tructures o ccurs . On face value , there should b e . Some s tructures ought 

to be easier to acquire than o thers . I f  so i t  might reasonably follow 

that good readers �ould have b et ter command of the easier s t ructures while 

poor readers would have worse or  none . However , there is some evidence 

that points in thi s  general direction and shows that easier s t ructures are 

indeed easier for both good and poor readers . D ' Anglej an and Tucker (19 7 5 ) , 

in their s tudy of  the acquisition of  complement structures by adult learners 

o f  English at two different l evels of proficiency , beginner and advanced , 

f ound a s imilar developmental pattern f o r  the acquisition o f  the structures 

investigated in their subj ects . They concluded �hat " the degree o f  
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l inguistic complexity inherent in the s entences is indeed , as Brown ( 1 9 7 3 )  

speculated , a critical fac tor in determining the order o f  acquisition o f  

certain gramma tical f eatures and that this factor operates in both native 

language and adult second language learning" (p . 29 2 ) . It  seems reasonab le 

therefore to predict  that the relative diff iculty of complex s truct ur es 

examined in the present study would be the s ame for good and for poor 

readers .  

The present s t udy also makes the ass umption that dif ferent English 

grammatical s truc tures vary in difficul t y . This assumpt ion has been 

confirmed by both f irst  language l earning research (Bormuth , Carr , Manning , 

& Pearson , 1 9 7 0 ; Brown , 1 9 7 1 ; Caramazza , Grober , & Yates , 1 9 7 7 ; Clark,  1 965 , 

1969 ; Cook , 1 9 7 5 ; Fodor & Garrett , 1 9 6 6 , 1 96 7 ; Garrett ,  1 9 7 0 ; Gough , 19 65 , 

1 966 ; Hakes , 1 9 7 2 ;  Herrio t ,  1969 ; Holmes , 1 9 7 3 ; Johnson , 1 9 7 0 ; 

Jus t & Carpenter , 1 9 7 1 ,  1 9 7 6 ; Martin & Roberts , 1966 ; Mehler , 1 9 6 3 ; 

Reid , 1 9 7 2 ;  Richek , 1 9 76-77 ; Slob in ,  1 9 6 6 ) and second or foreign language 

learning research (Brown , 1 9 75 ; Bailey , Madden, & Krashen , 1 9 74 ; Chaiyaratana , 

196 1 ; Cooper et  a l . ,  1 9 79 ; Corder , 1 96 7 ;  Cook , 1 9 7 3 ;  D ' Anglej an & Tucker , 
v 

1975 ; Dulay & Bur t , 1 9 7 2 ,  1 9 7 3 , 1 9 7 4 ; Duskova , 1 969 ; Ervin- Tripp , 1 9 74 ; 

Fathman , 1 9 75 ; Gaies , 1 980 ; Gingras , 1 9 7 8 ; Hanania & Gradman , 1 9 7 7 ; 

Mace-Matluck ,  1 9 7 9 ; Nickel , 1 9 7 1 ;  Ravem , 1 9 74a ; Schachter , 1 9 7 4 ; Scot t  

& Tucker , 1 9 74 ; Suwattee ,  1 9 7 1 ; Taylo r ,  1 9 7 5 ) . There has no t b een , however , 
, 

clear cut evidence as to which type of  Engl ish complex s tructures is more 

difficult to l earn for ESL or EFL learners .  Therefore there appears to 

be no basis for the present study to predic t the relative comprehensibility 

of English structures inves t igated - especia l ly where Thai s ci ence readers 

of EST are concerned . 

The main purpo se was t o  provide experimental evidence as to ( i )  which 

types of  English complex s truc ture Thai s c ience readers f ind more 

comprehensible , and ( ii )  which type of mani festation of  a given type of 

English complex s t ructure they find more comprehensible . 

Given the "state  of the art" o f  research into reading in ESL o r  EFL 

plus the research quest ions of the present s tudy and two related hypotheses , 

the design for the research took on the following character . 

One universi ty in Thailand , Khon Kaen Univers ity was to serve as the 

locus . Within it , f irst year science s t uden t s  were to serve as the 

population from which the empirical samp l e  was to be drawn . The sample 

was then to be t es ted for ( i )  r eading compr ehension and ( i i )  grammat ical 



structures understand ing . Accordingly appropriate test s  had to be 

devised and once ready , adminis tered . Subsequently the data had to b e  

analyzed , interpreted and reported on . Details of  the procedures 

entailed are given b e low . 

Sample 

7 7  

The population o f  the present s tudy from which the sample was to b e  

drawn consisted of  f i r s t  year Thai s cience s t udent s at Khan Kaen Univers ity . 

The first  year universi ty l evel was chos en for two main reasons . Fir s t ly , 

considerable  t ime has b een devoted t o  the teaching of reading in English 

at this l evel . Secondly , b ecause the purpos e  o f  the present study was t o  

investigate  the comprehensibility levels of selec ted English grammatical 

struc tures  which oc cur in s cientific  English , for  good and poor Thai 

science readers ; i t  was j udged that the language of first year science 

textbooks written in English was suffic ient ly complex for this purpose . 

Selection o f  first year s tudents followed as a l ogical consequence of  this 

j udgment . 

The t o tal number o f  first year s tudents t aking English language courses 

during the 1 9 78-79 academic year was 663 . Of  these , 5 5 1  were studying 

in the science field . They came from the faculties of Medic ine , Nursing , 

Science , Agricultur e ,  Educat ion (maj oring in science) and Engineering . 

However , the engineering students were inappropriate for inclus ion in the 

sample because they did not meet the criteria of taking all three science 

subj ects of the study - Phys ics , Chemis t ry and Biology (Biology did no t 

feature in the engineering course) . Accordingly the engineering group 

was excluded . The sample remaining numbered 384 . 

Table  2 shows the total numb er o f  s tudent s  f rom each faculty , the 

number of s tudents expected to be involved in the s tudy and the actual 

number of  s tudents who participated in this s t udy . 
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Table 2 

SamEle by Facul t ies 

Total 65% of .Actual number 
Facul t ies no . o f  student s of s t udents who 

s tudents required participated in 
the s tudy 

Engineer ing 1 6 7  

Medicine 30 2 0  1 8  

Nursing 1 00 6 5  6 2  

Agriculture 1 19 7 7  4 7  

Science 9 1  5 9  4 1  

Educat ion 44 29 28  
(Maj oring in Science) 

To tal 5 5 1  250  196  

For the  purposes of  the study i t  was  cons idered that a sample o f  250  

would be sufficient (Asher , 1 9 76 ) . Furt hermore , the s ample would be  large 

enough to be handled pract ically for tes t adminis t ration . However , when 

the firs t  test  was adminis tered , only 1 9 6  s t udents were present . Over the 

remaining tests six more s tudents were l os t . Finally , 1 90 s tudents were 

involved in the four test s . However , the number of  s tudents can be  

regarded a s  relatively representative o f  the  s cience population a t  Khon 

Kaen University .  

Compos ition of  the s amEle 

Among 190  students  who were involved in  thi s  s tudy , one was of  1 7  year s , 

74  were between 1 8  to 1 9  years . One hundred and n ine had an age range 

between 20 to 2 1  years while the o ther s ix were b etween 22 to 23 years 

( see Table 3 ) . 

Of these 190 students ,  80 wer e  males  and 1 1 0 were f emales ( see Tab le 3 ) . 
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Tab le 3 

Sample Composition : Age and Sex 

Age (years ) 

16-1 7 1 8-19  20-2 1 2 2-23 To tal 

1 74  109 6 190  

Sex 

Male Female Total 

80 110 190 

As a maj or focus of the present study was on Thai s c ience s tudent s  whose 

reading pro ficiency in EST i s  different , two reading ability groups were 

identified from the 1 9 0  students for the final analysis . The s election 

was b ased on the cloze reading s cores ( see the details in Chapt er 5 ) . The 

detail of age and sex o f  good and poor readers is presented in Table 4 .  

Tab l e  4 

Compos i t ion o f  Sample x Age and Read ing Ability  

Age ( years ) 

18-19 20-21 To tal 

Reading Abi lity 

Good Readers 18 2 2  40 

Poor Readers 15 28 4 3  

Total 33 50 83 
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Composition of  Sample x Sex and Reading Ab ility 

Sex 

Male  Female Total 

Reading Ability 

Good Readers 1 9  2 1  40 

Poor Readers 2 3  2 0  4 3  

To tal 4 2  4 1  83  

Ins truments  

The present study was conduct ed with an interest in s cience readers 

whose reading proficiency in English is different . A t e s t  to measure EST 

reading pro ficiency is therefore needed to dist inguish good from poor 

readers . Accord ingly , a cloze reading test was devised . Although the cloze 

technique has b een tested for i t s  concurrent validity a s  a measure of  

reading comprehens ion of non-nat iv e  speakers o f  English , i t  is generally 

applied t o  general English reading materials . When the cloze technique 

is used in the present study - to measure unders tanding o f  s cientific  

reading passages , i t  seems necessary to provide evidence a s  to whether it 

is also  a valid measure of  specif i c  reading comprehension of EST reading 

materials . This led to the const ruct ion of  another reading test 

applying the traditional mul tiple-choice technique . 

Good and poor readers ' comprehension of  English complex s truc tures 

encount ered in s cientific t ex t s  i s  a maj or focus of  the present study . 

Accordingly , a test  which measures comprehens ion of  complex s t ructures 

needs t o  b e  dev ised . The aim was to provide information concerning the 

strengths and weaknesses of good and poor readers in understanding complex 

struc tures . The test was cons t ruc ted in a mul tiple-choice format . At this 

point , some doub t might be  raised as to whether the test  does measure 

"comprehension" of  complex s tructures . To provide evidence to support the 

claim that the test measures "reading comprehension" of complex s t ructures , 

another test  which required the subj ects to t ranslate English sentences into 

Thai was constructed . The descrip t ion of the tes t s  follows � 
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Cloz e  Reading Comprehension Test 

The Cloz e  Reading Comprehension Test  was constructed on three passages 

each drawn randomly f rom three science t extbooks used in the first  year 

university level . The cons truc tion of  the t es t ,  the psychometric 

properties of the t e s t  are described in Chapter 3 and 4 .  The t e s t  was 

used to measure Tha i  s cience students ' reading comprehension of scientific  

English passages . I t  was to provide the basis for discriminat ing b e tween 

good and poor readers . 

Mul tipl e - choice Reading Comprehens ion Test 

The Reading Comp�ehension Test with the t raditional mult iple-choice 

format was also constructed . The test was based on the same three reading 

passages used in the Cloze Reading Comprehension Test . The cons truct ion 

of the mUlt iple-choice i t ems and the psychomet r ic properties of the test  

are described in Chapt er 3 and 4 .  The test was used to measure Thai 

science s tudents '  reading comprehension of  s cientific Engl ish passages . 

It served as a cri terion test on which the concurrent val idity o f  the 

Cloze Reading Comprehension Tes t  as a measure o f  speci f ic reading 

comprehension could be b a sed . 

Tes t of  Compr ehens ion of  English Grammat ic al Structures 

The Tes t of Comprehens ion of English Grammatical Structures was 

constructed in a mul t iple-choice format over 4 5  English s entences drawn 

randomly from three  b a s ic univers ity s cience t extbooks . Of thes e  4 5  

sentences , 1 5  sentence s  each were selected t o  represent English 

complement , comparativ e  and relative structures . The selection o f  the 

target sentences , the c onstruction of  the test  items , and the psychometric 

properties of  the t e s t  are described in Chapter 3 and 4 .  The test  was 

used to measure the comprehensib ility levels of English complement ,  

comparative and relat ive s tructures . 

Engl ish-Thai !ranslat ion Tes t  of Comprehension 

of English Grammatical Structures 

The test was composed of  the same 45 target s entences used in the 

Test of  Comprehension of English Grammat ical S t ruc tures . I t  was u s ed to 

measure Thai science s tudent s '  comprehension o f  English complement , 

comparative and relative structures . It  also s erved as a criterion test  

on  which a concurren t  validity o f  the multiple-choice Test of  Engl i sh 



Grammatical S truc tures could be based . 

�J<U English Language Proficiency Test 

The t e s t  was constructed by the Department of  Foreign Languages ,  

Khon Kaen University , in 1 9 74 , ( i )  to asses s first  year university 

s tudents ' Engl ish language proficiency , ( i i )  to place the s t udents into 
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the appropriate English language levels  and ( i i i )  to exempt those students 

who have mas t ered English language skills  f rom the compulsory English 

language course s . The test  of 1 00 items in a mul t iple-choice format is 

composed of three main parts measuring vocab ulary skills , knowledge of 

grammar and reading comprehension skills . 

The test  was adminis t ered t o  the s ubj e c t s  of  the present study by the 

Department of Foreign Languages , Khon Kaen University , at  the b eginning of 

the 1 9 78- 7 9  academic year . The scores from the Vocabulary Sub-test were 

therefore ob tained from the Department .  The scores served as the third 

variable  in the partial correlations carried out to examine if the 

relationship b e tween the grammat ical s t ruc ture s cores and the cloze scores , 

and between, the grammat ical struc ture scores and the mul t iple-choice 

reading s cores was due to its effect . 

Collection of  the Data 

The four t e s t s  were administered in four s eparate periods of approx­

imately two hours each on July 2 2 ,  26 , 30 , 1 9 79 by six lecturers . They 

were monitored by the author who expla ined t he test  inst ructions before 

the administrat ion of each test . 

Full details on the t est administration are given in Chapter 4 .  

Treatment of  the Data 

Test scoring 

The s tudent s '  answers to the Cloz e  Read ing Comprehension Test ( the 

exact word scoring method) , the Multipl e-choi c e  Reading Comprehension Test 

and the Multipl e-choice Test of  English Grammat ical Structures were s cored 

by a fourth year s tudent who applied a p re-determined key . 

The author s cored the answer s  to the Cloze  Reading Comprehension Tes t  

( the acceptab l e  word scoring method) and the Engl ish-Thai Translation Tes t  

o f  English Grammat ical Structures . Finally the SPSS program was used for 



the stat istical analyses on the Burroughs 6 700 a t  Massey University . 

Computation 

Pearson-produc t moment correlation was used for three specific 

purposes : 

(i)  In order to determine the relationship , if any , that exis ted 

between reading comprehens ion of s cientific English passages 

and comprehension of Engl ish grammatical structures , Pearson­

product moment correlations b e tween the cloze s cores and the 

grammatical s t ructure s cores were computed . 

(ii)  To determine the concurrent validity of  the C loze  Reading 

Comprehension Tes t ,  P earson-product moment correlations 

between the cloze scores and the mul t iple-choice reading 

comprehension s co res were also used . 

( iii) To determine the concurrent validity of  the Mul tiple-cho i ce 

Test o f  Engl ish Grammat ical S truc tures measuring non-nat ive 

English science s tuden t s ' comprehension of Engl ish grammatica l  

structures , Pearson-product moment correlations between the 

multiple-cho ice grammat ical s truc ture scores and the trans­

lation scores were computed . 

83  

Part ial correlat ions were carried out t o  examine i f  the relati onship 

between the grammatical s tructure s cores and the cloze s cores , and b e tween 

the grammat ical struc ture scores and the mul t iple-choice reading 

comprehension scores was due to the effect of the third variab le - the 

knowledge of word meanings .  

To determine the degree of s imilarity between t�e rankings of the 

comprehensibility levels of  15  Engl ish struc tures for good and poor 

readers , a rank order correlation was computed . 

To determine whe ther there was a s igni ficant difference in the 

comprehensibility levels of  three types of English complex s tructures' and in 

the comprehens ibility l evels o f  f iv e  manifestations of compl ements , 

comparatives and relat ive s , taken s eparately , s ingle-factor analyses o f  

variance with repeated measures were carried out . 

T-tests  were used t o  determine i f  there were any s ignificant d i f ferences 

between males and females ' mean s cores on (i)  the Test o f  English 



Grammatical Structures , ( ii )  the Cloz e  Reading Comprehension Tes t ,  

( iii ) the Mul t iple-choice Reading Comprehens ion Test , and ( iv )  the KKU 

Vocabulary Sub-tes t .  

Summary 

The present study was designed t o  inves t igate the rela tionship 

b etween Thai science students ' reading comprehens ion of longer passages 
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o f  scientific English and their comprehens ion of  English complex s t ructures . 

This was to test  that it  is important  for non-native English readers to 

possess syntactic informat ion in order for the printed message t o  b ecome 

meaningful to them . 

The Cloze Reading Comprehension Test  was used to measure Thai science 

students ' reading comprehension of scientific  English reading passages . 

In order to provide evidence of  the concurrent validity o f  the Cloz e  Test 

as a measure of  spe c ific reading comprehension ,  a tradi tional reading 

comprehens ion tes t was also constructed . P earson-product moment correlations 

between the cloze  s cores and the mul t iple-choice reading comprehension 

s cores were computed . 

Differences in reading ability , a mat ter of  int erest in this study , 

were determined on the b asis of cloze r eading s cores . 

In the course  o f  investigating good and poor readers ' compr ehension 

of English complex s truc tures , s ingle-factor analyses of  variance with 

repeated measures were computed to see i f  ( i )  there were any significant 

differences between English complement s , comparatives and relatives , and 

( ii)  there were any s ignificant diff er ences in five manifestations of 

complement ,  relative and comparative s truct ures taken separat ely , for 

b o th good and poor r eaders . . 

A Spearman rank-order correlation was also comput ed to see if  there 

was a degree of s imilarity between the rankings of the comprehensibility 

l evels of  1 5  Engl ish structures for good and poor readers . 



CHAPTER 3 

TEST CONSTRUCTION 

In this chapter , the four tests developed for the present s tudy are 

describ ed in terms o f  their construct ion and their final test  forms . 

Cons truc t ion o f  the Cloze Reading Comprehens ion Test 

The test  was constructed t o  measure Thai science students '  reading 

comprehension of  s cien t i f i c  English passages and to provide informa t ion 

about good and poor r eaders of s cienti f ic English . 

Selection of  the Sample Passages 
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The samples o f  prose mater ial used as test  passages were selected on 

the following criteria : ( i )  Pas sages should be  r epresentative of  the kinds 

of material which the sub j ects would be expec t ed to use in their first  

year academic s cience courses . For example , f ir s t  year science s tudents 

should be tested on s amples taken from the text ma terials in current use 

in their first year s c ience courses in Phys ics  or Biology . ( ii )  The s ample 

pas sage should be a self-conta ined meaningful pas sage . ( i i i )  The sample  

passage should be long enough to provide a reliable measure of  a s t udent ' s  

performance but no t long enough to introduce a significant fat igue factor . 

( iv )  The s ample passages should not have been read recently enough for  

rote  memory to influence the  student ' s  word cho ices . 

The heads o f  the Department o f  Physics , Biology and Chemis try in the 

Faculty o f  Science , Khon Kaen University ,  were consulted as to the 

representativeness o f  b o th the science textb ooks used a t  the f irst  year 

level and the sample  passages selected from them .  Let ters were sent a sking 

each Depar tment Head t o  provide a list  of s cience textbooks used a t  the 

first year level . Each was also asked to suggest the mos t  important  t ext 

whi ch he/ she thought covered the content of  the course and whi ch he/ she 

expected the s tudents to u se . Their answers revealed tha t the following 

science textbooks wer e  common to f irst  year s cience s tudents from a l l  

faculties included in this study � 



(i)  Weis z , Paul B .  The science of B iology .  New York : 

McGraw-Hill  Book Company , 19 7 1 . 

(ii )  Alons o , M .  and Finn , E . J .  Phys ics . Addison-Wes ley 

Pub l i sh ing Company , Inc . , 1 9 7 2 . 

(iii)  Kice , John L . , and Marvell , E . N .  Modern princ iple s  o f  organic 

chemi s t ry - an introduct ion . New York : MacMil lan Publishing 

Company , Inc . , 1974 . 
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A sample pas sage was taken from each t extbook . A tab le of  random 

numbers was init ially used to select the sample passages . Any s ample 

passages whi ch met all of  the above criteria was adopted as the tes t 

passages . To i l lustra t e ,  for the selection of  the passage on "Molecular 

Diffusion" f rom the Physics t ext , the author chose at  random from a Tab l e  

of  Random Numbers , three columns , ( in this case 4 ,  5 ,  6 )  t o  ob tain a s eries 

of numbers 7 9 3  246  3 2 7  282  578 . These numbers served as the page numbers 

of the Phys i c s  t ex t . Page numb er 79 3 was found to  b e  unsui tab le because 

the text covered only page 2 to  page 7 35 . The author next looked up the 

page 246 . The pas sage was not a self-contained meaningful passage so i t  

was rej ected . Page number 3 2 7  was next cons idered . I t  was also rej ected 

because there was no r eading passage on that page . The author then moved 

on to page 2 8 2 . Here the passage was found to b e  a self-contained 

meaningful passage and long enough to provide a reliabl e  measure . The 

head of the Phys ics  Department confirmed that the passage had not b een 

recently read by f irs t year science s tudents . 

The three tes t passages selec t ed for the Cloze Reading Comprehension 

Test were : 

( i )  "Para s i t ic Reproduction" from Weisz , Paul B .  The s c ience 

of Biology, p . 108 . 

(ii )  "Molecular Diffusion" from Alonso and F inn . Phys i c s , p . 282 . 

( iii)  "Covalent Bonds " from Kice and Marvell . Modern principles of 

organi c  chemis t ry - an intro duc tion , p . 6  ( see App end ix A) . 

Construction o f  Cloze I t ems 

In ligh t  o f  the results  of the s t udies on cloze procedure reviewed 

in Chapter 1 ,  the author made the following decisions with regard to  the 

use of the c lo z e  p rocedure to measure the s tudents ' reading comprehens ion : 



( i )  Every seventh word  including both s tructural and lexical 

words , starting from the f irst  sentence of the second 

paragraph of each passage , was del e t ed . This  decision was 

made  as a resul t of a firs t pilot t es t ing of the cloze 

procedure involving four Thai postgraduat e  s cience s tudents 

studying at  Massey Univers i ty , New Zealand , on July 8,  1 9 78 .  

The result indicated that the passage in which every fifth 

word was deleted caused more fatigue and dif f iculty than 

the same passage in which every seventh word was deleted . 

( i i )  Specif ic scienti f ic terminology "covalent bond " ,  which 

appeared on l ines 18-19  of the passage "Covalent Bonds" , 

and the number of the f igure "Fig . 1 4 . 1 " whi ch appeared 

in the passage "Molecular Diffusion" on line 20 were no t 

deleted . 

( iii )  A s t andard underlined blank ( 1 0  typewri t er spaces )  was 

irtserted for each word deleted . 

( iv )  Concerning the number of i t ems in a cloze  t es t ,  such 

considerat ions as test  t ime , fatigue , and test  reliab ility 

were cons idered . As previous s tudies indicated , a cloze 

t e s t  containing about 50 i t ems gave a satisfactory degree 

of reliab ility ( Bo rmu th , 1 9 6 5 ; Taylor , 1 9 56 ) . Selecting 

one long passage from one science t ex t  which contained 

50  items would suit  the requirement . However the purpose 

in construct ing the t es t  was to measure s t udents ' reading 

comprehens ion of s ci ence passages in three different 

s cience areas . An effort was thus mad e  to  cons truct 

30 cloze i tems for each of the three passages . This 

resul ted in a cloze test wi th 90 del e t ed items . 

Pilot Tes t ing I I  
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The purpose of  the second pilot  t e s t ing was t o  ob tain information on 

two cloze  scoring procedures (an exac t  word scoring procedure and 

an acceptab l e  word s coring procedure ) ,  to check the t es t  ins tructions , to 

f ind out the reliab ility o f  the tes t  and the t ime taken to c omplete it . 

Tes t  sample 

Six ty ,  f irst  year science s tudents from Mahidol and Kasetsart 

Universi t ies , Bangkok took part in the pilot t es t ing on Feb ruary 1 0  and 
----

1 5 , 1 979 . S t udents  from b o th Univers i t ies were chosen as representative 



of the kinds o f  subj ects  of  the present study . Choosing only medical 

students from Mahidol University would have introduced a distort ion for , 
--

on the basis of  the university  entrance examination , they are known t o  

b e  academically more  abl e .  Choosing only s tudents from Kasetsart 

University would also have int roduced a dis tortion as they did no t fully 

c�ver the subj ect range of the s tuden t s  in the main s tudy (medic ine , 
-

science , agricu l ture , nurs·ing and education ) . The 60 s tuden t s  were paid 

volunteers . 

Test adminis tration 
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The Cloze Reading Comprehens ion Test of  9 0  items was adminis tered 

twice ,  first to  a group of  27  s t udent s at Kasetsart University  on February 

l a ,  1979 , second to  a group of  33  s t udents at  Mahidol Univer s i ty on 

February 1 5 , 1 9 79 . The test  was adminis tered exactly the s ame way to  the 

two groups . Each s t udent was g iv en a t est b ooklet and an answer sheet . 

The author explained in detail how to do the test , recording i t  in order 

to revise i t ,  if necess ary , for the f inal t es ting . There  was no t ime 

limi t set for the t e s t  s o  that the t ime needed to comple t e  it could be 

gauged and to make sure that all blanks were completed s o  that the key 

to the accep tabl e  words could be made . The students were encouraged to 

do the t e s t  the best way they could . 

Scoring procedure 

The s tudents '  answers to the test  were hand · scored by the author 

using two dif ferent procedures . The first employed the exac t  word 

scoring procedure where each exa c t  replacement of a dele t ed word was given 

one mark . Incorrect spelling was no t penali zed as long as the word was 

recognizab l e .  The s econd applied the acceptab l e  word scoring procedur e . 

For the lat t er , the researcher first  prepared a list o f  a l l  pos s ib le 

responses based on the result of  the pilot testing . Then two native 

speakers of  English , a scient i s t  and a teacher of  English a s  a foreign 

language , were c onsult ed . This  was to  ensure that all response s  wer e  

contex tually acceptab le and were a l s o  gramma t ically correct .  By applying 

this procedure , each exa c t  replacement of  a deleted word and each r esponse 

that was contextually accep tab l e  was given one mark . · Again incorrect  

spelling was not pena l ized as long as the word was recogniz ab l e . 



Results 

The result s  o f  the exact and acceptable word scoring procedures to 

the data collected from the 60 s tudents  are presented in Tab les 5 and 6 .  

Table 5 

Cloz e  Test (Exact  Word Scoring) :  Basic Statistics 

Test Vari ab l e  

Cloze Tes t  ( exact word 
scoring)  

(n = 9 0  i t ems ) 

N 

60  

Mean Median Range 

34 . 56 3 7  8-6 2 

The Kuder- Richardson 20 reliability o f  the test  was . 86 .  

Table 6 

Clo ze Test  (Acceptabl e  Word Scoring) : Basic Statistics 

Test  Variable 

Cloze Test (acceptable 
word s coring) 

(n = 90 items ) 

N 

60  

Mean Median Range 

4 3 . 43 45 10-70 

The Kuder-Richardson 20 reliability o f  the t es t  was . 88 .  

SD 

9 . 28 

SD 

l 3 . 4 2 
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On the basis  of the result s , the test  was taken to be reliab l e .  I t  

could dist inguish s tudents whos e ab ility in reading comprehension was 

good from those whose reading abi l i ty was poor . The t es t  was therefore 

accepted  for u s e  unmod ified in the main s tudy . I t  was composed of  three 

scienti f ic English reading passages , each with 30 cloze  i t ems (see 

Append ix A ) . 
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Const ruc t ion o f  t h e  Mult iple-choice Reading Comprehens ion Test  

The purpose of the test  was to  measure Thai science s tuden t s ' reading 

comprehension of scien t if ic English passages . It was aimed to be used as 

a criterion test  so that the Cloze Reading Comprehension Test could b e  

tested for i t s  concurrent val idity . 

Selection o f  the Test Passages 

The s ample passages used in this test  were  the same as in the Cloze  

Reading Comprehension Tes t .  See page 8 6 .  

Cons truction of  the Mul t iple-choice I t ems 

Six comprehension skills normally lis ted in the cloze val idity 

s tudies as measures o f  specific reading comprehension (Anderson , 1 9 76 ; 

Borrnuth , 1 9 6 7 ; Rankin & Culhane , 1 9 6 9 )  were  adopt ed for the present s t udy . 

They were : knowledge of  vocabulary used in the passage ; knowl edge of  

stated fact s ; ab ility to  perceive causal rela t ionships ; ab ility to  grasp 

the organization of a pas sage ; ab ility to make inferences and ability  to 

identify the main idea . 

The number of  the t e s t  i t ems devot ed to  each skill  is s ta ted in 

the table  of specification (Table 7 ) . 

For t es t ing the firs t o f  these ( th e  knowledge o f  vocabulary used 

in the passage ) , 14  vocab ulary test i t ems were originally cons tructed f rom 

each passage .  The select ion o f  the test  words was made on the basis  o f  

Wes t ' s  A General Service List  o f  English Words ( 19 5 3 ) . In the passage , 

each test word was underlined and assigned a number .  The purpose  was 

to help the s t udent easily identify the test word in the tes t booklet and 

i t s  context in the passage . In the test  b ookle t , each test  word  was 

provided with four mult iple-choice responses , one of which was the righ t  

o r  best meaning of  the t e s t  wo rd . Cons iderable effort was made i n  the 

present s tudy to  construct effective mul tiple-choice responses in accord 

with authorities on language testing ( Harris , 1 9 6 9 ; Hea ton , 1 9 7 5 ; Lado , 

1 96 1 ; Smith , 1 9 70 ; Valet t e ,  1 9 6 7 )  namely : 

1 .  All choices should fulfil  the same grammat ical func tion as the 

problem word or phrase .  For example , a verb should have verb 

dis t ractors : 



Table 7 

Comprehension Specifications 

Six Comprehens ion Skills 

Know Know Under- Be able Under- Identify Total 
Reading Passage vocabulary stated s tand to make s tand the main number 

facts causal inferences the idea of 
relation- organ- items 
ships isation 

o f  the 
passage 

Molecular Diffusion 8 4 3 2 2 1 20 

Covalent Bonds 8 4 3 2 2 1 20 

Parasi t ic 
Repro duction 8 4 3 2 2 1 20  

Total  number 
of  i t ems 24 1 2  9 6 6 3 60 

Percent of  items 40 20 15 1 0  10  5 



to acguire : * (a)  to get 

(b) to attend 

( c )  to add 

(d )  to  give 

(Covalent Bonds - Item23 ) 

2 .  The choi ces in each i t em should be approx imately the same l ength 

or b e  paried by length , 

e . g .  diffuse (a)  occur 

* (b ) spread 

( c )  expand 

( d )  reduce 
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(Molecular Diffus ion - Item43 ) 

or  part i tion (a) 

(b ) 

( c )  

* (d)  

space 

remaining subs tance 

vessel 

dividing wal l  

(Mo lecular Diffusion - Item46 ) 

3 .  All choices should b e  on approx imately the same l evel o f  difficulty . 

This  was controlled  b y  us ing : 

( i )  the frequency of occurrence a s  tabulat ed i n  Wes t ' s  

A General S ervic e  Lis t of English Words ( 1 9 5 3 )  as 

a guideline for the l evel of difficulty , 

e . g .  involved * (a)  concerned 

(b ) provided 

( c )  needed 

(d )  added 

(Covalent Bonds - Item 22 )  

The frequency of occurrence o f  these four words were  3 5 3 ,  

4 79 , 6 8 2  and 4 1 7  respectively . It  should b e  emphasized 

here that the frequency of occurrence was no t regarded as 

the only important  factor for j udging the .difficulty o f  

multiple-choice responses . 



( i i )  the author ' s  j udgement based o n  10 years o f  

experience a s  a language teacher o f  Thai 

s cience s tudents , 

( iii )  the j udgements o f  two language specialis ts . 
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4 .  Al l choices should b e  made plausible and attractive to studen ts who 

lack the knowledge tested b y  the item .  To achieve this task , o ther 

criteria were also applied in this study : 

( i )  Whenever possible , all  choices should b e  relat ed to the 

same general area or kind of activit�, 

e . g .  matures (a) increases 

* (b ) develops 

(c) produces 

(d) lives 

( Paras itic  Reproduction - Item 8) 

Her e  all four choices belong to the s ame general area of "living 

or g rowing" 

( i i )  Whenever pos sible , one choice should b e  opposi t e  in meaning 

to the test word , 

e . g .  encapsulates 

The d is tractor is (a) . 

(a) 

(b ) 

( c )  

* (d)  

b reaks a capsule 

leaves a capsule 

diges t s  a capsule 

builds a capsule 

( Parasitic  Reproduc tion - Item 7 )  

(iii)  In case s  where the t e s t  word has  s everal meanings , one or two 

choices should be  devised from �ther con t extual meanings o f  

the same word , 

e . g .  manner (a)  cus tom 

(b ) appearance 

* ( c )  way 

(d)  b ehavior 

( Covalent Bonds - Item 24 )  



( iv )  Whenever possib l e ,  one choice should be  a context-induced 

distractor . Tha t i s , i t  should fit  the contex t  although 

it does no t have the same meaning as the test  word , 

e . g .  eventually (a) certainly 

(b ) usually 

( c )  possibly 

* (d )  finally 
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(Molecular Diffus ion - I t em44 ) 

The con text where the word "eventually" appears was like this , 

"The sugar dissolves gradually , but at the s ame t ime the 

d issolved sugar molecules dif fuse through the wa ter , and 

eventually are dis t ributed throughout the wat er . " 

Here the dis tractors ( a ) , ( b ) , (c )  were context-induced dis tractors . 

They f i t  the context 

"The dissolved sugar molecules 

throughout the water . "  

are dis tributed 
------

For testing the other f iv e  comprehension skills , 1 6  multiple-choice 

items were o riginally constru c t ed for each passage . Out of thes e  16 

items , six were designed to test knowledge of s tated fac t s , four to test 

ability to p erceive causal relationships , three to test  abi lity to make 

inferences , two to test  ability to grasp the organisat ion of a passage , 

and one to test ability to identify  the main idea of a passage . 

The content o f  each passage was first "mapped" (Hanf , 1 9 7 1 )  t o  

establi sh main ideas , secondary categories and supporting detail s . 

Figure 1 "mapped" the ideas o f  "parasitic reproduction" , while Figures 2 
and 3 "mapped" those of  "molecular diffusion" and "covalent bond s "  

respectively . This was designed t o  facilitate the preparat ion o f  quest ions . 

Examples of  the ques t ion types for  testing these five c omprehension 

skills f o llow : 

( i )  To test the knowledge of  s tated facts 

e . g .  Wha t  happens a f t er we remove the partition? 

(Molecular Dif fusion - I t em 52 ) 



( ii )  To test the ab ility to perceive causal relationships 

e . g .  Why can ' t  a tapeworm egg t rans fer directly from 

one human hos t  to another human hos t ?  
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(Parasitic  Reproduct ion - I t em 1 4 )  

(iii)  To test the ab ility to make inferences 

e . g .  Wha t  is  the writer ' s  purpos e  in g iving us  

examples in  the passage? 

(Nolecular Diffus ion - Item 56 )  
( iv )  To test the abi l ity t o  g rasp the organisation of  the passage 

e . g .  How did the writ er explain the concept of  "molecular 

dif fusion" ? 

(Molecular Diffus ion - Item 58 ) 

(v)  To test the ability to identify the main idea 

e . g .  Which is the main idea of  the passage? 

The construct ion of  the item s t ems and the multiple-choice responses 

was made in accordance with the following genera l criteria: 

( i )  Each item should begin with either a s tem question or 

incomplete statement to which a reasonab ly adequate 

answer or completion can be given conc isely and for 

which plausible wrong answers can b e  f ound . 

( ii )  Each item should be independent of  all  others . Using 

related items in which the answer to one may unwittingly 

solve ano ther should be avoided . 

(iii ) Each item shoul d  not b e  capab le of  b eing answered from 

the reader� gen eral knowledge , without reference to 

the passage . 

(iv )  Each o f  the mult iple-choice responses should b e  

appropriate t o  the ques t ion asked o r  implied b y  the 

item stem .  

(v) All multiple-choice responses should b e  parallel in 

grammatical s tructure , in type of content , in length 

and in compl exit y .  



ACTIVE TRANSFER 

LifeLYc1e 
stage involved 
( free-living , 

mo tile)  

PARAS ITIC REPRODUCTION 

PASSIVE TRANSFER 

Life cycle � tlpeS�lus tration of  
s tage inVOlved / .� the life-cycle of 

(non-motile)  � a tapeworm 

wind water intermediate 
hos t  

Figure 1 .  Map of  the main idea , secondary and supporting details o f  

the passage from the Biology text , "Parasitic Reproduc tion" . 



MOLECULAR DIFFUS ION I 

ILLUSTRATION OF THE DIFFUSION PROCESS TWO CHARACTERISTICS OF THE D IFFUS ION PROCESS 

/ 
the opening the placing the removal the condition which 
o f  a bottle of a sugar of the causes the diffus ion 
of  p erfume cub e  in a partition to occur 

glass o f  which separated 
water two gases 

Figure 2 .  Map of  the main idea , secondary and supporting details o f  

the passage from the Phys ics text , "Molecular Diffus ion" . 

the direction o f  
the dif fusion 



COVALENT BONDS 

SU ITABLE CONDITIONS 
FOR COVALENT BONDS 

TO OCCUR 

DEFINITION LLLUSTRATIONS OF THE CONCEPT 

I �  
'The two atoms 

involved do not 
differ greatly 

in electronegat ivity 

One of the two 
a toms concerned 

is an element 
near the c enter 
o f  the periodic 

table 

Hydrogen gas , 
H2 

Figure 3 .  Map o f  the main idea , secondary and suppor ting details of  

the passage from the Organic Chemis try text , "Covalent Bonds" .  

Methane gas , 
CH4 



For cons truct ing the plausible distractors , this s tudy followed 

Schlesinger and Weiser ' s  ( 1 9 70)  concept of s trengthening the relation­

ship between the test i t em and the text on which i t  is bas ed . 

Schlesin ger and Weiser different iate between three bas ic categories 

o f  d istractor statements as follows : 

( i )  The distractor statement "agrees with informat ion which 

is either explicit  or implicit in the text , but is not 

an acceptab le answer in the light of the correct choices . "  

( ii )  There is "no informat ion in the t ext whi ch is relevant 

to the dis tractor statement . "  

( iii )  The distrac tor s tatement "contradic t s  what is said 

either explicitly or implicitly in the t ext . "  

The way in which these principles for dis  tractors were applied i s  

i l lustra ted b elow .  The item and i t s  alternat ive answers are featured 

f irs t .  

Item 3 4  ( Covalent Bonds ) : 

Why is carb on r eferred to in the f ir s t  paragraph ? 

* (a)  To illustrate that a complete  t rans fer o f  an electron 

from one atom to another is not  a suitab le way for 

carbon to acquire a rare gas configuration . 

(b ) To illustrate that the electronegativity of  carbon 

is grea t . 

( c )  To illustrate that carbon forms four covalent bonds 

through the sharing of four electron pairs with 

other atoms . 

(d )  To illustrate that a process of  electron sharing 

is no t favorab le for carbon to achieve f illed 

outer shel l s . 
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Dis tractor s tatemen t  ( c )  has  been mad e  explicitly in  the  text ( see 

Appendix B on page 255 
"
l ines 2 7-29), however i t  is not an appropriat e  

answer . Dis tractor statement ( d )  i s  contrary t o  wha t  is stated explicitly 

in the t ext ( see Append ix B on page 2 55 lines 1 2- l 3 ) .  As for (b ) ,  the 

t ext has no informat ion which is relevant to thi s  distractor statement . 

MASSEY UNIVERSITY 
LIBRARY 



When the original 9 0  items were construc ted , they were f irst 

reviewed by the author and were then submit ted t o  one native English 

speaking s c ient ist and to two other science l e c turers who were speakers 

o f  Tha i .  The purpose was for the subj ect-matter  experts to  check the 

accuracy and the appropriateness o f  the science content which lay b o th 

1 0 0  

i n  t h e  quest ions and in the response choices . Their comments helped in 

the revision of the test  items at this initial s tage . The revised test  

was next submi t ted to f ive o ther language spec ialists . Three were nat ive 

speakers of  English . The o ther two were nativ e  s peakers o f  Thai . They 

helped in edit ing the t e s t  in terms of the correct use of the language 

and in making j udgement s  o f  the quality of the ques t ions which were aimed 

at tes ting part icular c omprehension skills . 

Pilo t  Testing I 

The purposes o f  the pilot testing were ( i )  to  test  reliability , 

(ii ) to check the accuracy o f  the ins tructions and (iii)  to  improve the 

quality o f  the test items by  item analysis . 

The 54  first year science students from Mahidol and Kasetsart 

Universities , Bangkok who t ook part in the Cloz e  Reading Comprehension 

Tes t  unde rtook this p ilot  t esting also . 

Tes t  administration 

The test o f  90 i t ems in a multiple-choice format was a dministered 

twice , f ir s t  to  the 22 s tudents a t  Kasetsart University on February 1 7 ,  

1 9 7 9 , second to the 3 2  s tudents 'a t Mahidol University on February , 2 2 , 

1 9 7 9 . The test was a dminis tered exactly the s ame way t o  b o th groups . 

Each student was given a test b ookle t  and an answer shee t . The author 

explained in detail on how to do the test and made sure that everybody 

understood i t . There  was no time limit set  for the s tudents to comple t e  

the test . This was to  ensure that a l l  test i t ems were comple t ed by a l l . 

Scoring pro cedure 

The s tudent answers to the test  were hand s co red by  the author using 

the key t o  the correct  answer which was prepared in advance . Each 

correct answer was giv en one mark . 



Resul ts  

The results  of  the t e s t  administered to  the  5 4  first  year science 

s tudents  are pres ented in Tabl� � B .  

Tabl e  B 

Mult iple-choice Reading Comptehensiort Tes t : Basic Statis tics 

Test Variable 

Mult iple-choice Reading 
Comprehension Test 

(n = 9 0  items ) 

Pilot Test ing I 

N Mean Median 

5 4  6 1 . 8 6 2 . 5  

The Kuder-Richardson 2 0  reliability was . 7 8 .  

Range SD 

40-B1 B . 1  

1 0 1  

To improve the quali ty o f  the test , the high-low 2 7  percent method 

of item analys is was carried out . The difficulty indices and the 

discrimination indices of the test  items were ob tained from Chung-Teh 

Fan ' s  Item Analysis Tabl e  ( 19 5 2 ) . The following item s tatistic s  o f  the 

test resulted : 

(i)  The item difficul t ies ranged from -,. 2 7  to . 99 .  Thirty-two 

items had difficu l ty indices of greater than . BO .  Fifty-

s ix items had d i ff iculty  indices in the range of . 20 to . 80 .  

Two items had d i ff iculty indices of less  than . 20 .  

(ii) ' The item discrimina tion indices ranged from . 00 to . 76 .  

I t  was foun d  that 1 1  i tems had coef ficients great er than 

. 40 .  Forty-one items had discrimination indices in the 

range of . 20 to . 40 .  Thirty-eigh t i t ems had coefficients  

o f  l ess  than . 20 .  

To improve the quality o f  the tes t ,  thos e  items which had discrim­

ination indices of less  than . 40 were either rej ected or revised . I t ems 

having a validity index at . 40 and up were cons idered good (Ebel , 1 9 79 , 

p . 26 7 ) . 
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As a result of this pilot testing , a revised  test of  three 

reading p assages was const ructed containing 24 vocabulary items , 12 fact 

items , nine items for relationships , s ix items for each of  inferences 

and o rgan i zation of  the p assages and three main ideas , an equal number 

of each t ype of item from each passage . 

Pilot Tes t ing I I  

The purposes o f  the s econd pilot testing were : 

( i )  to t e s t  reliab ility and (ii )  t o  improve the quality of  the 

test  by item analys is . 

Test sample 

The s ample used in the second pilot  t es t ing consisted of  1 24 f irs t 

year science students  from Chiengmai Univers i ty . They were chosen b ecause 

they had science knowledge backgrounds and English language backgrounds 

similar t o  science s tudents at Khon Kaen University ( the subj ects o f  

the present s tudy) and b ecause they were acce s s ib l e  and co-operative . 

These  1 24 students were f rom the faculties o f  Pharmacy , Technical 

Medic ine , Science , Nursing and Education (maj o r ing in science ) .  They 

were all paid volunteer s . 

Tes t administration 

The revised test of  reading comprehension was adminis t ered to a group 

of  1 24 s cience students  in an afternoon session on June 30 , 1 9 79 . 

Before the test was t aken , three lec turers to b e  used as proctors me t 

with the author so that the test instruct ions c ould b e  made clear . 

The students were placed into two s eparate rooms , with two proctors in 

one and the author and one proctor in ano ther . Each s tudent was given 

a t est b ooklet with an answer sheet . There was no t ime limit set for  

the students to complete  the tests so that the amount of t ime taken to 

complete the whole test could be  gauged and t o  ensure that all items 

were completed . 

Scoring procedure 

The students ' answers to the 60 t est  items were hand s cored by the 

author , using the key prepared in advance . Each correct answer was 

given one mark . 



Results  

The results of the  test  administered to the  1 24 science studen t s  

a t  Chiengmai University are presented in Tab le 9 .  

Tab le  9 

Mult iple-choice Reading Comprehens ion Tes t : Basic Statist ics 

Test Variable 

Mult iple-choi ce Reading 
Comprehens ion Test 

(n  = 60  items ) 

P ilot Test ing II 

N Mean Median 

1 24 29 . 6  29 . 5  

The Kuder-Richardson 2 0  reliability was . 80 .  

Range SD 

1 2-56 8 . 16  

1 03 

The high-low 2 7  percen t  method of  item analysis was applied to improve 

the quali ty of the t es t . The difficulty indices and the discriminat ion 

indices of the 60 test items were ob tained from Chung-Teh Fan ' s  Item 

Analysis Table ( 1952) . The following item s tatis tics of the test in the 

second pilot testing resul t ed : 

(i)  The item diff iculties ranged from . 19 to . 84 .  Two items 

had indices of greater than . 80 .  Two items had indices 

of less than . 20 .  

( ii)  The item dis criminat ion indices ranged from . 00 to . 72 .  

Sixteen items had coeff i cient greater than . 40 .  Thirty 

items had discrimination indices in the range of  . 20 to . 40 .  

Fourteen items had coe f f icients o f  less  than . 1 9 .  

As those items which discriminated poorly between high and low 

achievers , measured the obj ectives specified in the test specificati on in 

the planning s tage , they were kep t  for revision and none were omit t e d .  

An examina t ion of  the test  i t ems was made f o r  the possib le presence o f  

ambiguity , clues and other t echnical defects .  Then the revised items 

were retained in the f inal t es t . 



The Mul t iple -cho ice Reading Comprehens ion t es t ,  in its  final form ,  

was thus composed o f  three reading passages o f  s cientific Engl ish , each 

with 20 t es t  items ( see Appendix B ) . It was finally administered to 

the subj e c t s  of the present  study on July 26 , 1 9 79 . 

Construction o f  the Test of  English Grammat ical Structures 

1 04 

The purpose of  the test  was to measure Thai science s tudent l evels 

of  compr eh ensib ility of  fiv e  Engl ish complement , five Engl ish comparative 

and five Engl ish rela tive s tructures . These were represented by 4 5  

sent ence s  drawn randomly from three basic university science textbooks . 

Selection of · the 1 5  English Grammat ical Structures 

In the present s tudy , three gramma tical areas were first selected 

from Lee ' s  ( 1 9 7 5 )  classification of  l inguis tic  f eatures in scientific 

Engl ish . The r easons for using Lee ' s  method o f  classif ication wer e  as 

follows . Firstly , Lee ' s  study was concerned with the description of  

the linguistic charact eris t ics o f  English for Science and Technology ( EST ) 

-- the kind o f  English language of  interest to the present s tudy . 

Secondly , his s tudy a t t empt ed to invest igat e  through a detailed l inguistic  

analysis the  relationship between syntax and  the  reading comprehension 

skills r equired in the usage of  scient i fic English . The Lee s tudy thus 

has provided data on the frequency of occurrences of English s tructures 

from whi ch the selec tion of part icular s t ructures unde r  investigation in 

the present s tudy could be made . Thirdly , the corpus in Lee ' s  study was 

based particularly on basic univers i ty science t extbooks . The level o f  

the textbooks was the same a s  that of the t extbooks whi ch the present  

study a t t empted to inves tigate . Fourthly , Lee ' s  classification of  

Engl ish grammat ical s t ructures incorporated bo th a gramma tical framework 

and a rhe torical framework . Such a detailed c lassification was direct ly 

relevant to the aims o f  the present s tudy . 

One o f  the purposes o f  Lee ' s  s tudy was to give as accurately as 

poss ib l e  a picture of the English language used in science t extbooks . 

Thus he included in his classification of  l inguistic f eatures , nine 

grammatical areas of the English language syst em :  mood , voice , basic 

structures , modal i ty , complementation , relat ivization , c omparison , 

adj unct ion and coordination . The first four grammat ical areas (mood , 

voic e ,  basic s tructures and modality) were concerned with s imple  or basic 

sentenc e s . The o ther f ive grammatical areas dealt with " comp lex" 

sentenc e s . 
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The present study was undertaken to inves tigate three grammatical 

areas of  the complex s entence type -- complementation,  relativizat ion and 

comparison . The reasons for selecting these part icular types of complex 

sent ences have b een s ta ted elsewhere (see Chapter 2 ) . Within each of  

these three grammatical area s , fiv e  English grammatical s tructures were 

then selec ted . The selec tion was b ased on Lee ' s  data on the occurrences 

of English grammatical s truc tures found in his corpus . The procedures for  

the selection o f  15  English grammatical structures will b e  described in  

detail in  the following s ect ions . 

Relative cons truct ions in scientific English 

Lee ( 19 75 )  s tudied the syntax and function of relative clauses in 

scientific  English under two separate headings : f inite cons truction 

( restrict ive or non-res tric t ive) and non-finit e  cons truc tion (restric t ive 

or non-restrictive) . Quirk and Greenbaum ( 19 7 3 )  distinguished between the 

two cons truc tions in the following way : 

The finite claus e always contains a subj ect  as well as 

a predicate , excep t in the case of commands , and ellipsis 

. • • •  In contras t ,  non-f�nite claus es can b e  constructed 

without a subj ect ,  and usually are . . .  (p . 3 1 0 )  

The term "res trictive" and "non-restrictive" clauses were described by 

Lester ( 1 9 7 1 )  as follows : 

A res trict ive modifier is one that , together with the noun 

it modifies , makes up a semantic unit different in kind 

from the noun by i tself . A non-restri c t ive modifier is 

one that can be deleted from the sentence without radically 

changing the meaning o f  the whole sentence (p . 22 1 ) . 

Table 1 0  shows the data from Lee ' s  study on the relat ive frequency 

of o ccurrence of finite restric t ive and non-restrictive clauses as wel l as 

that· of non-finite restric t ive and non-res trict ive clauses . I t  reveals 

that in the pas sages he examined , there were 39 1 occurrences of  non-finite  

relatives and 400 occurrences of  finite  relat ives . Among the non-fini t e  

relative constructions , res trict ive clauses were more frequently used 

than non-restrictive clauses  ( 299  occurrences compared with 9 2 ) . Accord­

ingly , non-finite  res trictive c lauses were s elected for the s tudy . For 

the finit e  relative cons truction , restric t iv e  clauses o f  f inite  construct ion 



were more f requently used than non-res tric tive c lauses in the corpus 

( 258 o ccurrences compared with 1 42 ) . Therefore res trict ive clauses o f  

finit e cons truction were selected for the s tudy . 

Tab le 10  

Relativization ( 79 1 )  

Non-finit e  Finite  
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restric t ive non-restrict ive res t ric tive non-restri c t ive 

2 9 9  9 2  2 5 8  1 4 2  

(Lee , 1 9 75 , pp . 1 5 7-8 , 16 1 , 168)  

1 .  Res trictive c lauses of non-finite cons t ruction . Lee ( 19 75 )  

studied non-finite relat ive clauses o n  the basis of  verb s o r  adj ectives 

retained in the surface s tructure . Four types o f  non-finite relative 

claus es were examined :  (i)  to-infinit ive relative , (ii)  participial 

-ing relative , ( iii)  participial -ed/-en relativ e  and ( iv)  verb less 

relat ive . The data from Lee ' s  s tudy reveal that there were 29 occurrences 

of infin i tival relatives , 72 of p articipial -ing relatives , 168 of 

participial  -ed/-en relatives and 30 occurrences of verb less relatives 

in the corpus (see Tab l e  1 1 ) . As parti cipial -ed/-en relatives and 

participial -ing relatives were more frequently used than the o thers , 

they were sele c t ed for investigation in the present  study . 

Table 1 1  

Relative Construct ions : Non-finit e  (Restrict ive) 

to-infinitive -ing -ed/-en verb less Total 

29 7 2  168  30 299 

(Lee , 1 9 7 5 , p . 1 6 8 )  



1 0 7 

2 .  Restrictive claus es of  f inite const ruc tion . In s tudying the 

rest rictiv e  clauses of finite cons truct ion , Lee ( 19 75 )  examined the 

frequency o f  occurrences o f  the relative element s  -- that , which , who (m) , 

whose , where , when and why and their func tions (see Tab le 1 2 ) . The 

occurrence o f  tha t as an adj unct is rare (only 2 occurrences in Lee ' s  

corpus ) , whereas that as an obj ec t occurs to a greater extent into 

1 7  occurrences while tha t as a sub j ec t  occurs frequently (69 occurrenc es ) . 

The relative element , which , occurs most  frequently with subj ect function 

(64  occurrences in Lee ' s  corpus ) . I t  is also fairly common with preposit­

ional complement function (43  o cc urrences) but  rare wi th obj ect complement 

function ( 5  oc currences ) .  Zero-relative functions mainly as an obj ect  

complement ( 26 occurrences ) .  The re is only one occurrence of  z ero­

relative as an adj unct . Relative elements where ,  when , why, which f un c tion 

as an adj unc t were reported to o ccur infrequently (where (9 occurrences ) ;  

why ( 1 ) , and when (3 )  ) .  

Table 1 2  

Relat ive Cons tructions : Finit e  (Restric tive) 

Rel . elements 
zero 

that which who /whom whose rel . pron . where why when 
functions 

subj ect 69 6 4  3 10 0 0 0 0 

complement 1 7  5 0 4 26 0 0 0 

adj unct 2 0 0 0 1 9 1 3 

complement 0 4 3  3 0 0 0 1 0 
to preposition 

Total 88 1 1 2  6 1 4  2 7  9 2 3 

(Lee , 1 9 75 ,  pp . 1 5 7-8)  

The relative pronouns · that (.88 occurrences ) and which ( 1 1 2  o ccurrences ) 

are more frequently used t han the o ther relative pronouns . Accordingly , 

they were included in the presen t  s tudy . The functions o f  these relative 

pronouns -- that and whi ch , were also considered . It  was decided t o  select 

for invest igation the relative pronoun tha t , functioning as a subj e c t , b e cause 



i t  occurs most frequen tly . (69 occurrences) when compared with the 

o ther funct ions . The relative pronoun which , func tioning as a subject  

(64 o c currences)  and as a complement to preposit ion (43  occurrences ) was 

included in the present s tudy ,  for it · i s  more frequently used · than the 

o ther func t ions . 

Accordingly , the following five English grammat ical struc tures o f  

relat ivization b ecame sub j ec t  t o  invest igation i n  the present study : 

1 .  Non-finite ( restrict ive)  participial -ed/ -en relative cons truct ion 

Example : "Calcula t e  the total shear force supported by 

the hinge at A for a load of W = 5 0 , 000 lb in 

the position shown . "  

(Lee , 1 9 75 , p . 1 6 4 )  

(Here , the relative clauses "supported by  the hinge 

at A" and "shown" are reduced f rom "force which is 

supported by the hinge at A" and " in the posit ion 

wh ich i s  shown . " Both relative clauses qualify their 

antecedent nouns "force" and "pos i t ion" respectively . )  

2 .  Non-finite ( r estrictive)  participial -ing relative construction 

Example : " Intramolecular F-C acylation resu l t ing in the closure 

of  f ive- or six-memb ered rings occurs in dilute 

solution in preference to int ermolecular reaction . "  

(Le e ,  1 9 7 5 , p . 1 6 3 )  

(Here , the relative clause '�esul t ing i n  the closure 

of  five- or  s ix-membered rings" i s  r educed from 

"acylation which results  in the closure o f  f ive-

or s ix-membered rings " ) . 
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3 .  F inite (restrict ive)  relative cons truc tion with the relative element 

that as a subj ect 

Example : "Rec tifiers are electrical component s  tha t  have the 

property of passing an electric current in one 

direction much more easily than in the o ther . "  

(Lee , 1 9 7 5 , p . 1 5 2 )  

�n this s entence ,  that replaces the deleted noun 

phrase " electrical components" and takes its  



funct ion which is the sub j ec t  o f  the cons tituent 

sent ence . )  

4 .  Finite  (restric t ive)  relativ e  cons truction wi th the relative 

element which as a subj ect 

Example : "The component of the resultant along the surface is 

the friction force which is always in the direction 

to oppose  the mot ion of  the wedge . "  

(Lee , 1 9 7 5 , p . 1 5 3 )  

(Here , the constituent sentence before emb edding i s  

"the fric t ion force is always i n  the direction to 

oppose  the motion of the wedge . "  The relative 

element which takes the function of the subj ect 

( the friction force) and defines the noun phrase . )  

5 .  Finit e  ( restrictive) relative cons truct ion with the relative 

element which funct ioning as a complement to a preposit ion 

Exampl e : " • . .  the point  determined by the process is 

independent of the order in which the points 

A
l 

A
2 

. . .  A
n 

are j oined . "  

(Lee , 1 9 7 5 , p . 1 5 3 )  

( The cons tituent s entence before embedding is 

" the points A
l 

A
2 

. .  A
n 

are j o ined in the 

order . "  Which replaces the delet ed noun 

phrase "order" and takes the func tion as 

complement to the preposition in . )  

Complement s truc t ures in scient ific English 

A complement is the ob ligatory element that follows the main verb . 

This element may be a word , a phrase , or a clause (Lee , 1 9 7 5 , p . 1 1 7 ) . 

Following the criteria set  f orth by Chomsky ( 1 9 70 ) , Hudson ( 1 9 7 1 ) , 
, 

Kiparsky and Kiparsky ( 1 9 7 0 )  and Ros enbaum ( 1 96 7 ) , Lee examined the 

syntax and func t ion of complement s t ruc tures in scientific English 

under three separate sect ions : 

(i)  Finite compl ement s  as ( a )  sub j ect , (b ) obj ect ; 

( ii) Non-finite complements as (a)  sub j ect , (b ) obj ect 

o c curring with three classes o f  verb s C'pe rsuade" 

" expec t" and "neutral " ) ; 
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(iii )  Gerundive complements after  preposi tions . 

O f  the complement s truc tures in the corpus , Lee ( 19 75 )  found that 

there were 2 8 1  occurrences o f  fini te complement s , 2 7 3  occurrences of 

non-finite complements  and 1 7 1  of  gerundive complements . The data f rom 

Lee ' s  study revealed the relative frequency o f  occurrence of the various 

types of complement s tructures ( s ee Tab le 1 3 ) . 

Table 1 3  

Complementation ( 7 2 5 )  

Finite Non-finite Preposition-governed 

2 8 1  2 7 3  1 7 1  

(Lee , 1 9 7 5 , p . 1 2 7 , 1 34 , 1 36 )  

1 1 0 

1 .  Finite complements . Finite  complements occur either as subj ect  

or obj ec t  o f  the main verb o f  the sentence . Lee  ( 1975)  found that obj ec t  

compl ement s were commoner than s ubject  complements . O f  the 2 8 1  occurrences 

of  finite complement s tructures in the corpus , 243 were obj ect complements 

whereas only 38 were subj e c t  complements . The f inite obj ect and sub j ect 

complements were also examined by Lee ( 19 7 5 )  to see whe ther they were 

declarative or non-declarat ive in form .  The data from Lee ' s  s tudy 

revealed that the f inite obj ec t  complements which were declarative in 

form , occurred more f requen tly than those whi ch were non-declarative 

( 2 1 7  occurrences to 2 6 ) . Accordingly , the finite obj ec t  complement s  which 

were declarative in form were included in the present s tudy . The f inite 

subj ect complements which were declarative were also found to occur more 

frequently than those  which were non-declarative ( 35 occurrences to 3 of 

those  whi ch were non-declarative) .  Therefore the finit e  subj ect complements 

whi ch were declarative were selected for the s tudy (see Table 1 4 ) . 



Tab le 1 4  

�inite Complements 

Obj ect Subj ect 

'declarat ive non-declarative declarative �on-declarative 

2 1 7  26 35 3 

(Lee , 19 75 , p . 1 2 7 )  

2 .  Non-finite compl ements .. Lee ( 1975 )  examined non-finite 

complements  by distinguishing b e t�een those complement s tructures which 

occur wi th the main verbs o f  the "expect"  c lass , and those whi ch occur 

with the main verb s  of the "persuade" class . The complements were also  

examined in terms of  whether the noun following the main verb has  b een 

retained or dele ted from the surface s t ructure . In a sentence like 

I I I  

"I  expected to go out " ,  the subj ect  noun phrase of  the embedded sentence 

"I  go out "  is identical with the s ubj ect noun phrase o f  the main s entence 

"I  exp ected " ,  so it  is deleted . However , in a sentence l ike " I  expected 

Jim to go out " ,  the s ubj e c t  noun phrase  of the emb edded sentence "Jim 

goes out "  is not ident i cal with the subj ect noun phrase of  the main 

sentence "I expected " ,  so it is retained on the surface struc tur e .  

Like the finit e complement s , non-finite  complements  may funct ion 

either as the subj ect  or t he obj e c t  of  the main claus e .  I t  was found in 

Lee ' s  s tudy that obj ect complement s  occurred more frequently than s ubj ect  

complement s  (211  occu�rences of obj ec t  compl ement s as  compared with 59 

occurrences of  subj ect .complement s )  (Lee , 1 9 7 5 , p . 13 4 ) . Accordingly , 

the obj ec t  complement s  were selected for the present s tudy . 

Obj ect complements  may take either a t o-infinit ive phrase or 

a participial phrase . Lee found in his s tudy tha t complements wi th 

partic ipial phrases were rare compared to the complement s  with to­

infinit ive phrases ( see Table 1 5 ) . 



Table 1 5  

Non�finite G omplement s  

Obj ec t  complements  
with t o-infinitive phrases 

2 1 1 

Obj ect complements 
with participial phrases 

3 

(Lee , 1 9 7 5 , p . 1 3 4 )  

1 1 2 

As obj ec t  complement s  with to-infinitive phrases are more frequent ly 

used than tho s e  with part i cipial phrases , they were selected for 

an invest igation in the present study . 

To-infini t ive compl ements were further examined by Lee ( 1 9 7 5 )  

according t o  eight different types of  structures under which they may 

occur . Lee ( 1 9 7 5 )  discussed these eight different types of s truc tures 

on the following basis : 

(i )  whether the subj ect noun phrase o f  a main clause and 

the subj ect noun phrase of an emb edded c lause are 

identical or different from each o ther , 

(ii)  whe ther the subj ect  noun phrase o f  the main c lause 

is deleted from the surface struc ture , 

( iii)  whether the subj ect noun phrase of  the embedded c lause 

is retained or  i s  deleted from the surface s truc ture , 

( iv)  wheth er the to-infinitive obj ect complement o c curs 

after a verb -to b e ,  

(v) whe ther the infinitive performs a n  action o n  the 

obj ec t  noun , 

(vi ) whe ther the mat r ix structure involves the impera t ive 

form l et .  

Lee ( 19 75 )  found the to-infinit ive complements under Type 2 and 5 

str uc tures o ccur mor e  f requently than the o ther types · ( see Table 1 6 ) . 

The to-infinitive complement under Type 2 s t ructure is ident if iable  as 

follows . The s ubj ect noun phrase of  the embedded clause i s  different from 

that of the main claus e .  I t  i s  retained on the surface s t ructure and 
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performs an action of the obj ect noun . In the s tructure of Type 5 ,  the 

subj ect  noun phrase of  the embedded clause is ident ical with tha t of the 

main clau s e .  The subj ect noun phrase  o f  the embedded clause is deleted 

from the surface struc ture . There is an obj ec t  noun after the to­

infinitive . Both types were included in the present study because o f  

their frequency of  oc currence i n  the Lee study . Examples follow . 

Table 16  

Obj ect C omplements with To-inf init ive phrases 

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 7 Type 8 

14 62 1 9  9 45 2 1  7 

(Lee , 1 9 75 , p . 1 3 4 )  

Example ( i ) : The to-inf initive complement ( Type 2 )  

"A given funct ional group was thought t o  exhib it 

essentially the same chemical behavior regardless 

of i t s  immediate s tructural environment . "  

(Lee , 1 9 75 ,  p . 1 30 )  

(Her e ,  the impl ied human a gent o f  the main verb 

in the passive construction "was thought"  has 

been delet ed . The subj ect noun phrase of  the 

embedded c lause ( funct ional group) is not 

identical to the subj ect  noun phrase of the 

main clause "we " ,  thus it has been retained 

on the surface s t ruc ture . I t  is a func t ional 

group whi ch exhibits  the s ame chemical 

behavior . ) 

Example ( ii ) : The to-infinit ive complement ( Type 5 )  

" the increased conductivity  caused by 

a rise  in tempera ture tends t o  swamp the 

impurity conduct ivity ." 

(Lee , 1 9 75 ,  p . 1 30)  

3 4  



( In the above sentence ,  the sub j ect noun phrase 

of the embedded clause " the increased conduc tivity 

swamps the impurity conductivity" i s  identical 

with the subj ect noun phrase of the main clause 

" the increased conductivity t ends . . .  " ,  thus 

it is deleted from the surface s truc ture . The 

verb inf init ive "to swamp" is trans i t ive , and 

allows an obj ect noun after i t . )  

3 .  Preposition-governed complements .  Tab le  1 7  presents the data 

from Lee ' s  corpus on the f requency of occurrences of  the prepositions 

used in s c ientific English . The participial -ing complements fO,ll owing 

a prepos ition were found to occur frequently in s cientific  English 

( 1 7 1  occurrences ) .  The preposi tions which were used in Lee ' s  corpus 

included £y, £,f, in , on/upon ,  for ,  before , a ft er , with and from . 

Table 1 7  

Preposition-governed Complements 

by o f  in on for others Total 

5 1  30 24 2 1  2 0  2 6  1 71 

(Lee , 1 9 7 5 ,  p . 1 36 )  

1 1 4 

On the basis o f  the above data , the preposition £y which occurred 

mos t frequently in the prepos ition-governed complements in Lee ' s  corpus , 

was selected fo� the present s tudy . 

The following f ive English grannnatical s t ructures of  "complementation" 

thus became the ones t o  be  used in the present s tudy : 

1 .  Finit e  obj ec t  complement which is declarative in form 

Example ( i ) : "As before ,  if  x denotes the d isplacement of  
2 2 

the particle , and we neglect x and a , we 

can show that the tension T remains cons tant . "  

(Lee , 1 9 7 5 ,  p . 1 2 1 )  



( In this sentence ,  the finite construc t ion 

funct ions as an obj ect to the declarat ive 

clause with the verb "show" . Here , " i t "  

h a s  been deleted from the surface structur e . ) 

Example (ii) : " I t  should be  recognised that . . .  the terms 

in ( 6x) 2 and (6x) 3 drop out . "  

(Lee , 1 9 7 5 ,  p . 1 21 )  

( In this sent ence , the finite cons truction 

functions as an obj ect to the declarative 

clause wi th the verb "recognise" . However , 

the declarat ive clause i s  passive . With 

the pas s ive construction , it has b een 

retained on the surface s tructure . The 

sentence ( I t  should be recognised that . . .  ) 

i s  actually a pas sive transformation o f  

(We should recognise  i t  that . . .  : ) 

2 .  Finite subj ect complement which i s  declarat ive i n  form 

Example ( i ) : "Tha t a resonance effect is responsible for 

the remainder of  the difference is evident 

from the following arguments . "  

(Lee , 19 75 , p . 1 24 )  

( In this sent ence ,  the finite complement 

functions as a subj ect to the declarat ive 

c lause with the verb "is " .  However , the 

abs tract noun has been deleted from the 

s ubj ect complement . )  

Example ( i i ) : "The fact  that the b ack current is small and 

independent of the backward potential is 

c lear . "  

(Lee , 1 9 7 5 , p . 1 25 )  

( In the above sentence , the f inite complement 

f unc t ions as a subj ect to the declara tive 

c lause with the verb " is " .  The abs trac t  

noun "fac t "  is retained i n  the surface 

s truc t ure . )  

1 1 5 



3 .  To-infinitive complement functioning a s  an object (Type 2 )  

Example : "A given func tional group was · thought � 
exhibit essentially the same chemical 

behavior regardless o f  its immediate 

structural environment . " 

(Lee , 1 9 75 , p . 1 30 )  

(The explanat ion f o r  this struc ture has been 

given earlier ( see page 9 )  ) .  

4 .  To-infinitive complement functioning a s  an objec t  (Type 5 )  

Example : " the incr eased c·onduc tivity caused by 

a rise in t emperature t ends t o  swamp the 

impurity conductivity. " 

(Lee , 1 9 7 5 ,  p . 1 30 )  

(The explanation for this structure has been 

given earlier (see page 9 )  ) .  

5 .  Part icipial -ing obj ect complement following the preposition "by" 

Example : "We can now t ransform the obs ervation from 0
1 

into the obs ervat ion from 0 by eliminat ing 

the primed quantit ies from Eq . ( 5- 1 7) . "  

(Le e ,  1 9 7 5 , p . 1 3 7 )  

( In the above sentenc e , "by" i s  used to introduce 

the -ing obj ect complement . It  has ins trumental 

funct ion and follows an active matrix clause . )  

Comparative constructions in .s c ient ific  Engl ish 

1 1 6 

Lee ( 1 9 7 5 )  studied comparisons according to the form of  the comparative 

element and the expansion i t  took . His classification of  comparat ive 

structur es was based on the works of Smith ( 19 6 1 )  and Pilch ( 19 6 5 )  

( traditional-structural grammar ) ;  Hale  ( 1 9 70 ) , Lees ( 1 96 1 ) ,  and Stanley 

( 1 9 6 9 )  ( transformational g rammar )  and Huddleston ( 196 7 )  ( systemic 

grammar ) . Three areas of comparative s truc tures were formulated in 

Lee ' s  s tudy as follows : 



(i)  Comparison of inequality - with more , less , or -er 

appearing in the matrix clause and than (or than 

deleted) appearing in the constituent claus e ;  

(ii) Comparison of equality - with as or s o  appearing 

in the matrix clause and a second as (or as deleted) 

in the cons tituent clause ; and 

( iii) Comparison of s imilarit ies or differences - with 

the same , s imi lar , different , rather , or other , 

appearing in the matrix clause and the respect ive 

expans ion as , �, from , than (each o f  these may 

b e  deleted) appearing in the cons t i t uent claus e .  

Tab l e  1 8  presents the data o n  the frequency of  occurrence of  the 

comparat ive s tructures o f  inequality , of equality and of s imilarities 

or dif ferences , in Lee ' s  s t udy . 

Similarities/  
Dif ferences 

2 1 6 

Table 1 8  

Comparative Structures ( 5 1 8 )  

Inequal ity 

1 5 3  

Equality Others 

9 0  59 

(Lee , 19 75 , pp . 1 82 , 1 8 7 , 1 89 , 
19 2 ,  1 9 4-5 ) 

1 1 7  

1 .  Comparisons of s imilaritie s  or differences . Comparat ive elements  

such , same and s imilar mark comparisons of  s imilarities ; those of diff erent , 

o ther and rather mark comparisons of differences . Same , s imilar , 

different and o ther have adj ectival function , b ut such and rather 

normally do not .  Lee ( 1 9 7 5 )  explained the fun c tion o f  such and rather 

as follows : 

Such often funct ions as submodifier in the nominal 

group as in such b eautiful trees and such a result ,  

though i t  may o c cur in the pos ition o f  an adj ect ive 

as in four such reasons . With rather , the normal 



funct ion is adj unct o f  degree � or in cases like rather 

than as a s ingle unanalysabl e  unit . 

(p . 1 8 ] )  

1 1 8 

Tab le 19  shows the data from Lee ' s  s tudy on the frequency o f  

occurrence of comparative element s and their func t ions . For comparisons 

of similaritie s , the comparative element same occurred more frequently 

than the comparative elements  such and similar (58  occurrenc es o f  the 

comparative element same as compared with 54 occurrences of the compara t ive 

element such and wi th 14  o c currences o f  the comparative element similar ) .  

Accordingly , the c omparative element s ame was selected for the present 

study . Among comparisons o f  differences , the comparative element o ther 

occurred more frequently than the comparative elements different and 

rather ( 5 1  occurrences of o ther as compared with 35 o ccurrences o f  

different and wi th 4 o ccurrences of rather) . Therefore the comparative 

element other was inc luded in the present study . 

Tab le 19 

Comparisons of S imilarities and D ifferences 

Comparisons of s imilaritie s  Comparison of differences 

same such similar different rather other 

58 54 1 4  35 4 5 1  

(Lee , 1 9 75 , p . 1 9 2 ,  1 94 ,  1 9 6 )  

Lee also  examined whether t h e  comparat ive elements  same and o ther 

have either anaphoric , cataphoric or reciprocal references . These three 

types of reference were explained as follows : 

If the c omparative expansion element appears on the 

surface s t ructure , the comparison is cataphoric , that 

is , the item points " forward" across the boundary o f  

a s entence . If it  is dele t ed , the comparison is 

either anaphoric , that is , the item refers "backward" 

to the preceding sent ence or s entences , or reciprocal , 

tha t is , the item refers t o  the immediate situation .  

(Lee , 1 9 75 ,  p . 1 76 )  



Of 58 o ccurrences of  the comparat ive element same , Lee found in 

his corpus that same used as reciprocal reference occurred more 

frequently than same used as an anaphoric or cataphoric reference 

( 29 occurrences of  reciprocal reference to 1 6  o f  anaphoric and 1 3  of  

cataphoric r eferen ce) . Accordingly , the comparative element same used 

1 1 9  

with recipro cal reference was selected for inves t igation i n  the present  

study . For the compara tive element o ther , Lee  found that of 5 1  occurrences , 

38 had anaphoric reference and only 1 3  had reciprocal reference . The 

comparative element other was more frequently used with anaphoric 

referenc e ,  therefore it was included in the s tu dy (see Table 20) . 

Tab le 20 

Funct ions of the Comparative Elements  same and o ther 

Comparison of similarity Comparison of  difference 

same other 

Anaphoric  Cataphoric Recipro cal Anaphoric  Cataphoric Rec iprocal 

1 6  1 3 29 38 0 1 3  

(Lee , 1 9 7 5 , p . 1 89 ,  1 9 4 )  

The following two textual s entences from Lee ' s  s tudy exemplify the 

comparat ive s tructure wi th same used reciprocally and the comparat ive 

structure wi th other used wi th anaphoric reference : 

( i )  "But the final momentum mus t be  the same as the initial 

momen t urn • • .  " 

(Lee , 1 9 75 , p . 188 ) 

(Here , the compar ison is between the f inal momentum 

and the initial momentum in terms o f  the similarity 

of resul t .  Cataphoric reference is marked by the 

use of the same as . )  

( i i )  "Because of  the particular orientation o f  groups 

required , m-nitroph enal could not readily b e  

prepared by o ther route . "  

(Lee , 1 9 7 5 , p . 1 9 3 )  



( In this s entence , the detailed expansion wi th than 

would be "other rout e  than the one discussed earlier . "  

Anaphoric reference has to b e  applied to get the 

exact meaning of the sentence . )  
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2 .  Comparisons of inequali ty :  Comparative struc tures of  inequality 

are marked by mor e ,  les s ,  -er . These s t ruc tures may oc cur with ei ther 

the presence or ab sence of than . 

( i )  Comparisons of inequality with the absence of  than . 

Comparative s tructure may b e  used e i ther a s  an anaphoric reference or as 

an homophoric reference . Lee found tha t comparisons of inequality used 

anaphorically occurred more frequen tly than those used as a homophoric 

reference (see Tabl e  2 1 ) . Accordingly , the comparison of  inequali ty 

used anaphorically was included in the present study . 

Example : "The s aturation electron current , IBA , has the 

s ame magnitude as b efore , but  now the more 

energetic electrons in A can s urmount the 

function barrier far more  easily . . .  " 

(Le e ,  1 9 7 5 ,  p . 1 7 8) 

( In this sentence , " the more energetic electrons 

in A" implies that there are o ther energetic 

electrons but thes e  latt er are no t as energetic 

a s  the electrons b eing said . The surmounting 

o f  the j unction barrier is eas ier with the more 

energetic electrons than with the others . )  

( ii)  C omparisons of  inequal ity wi th the presence of than . 

This type of  comparative structure i s  used as a cataphoric reference .  

Lee discussed the cataphoric comparative as follows : 

The pairs o f  comparative claus es appearing in the surface 

structure have parallel underlying s t ructures ; the 

cataphoric more , less , -er not only presupposes the 

existence of  the expansion b u t  a l so looks "forward" 

across the b o undary of  a s en t ence for the appearance 

of the expansion . 

(Lee , 1 9 75 , p . 1 80 )  



The cataphoric comparat ive was also examined by Lee in t erms o f  

expl icit compari son , impl icit f ree comparison or implicit bound 

comparison . A distinc tion b e tween explicit and implicit  comparison was 

described by Hud dleston ( 19 6 7 )  as follows : 

In the former , the , comparative expansion consists  of  

than plus a nominal group ; in the latter , than 

int roduces a c lause , though this may b e  realized in 

surface s truc ture by a s ingle nominal group (p . 9 2 ) . 

Free and bound comparison were also dist inguished by Huddleston ( 1 9 7 1 )  

who stated tha t : 

In a bound comparison all the material in the underlying 

than-clause is eithe r  new and contrastive with respect 

to the ma trix or e l s e  given in the matrix : the given 

mat erial may b e  dele ted , replaced by a pro-form or  

repeated with weak s tress . . . . . . . .  the free  type are 

single variable  comparisons where the variable is the 

whole clause , not individual phrases (or words ) within 

it . . . .  (pp . 2 7 1-27 2 ) . 

1 2 1  

Lee ( 1 9 7 5 )  found that out o f  a total o f  7 1  comparisons o f  inequality with 

the presence of than , tho s e  of the implicit bound (50 occurrences ) 

occurred mos t  f requently ( s ee Table  2 1 ) . The implicit  bound comparison , 

therefore , was included in the present s tudy . 

Example : "For transmit ting power or mo tion the s quare 

thread is more efficient than the V-thread . "  

(Lee , 1 9 7 5 ,  p . 1 8 1 )  

( Implicit comparison a s  i n  the above sent ence 

involves only one variable in comparison , that 

i s , efficiency . The sub j ect variab le is " the 

square thread" and this is compared with the 

"V- thread" in t erms of an " implicit"  s t andard 

- e fficiency . )  



1 22 

Table 2 1  

Comparisons o f  Inequality : more , less , -er 

With the abs ence o f  than 

Anaphoric Homophoric Cataphoric To tal 

56  24  2 82  

With the presence of  than 

Explicit  Implicit Implicit  Others Total 
free b ound 

7 1 5 0  1 3  7 1  

( Lee , 1 9 75 , p . 1 82 )  

3 .  Comparisons of equality.  Comparisons of equality are marked 

by the elements as and s o . Lee ( 1 9 7 5 )  examined comparisons o f  equali ty 

according to f ive main categories , ( i )  with anaphoric reference , ( ii )  wi th 

cataphoric r eference , ( i ii)  with relative clause characteristics , ( iv) with 

manner clause characteris tics , and (v) with compound conj unction character­

istics . The data from Lee ' s  study as shown in Table 2 2  revealed that 

anaphoric reference and cataphoric reference o f  comparison o f  equality 

did not play an important part in his corpus ( 9  and 3 occurrences respect­

ively) . Comparat ive structures with as showing relative-l ike character­

istics  were frequen tly used in the corpus ( 5 2  occurrences ) .  Manner as 

clauses were no t common in the corpus (8 oc curr ences ) .  There were 

1 8  oc currences of as with compound conj unc tion charact eris tics . As the 

comparative s truc tures with as showing relative-like characteristics were 

the most frequent ly used , they were included in the present s tudy . 



Example : ( th e  comparat ive s truc ture with a s  showing relative-like 

characteristics ) :  

Anaphor ic 

9 

"Vec tors are compounded by geomet rical addition a s  

ind i ca ted i n  formula ( 1 )  and ( 2 )  of the last 

art i c l e . "  

(Lee , 1 9 75 , p . 1 84 )  

( In the above s entence , "as indicated in formula 

b ehaves l ike the non-restric t ive relative clause 

"which is indicated in formula . . .  " .The comparat ive 

clause with as adds supplementary information to 

the matrix , without qualifying any preceding 

i t em .  ) 

Table 2 2  

Comparisons of Equal i ty:  so /as 

" 

Cataphoric Rela t ive-like Manner Compound 
Conj unction 

Total  

3 5 2  8 18  

(Lee , 1 9 75 ,  p . 1 8 7 )  

9 0  
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Thus , the following five English grammatical structures of  "comparison" 

were included in the presen t  s tudy : 

1 .  Comparison of  s imilarity with the comparat ive element same 

used reciprocally 

Example : "But the f inal momentum must  b e  the same as 

the initial  momentum . . .  " 

(Lee , 1 9 75 , p . 1 88 )  

2 .  Comparison o f  differ ence with the comparat ive element other 

used as an anaphoric reference 

Example : "Because of the parti,&;ular orientation of  groups 

required , m-nitrophenal could not readily b e  

prepared b y  other routes � 

(Le e , 1 9 75 ,  p . 1 9 3 )  
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3 .  Comparison of  inequality used anaphorically with the ab sence of  than . 

Example : "The saturation electron current , lBA , has the same 

magnitude as before , but now the more energetic 

electrons in A can surmount the j unction barrier 

far more easily • . .  " 

(Le e ,  1 9 75 , p . 1 78 )  

4 .  Comparison of inequality involving the implicit bound compar ison 

with the presence of than 

Examp le :  "For t ransmit t ing power or mot ion the square thread 

is more efficient than the V-thread . "  

(Lee , 1 9 7 5 , p . 1 8l )  

5 .  Comparison o f  equality wi th a s  showing relative-like charact eristics 

Example : "Vec tors are compounded by geometrical addition as 

indicated in formula ( 1 )  and ( 2 )  of  the last 

article . "  

(Lee , 1 9 7 5 ,  p . 1 84 )  

Construc tion o f  the Test Items 

Select ion of the . target s entences 

The primary a im of  the test was to determine the comprehensibility 

l evels of Engl ish complement , comparative and relative s truc tures encount er­

ed by Thai science students in the reading of science t ex tb ooks . Therefore 

it was decided to select target s entences from basic science university 

t extbooks set as required reading . The three science textbooks used were : 

( i )  Weisz , P . B .  The science o f  Biology. New York : McGraw-Hill 

Book Company , 1 9 7 1 . 

( ii )  Alonso , M . , and Finn , E . J .  Physics . Addison-Wesley 

Publ ishing Company , Inc . , 1 97 2 .  

(iii)  Kice , J . L .  and Marvel l ,  E . N .  Modern principle s  o f  organic 

chemistry - an introduc t ion . New York : Macmillan 

Pub l ishing Co . ,  Inc . , 1 9 74 . 



The following steps were taken in o rder to select the target sentences 

for the t es t .  Fir s t ly , sentence s  representing the part icular types of 

English compl ex structures under  inves tigat ion were randomly drawn from 

three scienc e  t extb ooks . Seconclly ; each selected sentence was examined 
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to see if  i t  was a s e l f-contained .meaningful s entence and if  it  contained 

enough information so that it could be tes t ed in a mul tiple-choice format . 

Thirdly , the selec t ed sent ences were reviewed by three s c ience lec turers . 

The purpose was for the subj ect mat ter  experts to check the content , to 

see whether each sentence would b e  comprehended j ust by reading it , that 

is , that the meaning of  the sen tence did not totally d epend on the context 

which preceded it . Finally , these sentence s  were reviewed by two Engl ish 

language specialis t s .  The purpose was for them to check that the s entences 

in fact represented a s tructure of the type supposedly being tested . 

In order to determine the numb er of items used for measuring the 

comprehensib i lity l evel of  each gramma tical structure for Thai science 

students , certain practical cons iderations were taken into account . First 

of al l ,  chance success  due to the use of a mul tiple-choice format had to 

be guarded against .  This was done by including in the test  a sufficient 

number of i tems based on the same l inguistic element ( Cl ark , 1 972a ,  1 9 7 2b ) . 

Blatchford ( 1 9 7 1 )  suggests  on the basis  of the result o f  his experimental 

study , that tests consisting o f  two items per language f ea ture woul d  be 

enough to e l imina t e  the chance success factor . At the s ame t ime , the 

total length o f  the test  had to be l imited so that fat igue would not 

influence the resul t .  The present study therefore included three i t ems 

to measure each l inguistic feature . The three items thus permit ted 

a sentence  to be randomly selected from each of  the three texts -- one 

in physics , one in b iology , one in chemistry . In this way , 45  Engl ish 

sentences , represent ing 1 5  English grammat ical structures ( five comp l ement s ,  

five comparatives and f ive relative s )  were ob tained . 

Vocabulary control 

In o rder to be sure that s tudent errors were due t o  a lack of under­

standing of selected  English s truc tures and not a lack o f  knowledge of  

vocabulary used  in  the  target s en t ences or in  the test i tems , a list  of  

words used  in  the target sentence s  wi th their meaning t ranslated into  the 

Thai language was provided along with the test  booklet . The student s  were 

encouraged to use the vocabulary l is t  whenever they wished . 
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It was decided to control knowledge o f  vocabulary in this way 

( instead o f  cons tructing target sentences us ing the familiar words listed 

in West ' s  A General Service List of  English Words ( 19 53 » ) b ecause the 

primary aim of the present study was to invest igate the comprehensibility 

levels of English structures which actua lly o ccur in the kind of English 

which science s t udents had to read . 

The l i s t  o f  words with their meaning in Thai was f irst  prepared by 

the author o f  the present study . However ,  in order to check the accuracy 

of the transla t ion of science vocab ulary , the list  was reviewed by 

a Thai scient i s t  whose English language pro fic iency was very good . 

Const ruct ion of the mul tipl e-cho ice items 

The purpose  of the test was to determine the: comprehensibility levels 

of  15  selected English grammatical s tructures used in scientific Engl ish . 

These comprehens ibility levels were to b e  determined on the basis of  how 

wel l or how poorly the subj ects of  the present s tudy could understand the 

structures under invest igation . Therefore , an effort was made to produce 

a meaning o riented test rather than a usage oriented tes t . This was 

achi�ed by making all of  the possible choices a� well as the dis tractors 

grammatically correct . 

In the t es t , each item cons is ted o f  (i )  a target sentence where each 

s tructure under investigation could b e  found , ( i i )  either a s t ern ques t ion 

or incomple t e  statement to which a reasonably adequate answer or  

completion could b e  given and for  which p laus ibl e  wrong answers could be  

found and (iii)  four choices from which only one answer was correct . 

In order t o  make all four cho ices plaus ib le and attract ive to 

s tudents who might lack unders tanding o f  each particular s t ructure tested 

in the item ,  const ruction was b ased on the following general criteria . 



1 .  Al l choices should b e  parallel in grammatical structure . 

Example : Item 1 0  

Wha t d o  we know about the wavelengths o f  electro­

magnet ic waves in cosmic radiation and the wave­

l engths of electromagnetic  waves in the o ther 

kinds of radiation? 

( a )  They are the same . 

• (b ) They are dif ferent . 

( c )  They are equally shor t .  

( d )  They are equally long . 

( Here , all choices follow the s ame sentence patt e rn : 

N + V ( t o  be)  + Adj ) 

2 .  The choices in each i tem should be approximately the same l ength 

or be paired by l ength . 

Example : Item 2 

What determines the strength of  the electromagnetic 

interact ion of one part icle with other particles ? 

• ( a )  Cha rge o f  each particle 

(b)  The str ength of  each particle 

( c ) The strength of o ther particle 

( d )  Charac teristics of  each particle 

3 .  In each item ,  i t  should not b e  pos s ib le t o  answer from 'general 

knowledge , without reference to the sentence . 

4 .  All four cho ices should include the l exical units found from 

the target sent ences . Changes in word  order , inflectional 

endings , derivat ional affixes , and / or funct ion words were 

used to indicate d ifferent meanings among the four choices . 

Example :  Item 6 

Cenozoic  clima tes played a maj or  role in plant 

evo l ut ion , as no ted earlier . 

(Bio . p . 567)  

According to  the s entence , what has been noted earlier?  

( a )  Cenozoic climates 

(b ) Plant evolution in cenozoic  climates 

• ( c )  Cenozoic climates ' inf lu ence on plant evolut ion 

( d )  Plants in cenozoic clima tes 

1 2 7  



5 .  The plausib l e  dis t ractors should b e  cons t ructed by focus ing on 

the weaknesses  which might occur as a result of  not understanding 

each particular s truc ture under investiga t ion . 

' Exampl e  ( i ) : In a non-finite (-ed/ -en) relative cons t ruc tion , 

it is important to recogniz e  the embedded 

sent ence and be  able to ident ify the subj ect  

noun phrase of  the emb edded s entence . Therefore 

the dis trac tors were construc ted to find out 

whe ther the students  could identify the 

subj ect noun phrase of  the ma trix sentence and 

the subj ect noun phrase of the emb edded s en tence . 

I 
Item 1 7 :  Each carbon of  the C=C is converted to 

a C=O , and any hydrogen attached to these 

particular carbons is converted to an -OR 

group . 

( Chem . p . 40 )  

What is convert ed t o  a n  -OR group? 

(a) Each carbon of the C=C 

� )  Any hydrogen 

• (c )  The hydrogen o f  -C=C= 
I 

R 

(d)  Thes e  particular carbons 

Example ( ii ) : In a subj ect compl emen t  cons t ruc tion , it  i s  

impor tant t o  recognize  the embedded sentence 

which functions as a subj ect noun phrase of 

the matrix sent ence . 

Item 5 :  The fact tha t an elect ric current 

produces a magnetic field sugges t s  

that a s ingle moving charge mus t  

also produce a magne tic f ield . 

( Physics p . 3 79 )  

What sugges t s  that a s ingle moving charge 

mus t al so produce a ma gnetic field ? 

(a)  A magnetic field 

(b ) An electric current 

• ( c )  An electric current produces 
a magnet ic field 

(d)  The fact tha t  there is an electric 
current 

1 2 8  



Example ( i i i ) : In a comparat ive s t ruc ture of  inequality , 

it i s  important to recognize both the 

comparat ive element and what is being 

compared . 

Item 34 : The energy levels of  an atom with 

several electrons are much more 

complex than those of  atoms with 

one electron . 

(Physics p . 60 2 )  

According to the above sentence ,  what 

are the most  complex ?  

(a)  

(b ) 

( c )  

• ( d )  

T h e  energy l evels of atoms with one 
electron 

Atoms with one electron 

Atoms with several electrons 

The energy l evels of an atom 
with several electrons 
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The o riginal 45 items represent ing 1 5  English gramma tical structures 

were first reviewed by the same thr e e  s cience lecturers . They were asked 

to check the accuracy of the science content in the ques tions , in the 

possible answers and in the distractors . Their comment s  were taken into 

account in the f irst revision of  the test  items . These revised items 

were then reviewed by a specialist in the field of  t eaching English as 

a foreign language .  The purpose was to check the accuracy o f  the use  o f  

language as wel l  as the quality of the t e s t  items which were aimed a t  

testing par t icular language features . The test  items were revised and 

were tried out on a group of science s tudents at Chiengmai Univers ity . 

Pilot Testing 

The purpos e  o f  the pilot test ing was to undertake an i t em analysis 

in order to improve the quality o f  the test and to discover any weaknesses 

in the direct ions given to examiners and examinees . 

Test sample 

The s ampl e  u sed in the p ilot t e s t ing cons isted of 1 2 4  f irst  year 

science s t udents  from Chiengmai University . These studen t s  were chosen 

because they had Engl ish language b ackgrounds similar to the science 

students at Khon Kaen University ( th e  proposed subj ects of the present 



study) - and b ecause they were acces sible  and cooperat ive . The 

1 24 stu dent s  were from the facu lties of Pharmacy , Technical medic ine ,  

Science , Nursing and Educat ion maj oring in science . They were all 

paid vo l unteers . 

Test adminis tration 
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The t e s t  of 45 items measuring comprehens ion of  1 5  English gramma tical 

structures was adminis tered to a group of 1 24 f irst year s cience s tudents  

in the morning sess ion on June 30 , 1 9 79 . Before the t est was taken , 

three l ecturers to be  used as proctors met with the author so that the 

ins truct ions given to the s tudents were made c l ear . The student s were 

placed into two separate rooms , with two proctors in one and the author 

and one proc t or in anothe r .  Each s tudent was given a test booklet with 

an answer shee t , and the vocabulary list  with the meanings in Thai . 

There was no time l imit s e t  for the students to complete  the test . They 

were encouraged to do the test the best way they could . They were told 

to look up unfamiliar words in the vocabulary l i s t  anyt ime they wished , 

and were told that there was no penal ty for doing so . The reason for 

not set t ing a time limit was twofold . Firs tly , it was to provide the 

researcher with an idea of  the amount of t ime t aken to complete the whole  

test  in  the actual test ing . S econdly , i t  was t o  make sure that all 

items were completed by all s tudents so that enough informa tion was 

obtained to improve the quality of  the tes t .  

Scoring procedure 

The s t udents ' answer s  to the test  were hand s cored . A punched key , 

which was the regular answer sheet with the correct responses punched 

out , was prepared in advance . Each correc t answer was given one mark . 

Resul ts  

The · resul ts of  the test  adminis tered to the  1 24 s cience s tudents 

are presented in Table 2 3 . 
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Tab l e  2 3  

Engl ish Grammat ical Structures Tes t :  Basic Statis t ic s  

Test Variable N Mean Median Range SD 

English 'gramma t ical 
structures Test 

1 24 2 2 . 66 2 1 . 7  1 7-40 6 . 38 

(n = 45 items ) 

The Kuder-Richardso n  20 reliab ility  was . 79 .  

To improve the quality o f  the test , a careful examina tion was made 

of the test items o f  which the discriminat ion indices were less  than . 40 .  

The data ob tained f rom the item analysi s  were used as guidel ines t o  

revis e the pos s ible  answers and t h e  dis t ractors . Af ter the revision was 

made , it was reviewed by the s ame three science lecturers and then by 

the same language special ist . A revised  t est  o f  45 items was then made 

ready to be adminis tered in the main t e s t ing a t  Khon Kaen University . 

The test  itself  was compos ed o f  4 5  test items , measuring f ive  

English complement s , five comparatives and five relative s t ructures 

( three items for each s t ructure ) . A s ample item for each s tructure 

measured is illustrated in a list of s ample items below .  The c omplete  

test  is to b e  found in  Appendix C .  



Sample Items Measuring Engl ish Complex Struc tures 

Relativization 

1 .  Non-finite (restrictive) part icipial -ed/ -en rela tive cons t ruct ion 

I tem 1 7 :  Each carbon of the C=C is converted to a C=O , and 

any hydrogen at tached to these part icular carbons 

is convert ed to an -OR group . 

(Chern . p . 40 )  

What  i s  converted to an -OH group ? 

(a )  

(b ) 

* ( c )  

( d )  

Each carbon o f  the C=C 

Any hydrogen 

The hydrogen of -C=C­, 
These particular �arbons 

2 .  Non-finite (restrictive) participial -ing relative cons truc tion 

Item 4 :  Biological competition between two different types 

occupying the same territory o f t en has led to the 

extinction o f  one . 

( Bio . p . 78 1 )  

Ac cording t o  the sentence , 

(a )  Biologi cal competit ion occupies the s ame territory . 

(b ) Two dif ferent types often lead to the ext inc t ion 
of  one . 

l 3 2 

* (c )  Biological competition often l eads to the ext inction 
of  one . 

( d )  Biologi cal competition between two dif ferent 
types o ccupies the same territory . 

3 .  Finite ( restrictive) relative const ruction with the rela tive element 

that as a subj ect  

Item 2 :  Charge i s  ano ther coeff icient , characteris t ic of  each 

particle , that determines the s trength of  i t s  electro­

magnetic  interaction with other particles . 

( Physics p . 1 9 )  

What  determines the s trength o f  the elect romagnet ic 

interact ion of  one particle with o ther par t icles?  

* (a )  Charge of each particle 

(b ) The s trength o f  each part icle 

( c )  The s t rength o f  o ther part icle  

( d )  Characteristic of  each par t ic l e  



4 .  Finite ( restric tive ) relat ive cons truct ion with the relative 

element which functioning as a subj ect 

Item 30 : In the gut o f  termites live flagel late protozoa 

which secrete an enzyme capab le of digest ing the 

cellulose of wood . 

(Bio . p . 1 0 5 )  

Flagellate proto zoa 
------

( a )  are secreted by an enzyme . 

(b ) secrete the cellulose of  wood . 

* ( c )  produce an enzyme . 

C d )  are a n  enzyme capab le o f  diges t ing the 
cellulose o f  wood . 

5 .  Finite ( restrictive) relative cons truc tion with the relative 

element  which func t ioning as a complement t o  a preposi tion 

Item 40 : The various orbi tals in which the electrons o f  

a n  isolated a tom may be  found are called atomic 

orbitals . 

C Ch em . p .  1 0 )  

According t o  the sentence , 

(a )  The electrons of  an isolated atom are called 
atomic o rb itals . 

(b ) An isolated atom may be found in atomic orb i tals .  
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( c )  The various orb i tals of an isolated atom may be found . 

* (d )  Orbitals  o f  electrons o f  an isolated atom are 
called a tomic orbitals . 

Complementat ion 

6 .  Finite  object complement which is declarat ive in form 

Item 24 : The minus s ign indicates that the net flow (mass 

t ransport )  is in the direction in which � ( the 

concentration of the subs tance) decreases . 

(Physics p . 28 4 )  

What does the minus s ign ind icate ?  

(a)  The area of greater concentration 

*(b )  The direction of  the net flow 

( c )  The decrease  of  the net flow 

C d )  The decrease of the concentration of the subs tance 



7 .  Finit e  subject complement which is declarative in form 

Item 5 :  The fact that an electric current produces a magnetic 

field suggests  that a s ingle moving charge mus t  also 

produce a magnet ic f ield . 

(Physics p . 379 ) 

Wha t  sugges ts tha t  a single moving charge mus t  

also produce a magnet ic field ? 

(a )  A magnetic field 

(b ) An elec tric current 

* ( c )  An electric current produces a magnet ic field 

( d )  The fact that there is an electric current 

S .  To-infini t ive complement f unctioning as an object ( Type 2)  

Item I S :  An embryonic ovary o f  a human female is  es t imat ed to 

contain some 400 , 000 primordial germ cells . 

(Bio . p . 502)  

Which of  the following senten ces best  describes 

the above sentence ?  

( a )  The human female contains some 400 , 000 
primordial germ cells . 

* (b )  We guess that the embryonic ovary contains 
some 400 , 000 primordial germ cells . 

( c )  The embryonic  ovary i s  contained i n  s ome 
400 , 000 primordial germ cells . 

(d )  We estimate the embryonic ovary in order to  let 
it contain s ome 400 , 000 primordial germ cells . 

9 .  To-infinitive complement funct ioning as an object (Type 5 )  

Item 2 7 : The masses of  the fundamental particles d o  not seem 

to show any kind o f  regularity . 

( Physics p . 5 1 S )  

About  what are we uncertain? 

(a )  The various kinds of the fundament al particles 

. (b ) The masses o f  the fundamental part icles 

( c )  Any kind of  regularity 

* ( d )  The regularity o f  the masses of  the 
fundamental part ic les 
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1 0 .  Partic ipia l -ing object complement following the preposition by 
Item 1 :  One can synthesize  methyl t -butyl ether from t-butyl 

chloride by allowing the halide to react with methanol . 

( Chem .  p . 229 )  

Which of the following sentences best  describ es 

the above s entence? 

(a) Methyl t -butyl ether allows t-butyl chloride 
to react  wi th methanol .  

(b ) T-butyl chloride allows methyl t-butyl ether 
to react  with methanol .  

( c )  One can synthesize  methyl t-b utyl ether f rom 
t-butyl chloride and then allow the hal ide to 
react with methanol . 

* (d )  One can synthes iz e methyl t-b utyl ether from 
t-butyl chloride when one allows the halide 
to react with methanol . 

Comparison 

1 1 .  Comparison of  similarity with the comparat ive element same 

used reciprocally 

Item 2 2 : The two spat ial arrangements  represent two different 

conf igurational isomers of the s ame molecular formula . 

(Chem . p . 1 33)  

Which are the s ame ? 

(a)  The molecular formulas of  two spat ial 
arrangement s  

( b )  Two d if f erent conf igurat ional isomers 

( c )  Two spatial arrangements  and two dif ferent 
configurat ional isomers 

* ( d )  The mol ecular formulas of two different 
configurational isomers 

1 35 



1 2 .  Comparison o f  d i f ference with the comparative element o th er 

used wi th anapho ric referenc e 

Item 45 : There are a number of o ther react ions of  acid 

derivat ives that also involve initial nucleophilic  

a t tack on the  carbonyl group . 

(Chern . p . 405) 

What do we know about the reac tions of acid deriva tives? 

* ( a )  Many more  o f  the "reactions of acid derivat ives 
haven ' t  been ment ioned yet .  

(b ) There are only reactions of acid deriva t ives 
that involve initial nucleophilic a t tack on 
the carb onyl group . 

( c )  A numb er of  acid derivat ives have been ment ioned 
b efore . 

( d )  There are a number o f  reactions besides the 
reactions of  acid derivatives . 
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1 3 .  Comparison o f  inequality used anaphorically with the ab s ence o f  than 

Item 1 0 :  In cosmic radia tion there are electromagnetic waves 

of even shorter wavelengths . 

(Physics p . 5 7 9 )  

Wha t do we know about the wavelengths of  electromagnetic 

waves in cosmic radiat ion and the wavelengths o f  

electromagnetic waves i n  the o ther kinds of  radia tion? 

( a )  They are the same . 

* ( b )  They are different . 

( c )  They are equally shor t .  

( d )  They are equally long . 



1 4 . Comparison of inequality involving the impl icit bound 

comparis on with the presence of than 

I t em 20 : Mos t  materials in the phy sical world ac tually 

require activation energies far greater than 

those energies provided by ordinary temperatures . 

(Bio . p . 40 )  

According to the above s entence , what play the 

most important  role on mos t  materials in the 

phys ical world? 

(a )  Energies in  the phys ical world 

(b ) Most  materia ls in the physical world 

( c )  Energies provided by ordinary temperatures 

* (d )  Ac tivation energies 
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1 5 . Comparison of equality wi th as showing relative-l ike characteristics 

Item 6 :  Ceno zoic climates played a maj or role in plant 

evolution , as no ted earlier . 

(Bio . p . 5 6 7 )  

According to the sentence ,  what has been no t ed earlier? 

(a)  Cenozoic cl imates 

(b ) Plant evolution in c enozoic climates 

* (c )  Ceno zoic climates ' influence on p lant evolution 

( d )  Plants  in  ceno zoic  climates 

In organizing the tes t ,  all test items were randomly ordered so that 

no priority was given to any particular s t ructure under investiga tion . 

The pos ition o f  the correc t answer in each item was randomly assigned 

(see Appendix C) . The directions for  administ ering the tes t  were developed 

as a resul t o f  administering the initial form to a group o f  1 24 science 

student s ( see Appendix D) . A key for  scoring the test was prepared 

( see Appendix E) . 
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Construction of  the English-Thai Translation Tes t 

of English ' Gramma tical S t ructures 

An English-Thai Translation Tes t  of  English Grammatical Struc tures 

was developed for use as a criterion test  on which a test  of English 

Grammatical S tructures applying a mul t iple-choice format could be based . 

In this way , the Mul tiple-choice Tes t of English Grammatical S t ructures 

coul d be tested for its  concurrent val idity as a measure of comprehension 

of English s t ructures . 

Sel ec tion o f  1 5  English Grammatical S tructures 

The 15 Engl i sh grammatical stru ctures selected ' for this test  were 

the same as thos e in the M�lt iple-choice Test  of English Gramma tical 

Structures . The procedure for th e selection of  these s t ruc tures was 

given in full detail elsewhere (see p .  1 0 4 ) .  

Selection of  4 5  Target Sentenc es 

The selected 45 English sentences represent ing 1 5  complex s t ructures 

were the same as those in the Mult iple-choice Test of Engl i sh Grammatical 

Structures . The p rocedure for the s election o f  the sent ences was given 

in full detail elsewhere (see p p. 1 2 4  - 1 25 ) .  

Pilot Testing 

It  was obvious when the translation method was used as a testing 

device that the marking would be inevitab ly ra ther subj ect ive (Lado , 

1 96 1 ) .  An effort  was therefore made to overcome this prob l em as much 

as possible . This was done by conduc ting a pilot testing f rom which 

accurate info rmat ion on the t ranslation o f  English sent ences  into  Thai  

could be ob tained . On the basis of  the  data collected it was  hoped 

that the scoring method could be made mor e  obj ective . 

Test s ample 

Ten s cience s tudents from Mahidol University participated in this 

pilot testing . They were all paid volunt eers . 

Test adminis t ration 

The Engl ish-Thai Transla tion Test o f  Engl ish Gramma t ical S t ruc t ures 

was administered to a group of 10 s cience s tudents on February 2 2 ,  1 9 79 . 



Each s tudent was given a b ooklet which contained 45 English s entences . 

The blank spaces were p rovided below each of these sentences . The 

students were instruc t ed t o  t ranslate the English sentences into Thai 

the best way they could and t o  write  down their Thai translation on the 

space provided . Each s tudent was also given a vocabulary list with 
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Thai meaning . There was no t ime l imit set for the s tudents to complete  

the test . This was to ensure that all sentenc es were translated by every 

student . 

Scoring procedure 

The author f irst  translated 45 sentences into Thai , then submit t ed 

this to three Thai sc ience  l ec turers who independently evaluated i t . The 

correct interpretation was made on the basis o f  their recommendat ions . 

A copy of 45 Engl ish s ent ences  translated into Thai was then made . To 

mark the tes t ,  each s en tence translated correctly according to the key 

was given one mark . However , the exact equivalence translation was n o t  

required . 

In order to ensure the reliab ility of  the s coring method , two s corers , 

including the author and a fourth y ear science s tudent , were used . Aft er 

the translation was marked , the result showed that there was an agreement 

between two s corers . Out of 450 items marked , only two items have shown 

disagreement between the two scorers . 

As the main purpos e  for the pilot testing was to find out the b es t  

way to score the trans la t ion test , no attempt was made to obtain the 

basic statis t ic s  and i t s  rel iabil ity . 

Conclusions 

Four test s  were d eveloped for the present study . They were : 

( i )  A Cloze Reading Comprehens ion Test 

( ii)  A Mult iple-choice Reading Comprehension Test 

( iii) A Test of  English Grammat ical Structures 

(applying the mult iple-choice forma t )  

( iv) An English-Thai Translation Tes t o f  English 

Grammatical S t ructures 
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The f irst two tests were constructed to measure the ability of Thai 

science s tudents to comprehend scientific English passages . They were to 

be  used to dis tinguish good readers o f  sc ient ific  English from poor 

readers .  The latter two tests were developed to measure the comprehens­

ibility of f i fteen selected English grammatical struc tures for Thai 

science s t udent s . 

An a t t emp t was made to  develop good ' reliab l e  tests . This was 

achieved by carefully selecting either sample passages or sample 

sentences to  be  used in the tests , by carefully cons truc ting the test 

items and by conducting s everal pilot ' tes ts . 

On the basis of  the data collected from pilot  tests , the tests were 

considered reliable and appropria te for use in the main study . 

The n ext chapter wil l  describe the administration of  the four test s  

and the result s .  
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CHAPTER 4 

TEST ADMINISTRATION AND TEST RESULTS 

The four t ests  descr ibed in the previous chapter were adminis t ered 

to 190 Thai s cience students as the "formal "  subj ects of  the s tudy , a t  

Khon Kaen University ,  Thailand , on July 22 , 2 6  and 30 , 1 9 79 . Descrip tions 

of  the adminis t ration of th e four tests and the tests ' psychometric 

properties are given in the following s ecti ons . 

Procedures 

Time Arrangement 

Time was one o f  the obstacles in collecting the data . The main reason 

was that s tuden t s  from d i fferent facul ties had different lec ture t ime 

s chedul es . The test programme required the subj ects to s i t  each test  for 

a period of  approxima tely two hours . The opportunity for adminis t ering 

each test during lecture classes was rare . It  was impossible  when 

190 students from five d i ff erent facult i es were required to take each tes t 

for two hours a t  the same t ime and on the same day . Accordingly , the 

author took the following s teps to arrange the days for adminis t er ing 

the four tes ts : 

( i )  The decis ion was made to adminis ter the tests  either 

o n  weekends or in the late evenings o f  weekdays . 

( ii )  The university calendar , the s tudents ' counsello r ,  

the s tudent president and the student leader from 

each faculty were consult ed . The purpose was to 

select the day s  in which none of the subj ects had 

any s cheduled s o c ial activit ie s .  

Student Co-operation 

In order to ob tain the co-operation o f  the s tudents , the researcher 

next approached the administrators , the lecturers and the s tudents t aking 

advantage of the experience ob tained f rom the previous pilot  testing . 

The following steps were taken to ob tain co-operation from the 

subj ect s : 



( i )  With the co-operation o f  the l ec t ur ers , the author 

succes s i v e ly met the s tudent s  f rom all facult ies a t  

the b eginning o f  a lecture . 

(ii)  At the  meeting with the  s tudents , the author explained 

to them the obj ec tives of the s t udy , the importance of  

their co-operation , the tes t s  to be  taken , the days 

and the t imes set  for the adminis t ration of the tests 

and the amount of money pai d  for participating in the 

study ( see Append ix F for the talk) . 

( iii)  Those s tudents who were absent from the classes on the 

day the adthor _ gave this  talk were contacted by 

mail  ( see Appendix G for the letter  used ) . 

( iv) The s tudent s ' s i gnatures indicating tha t  they would 

willingly participate in the s tudy were gathered . 

Room Arrangement 

As the time for administering the f our t ests  was on odd days and 

at odd times , exam rooms and halls  to accommodate 250 s tudents  were pre­

arranged . The following s t eps were t aken to ensure the access to the 

exam rooms : 

( i )  Rooms or  halls which were suit ab le for  the supervision 

of 250  s tudents at the same t ime and on the s ame day 

were ascertained . Three science halls in the faculty 

of s c ience were chos en as the test  rooms . 

(ii)  Permission was ob tained from the Dean of  the faculty 

of S cience to use the science hal l s  on weekends and 

in the late evenings of weekdays .  

(iii)  The lecturers who were directly in charge of  the 

science building were contacted  o f ficially and 

personally . 

( iv) The author confirmed with the lecturers the date 

and the time the science hall s  would b e  used . 

1 4 2  
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Cloz e  T e s t  Administra tion 

Test  Booklet 

As the nat ure of the Clo ze  Test requires a great deal of concentration 

on the part of the s tudents , b ia s  resulting from the order of pres entation 

of  any particular passage should be  minimized . Test bookle ts , therefore , 

were prepared in three di ff er en t  forms . The only difference was in the 

order of presentation ( see Figure 4 below) . 

Title o f  the passage Order of  pres entation 

Form 1 Form 2 Form 3 

Parasitic  Reproduction 

Covalent Bonds 

Mol ecular Diffus ion 

Figure 4 .  Al ternative Forms : Cloze Test 

Test Adminis tration 

1 

2 

3 

3 

1 

2 

2 

3 

1 

The Clo ze  test ( three reading p assages plus 9 0  i t ems ) was adminis ter­

ed to the 1 9 0  s tudents in the first  session , July 22 , 1 9 79 in three 

separate exam rooms . Two lectur ers were asked to supervise 77 agri­

culture students  in science hall  1 0 1 . Ano ther two lecturers supervised 

85 medical and nursing s tudents in sc ience hall 102 . The author and 

the o ther two lecturers supervised 88 science and education s tudents in 

science hall 1 03 . 

The author met with the s ix lecturers an hour b efore the admin­

istration of the test . The ins truction sheet which provided guidelines 

on how to adminis ter the test was dis trib uted to each lecturer ( see 

Appendix H ) .  The researcher explained the directions for adminis ter ing 

the test  and the  lecturers wer e  asked to  follow the ins tructions stric t ly .  

The test b ooklets were placed on the students '  desks b efore they 

ent ered the test  room.  When they had taken their seats , the s tudents 

were asked to t ake the answer sheet out of  the back page of the test 

booklet , and write  down their names and their Facultie s  on the space 



provided . Then the lecturers explained to the s tudents the purpose 

of the test repea ting that  to complete the test their co-operation was 

needed . Then the lecturers said the fol lowing words to the students 

( English translation) : 

Turn to the exampl e  page . Notice that three words are 

miss ing from the s to ry "Our s chool " .  You are required 

to fill  in these three blank spaces with the words 

which are appropriate to the context . You mus t fill in 

only one word for each blank . To complete the tes t ,  

i t  is sugges ted you read the whole story firs t .  The 

reason is for you to guess what the passage is about . 

Then t ry to fill in the blanks with the appropriate 

word s . For example , read the story like this : "Boys / 

girls go to our s chool . At/ we learn to read . We 

also learn howl write . "  Then read the s t o ry again , 

this time you have to try to fill in the b lank with 

the word which you think is the mos t  appropriate to 

the c ontext . Now , fil l  in the first blank (Here the 

lecturer pauses one moment for the students to f il l  

i n  the first blank) . Now let ' s  check the correct 

answer . The appropriate word for the first b lank 

is and . Boys and girls go to our s chool . Now 

complete the rest o f  the story (Here the lecturer 

pauses for one minute) . The appropria te words for 

the s econd and the third blanks are s chool and to . 

Next , let ' s  practise  more on the s tory "The Count­

down " . This time fill  in the blanks on the answer 

shee t . 

After 3 minutes , the lecturer said the fol lowing 

words : 

The appropriate answers for the story "The Count­

down" are : seven , two , the , it , see . 

Then the lecturer gave final instructions making s ure that  every­

body understood . The s tudents were ins tructed to fill in only one word 

for each b lank , were encouraged to guess if  they could no t find the 

appropria t e  words . They were asked to  write  down their answers on the 

answer sheet provided . 

The t est took two hours and fifteen minutes to complete . 
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Scoring Procedure 

In order to determine the relat ionship between two different scoring 

procedures , both the exact word and the a cceptab le word scoring procedures 

were adopted for the present s tudy . 

Exact word s coring procedure 

The students '  answers were hand s cored twice following a l is t  o f  

correc t responses which was prepared in advance b y  the author .  The 

answers were first  scored by a fourth year science student and then b y  

the author .  The reason was t o  check the accuracy of the marking . 

Each exact replacement o f  a deleted word  was given one mark when thi s  

procedure was applied . Incorrec t spelling was not penalized as l ong a s  

the word was recognizab le (see the key to the exact responses i n  

Appendix :t) . 

Acce£table word scoring procedure 

The studen ts '  answers to the Cloze  test were hand scored again . 

This time the s corers followed ano ther list  of  correc t respons es whi ch 

was prepared by the author (see  the key to  the acceptable responses in 

Appendix j ) . Thi s  was done , f irst o f  all , by making .a list  of  possib le 

responses based on the r esul t o f  the pilot  testing and of  the final 

testing . Then two native speakers of English ,  a scientist and a teacher 

of  English as a foreign language were cons ulted . This was to ensure 

that all responses were contextually acceptable and were also grammatically 

correct . The criteria for a contextually acceptable response were a s  

follows : 

1 .  Any non-grammatical form woul d  b e  aut omatically excluded even 

though the meaning happened to be exac t . The following examples 

illus trated the poin t .  

Example ( i ) : A s ingular noun was wrongly used for a plural noun . 

" . . •  each share their combined 

valence electrons " 

" . . .  each share their combined 

valence electron" 

( Item 8 - Coval ent Bonds ) 

( correc t )  

(wrong) 



Example ( ii ) : 

Example ( iii) : 

Example ( iv) : 

Example (v) : 

A plural noun was wrongly used for a s ingular noun . 

"As a f inal illus tration . . .  " 

"As a f inal examples . .  " 

( It em 2 8  - Molecular Diffusion) 

( corre c t )  

(wrong ) 

An adj ective was wrongly us ed for an adverb . 

" . .  we can smell  i t  very quickly . .  " 

" ;  . we can smell i t  very quick- " . .  " 

( It em 4 Mol ecular Dif fusion) 

( corre c t )  

(wrong ) 

A verb in i ts pas t s imple tense was wrongly used for 

the verb in i t s  present s impl e  form .  

" . .  molecules diffuse through 

the wa ter . .  " 

" . .  molecules diffused through 

the wat er . .  " 

( It em 1 2  - Molecular Diffus ion) 

( corre c t )  

(wrong ) 

A verb in its present part i c iple form was wrongly 

used for the verb in its past participl e  form.  

" • .  a pair o f  outer-shel l  valence 

electrons are shared . .  " 

"a pair of  outer-shell  valence 

electrons are sharing " 

( Item 4 - Covalent Bonds ) 

( correct )  

(wrong) 
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2 .  Any blanks which contained two words were excluded even though the 

result may have been acceptab le semantically . For example : 

"this numb er must  vary from place 

to place in order for diffusion 

to occur . "  

" this number mus t  vary from place 

to place in order for diffusion 

to t ake place . "  

( Item 30 - Molecular Diffus ion) 

( correct )  

(wrong) 



Each exact replacement o f  a deleted word and each response that was 

contextually or s emantically acceptable  was given one mark . Incorrect 

spelling was not penalized as l ong as the word was recognizable . 

Results 

The results of the exact and acceptab le word scoring procedures 

to the data collected from the 190  s tudents are presented in Tables  24 

and 25 . 

Tab le 24  

Gloz e  Test  ( Exact Word Scoring) :  Basic  Stat istics 

Tes t  Variable  

Gloze Test ( exact word 
scoring) 

(n = 9 0  items ) 

N Mean 

1 9 0  28 . 7 2 

Tab le 2 5  

Median Range 

28 . 08 1 0-5 2 

Gloze Test (Acceptabl e  Word Scoring) : Basic Statistics 

Test Variab le  N Mean 

Gloze Test ( acceptable word 1 9 0  36 . 50 
scoring ) 

(n = 90 items ) 

Median Range 

35 . 9 3  16-6 2  

SD 

7 . 1 8 

SD 

8 . 59 

1 4 7  
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Rel iability 

Rel iab ility coefficients were ob tained by the Kuder-Richardson 

Formula 20 ( Kuder &. Richardson , 1 9 37 ) . This formula measures the 

internal cons istency of the test , utiliz ing information on the proportion 

of subj ects passing and failing each i tem and the standard deviation 

of the total scores ( Gronlund , 1 9 7 1 ) . The Kuder-Richardson Formula 20 

coefficients of the Cloze Test , in the present study , for the exact 

word scoring procedure and the accep tab l e  word scoring procedure , 

were . 78 and . 82 respectively and indicate a substantially high level 

of internal consis tency (Best , 1 9 7 7 , p . 26 0 ) . 

Validity 

A question which is of maj or  concern in test construction is  

whether a t es t  constructed actually measures what it was designed to  

measure .  This is the question o f  the  validity of the tes t .  In this 

section , cons idera tion is given to the content validity and the con­

current val i dity of  the Glo ze Reading Comprehension Test . 

The content validity of  the Gloze Test is in fact dependent on 

appropriateness o f  the process by which the t echnical prose materials 

were selected - given that the Clo ze  Tes t was intended to measure 

Thai science students ' reading comprehension of first year s c ience 

textbooks . The selection of  science textb ooks and of  the sample 

passages was carefully made in an a t t emp t to assure that the sample 

passages wer e  free f�om any b ias which might distort the result . The 

procedure of selecting the sample passages was provided in full detail 

in the previous chapter (see p .  8 5 ) . 

To estimat e  the concurrent val idity o f  the cloze  tes t as a measure 

of specific reading comprehens ion , the present study followed the 

procedure adopted in previous research (Anderson , 1 9 7 6 ; Bormuth , 196 7 ;  

Entin & Klare ,  1 9 7 8 ; Friedman , 1964 ; Jenkinson , 195 7 ; Rankin & Culhane , 

1969 ; Taylor ,  1 9 57 ) . This entailed correlating the total score on the 

Gloze Reading Comprehension Test with the total score on the Multiple­

choice Reading Compreh ension Test , b o th constructed f rom the s ame 

reading passages . The correlation coefficient was r = . 63 when the 

exact word s coring procedure was used with the Cloz e  Test and r = . 65 

when the acceptable word scoring p ro cedure was applie d .  The reasonably 

substantial relationship between the two tests  warrants the conclusion 



that the concurrent val idity is adequate ( Bes t , 1 9 7 7 ) . 

Multiple-choice Reading Comprehens ion Test : Adminis tration 

Test Booklet 

In order to  minimise b ias , the test  b ooklets were prepared in three 

different forms , each employing a d i f ferent order of presentation ( see 

Figure 5 below) . 

Title of the passage 

Parasitic Reproduction 

Covalent Bonds 

Molecular Diffusion 

Order of presentation 

Form 1 

1 

2 

3 

Form 2 

3 

1 

2 

Form 3 

2 

3 

1 

Figure 5 .  Alt ernative Forms : Mul t ip'le-choice Reading Comprehension Test 

Test Adminis tration 

All of the three forms o f  the Mul t iple-choice Reading Comprehension 

Test (three passages with 6 0  it ems in each form) were adminis t ered to  the 

190 students on July 30 , 1 9 79 , a week a fter the adminis tration of the 

Cloze Tes t .  

The author met with the six lec turers for half an hour b efore the 

test was held to explain the test and distrib ut e  the inst ruction sheet 

( see Appendix K )  • 

1 49 

The test booklets had been dis t ributed before the s tudents  took 

their seats . They were a sked to take the answer sheet out o f  the back 

page of the test booklet and to wri t e  down names and Faculties on the 

space provided . They were allowed 45 minut es to complete each passage . 

They were also allowed t o  look b ack a t  the passage when they were answer­

ing the quest ions . 



It should b e  noted that this procedure departs f rom the proc edure 

adopted in mos t  previous research testing the concurrent validity of 

the cloze tes t s . In mos t  of  the s tudies reviewed , (Anderson , 1 9 7 6 ; 

Bormuth , 1 9 6 7 ; Rankin & Culhane , 1969 ) after the Multiple-choice Reading 

Comprehension Test ( constructed over the s ame passages as used in the 

Cloze  Test )  had been r ead by the s ubj ects , it was taken away before they 

were asked to answer the quest ion on the Multiple-choice Reading Tes t . 

There were two r easons why in the present s tudy the subj ect s were allowed 

to answer the quest ion while referring back to the passage read . The 

first arose out o f  an init ial pilot testing carried out with four Thai 

pos t-graduate s c ience s tudent s at Massey University , New Zealand . The 

subj ects took the Cloze Test on Novemb er 3 ,  1 9 7 8 . A week later , they 

were given the s ame passage to read . Then they were asked to  answer the 

questions of the Multiple-choice Reading Test without referring back to 

1 50 

the passage . The s ubj ects reported that they " tended to gues s  the answers 

rather than express their  reading comprehension in answering the quest ions . 

The second is a l ogical reason . The Reading Comprehension Tes t of  this 

s tudy was based on technical prose materials which required close reading . 

Removing the passage would cause too much weight to b e  placed on  memory . 

In support ,  Carroll  ( 1 9 7 2 )  commenting on the testing of  reading 

comprehension s ta ted tha t : 

If  we do not permit reinspection o f  the paragraphs , we would 

certainly be emphasizing memory factors . The more typical 

manner of  administering a reading comprehension tes t , however 

is to all ow inspect"ion of the paragraphs along with the 

questions . 

( Carroll J .B . , 1 9 7 2 , p . 7 ) 

Before the t es t  was taken , the lecturers read with the s tudents the test 

directions from the test booklet to make sure that everybody understood 

( see Appendix B ) . 

Scoring Procedure 

The studen t s ' answers to the test were hand s cored twice , f irst  by 

a fourth year s c i ence student , second by the author to check the accuracy 

of the marking . In marking the tes t , the scorers did not h ave to  make 

any independent j udgements because the key to the correct answers was 

prepared in advance ( see Appendix L j .  Each correct answer was given 

one mark. 



Results 

The b asic s ta tistics of the Multip le-choice Reading Comprehension 

Test  derived from the sample of 1 9 0  s tudents are displayed in Tab le 2 6 . 

Tab le 26 

Mul t iple-choice Readi ng Comprehens ion Test : Basic  S tatis t ic s  

Tes t Variable 

Mult iple-choice Reading 
Comprehension Tes t  

(n = 6 0  i t ems ) 

N 

190  

Mean Median Range 

29 . 34 28 . 70  1 7-54 

SD 

6 . 80 

1 5 1  

The i t em difficulty indices and the item discriminat ion indices were 

ob tained from an item analys is of the 60 test  items . Item difficulties 

ranged f rom . 1 8 to . 9 4 . The internal validity , as measured by a b iserial 

correlation between the tes t i t ems and the total score , showed items 

with internal validities ranging from . 0 1  to . 43 (see Appendix M for the 

complete i t em s tatis tics of the tes t ) . 

Reliability 

Interna l consistency using the Kuder-Richardson Formula 20 , was 

computed for all 60 items for the total sample . The reliab ility estimate  

ob tained was . 7 2 ,  indicating that the test  was a subs tantially reliable  

measure ( Bes t ,  1 9 7 7 , p . 260) . 

Validity 

The content validity o f  the Mul tiple-choice Reading Comprehens ion 

Tes t as a measure o f  reading comprehension rest s  on the following 

assumpt ions : 

( i )  The passages included in the test  are representatives 

o f  the kind of science reading ma terials which Thai 

s cience students a t  Khan Kaen University face in their 

reading at the first year university level . This was 



assured by selecting the passages randomly from the 

set basic textb ooks . The textbooks were suggested 

for their importance by the heads o f  the Departments 

o f  Phys ics , Chemistry , and Biology at Khan Kaen 

University . The detailed descrip tion for the 

s election of these passages can be found in the 

previous chapter (see p .  90 ) .  

( ii )  The s ixty items o f  the test  measure six reading 

comprehension skills . These skills  include : knowledge 

of vocabulary found in the t est  passage , knowledge 

of s tated facts , the abil i ty to perceive causal 

relationships , the ability to make inferences , the 

ab ility to grasp the o rganization o f  a passage , and 

the ability to identi fy the main idea . Thes e  6 0  items 

were checked for the accuracy of their  s cience content 

by three qualified s cientists , one a native speaker 

o f  English , the o ther two nat ive s peakers of Thai . 

The test i t ems were also checked for correct use of  

language , as wel l  as  for  construct ion by three 

language specialists who were nat ive speakers of 

English . The items were also j udged for their 

quality in measuring each particul ar comprehension 

skill . The test items wer e  also s ubj ected to item 

analysis . Attempts  to ensure the internal validity 

of the test items involved item selection and item 

analysis . 

( iii) The s tudent s '  reading comprehension of the passage used 

was inferred from the numb er of  the correct answers 

given in the Mul tiple-choi ce Reading Comprehension 

Tes t .  In order t o  show the validity o f  this assumption , 

i t  is necessary t o  rule out o ther alternative ways 

o f  get t ing the correct answer or ways that do not 

require understanding of the words or of  the sentences . 

The f ir s t  alternat iv e  is that s tudents get the 

correct answers by random guessing . This alternat ive 

can be ruled ouI by looking at the mean total s core 

that is possib l e  by random guessing . Since there are 

four choices per item ,  s tudents have a 25 percent chance 

of getting the right answer on each i t em by guessing . 
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There are 6 0  items in the tes t . This makes 1 5  a chance 

score on the total tes t assuming that all choices are 

equally prob able . The mean s core of  the sample studied 

was found t o  b e  2 9 . 3 .  This is sufficiently different 

from 1 5  to rule out random guessing . 

A s econd alternat ive is that students may choose 

some set of  posit ions , for example , first , second , 

third , fourth respons e choice in doing the tes t . This 

was controlled by attempting to b alance the position 

of the correct answer over all 60 items . The distrib ution 

of correct answers over pos i tions was as follows : 

(a )  First  position 1 5  i t ems 

(b ) Second position 1 5  i t ems 

( c )  Third position . 15  i t ems 

(d)  Fourth posit ion 1 5  i t ems 

If students adop ted �he position strategy , their scores 

would be 15 correct . The score is  sufficiently differ­

ent from the s t udents '  mean s core o f  29 . 3  to rule out 

the alt e rnat ive that s tudents chose the answers by their 

pos ition . 

A third alternative is that the length o f  the 

multiple-choice  response influences the students '  

choice . S tudents could adopt the s trategy of  choosing 

the shortest  or the longest response in each item without 

reading the i t em s t em or  the four choices at all . Or 

they could actually read all the responses in each item 

and choose the longest  one because it is the mos t  comp lex . 

Thus the comp l exity o f  the response somehow might 

determine the performance on these items rather than the 

reading comprehension skill . An examination o f  the length 

of the respons�s appears to rule out this alternative 

(see Appendix N ) .  An optimal s trategy of choosing the 

longes t sentence and in the cases where there  are two 

longest  s entences choose one randomly would only result 

in 1 8  correc t .  It appears that the alternative which 

deals wi th the length o f  the multiple-choice response 

can b e  s afely ruled out . There is no possible  non­

comprehension strategy that students could adopt that 

1 5 3  



would result in a score close to the 2 9 . 3  average 

found . 

In addition , the psychometric propertie s o f  the 

test  are adequate . 

The reliability o f  the test is . 7 2 which is 

acceptable , although on the low side . The t es t  can 

b e  regarded as moderately d ifficul t ,  giving an average 

score of 29 . 34 .  Given difficulty indices ranging 

from . 40 to . 9 4 ,  70% of  the total test  i tems (n 4 2/60)  

could b e  regarded as not difficult and 25% (n = 1 5 /60 )  

as  fairly difficult with difficulty indices ranging 

from . 20 to . 39 .  Only one item had a difficulty index 

under  . 1 8 .  

Sixty-seven percent o f  the test  i t ems exhib i ted 

b i s erial correlation b e tween . 20 to . 4 3 .  The t e s t  can 

b e  regarded ' as adequat ely discrimina tory . 

On the basis of these data , i t  was concluded that 

the psychometric properties of the test  were satisfactory 

for the s t udied purpose .  

Engl ish Grammatical S tructures Tes t : Adminis tration 

Test Adminis t ra tion 
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The t e s t  ( 45 i t ems measuring comprehension of  15 Engli sh gramma tical 

structures ) was adminis t ered to the 1 9 0  student s  in the afternoon session , 

July 22 , 1 9 79 . 

As b e fo re ,  the author met with the six o ther lecturers half  an hour 

b efore the a dministration of the t es t . The inst ructions for  adminis t er­

ing the test  were explained (see Appendix D) . Before the s tudents entered 

the exam rooms , a test  booklet and a vocabulary lis t were p laced on 

their desks . When they had taken their seat s , they were f irst  asked to 

check whether they had both a tes t b ooklet and a vocabulary l is t .  Then 

they were a sked to t ake the answer sheet  out o f  the back page o f  the t es t  

b ooklet and wri t e  down their names and their Facult ies . Then they were 

asked to che ck whether their test b ookle t  contained 1 2  pages of the test 

items , and the t es t  ins truction page . They were also asked to write down 

their names and Faculties on the space p rovided on the vocabulary list . 

( see Appendix 0) . The proctor,  then , explained  how to use the vocabulary 



lis t ,  by saying these wo rds ( English t rans lation) : 

Whenever you face any unfamiliar words in your test 

booklet , look them up in the vocabulary l is t .  You will 

get the meaning of the word in Thai . Remember to circle 

the number which precedes the word you want to look up 

for its meaning . For example , you want to know wha t  

"absorb " means . Look the word "ab s orb " u p  i n  the 

vocabulary l is t ,  you will find . . .  

1 .  absorb � ��iI 
11 

Read the meaning and rememb er to also c ircle the 

numb er which precedes that word : o absorb � �';'SJ 
Do not be afraid o f  using the vocab ulary list . 

Put t ing a circle on a number preceding the word when 

you want to know the meaning , does no t mean that you 

wil l  lose your mark . The purpose is only for analys is 

in this study . 

Then the lect urer r ead out the tes t ins tructions from the tes t 

b ooklet , and made sure that every student unders tood them ( see Appendix 
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C for the test ins truc tions ) .  The s tudents were told to complete the 

t est within an hour and a half . They were also asked to hand in to their 

l ecturers the answer shee t , the test booklet  and the vocabulary l is t .  

Scoring Procedure 

The s tudents ' answers were hand s cored twice using the punched key 

sheet prepared in a dvanc e  (see Appendix E) . They were first scored by 

a fourth year science s tu dent and then by the researcher . The purpose 

was to  check the a ccuracy in marking the t es t .  Each correct answer was 

given one mark . 

Result s  

The basic sta t i s t i cs of the English Grammat ical Structures Tes t 

derived from the s ample o f  190  s tudents are displayed in Table 2 7 . 



Tab le 2 7  

Test o f  English Grammatical S truc tures : Basic Statistics 

Test Variable 

English Gramma t ical 
Structures Tes t 

(n = 4 5  items ) 

N 

1 9 0  

Mean Median Range 

2 1 . 8 7 2 1 . 80 8-41  

SD 

6 . 26 

Item analysis was carried out over the 4 5  test items and yielded 

item diff iculty indices ranging f rom . 1 6 to . 7 2 .  The internal validity 

as measured by a biserial correlation b etween the test items and the 

total score showed i tems with internal validities ranging f rom . 04 t o  

. 55 ( see Appendix P ) . 

Rel iability 

The Kuder-Richardson Formula 20 reliability was computed for all 
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45 i tems for the total s ample .  The coefficient ob tained was r = . 76 

indicating that the test was a s ub s tant ially reliab le measure (Bes t , 1 9 7 7 ,  

p . 260) . 

Validity 

The content validity of the Test  o f  Engl i sh Gramma t ical Structures 

was achieved b y  submit t ing the original 45 test  items to three s cience 

lecturers who independen tly evaluated each i t em using the f o llowing 

criteria : 

(i )  a l l  target sentences were meaningful in terms of  

scientific concepts involved 

(ii) all pos sib l e  answers were regarded as correctly 

interpreted , unamb iguous and the mos t  appropriate 

for the test items . 



Those target s entences j udged inadequa te were replaced . "Possible." 

answers and "dis tractors " j udged inadequate were also revised . The 

revised t est  i t ems were then submit t ed to two specialis ts  in the field 

of teaching English as a foreign language , who independent ly evalua ted 

each i tem us ing the following criteria : 

(i)  Each target sentence was in fact a s tructure o f  the 

type supposedly b eing tes ted . 

(ii) The test quest ion and the four choices were 

gramma tically correct .  

(iii)  The c orrec t  answer in each item conveyed a meaning 

equivalent to the sent ence t ested . 

1 5 7  

Items were accepted for the test  if they were j udged to b e  adequate 

by both specia l ists . If  an item was j udged adequate by one l anguag e  

specialis t ,  b u t  the o ther recommended revis ion , the researcher re-examined 

the item and decided whe ther it was to be revised . In the event , a l l  of 

the test i tems needed revis ion ac cording to the recommendation of the 

language spe cialis t s . None was omi tted . 

One further procedure was followed to estab l ish the concurrent 

validity of the t es t  as a measure of comprehension of English grammatical 

structures .  I t  was undertaken b y  correlati ng English Grammatical 

Struc tures s cores with Engl ish-Thai Translation Test of English 

Grammatical S t ructur e s  s cores . The Pearson product moment correlat ion 

coefficient b etween the two tes t s  was r = . 6 1 ,  indicating a "sub stantial 

relationship" (Mehrens ,  W . H . , and Lehman , 1 . J . , 1 9 75 .  p .  6 0 ) . ,  and 

warrant ing a conclus ion of concurrent validity . 

- English-Thai Translation Test of English Grammat ical Struc tures : 

Administration 

The English-Thai Translation Test (45 items measuring comprehension 

of 15 selected English grammatical s t ructures ) was adminis t ered to 

190 students on July 26 , 19 79 . 

Again , the  author met with the six lecturers half an hour before 

the test administration.  Each lec turer was given an inst ruction sheet 

to follow ( see  Appendix Q) . The test bookle t s  �nd the 

vocabulary l i s t s  had been distrib u t ed before the s tudents took their 



seats ( s ee Appendices R and 0 respectively) .  The students were asked 

to write down their names and their Faculties  on the space provided on 

the test  booklets and on the vocabulary l is t .  They were reminded  t o  

circle the number preceding any word which they looked u p  for i t s  

meaning . They were t o l d  to trans late each s entence into Thai as b es t  

they coul d . The test was planned t o  take two hours and a half t o  

complete . However , when the t e s t  had been in progress only a n  hour , 
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a disrupt ion occurred through a s torm damage to the Khon Kaen Electricity 

Plan t .  As the test was taken in the late evening ( from 7 p . m .  onwards ) 

i t  was impossib l e  t o  carry on without the l i gh t s . The s tudents were 

therefore asked to l eave the exam rooms , l eaving their test bookle t s  and 

the voc abulary l i s t s  on the desks . They were asked to come back to 

complete the test on July 30 , 19 79 . One hundred and eighty-eight s tudents 

duly d i d . 

Scoring Procedure 

The Engl ish-Thai translation of 45 English sentences were hand 

s cored by the author . The marking was done by following the key to the 

correct interpretation of the sentences which had been prepared in 

advance as a result of the Pilot  testing on a group of  1 0  s cience 

s tudents from Mahidol University , Bangkok ( see  Appendix S ) .  Each 

correctly translated sentence was given one mark . Exact equivalent 

translation was not required . I t  was the func t ional equivalence trans­

lation whi ch was considered more important . 

Resul t s  

The basic s tatistics o f  t h e  English-Thai Translation Test o f  

English Grammatical Structures derived from t h e  sample of 1 88 students 

are presen ted in Table 2 8 .  



Tab l e  2 8  

English-Thai Trans lation Test o f  English Grammatical S tructures : 

Basic Statist ic s  

Tes t Variab le 

English-Thai Translation 
Test of Engli sh Grammatical 
Structures 

(n = 45 items ) 

Reliability 

N Mean 

188  2 0 . 7 3 

Median Range SD 

20 . 30 4-4 1 6 . 86 

The Kuder-Richardson 20 reliab i lity  o f  the total t es t  was . 84 .  

On the basis o f  . 70 and . 80 acceptability , i t  was concluded that the 

test of English-Thai trans lation of English grammatical s tructures was 

a substantially reliab l e  measure (Bes t , 1 9 7 7 ,  p . 260) . 

Validity 

An attempt was made to test  content validity . This was achieved 

by submitting the original 45 test  items to three science lecturers 

who independently evaluated each item .  The criteria used in j udging 

each i tem was that all target s entences were meaningful in t erms o f  

their scientific concepts . Those target s entences which were j udged 

inadequate according to the criteria were replaced . The revised t e s t  

items then were submit t ed to two language specialists who independently 

evaluated each i tem . The criteria was that each target sentence was 

in fact a s tructure o f  the type supposedly b eing tested . Accordingly 

none of the target sentences was omit ted . 

1 5 9  
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CHAPTER 5 

RESULTS 

Introduc t ion 

In the previous chap t er ,  the basic s tatis tics  derived from the use 

of the four tests were reported and their reliab ility and validity 

established . The data ob tained from the app lication of the tests  

cons titute the basis for examining in this chapter the research que s tions 

posed in the present study . The chapter is presented in four par t s . 

The firs t deals with the f indings on the relationship b e tween comprehension 

of selected English complex structures whi ch Thai science s tudents 

encounter in reading s cience textbooks and their  reading comprehens ion 

of scientific English discourse .  The s econd part reports data in s upport 

of the crit eria for . the division of two reading abili ty groups . The 

third part reports on the relat ionship found b e tween reading ab ility and 

comprehens ion of English complex s t ruc tures . Finally , the findings on 

the relative compreh ens ib il ity levels of English complement , comparative 

and relative struc tures for good and poor readers are described . 

Findings : Relationship Between Comprehension of  English Complex 

Structures and Reading Comprehension of Scientific  English Discourse  

Research Ques t ion 1 :  Does there exis t a relationship b e tween the 

ab ility to compreh end longer passages o f  

scien tific English and the ability t o  

' comprehend complement , relative and 

comparat ive s truc tures ? 

On the basis of previous research , it was hypothesiz ed that Thai 

science students ' comprehension of complex s tructures would be pos i t ively 

related to their reading comprehension of s c i entific Engl i sh passages . 

This hypothesis was tested by a correlational analysis . TIle scores from 

the Test of English Grammat ical Structures , the Cloze Reading Comprehens­

ion Test and the s cores from the Mul t ipl e-choice  Reading Comprehension 

Test were  entered into the analys is . 



Produc t-moment correlat ions 

The Produc t-moment correlations were calculated b e tween ( i ) the 

scores from the Tes t o f  English Grammatical S t ructures and the scores 

from the Cloze Reading Comprehension Tes t ,  and ( ii ) the s cores from the 

Test of English Gramma t ical S t ructures and the s cores from the Mul tiple­

choice Reading Compreh ension Test . Tab le 29 presents results . 

Table 29 

Correlation Between Struc ture Comprehens ion 

and Reading Comprehension (N= 190) 

Variable 

Tes t of English 
Grammatical 
Structures 

*** 
p < . 00 1  

Cloze Reading 
Comprehension Test 

* ** 
. 6 50 

Mul t iple-choice  
Reading Comprehension 

Test 

* * *  
. 659  

The correla tion b e tween the Test  of English Grammatical S tructure 
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and the Cloze Reading Comprehension Test i s  signif icant and modera tely 

high (r = . 65 )  with 4 2  percent o f  the variance accounted for by the Tes t 

of English Grammatical Structures . The rel a tionship b e tween the Test o f  

English Gramma tical Structures and the Mul t iple-choic e  Reading Comprehens­

ion Test is also s igni ficant and moderately high (r = . 66 ) . For the 

Multiple-choice Reading Compreh ens ion Tes t ,  43 percent o f  the variance 

is accounted for by the Test o f  English Grammatical Structures . The 

results support the predic t ion . The Pearson-product moment correla tions 

support hypo thesis 1 .  

Partial Correlations 

One important point to b e  considered when a correlational analysis  

is carried out is whether a third variable may have exerted as an inter­

vening influence . For the presen� s tudy , one variable which the Test o f  

English Grammatical S t ructures could b e  measuring and which is also 



1 6 2  

related t o  reading comprehens ion is knowledge of  wo rd meanings . The 

ob tained correlation coeff icient s between s t ructure comprehens ion scores 

and reading comprehension scores might b e  largely exp lainable by this third 

variable . The o riginal correlat ion may be somewhat spurious , and the 

th ird variable the important one . To examine this possibility,  part ial 

correlations were run between the Test of  Engl ish Grammat ical Structures 

and the Cloze Reading Comprehension Test and the Mul tiple-choice Reading 

Comprehens ion Test with the KKU Vocabulary Sub - t est partialled out . 

Tab le 30 p resents the correlational matrix for s t ruc ture comprehension 

scores , reading comprehension sco res and vocab ulary s cores . The partial 

correlations are shown in Tab l e  3 1 . 

1 

2 

3 

4 

Table 30 

Co rrelational Ma trix : S t ruc ture Comprehension Scores , 

Reading Comprehension Sco res and Vocabulary Scores 

Variab le 1 2 3 

Test of  Engl ish Gramma t ical . 6 50a . 6 59 
Struc tures 

Cloze Reading Comprehens ion . 6 26 
Tes t 

Mul t iple-choice Reading 
Comprehens ion Test 

KKU Vocabulary Sub-test 

a
For al l coef ficients p < . 00 1  

4 

. 5 1 7  

. 5 3 7  

. 56 0  



Tab l e  3 1  

Partial Correlations : Structure Comprehension Scores and 

Reading Comprehens ion Scores with Vocab ulary Scores Control led 

1 6 3  

Variab le r Partial Correlat ions wi th 
Vocabulary Scores Controlled 

Test of  English Gramma tical 
S truc tures 

v s  
Cloze Reading Comp r ehension 

Test  

Multiple-choice Reading 
Comprehens ion Tes t 

aFor all coef f icien t s  p < . 00 1  

. 5 1  

. 6 59  . 5 2 

Using a variance interpreta t ion , the propor tion of  overlap b e tween 

structure c ompreh ens ion s cores and cloze  sco res which resu l t s  f rom the 

effec t of vocabulary is . 1 6 (L e . , . 6 5
2 _ . 5 1

2
) .  

The proportion o f  overlap b e tween s tructure comprehens ion scores 

and multip le-choice r eading scores wh ich results from the effect  o f  

vocabulary i s  . 1 5 ( . 6 5 2 - . 52 2 ) .  

The par tial corr elations show therefore that the third variab le 

cannot b e  r eg�rded as explaining much o f  the relationship b e tween the 

Test of Engl ish Grammatical S t ructures and the Reading Compr ehension 

Tests . Very l i t tle of the relationship between the Tes t of English 

Grammatical Structures and the Clo z e  Reading Comprehension Test and the 

Multiple-choice Reading Comprehension Test can be accounted for by 

vocabulary . Thes e  data p rovide fur ther support for hypo the s i s  1 .  

Sex 

In o rder t o  assess whether hyp o thesis 1 had differential s ex e f f ects , 

male and a f emale data sub groups were formed , and t-tes t analys es b eing 

performed for  each s ub group . As can b e  seen from Tab le 32 d i f f erences 
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in mean scores b e tween sub groups are no t s ta t i s t ical ly signi ficant . 

Tab le 3 2  

Comparisons of Means for Males and Fema les 

Variab l e  

Test o f  English Gramm-
atical Structures 

Cloze Reading 
Comprehens ion Test 

Hul t iple-choice Reading 
Comprehension Tes t  

KKU Vocabulary S ub- test 

Male (N=80 ) Female ( N=l l O )  T-Ra t io " :Probab­
ility 

Mean SD Hean SD 

22 . 64 6 . 59 2 1 . 3 1 5 . 9 8 1 . 4 5 N". S . 

28 . 90 8 . 1 6 "2 8 . 5 8  6 . 4 5  0 . 30 N . S .  

30 . 09 7 . 8 2 2 8 . 7 9  5 . 9 2  1 . 30 N . S .  

6 . 9 6 3 . 86 6 . 5 4 2 . 90 0 . 8 7 N . S .  

Table 3 3  p resents  the Pearson product moment correlat ions differentiated 

by sex for : ( i ) the Tes t o f  English Gramma tical S truc tures and Clo ze 

Reading Comprehension Tes t  by sex and ( ii )  the Test o f  English Grammatical 

Structures and the Mul tiple-cho ice Reading Comprehens ion Test b y  s ex .  



Table 33 

Correlations between S tr ucture Comprehens ion Scores and Reading 

Comprehens ion Scores by Sex 

Variable Cloze Reading Mul t iple-choice Reading 
Comprehens ion Test Comprehens ion Tes t 

Male Female Male Female 
(80) ( 1 10)  (80 )  ( 1 1 0) 

Test o f  English 
. 72a Grammat ical . 58 . 7 7 . 54 

Struc tures 

aFor all coeffic i ents  p < . 00 1  

The signif icant and quite sub s tant ial correla tions in Tab le 3 3  
support hypothesis 1 for bo th males and females . Fif ty-one p ercent o f  

1 6 5  . 

the variance is accounted for b y  the Test o f  English Grammat ical 

Structures for male s and 34 percent for females . The dif ference b etween 

the correlat ions for males and females , us ing Fisher ' s  z t rans forma ti on 

tes t ,  is no t statist ically significant ( z  = 1 . 7 4 )  (Ferguson , 1 9 7 6 , p . 1 84 ) . 

The relat ionship b e tween the Test of  Engl ish Grammatical S truc tures 

and the Mult iple-choice Reading Comprehens ion Tes t is s igni f icant for 

both male group (r  = . 7 7 )  and f emale group ( r  . 54) . Fif ty-nine per cent 

of the varianc e is acco unted for by the Tes t  of Engli sh Gramma t ical 

Structures for males and 2 9  percent for f emales . The difference b e tween 

the correlat ion coefficients for males and f emales , using Fisher ' s  z 

transformation tes t is statistically s igni fi cant ( z  = 2 . 95 ) . 

Conclus ions 

( i )  The ab ility of Thai s cience s tudents to comprehend 

English complex s tructures was found related to their 

reading comprehension of s cienti f i c  English passages , 

as measured by t he Cloz e  Tes t  ( r  = . 6 5 )  and by the 

Mul t iple-choi c e  Reading Comprehens ion Test ( r  = . 66 ) . 



( ii )  N o  sex differences were found i n  ab il ity to  comprehend 

( i )  English complex s truc t ures as measured by the Test 

of  English Gramma tical S t ructures , ( i i )  scientific 

English passages as measured by b o th the Cloze Reading 

Comprehens ion Test and the Mul t iple-cho ice Readin� 

Comprehens ion Tes t , and ( i i i )  vocab ulary as measured 

by the KKU Vocabulary Sub- tes t .  

( iii)  No sex differences were found in the relat ionship 

b etween ab ility to comprehend English complex structures 

and reading comp rehens ion of s cient ific  English 

passages as measured by the Cloze Reading Comprehension 

Test (male s ,  r = . 7 2 ;  females , r = . 5 8 ) . 

( iv )  The correlation coefficient b e tween the ab ility to 

compr ehend Eng l ish complex s t ruc tures and reading 

comprehension of scientific Engl ish passages as 

measured by the Mul t iple-choice Reading Comprehension 

Test was found to  b e  higher for ma les ( r  = . 7 7 )  

than for fema les (r  = . 54 ) . The diff erence was 

statistically s ignif icant . 

Difference Between Reading Per formanc e of  Two Reading Ab ility Groups 

1 6 6  

Because the research questions 2 and 3 focused on Thai sc ience 

s tudents who dif fered in reading proficiency in EST , high and low reading 

ab ility groups had to be ident ified . To achieve this , the 1 9 0  studen ts 

were selected and placed in high and low groups , us ing the upper and the 

lower third of the distribution of  cloze  reading s cores ( approximated 

+1 SD) as the cri terion . See the dis tribution o f  cloze read ing s cores 

in Appendix T .  Student s with s cores above 34 on the Cloze Read ing 

Comprehension Test were placed in the "high "  group and those with scores 

below 24  were placed in the " l ow" group . As a result , there were 40 

students  in the "high "  group , and 43 s tudents in the " low" group ( see 

individual cloze reading s cores o f  b o th groups in Tab le 3 4 ) . 

In order to see if the previous ly ident i f ied high and low groups 

were divided appropriately , ind ividual reading s cores from the Cloze 

Read ing Comprehension Tes t  were compared to ind ividual reading scores 

from the Mul t iple-cho ice Reading Comprehension Tes t  ( see Table 34 ) . 



Tab l e  3� 

Raw Sco res and Pe r c e n t  Corre c t Res�onses on the C 1 0 z e  Rea d i ng Com�r e h e n s i o n  

and t h e  Mul t iple - c h o i c e  Read ing Compreh e n s i on Test for e a r h  o f  83 s t uden t s  

S tudent C l o z e  Read ing Comprehension Mu l t iple-choice Reading S t udent C l o z e  Reading Comprehen s i on Mu l t ip l e-choice Reading 
Tes t  Comp rehension Tes t  Tes t Comprehension Tes t 

Raw S c o re Percentage Raw Score Percent age Raw Score Percentage Raw S c o r e  Pe rcentage 

1 5 2  5 7 . 7  5� 90 . 0  � 5  2 3  2 5 . 5  2 3  3 8 . 3  
2 4 7  5 2 . 2  4 1  6 8 . 3  � 6  2 3  2 5 . 5  2 0  3 3 . 3  
3 � 5  50 . 0  �O 6 6 . 6 ' 4 7  2 3  2 5 . 5  2 6  4 3 . 3  
4 �4 4 8 . 8  4 2  7 0 . 0  4 8  2 3  2 5 . 5  2 8  4 6 . 6  
5 � 4  4 8 . 8  5 3  8 8 . 3  49 2 3  2 5 . 5  34 5 6 . 6  
6 4 4  4 8 . 8  3 5  58 . 3  50 23 25 . 5  2 3  38 . 3  
7 � 2  � 6 . 6  3 5  58 . 3  5 1  2 3  2 5 . 5  3 2  5 3 . 3  
8 � 2  � 6 . 6  3 5  5 8 . 3  5 2  2 2  24 . 4  2 3  38 . 3  
9 4 1  4 5 . 5  2 1  3 5 . 0  5 3  2 2  2� . �  2 8  4 6 . 6  

1 0  4 1  � 5 . 5  4 2  70 . 0  5� 22 2 4 . 4  3 3  5 5 . 0  
1 1  4 1  45 . 5  40 6 6 . 6  55 2 2  24 . 4  1 7  2 8 . 3  
1 2  40 4 4 . �  26 � 3 . 3  5 6  2 2  24 . 4  2 9  � 8 . 3 
1 3  39 4 3 . 3  � 7  7 8 . 3 5 7  2 2  24 . �  30 50 . 0  
1 4  39 4 3 . 3  4 1  6 8 . 3 58 2 2  24 . �  2 5  4 1 . 6  
1 5  3 9  � 3 . 3 3 8  6 3 . 3  59 2 1  2 3 . 3  24 40 . 0  
1 6  39 4 3 . 3  3 4  5 6 . 6  60 21 2 3 . 3  2 8  4 6 . 6  
1 7  39 4 3 . 3  4 3  7 1 .  6 6 1  2 1  2 3 . 3  1 8  30 . 0  
1 8  38 4 2 . 2  4 3  7 1 . 6 6 2  2 0  2 2 . 2  26 � 3 . 3  
1 9  38 4 2 . 2  4 1  68 . 3  6 3  20 2 2 . 2  2 7  4 5 . 0  
20 38 4 2 . 2  4 0  66 . 6  6� 20 2 2 . 2  24 40 . 0  
2 1  3 8  4 2 . 2  39 6 5 . 0  6 5  20 2 2 . 2  1 8  30 . 0  
2 2  3 8  4 2 . 2  3 2  5 3 . 3  6 6  1 9  2 1 . 1  2 5  4 1 . 6  
2 3  38 4 2 . 2  3 5  5 8 . 3 6 7  1 9  2 1 . 1  2 7  4 5 . 0  
24 3 8  4 2 . 2  3 7  6 1 . 6  6 8  1 9  2 1 . 1  1 8  30 . 0  
2 5  ' 38 � 2 . 2  3 7  6 1 . 6  69 1 8  2 0 . 0  26 � 3 . 3  
26 3 7  4 1 . 1  4 3  7 1 .  6 70 1 8  20 . 0  24 4 0 . 0  
2 7  3 7  4 1 . 1  26 4 3 . 3 7 1  1 8  20 . 0  2 5  � 1 . 6  
2 8  3 7  � 1 . 1  26 4 3 . 3  7 2  1 7  1 8 . 8  3 1  5 1 . 6  
29 37 4 1 . 1  3 3  5 5 . 0  7 3  1 7  1 8 . 8  2 2  36 . 6  
30 3 6  4 0 . 0  39 6 5 . 0  74 1 7  1 8 . 8  26 4 3 . 3  
3 1  3 6  4 0 . 0  3 1  5 1 . 6 75 1 7  1 8 . 8  30 50 . 0  
32 3 6  4 0 . 0  2 5  4 1 . 6  76 1 6  1 7 . 7 30 50 . 0  
3 3  3 6  4 0 . 0  1 8  30 . 0  7 7  1 6  1 7 . 7  2 0  33 . 3  
34 3 5  3 8 . 8  3 1  5 1 . 6  78 16 1 7 . 7  2 2  36 . 6  
35 3 5  3 8 . 8  4 2  70 . 0  79 1 6  1 7 . 7  25 4 1 . 6  
36 3 5  3 8 . 8  29 4 8 . 3 80 1 5  1 6 . 6  2 8  4 6 . 6  
3 7  3 5  3 8 . 8  3 2  5 3 . 3 81 1 4  1 5 . 5  2 3  38 . 3  
38 35 3 8 . 8  32 5 3 . 3 82 1 3  1 � . �  1 7  2 8 . 3  
39 35 3 8 . 8  29 4 8 . 3 83 10 1 1 . 1  1 8  30 . 0  
�O 3 5  3 8 . 8  36 60 . 0  

4 1  2 3  25 . 5  3 5  58 . 3  

4 2  2 3  2 5 . 5  3 3  5 5 . 0  Median - 2 3 . 4  Med ian = 29 . 3  ...... 
4 3  2 3  25 . 5  2 3  3 8 . 3  

0-
( 26 . 0 % )  ( � 8 .  8%)  '-.J 

44 2 3  25 . 5  ] 9  3 1 . 6  
( N  • 8 3 )  ( N  E 8 3 )  



The s t udents were divided into high and low s co r ing groups , us ing the 

median scores on both the C loze  Reading Comprehension Tes t and the 

Mult iple-choice Reading Comprehens ion Tes t for the comb ined groups 

(N = 8 3 )  as the criterion . S t udents with scores at or above the median 

score on b o th tests were p laced in the high g roup and those with scores 

b elow the median score on both tes t s  were placed in the low group . Each 

s tudent was then assigned t o  a high o r  a l ow cat egory on each of the 

1 6 8  

two tests . A two-by-two matrix was cons tructed showing the p lacement o f  

a l l  students i n  each of  the four pos s ible cat egor ies i n  order to det ermine 

( i )  if the placement dif ferentiated signif ican t ly between high and low 

reading ab ility groups , and ( i i )  if  the re lationship b e tween scores on 

the Clo ze Reading Comprehension Tes t and the Mul t iple-choice Reading 

Comp rehension Tes t was s tatist ically signi f i cant . Tab le 30 presents 

these resul t s . 

The data in Tab le 35 indicate cons iderable consistency between 

t es t  scores . Only 20 percent o f  the to tal number of results displayed 

"incons istency" .  Eight s tuden ts (lower lef t-hand quadrant scored higher 

than the Cloze Test median of  2 3 . 4  ( 26 % )  but lower than the Multiple­

choice Reading Comprehension Test median of 29 . 3  (4 8 . 8% ) ) and nine 

s tudents (upper right hand quadrant scored lower than the median on the 

Cloze Test but higher than the median on the Mul tiple-choice Reading 

Comp rehens ion Tes t ) . The maj ority of the s t udents  were cons istent in 

their performanc e on both t es ts and reading ab i l i ty of the two groups 

was shown to be signi ficantly differen t .  



Tab le 35 

Placement of  s tuden ts in High and Low Scoring Groups Based on 

the Median o f  Both Cloze Reading Comprehens ion Tes t and the 

Mul t iple-choice Reading Comprehens ion Tes t 

High 
(at or ab ove median 

29 . 3 ) 

Low 
(below median 29 . 3 ) 

Total 

Cloze Reading Comprehens ion Tes t 

High 
(at or ab ove 
median 23 . 4 ) 

3 2  

8 

40 

Low 
(b elow median 

2 3 . 4 ) 

9 

34 

4 3  

Total 

4 1  

42  

8 3  

�-------- ----- - - - ----�----

x
2 

28 . 9  ( df = 1 ) ; p < . 00 1 

Gamma (y) = . 88 



Findings : Relationship Between Good and Poor Readers ' 

Comprehension of the 1 5  Ertgl ish ' Complex S t ruc tures 

Research Ques t ion 2 :  Wi thin the respect ive groups o f  good 

and poor readers , are the patterns 

of the comprehens ib ility levels o f  

complement , relative and comparative 

st ruc tures similar? 

1 70 

The above research quest ion is concerned wi th the relat ionsh ip 

between reading ab i l i ty and the comprehens ib ility of the 15 complex 

struc tures under invest igat ion . Table 36 and 3 7  show respec t ively for 

good and poor reader s , the comprehens ion scores , their means and s t andard 

deviat ions for each of the 15 s t ructures , ranked from eas iest to mos t  

dif ficult . The comprehens ion ' scores were derived from 4 5  it ems - three 

for each of the 1 5  s t ructures . Of the 15 s t ructures , f ive were of the 

complement typ e ,  f iv e  of  the comparative type and five. o f  the relat ive 

struc ture type . Each s t ruc ture is ind icated in the tables . Each 

comprehension score was derived by adding toge ther the number of correct 

responses to the appropriate three ques tions . The results for each 

group o f  readers will be deal t with separat ely . 

For the good readers , scores ranged f rom 108  to 4 6  ( for each 

structure ) . Given three sentences in each and an N = 40 , this means 

that f o r  the top score nearly all  student s got all three sentences 

correc t and for the b o t tom score mos t  got one answer correct . The 

percen tage scores ranged from 9 0  to 38 . 3 .  The percentage score column 

shows the p ercent o f  to tal cor rect  responses for each s t ruc ture o b tained 

by div iding the actual obtained correct responses by the possible correct 

respons es ( in this case , 1 20 ) . The mean s core c olumn shows the average 

number o f  items correc t for each s t ructure . The standard devia tion 

column reveals the average distance where the ind ividual sco res in 

a dis t ribut ion are removed from the mean . The greater the value o f  

the s t andard deviation , the further the o riginal score i s  removed from 

the mean . 



Tab le 36 Table 3 7  

ComErehens ion Scores of the 15 Engl ish ComE1 ex St ruc tures of ComErehension Scores of 15 Engl ish ComEl ex S t ruct ures of 

Good Readers (N m 40), Ranked from Eas iest to Most Di f ficult Poor Readers (N - 4 3 ) ,  Rank«!d from Easi e s t  to Mos t  Di ff icult 

Struc ture Descrip tion of 
Comprehension Scores Mean SD Structure Description o f  Comprehens ion Scores Mean SD 

Number S tructures Percentage Number Struc tures Pe rcentage raw raw 
s cores s cores 

7 Comparison of Inequali t y  108 90 . 0  2 . 70 . 5 1 6  Compa rison o f  Inequa l i ty 
(with than) 108 90 . 0  2 . 70 . 5 1 6  (with than) 6 2  4 8 . 0  1 . 4 7  . 959 

5 Part i c ipial -ing Complement 9 Compa rison o f  Similarity 
after preposi tion 95 79 . 1  2 . 38 . 837 (�) 6 1  4 7 . 2  1 .  4 2  1 . 02 8  

1 4  Fini te (whi ch -subj e c t )  1 4  Fin i t e  (wh ich .-subj e c t )  
Rel a t ive 91 75 . 8  2 . 28 . 876 Rel a t ive 60 46 . 5  1 . 40 . 87 6  

9 Comparison o f  Simil a r i ty 1 5  Fin i t e  (wh ich -complement to 
( same) 86 7 1 . 6  2 . 1 5 . 833 preposi tion) Rel a t ive 60 46 . 5  1 . 40 .,903 

1 5  Fin i t e  (which -complement 1 3  Fini te ( that -subj e c t )  
to prepos i t ion) Relat ive 8 3  69 . 1  2 . 08 . 764 Rela t ive 5 7  4 4 . 1  1 .  33 . 808 

1 3 Fini t e  ( that -subj e c t )  5 Participial -ing Complement 
Rel a t ive 80 66 . 6  2 . 00 . 8 77 after Prepos i t ion 56 4 3 . 4  1 .  30 . 88 7  

1 1  Non-finite ( -ed /-�) Finite Obj e c t  Complement 56 4 3 . 4  1 .  30 . 802 
Relat ive 80 66 . 6  2 . 00 . 6 79 

4 Fini te Sub j ec t  Complement 53 4 1 . 0  1 . 2 3  . 895 
Finite Obj e c t  Complement 76 6 3 . 3  1 . 88 . 790 

( -ing) 1 2  Non-fini t e  
4 Fini te Subj e c t  Complement 68 56 . 6  1 .  70 . 9 1 1  Rel a t ive 46 35 . 6  1 . 07 . 827 

1 2  Non-finite ( -�) Relat ive 6 8  56 . 6  1 .  70 . 822 6 Comparison of Inequa l i ty 

2 Non-finite ( to-infinit ive) (0 than) 46 35 . 6  1 . 0 7  . 82 7  

Obj e c t  Complement ( type 2 )  6 0  50 . 0  1 . 50 . 84 7  8 Comparison of D i f ference 

8 Comparison o f  D i fference (other) 44 34 . 1  1 . 02 . 801 

( other) 5 9  49 . 1  1 . 4 8  . 750 1 1  Non-finite (-ed/-en) Relat ive 4 3  3 3 . 3  1 . 00 . 654 

10 Comparison o f  Equa l i ty 3 Non-finite ( to-infinit ive) 
(as -relative l ike ) 5 5  4 5 . 8  1 . 38 . 9 7 8  Obj e c t  Complement ( type 5 )  38 29 . 4  . 88 . 76 2  

6 Comparison of Inequali ty 1 0  Comparison of Equa l i t y  
( 0  than) 5 1  4 2 . 5  1 . 2 8  . 846 ( a s  -relative l ike)  3 3  2 5 . 5  . 7 7 . 84 0  

3 Non-fini te ( to-in f i n i t ive) 2 Non-finite ( to-inf i n i t ive) 
Obj ect Complement ( t ype 5) 46 38 . 3  1 . 1 5 . 863 Obj e c t  Compl ement ( type 2 )  30 2 3 . 2  . 70 . 860 

...... 
-....J ...... 



1 7 2 

Poo r  readers , s cores ranged f rom 6 2  to 30 . Given three sentences in 

each structure and an N 4 3 ,  this means tha t for the top s core , most 

of the s tudents go t one answer correct and for the bottom score , only 

some of the s tudents go t one answer correc t . The percentage s cores 

ranged f rom 48 to 2 3 . 2 .  Each pe rcentage s co re was determined by divid­

ing ob tained correct responses by poss ible correct responses ( in this 

case , 1 29 )  mul t iplied by 100 over 1 .  The mean score co lumn (Table 3 7 )  

shows the average numb er o f  i t ems correct for each struc t ure . The 

standard deviat ion column shows the ave rage dis tance whe re the 

individual sco res in a dis tribut ion are removed from the mean . 

In o rd er to  determine whe ther the patterns of the comprehensib i l i ty 

levels o f  1 5  s t ructures for good and poor readers were s imi lar , 

comprehens ion ranks rather than comprehens ion scores o f  the 1 5  s t ructures 

were used as the basis for comparing the two ab ility groups . Table 3 8  

compares comprehension ranks o f  1 5  s t ruc tures for both groups . So 

regardless of whe ther the comprehension score was 90 percent ( as were the 

good readers ' comprehension scores on comparison of inequality with 

than) or 4 8  percent (as were the poor readers ' comprehens ion s cores on 

the same s t ructure ) , the impor tant p o int is tha t ,  in relation to o ther 

structures , this particular s t ructure was the mos t  comprehensib le for 

both groups to read . In this way , ranking would be appropriate to 

provide informa t ion which could answer the previous res earch ques tion . 

Spearman rank-order correlatio n  

I n  o rder t o  find the relat ionship b e tween good reader s and poor 

reader s comprehens ion o f  15 English s t ruc tures , a Spearman rank-order 

correlation was computed . The resul ts are presented in Tab le 39 . 



Tab le 38  

Comprehens ion Scor es and Comprehens ion Ranks of  15 Compl ex S t ruc tures for Good (N  

S truc ture 
Numb er 

7 

5 

1 4  

9 

1 5  

1 3  

1 1  

1 

4 

1 2  

2 

8 

10  

6 

3 

Descript ion o f  Structures 

Comparison of  Inequality (wi th than) 

Par ticipial -ing Complement after Prepos i tion 

Finit e  (which - subj ec t )  Relative 

Comparison o f  S imilarity ( same ) 

Finite (which - compl emen t to preposition) Relat ive 

Fini te ( that - subj e c t )  Rela tive 

Non- finite ( -ed/-en) Relative 

Finit e  Obj ec t  Complement 

Fini te Subj ect Compl ement 

Non-fini t e  (-ing ) Relative 

Non-fini t e  ( to-infinitive) Obj ect Compl ement 
(Typ e 2 )  

Comparison of Difference (other) 

Compar ison o f  Equality (as - relat ive-like) 

Comparison o f  Inequal ity (0  than ) 

Non-finite ( to-inf ini t ive) Obj ec t  Complement 
(Type 5 )  

Good Readers 

S co res % 

108  90 . 0  

95  79 . 1  

9 1  75 . 8  

86 7 1 . 6  

83  69 . 1  

80 66 . 6  

80 66 . 6  

76 6 3 . 3  

6 8  56 . 6  

68  56 . 6  

6 0  50 . 0  

59 49 . 1  

55  45 . 8  

5 1  4 2 . 5  

46 38 . 3  

40)  and Poor Readers (N  

Ranks 

1 

2 

3 

4 

5 

6 . 5  

6 . 5  

8 

9 . 5  

9 . 5  

1 1  

1 2  

1 3  

1 4  

1 5  

Poor Readers 

Scores % 

6 2  4 8 . 0  

56  4 3 . 4  

60 46 . 5  

6 1  4 7 . 2  

6 0  46 . 5  

5 7  44 . 1  

4 3  33 . 3  

56  4 3 . 4  

53  4 1 . 0  

46 35 . 6  

30 2 3 . 2  

44 34 . 1  

33 25 . 5  

46 35 . 6  

38 2 9 . 4  

4 3 )  

Ranks 

1 

6 . 5  

3 . 5  

2 

3 . 5  

5 

1 2  

6 . 5  

8 

9 . 5  

1 5  

1 1  

1 4  

9 . 5  

1 3  

...... 
" 
w 
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Table 39 

Spearman Rank�order Correlat ion Co efficient Between Good 

Readers ' and Poo r  Readers ' Comprehens ion of Engl ish 

CompleX Structures 

Variab l e  

Good Readers ' Comprehens ion 

of 15 Engl ish S t ructures 

p < . 00 1  

Poor Readers ' Comprehens ion 

of  15 English S t ructures 

. 8 1 

The correlat ion co effic ient of  . 8 1 in Tab le 39 indicates a s t rong 

rela tionship s t a t i s t ically signi ficant at the . 00 1  level . This implies 

tha t  in rela tion t o  o ther s tructures investigated , those s t ruc tures 

which are comprehen s ible for good readers , t end to b e  comprehens ib le for 

poor readers also , and those struc tures which are diff icul t for  good 

readers ,  t end also to  be dif ficult for poo r  readers . 

To find out further which part icular s t ructures are at s imilar 

levels of comprehensib i l i ty for b o th group s , the structures were 

classified into "mos t  comprehens ible " ,  " mo derately diff icul t "  and "most  

dif ficul t" categories . As signments were made so tha t b o th groups would 

have the same number of s t ructures in each of the three categories , 

as shown in Tab le 40 . 

As the t ab l e  shows , for the group o f  good readers , five s t ruc tures 

classif ied under the "mo s t  comprehens ib le " category were two types o f  

comparisons ( S t ructures number 7 & 9 ) , two types of  rela tives 

( S t ructures numb er 14 & 1 5 )  and one complement ( S truc ture number 5 ) . 

Five o ther structures grouped within the "mo s t  difficult " catego ry ,  

were three types o f  comparisons ( St ructures numb er 6 ,  8 & 1 0 )  and two 

types of complements ( St ructures number 2 & 3 ) . Moderately d i f ficult 

structures included three types o f  rela tives (Structures numb er 1 1 ,  

1 2  & 1 3 )  and two types of  complements ( S t ructures number 1 & 4 ) . When 



Mos t 

Comprehens ible 

L 
r 

Moderately 

D i f f icul t 

Most 

'Di f f i cul t 

L 

Tab le 40 

Mos t Comprehens ible, Mod era t e ly Di f f i cu l t  and Mo s t  D i f f i c u l t Ranking 

S t r u c t ures for Good Rea d e r s  and Ponr Readers 

Good Readers ( N  • 40) Poor Reade rs (N • 4 3 )  

Comprehension 
Rank 

1 

2 

3 

4 

5 

6 . 5  

6 . 5  

8 

9 . 5  

9 . 5  

1 1  

1 2  

1 3  

14  

15  

S truc t ure 
Number 

7 

5 

1 4  

9 

1 5  

1 3  

1 1  

4 

1 2  

2 

8 

10  

6 

3 

Descript ion of S t ructure 

Comparison o f  Inequa l i t y  (with than) 

Participial -ing Complemen t af ter 
preposi t ion 

Fini t e  ( which -subj ec t )  Relative 

Comparison of Simi larity (�) 

Fini t e  (which -complement to 
prepo s i t ion) R e l a t ive 

Fin i t e  ( th a t  -subj e c t )  R e l a t ive 

Non-fini t e  ( -ed/-en) Rel a tive 

Fini t e  Obj e c t  Compl ement 

Fini t e  Sub j e c t  Complement 

Non-fini t e  ( -ing) Rel a t ive 

Non-fi n i t e  ( to-infini t ive)  Obj ec t  
Complement ( Type 2)  

Comparison o f  D i fference (other)  

Compa rison o f  Equality (� -relative 
l ik e )  

Compari son o f  Inequa l i t y (0 than) 

Non- fini t e  ( t o-infini t iv e )  Obj ec t  
Complement (Type 5 )  

Most 

Comprehensible 

L 
Mod erately 

Di f f icul t 

L 
r 

Most 

D i f f ic u l  t 

L 

Comprehension 
Rank 

2 

3 . 5  

3 . 5  

5 

6 . 5  

6 . 5  

8 

9 . 5  

9 . 5  

1 1  

1 2  

1 3  

1 4  

1 5  

S truc t ure 
Numbe r  

7 

9 

14  

15 

13  

5 

4 

1 2  

6 

8 

1 1  

3 

1 0  

2 

Description of S t ruct ures 

Comparison of Inequal i ty (wi th than) 

Comparison o f  Similarity (�) 

Fini t e  (which -subj e c t ) Rels t ive 

Fini t e  (which -complement to 
prepos i t ion) Relative 

F i n i t e  ( that -subj e c t )  Rel a t ive 

Pa r t i c i pial -ing Compl ement a f t er 
Prepos i t i o n  

Fini t e  Obj e c t  Complement 

Fini t e  Subj e c t  Complement 

Non-f ini t e  (-in g) Rela t ive 

Comparison of Inequa l i t y  (0 than) 

Compa rison o f  D i fference (other) 

Non-finite (-ed/-en) Rel a t ive 

Non- f i n i t e  ( to-in f in i t ive)  Obj e c t  
Complement (Type 5 )  

Comp a r i son of Equa l i ty (� -rels tive 
l ik e )  

Non- f in i t e  ( to-infin i t ive)  Obj e c t  
Compl ement (Type 2 )  



comparis ons , complements , and relatives were examined separately , i t  

appeared that none o f  the relat ive s t ructures were found under the "mo s t  

difficul t "  category . In o ther wo rds , rela t ives seem no t to  cause r ea d­

ing diff icul ty for this group . Comparisons and complements on the 
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o ther hand , were found to be e i ther very difficult or mos t  comprehens ib l e  

for the group . 

For poor reader s , st ructures within the "most  comprehensib le" 

category were two types of comparisons ( S t ruct ures number 7 & 9 )  and 

three types of relatives ( S truc t ures number 1 3 ,  1 4  & 1 5 ) . Those s t ru c t ures 

under the "most difficul t" category were found to  be two types of 

comparisons ( Struc tures number 8 & 1 0 ) , two complements ( St ruc tures 

number 2 & 3 )  and one rela t ive ( S truc ture numb er 1 1 ) . The struc tures 

grouped within the "modera t ely d i fficul t "  category were three types o f  

complements (Str�ctures number 1 ,  4 & 5 ) , one rela tive ( S truc ture numb er 

1 2 )  and one comparison ( S t ructure number 6 ) . 

The pat tern which emerged f rom a closer examina tion of  complement s , 

comparisons and rela t ives taken separa tely , was that none o f  the 

complement structures were found under th e "mos t comprehensib le" category 

for the group of poor readers . The complements clustered under the 

"moderately difficult " category ( St ructures numb er 1 ,  4 & 5 )  and the 

"mo st diff icult "  category ( Struct ures number 2 & 3 ) . Compa ris ons and 

relatives ,  on the o ther han d ,  were found ei ther within the "most  

comprehens ible" or the "mo s t  d i f ficul t "  ca t ego ry . For example , 

comparison o f  inequa l i ty (with than) and comparison of similarity 

( same ) were found to b e  very easy while comparison of dif ference ( o th e r )  

and comparison of  equa lity (as - relat ive l ike) were very dif ficult for  

poor readers . All  finite rela t ives were found very easy for  the group 

while the non-finite ( -ed/-en) relative was mos t difficul t . 

When the structures that o c curred wi thin the same comprehens ion 

category for both groups were examined it  was found tha t  the same four 

s t ructures were difficult for b o th groups t o  read and the same four 

o ther s truc tures were easy for b o th groups to  read . Figure 6 illus t ra t ed 

the numb er o f  s truc tu res tha t  o c curred within the three comprehens ion 

categories for both groups . 
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Figure 6 :  Number o f  s t ruc tures tha t occurred wi thin the 

three compr ehens ion categories for bo th groups 



A clos er examination of  the s tructures wi thin the same comprehension 

ca tegory reveals that comparison o f  inequal i ty (with than) , comparison 

of simi larity (same ) , finite (which-subj ec t )  relative and finite (wh ich­

complement to preposit ion) rela tive are easy to  comprehend for b o th 
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groups of  readers . Comparison o f  equality ( as - rela tive l ike) , 

comparison of  difference ( o ther ) and two types of  non-fini te obj ec t  

complement were found to  caus e reading diff icul ty for the two groups . 

Three s t ruc tures wer e  found moderately difficult for b o th groups vi z . , 

finite obj ect complement , finite subj ect  complement .and non-fini te �ing) 

relative . Only four s t ructures were found not to be in the s ame rank 

category for b o th groups . Thes e  included participial -ing complement 

after p reposit ion,  comparison o f  inequality (0 than) , non-finite ( -ed/ -en) 

rela tive and f inite ( that - sub j ec t )  relat ive (see Tab le 4 1 ) . 

Conclus ions 

( i )  Th e comprehens ib ility levels of the 15 complex s truc tures 

inves tiga t ed displayed s imilar pat t erns for b o th good and 

poor readers . This was indicated by the strong correlat ion 

coeffic ient o f  r = . 8 1 . This implies that gene rally those  

struc tures which tend to be difficul t for  good readers , in  

relation to the o ther s t ructures , t end to  be dif ficult for 

poor readers als o . Those s t ructures which are comprehens­

ib le for good readers , t end to b e  comp rehens ib le for poo r 

readers also . 

( i i )  Th e struc tures which were the easiest for b o th groups 

were Comparisons 7 and 9 and Relat ives 14 and 1 5 .  

(iii)  Th e structures which were moderately difficult for  both 

groups were Complements 1 and 4 and Rela tives 1 2 .  

( iv )  The structu res which were the mos t  dif f icul t for both 

groups are Complement s  2 and 3 and Comparisons 8 and 1 0 .  

(v) The s truc tures which were not at the same level of 

comprehensib i l i ty when compared t o  the other s t ruc tures , 

for bo th groups , wer e  Complement 5 ,  Comparison 6 ,  

Relatives 1 1  and 1 3 .  



A .  

Tab l e  4 1  

Engl ish Complex S t ructures wi th Simi l a r  and Dissim i l a r  Comprehension Ranks 

for Both Good Readers and Poor Readers 

English Complex Struc tures with in the Same Rank Category for B�th Groups B .  English Complex Struc tures Not i n  the Same Rank Category for Both Groups 

S t ructure Number 

7 

9 

1 4  

1 5  

1 

4 

1 2  

3 

2 

1 0  

8 

Mos t Comprehensible Ca tegory 

Comparison of Inequality (with than) 

Comparison o f  Similarity (�) 

Fini te (which -subj e c t )  Relat ive 

Finite (which -complement to prepos i t ion) 
Relative 

Moderately Difficult Ca tegory 

Finite Obj e c t  Complement 

Finite Subj ect Complement 

Non-finite (-ing) Relative )  

Most Di f ficult Ca tegory 

Non-finite (� -infini tive) Obj e c t  Complement 
(Type 5 )  

Non-finite (� -infinitive) Obj e c t  Complement 
(Type 2 ) 

Comparison of Equali t y  (� -relat ive l ike) 

Comparison o f  Difference (other) 

S tructure Description o f  S truc tures Good Poor 
Number Readers Readers 

5 Part i c ipial (-ing) Comp l ement Most Hoderately 
Comprehensible Difficult  

6 Comparison of Inequa l i t y  Mos t  Mod era tely 
Difficult  Difficult  

1 1  Non-fin i t e  (-ed /-en) Rel a tive Moderately Most 
D i f f i c u l t  Difficult  

1 3  Fini t e  ( t hat -subj e c t )  Relative Moderat ely Most 
Dif f icult Comprehensible 



Find ings : Differenc es in the Comprehensib il i ty Levels o f  Engl ish 

Compl ex S tructures for Good and Poor Readers 

1BO  

A maj or purpose o f  the present s tudy was t o  f ind o u t  ( i )  the 

comprehensibility levels of three main types of English complex structures 

-- complement , comparat ive and rela t ive s t ructures , and ( i i )  the 

comprehens ib ility levels o f  dif ferent manifestat ions of complement ,  

comparat ive and rela tive s t ructures t aken s eparat ely , for good and poor 

Thai science readers . Results are present e d  in four separate headings 

below . 

Comprehens ib ility levels o f  th ree main type s of Engl ish complex 

structures -- complements, comparatives and relat ives 

Table 4 2  shows the comprehens ion scores , means and standard d eviations 

for each of the three types of English complex s truc tures under inves tig­

ation for good and poo r readers respect ively . The comprehension raw 

sco res o f  each type were der ived by adding toge ther the numb er of  

correct responses to the 15  i t ems whi ch were des i gned to tes t the same 

type o f  struc ture . The resul ts for each group of readers will be deal t 

with separately . 

Fo r good readers , comprehens ion s cores for the complements , the 

compara t ives and the relat ives were 345 , 3 59 and 402 respectively . 

Their p ercent age scores of  5 7 . 5 ,  59 . B  and 6 7 . 0  were ob tained from 

a divis ion of  the actual obt ained co rrect responses by the possib l e  

correct responses ( in th is cas e ,  were 600) . The mean score column shows 

the average numb er of items co rrect for each type of complex s t ructures 

( the to tal number o f  i t ems for each type was 1 5 ) . 

For the poor readers , comprehens ion s cores o f  th e complement s ,  the 

comparatives and the relatives were 2 3 3 , 246 and 266 respe c t ively . 

Their percentage s cores were 3 6 . 1 , 3B . 1  and 4 1 . 2 .  



Table 4 2  

Comprehension Scores, Means and Standard Deviat ions o f  the Three Types 

o f  English Complex S tructures for Good (N = 40)  and Poor Readers eN = 4 3 )  

Types o f  Complex S t ructures Raw 
S cores Percentage Mean SD 

Compl ements 

Good Readers 345 5 7 . 5  8 . 60 2 . 32 

Poor Readers 233  36 . 1  5 . 4 2 2 . 1 4 

Comparatives 

Good Readers 359 59 . 8  8 . 9 8 2 . 4 3  

Poor Readers 246 3 8 . 1 5 . 7 4 2 . 32 

Relatives 

Good Readers 402 6 7 . 0  1 0 . 05 2 . 43 

Poo r  Readers 266 4 1 . 2  6 . 19 2 . 15 

1 8 1  

To tes t for dif ferences in the comprehens ibility levels o f  the three 

types of complex s t ructures for goo d  and poor readers , the comprehens ion 

scores were analyzed separately for each group by means o f  a s ingle­

fac tor analys is o f  variance ( repeated measures ) design (Keppel , 1 9 7 3 ) . 

Scheffe' mul t iple comparis ons were p erformed to test for s ignif icance o f  

the differences between adj acen t  means . Both are dis cussed b elow .  

Single-factor analys es of variance (repeat ed measures ) .  Single-fac t o r  

analyses of  variance ( repea t ed measures ) were calculated on each o f  the 

two reading abi l i ty groups across the comprehens ion scores of three types 

o f  compl ex s t ructures . The result s of  the analyses on good and poor 

readers are presented in Tab les 43 and 44  respe ct ively . 



Tab le 4 3  

Summary of a Single-factor Analys is with Repea ted Meas ures 

o f  Good Readers (N = 4 0 )  by Types o f  Compl ex S t ruct ure 

Source Sum of  Degrees of Mean 
Squares Freedom Square 

.... 

A 45 . 32 2 . 22 . 66 
(Types o f  Complex Structure )  

*** 

S 4 4 2 . 46 39 1 1 . 35 
( Subj ects)  

A x S 2 28 . 02 78  2 . 92 

Total 7 1 5 . 79 1 19 

p < . 00 1  

Tab l e  44 

Summa ry of a Single-factor Analys is with Repea ted Measures 

of Poor Readers (N = 4 3 )  by Types o f  Complex S t ruct ure 

Source Sum o f  Degrees of  Mean 
Squares Freedom Square 

1 8 2  

F 

* * *  
7 . 7 5 

F 

A 1 2 . 76 2 6 . 38 1 .  66  N .  S .  
(Types o f  Complex S t ructure) 

S 2 89 . 9 2  4 2  6 . 90 
( Subj e c t s )  

A x S 3 2 3 . 24 84 3 . 85 

To tal 6 2 5 . 92 1 2 8  

As Tab l e  4 8  shows , for good readers , the between s t ruc tures vari­

ation (F = 7 . 75 ,  df = 2 ,  1 19 )  was s igni f icant at the . 00 1  level . 

Scheff� mul t iple comparisons were performed to determine which type o f  



Engl ish complex s t ructure was significant ly more comprehens ib le than 

the o thers ( see Appendix U ) . The resul ts revealed tha t rela tives are 

signif icantly more comprehens ib le than complement s  (F = 14 . 3 8 )  and 

compara t ives (! = 7 . 98 ) . No s i gnif icant difference , however ,  was 

ob served between complements and comparatives . 

As Tab l e  44 indicates , for poor readers , the data in Table 44 
ind icated that the overall differences were no t signi ficant (! = 1 . 66 , 

df 2 ,  1 28 ) . 

· 1 83 

Figure 7 compares the comprehens ib ility levels o f  the two groups in 

the three compl ex s t ructure typ es . 
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Figure 7 :  Comprehensib il ity Levels o f  three main types o f  Engl ish 

complex structure ( complements , compa ratives , rela t ives ) 

for good and poor readers 
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Comprehen s ibility l evels o f  the f ive different mani fes tat ions 

of Engli sh complements for good and poo r  readers 

Tab le 45 shows comprehens ion scores , means and s tandard devia t ions 

for each of the f ive complements , for good and poor readers . 

Tab le 45 

Comprehension Sco res , Means and Standa rd Devia tions o f  the 

Five Complements for Goo d  (N = 40)  and Poor Readers (N  = 4 3 )  

Types o f  Comp l ements Raw Percentage Mean SD 
Scores 

Compl ement 1 

Goo d  Readers 7 6  63 . 3  1 . 88 . 79 

Poor Readers 56  43 . 4  1 .  30 . 80 

Compl ement 2 

Goo d  Readers 60 50 . 0  1 . 50 . 85 

Poor Readers 30 2 3 . 2  . 70 . 86 

Compl ement 3 

Good Readers 4 6  38 . 3  1 . 1 5 . 86 

Poor Readers 38 29 . 4  . 88 . 76 

Complement 4 

Good Readers 6 8  56 . 6  1 .  7 0  . 9 1  

Poo r Readers 5 3  4 1 . 0  1 . 23 . 90 

Compl ement 5 

Good Readers 9 5  7 9 . 1  2 . 38 . 84 

Poor Readers 5 6  4 3 . 4  1 .  30 . 89 

For goo d  r eaders , comprehens ion raw scores ranged f rom 9 5  to 4 6  

( for each complement s t ructure ) . Each comprehension raw score was 

derived by add ing toge ther the numb er of correct respons es to  the 

appropriate three ques tions . The percentages ranged f rom 79 . 1  t o  3 8 . 3 .  

The percent o f  to tal correct responses for each st ruc ture was ob tained 

1 85 
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by dividing the actual ob t ained correct responses by the pos s ible corr�ct 

responses ( 1 20 per each s t ructure) . The mean s core column shows the 

average numb er o f  i t ems correct for each s t ructure ( three i t ems for each 

struc ture ) .  

For poor reader s , the comprehension raw sco res ranged from 5 6  to 30 

( for each complement s t ruc ture) . The percentage score column shows the 

percent of to tal correct respons es for each complement s t ructur e .  The 

p ercentages ranged from 4 3 . 4  to 23 . 2 . 

To det ermine whether there were any d i f f erences in the comprehens­

ib ility l evel s of the f ive complements for good and poor readers , the 

comprehens ion scores were analyzed sep arately ,for  each group by means 

of a s ingle-factor analys is of variance ( repeat ed measures ) des ign 

(Keppel , 1 9 7 3 ) . Scheffd mUl tiple comparisons were performed to test  for 

signifi cance of the d i f ferences between adj a�ent means . Both are 

discussed b elow .  

Single-factor analyses of variance (repea ted measures ) .  Single-
f 

factor analyses o f  variance (repea t ed measures ) were calcula ted on each 

of the two read ing ability groups across the comprehension scores o f  the 

five complement s truc tures . The results o f  the analyses on good and poor 

readers are presented in Table 46 and 4 7  r es p ec t ively . 

Tab le 4 6  

Summary of a S ingle-fac tor Analys is with Repea ted Measures o f  

Goo d  Readers (N  = 40)  by the Five Engl ish Complement Struc tures 

Source Sum o f  Degrees of Mean 
Squares Freedom Square 

F 

A 33 . 07 4 8 . 2 7 1 2 . 98 
( Types o f  Engl ish Complements)  

S 4 1 . 92 39 1 . 07 
( Subj ec t s )  

A x S 9 9 . 33 1 5 6  0 . 64 

Total 1 7 4 . 32 1 9 9  

*** 
p < . 00 1  

*** 



1 8 7  

Table 4 7  

Summary o f  a Single-fac tor Analys is with Repeated Measures 

of  Poo r Readers (N 4 3 )  by " the Five Engl ish Complement Structures 

Source Sum o f  Degrees o f  Mean F 
Squares Freedom Square 

*** 
A 1 3 . 19 4 3 . 30 5 . 00 

(Types o f  Engl ish Complement s )  

S 3 8 . 49 42 0 . 9 2 
( Subj ec t s )  

A x S 1 1 0 . 8 1 1 6 8  0 . 66 

To tal 1 6 2 . 49 2 1 4  

* * *  
p < . 00 1  

The resul ts from Table 46 indicate that for goo d  readers the 

between s t ructure varia tion (F = 1 2 . 9 8 ,  df = 4 ,  1 9 9 )  was s i gnifican t  

a t  the . 00 1  l evel . I The resul ts of  the Scheffe analyses reveal tha t 

Complement 5 was s ignif icant ly more comprehens ible than Complemen t 3 

(! = 5 0 . 43 ) , Complement 2 (F  = 2 5 . 8 1 )  and Complement 4 (! = 1 5 . 4 1 )  

(see Append ix U ) . No significant dif ference was dis cerned however 

between Complements 5 and 1 .  Complement 3 was signi f i cantly more 

difficu l t  than Complement 1 (! = 1 7 . 76 ) , Complement 4 ( F  = 1 0 . 08)  and 

Complement 5 (! = 50 . 43 ) . No s i gnif icant difference was observed 

between Complements 3 and 2 .  

Tab le 47 indica tes tha t for poor readers the between s t ructure 

varia tion (F = 5; •. 0.0, df = 4 , 2 1 4 )  was signif icant a t  the . 00 1  level . 

Sche ff� mul t iple comparisons show that Complements 1 and 5 are s ignif­

icantly mor e  compr ehens ib le than Complement 2 ( see App endix U ) .  No 

significant differences were obs erved for the o ther s t ructures . 

The graph o f  Figure 8 compares the comprehens ib i l i ty l evels o f  the 

two groups in the five complement s t ruc t ures . 
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Figure 8 :  Comprehensib ility Levels of the Five English 

Complement Structures for Good and Poor Readers 

Comprehens ib il ity level s  of the five Engl ish comparative 

structures for good and poor readers 

Tab le 48 shows goo d  and poor reader compreh ens ion scores , means 

and standard devia t ions for each o f  the five comparative s truc tures . 
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Tab l e  48 

Comprehens ion Scores, Means and Standaid Deviations o f the Five 

Compara t ive · S t rtiCtuies · for · Good · (N = 40)  and Poor Readers · (N = 4 3 )  

Typ es o f  Compara t ive Raw Percentage Mean SD 
Stru ctures Scores 

Comparison 6 

Goo d  Readers 5 1  4 2 . 5  1 .  2 8  . 85 

Poor Readers 46 35 . 6  1 . 0 7  . 83 

Compar is on 7 

Goo d  Readers 108  9 0 . 0  2 . 70 . 5 2 

Poor Readers 6 2  4 8 . 0  1 . 4 7  . 96 

Comparison 8 

Good Readers 59 49 . 1  1 . 4 8  . 7 5 

Poor Readers 44 34 . 1  1 . 02  . 80 

Comparison 9 

Good Readers 86 7 1 . 6  2 . 1 5 . 83 

Poor Readers 6 1  4 7 . 2  1 . 4 2  1 . 03  

Comparison 1 0  

Good Readers 55 4 5 . 8  1 . 38 . 9 8  

Poor Readers 33  25 . 5  . 7 7 . 84 

Each comprehension s core was derived by adding together the number 

of  correct responses to the appropriate three ques tions . For good 

readers , the comprehens ion raw scores ranged from 1 0 8  to 5 1  ( for each 

comparat ive s truc ture) . The percentage score column shows the percent 

1 89 

of correct  r esponses for each comparative s t ruc ture . The percentages 

ranged f rom 9 0 . 0  to 42 . 5 .  The mean score column shows the average numb er 

of  i tems cor rect for each s t ruc ture ( three i t ems for  each s t ructure ) . 

For poo r readers , the c omprehension raw scores ranged f rom 6 2  to 

33 ( fo r  each comparative s t ruc ture) . Thei r  percentage scores ranged 

from 48 . 0  to 2 5 . 5 . 



To test for diff erences b etween good and poor readers ' level s o f  

comprehens ib i l i ty of  the f ive compara tive s truc tures , the comprehension 

sco res were analyzed separately for each group by means of  a s ingle­

factor analysis of varianc e (rep ea ted measures) des ign ( Keppel , 1 9 7 3 ) . 

Scheff/ mul t iple comparisons were performed t o  test for signi f icance of  

the dif ferences b e tween adj acent means . Both are dis cussed b el ow .  

1 9 0  

Single-fa c t o r  analys es o f  variance ( r epeated measures ) .  S ingle­

fac tor analys es of varianc e ( repeated measure s )  were calcula ted on each 

of the two reading ab ility groups across the comprehension sco res of five 

comparative s t ru ctures . The resul ts o f  the analyses , d i f ferent iating good 

and poor readers are presented in Tab le 49 and 50 respec tively . 

Table 4 9  

Summary o f  a Single-factor Analys is with Repeated Measures 

of Good Readers (N  = 40) by the Five Engl ish Comparat ive St ructures 

Source Sum o f  Degrees of  Mean F 
Squares Freedom Square 

* * *  
A 59 . 7 7 4 1 4 . 9 4  29 . 65 

(Types of  English Compara t ive 
Structures ) 

S 46 . 2'0 39 1 . 1 8 
( Subj ec t s )  

A x S 78 . 63 156  0 . 50 

To tal 184 . 60 1 9 9  

*** 
p < . 00 1  



1 9 1  

Tab le 50 

Summary o f  a S ingle�factor Analysis wi th Repeated Measures  

o f  Poor Readers ( N  = 43)  by the Five English Compara tive Stru c t ures 

Source Sum of Degrees of  Mean F 
Squares Freedom Square 

*** 
A 1 4 . 6 3  4 3 . 66 4 . 9 8 

(Types of English Comparative 
Structures ) 

S 45 . 24 4 2  1 . 08 
( Subj ect s )  

A x S 1 23 . 3 7  1 6 8  

Total 1 83 . 24 2 1 4  

* * *  
p < . 00 1  

Table 4 9  ind icates that for good readers the between s tructure 

varia tion (! = 29 .u5 , d f  = 4 ,  1 9 9 )  was significant at the . 00 1  l evel . 

Scheffe/mul tiple comparisons reveal that Comparison 7 was signif icantly 

more comprehensib l e  than Comparison 6 (! = 4 3 . 83 ) , Comparison 8 ( F  = 32 . 36 ) , 

and Comparison 1 0  (! = 3 7 . 88 )  ( see Appendix U ) . No signif icant d i f f erence 

was ob served , however , b e tween Comparisons 7 and 9 .  Comparison 6 was 

signi ficantly mor e  d i f f icult than Comparison 7 (F = 4 3 . 83 )  and 

Comparison 9 (! = 1 6 . 45 ) . However no signif icant  differences were found 

between Comparison 6 and Comparisons 8 and 1 0 . 

Table  5 0  ind i cates  that for poor readers the between structure vari­

ation (F = 4 . 9 8 ,  df = 4 ,  2 1 4 )  was s ignificant at the . 00 1  level . S cheffd 

multiple comparisons reveal that Comparison 1 0  i s  signi f icantly more 

difficu l t  than Comparison 7 (K = 1 6 . 3 ) and Comparison 9 (F  = 1 4 . 08 )  ( see 

Appendix U ) . No s i gnif icant differences were observed for the other 

structures . 

The graph of  Figure 9 compares the comprehensibili ty levels o f  the 

two groups in the five comparat ive s tructures . 
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Figure 9 :  Compreh ensib ility Levels of the Five English 

Comparative S truct ures for Good  and Poor Readers 

Compreh ensibility l evels o f  the five English rel a t ive s t ruc tures 

for goo d  and poor readers 
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Table  5 1  shows the comprehension scores , means and s tandard deviations 

for each o f  the f ive  relative s t ruc tures -- for good and poor readers . 



Tab le 5 1  

Comprehension Scores, Means and Standard Deviatiorts o f  the Five 

Relative S tructures for Good (N = · 4 0 )  and Poor Readers (N = 4 3 )  

Types o f  Rel a t iv e  Raw Percentage Mean SD 
Structures Scores 

Relative 1 1  

Good Readers 80 66 . 6  2 . 00 . 68 

Poor Readers 4 3  33 . 3  1 . 00 . 65 

Relative 1 2  

Good Readers 68 56 . 6  1 .  70  . 82 

Poor Readers 46 35 . 6  1 . 0 7  . 83 

Relative 1 3  

Good Readers 80 66 . 6  2 . 00 . 88 

Poor Readers 5 7  44 . 1  1 . 33 . 8 1 

Relative 1 4  

Good Readers 9 1  7 5 . 8  2 . 28 . 88 

Poor Readers 60  46 . 5  1 . 40 . 88 

Rela tive 1 5  

Good Readers 83 69 . 1  2 . 08 . 76 

Poor Readers 60 46 . 5  1 . 40 . 90 

For good readers , comprehension raw s co res ranged f rom 9 1  to 6 8  

( for each relative s tructure) . Each comprehension score was ob tained 
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by adding together the number of  correct respons es to  the appropriate 

three questions . The percentage score column contains the percent of 

total correc t responses for each s truc ture and derived by d ividing the 

actual ob tained correct responses by the pos s ib l e  correct r esponses ( 1 20 

per each s tructure ) . The mean score column shows the average number of  

i tems correct for each s t ructure ( three items for each s t ructure ) . 



For poor readers , the comprehension raw scores ranged from 60 to 

4 3 ,  and the p ercentage scores ' ranged from 4 6 . 5  to 33 . 3 .  The mean s core 

column shows the average number o f  i tems correct for each s tructure 

( three i tems for  each struc ture ) . 

1 94 

To determine whe ther there were any differences in the comprehens­

ib ility l evels of the five relative s t ructures for good and poor readers , 

the comprehension scores were analyzed separately for each group by 

means o f  a s ingle-fac tor analysis of variance ( repeated measures ) ( Keppel , 

1973 ) . S chef f' multiple comparisons were performed t o  test  for signif­

icance of the difference between adj acent means . Both are discussed below .  

Sing le-fac tor analyses o f  variance (repeated m�asures ) .  Single­

fac tor analyses of variance (repeated measures)  were �alculated on each 

of the two reading ab i l i ty groups across the comprehension s cores of the 

five rel a tive s t ructures . The result s  o f  the analyses for good and poor 

readers are presented in Table 52 and 53 respectively . 

Tabl e  5 2  

Summary o f  a Single-factor Analysis with Repeated Measures 

of Good Readers (N = 4 0 )  by the Five  English Relative S t ructures 

Source Sum o f  Degrees o f  Mean F 
Squares Freedom Square 

** 
A 6 . 8 3  4 1 . 7 1  3 . 28 

(Types of English Relative 
S truct ur es) 

S 4 5 . 9 8  39 l . 1 8 
( Subj e ct s )  

A x S 8 1 . 1 7 1 56 0 . 5 2 

To tal 1 33 . 98 1 9 9  

** 
p < . 01 
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Tab le 5 3  

Summary o f  a Single-factor Analysis with Repeated Measutes 

of Poor Readers eN  = 4 3 )  by the ' Five Engl ish Relative Structures 

Source Sum of Degrees o f  Mean F 
Squares Freedom Squares 

* 
A 6 . 1 1 4 1 . 53 2 . 5 2 

(Type s o f  English Relative 
Stru ctures ) 

S 38 . 9 0  4 2  0 . 9 3  
( Subj ects)  

A x S 1 0 1 . 89 1 6 8  0 . 6 1  

Total 146 . 90 2 1 4  

* p < . 05 

Table  5 2  indicates that for good readers the between s t ructure vari­

ation (I = 3 . 28 ,  df = 4 ,  1 99 )  was s ignificant at the . 0 1  l evel . 

Scheff� mul tiple comparisons show a significant difference only b e tween 

Relative 1 2  and Relat iv e  1 4  ( F  = 1 2 . 94 )  ( see Appendix V) . 

Table  53 indicates that for poor readers the between s t ructure 

varia tion (F  = 2 . 52 ,  d f  = 4 ,  2 1 4 )  was significant at the . 05 l evel . 
/ 

Scheffe  mult iple comparisons reveal no signif icant dif ferenc e in the 

comprehens ib i l i ty levels of the relatives for the poor readers 

( see Appendix U ) . 

The graph in Figure 1 0  compares the comprehensibility l evels o f  the 

two groups . 
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·�igure 1 0 : Comprehensib ility Levels o f  the Five .English Rela t ive 

S truct ur es for  Good and Poor  Readers 

Conclusions 

For good readers : 

( i ) When three types of complex s tructures ( compl ement s ,  

compar atives and relatives ) were compared , relatives 

wer e  found to be significantly more compreh ens ible  than 

comp l ement s  (! = 24 . 38) and comparatives (F = 7 . 9 8) . 

( ii ) When s t ru c t ures within a complement type were  compared , 

the result s  showed that Compl ement 5 is s igni ficantly 

more  c omprehensible than Compl ement 3 (F = 5 0 . 4 3 ) , 

Compl ement 2 (! = 25 . 8 1 )  and Compl ement 4 (F = 1 5 . 4 1 ) . 

No s i gnificant difference was observed , however , 

b e tween Complements 5 and 1 .  

Compl ement 3 was shown to b e  s i gnif icantly more 

dif ficult  than Complement 1 ( F = 1 7 . 76 ) , Complement 4 

(! = 1 0 . 08 )  and Complement 5 (! = 5 0 . 4 3 ) . No s ignif-
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icant difference was discerned b e tween Compl ements 

3 and 2 .  

(iii ) When s tructures wi thin a comparative type were 

compared , the r esult s  revealed that Comparison 7 

was s ignif icantly mor e  comprehens ible than 

Comparison 6 (F = 4 3 . 83 ) , Comparison 8 (! = 3 2 . 36 ) , 

and Comparison 1 0  (! = 37 . 88) . No significant 

difference was observed , however , between Comparisons 

7 and 9 .  Comparison 6 was found to b e  signi ficantly 

more difficult  than Comparison 7 (! = 4 3 . 8 3 )  and 

Comparison 9 (F = 1 6 . 45 ) . No s ignificant dif ferences 

were observed between Comparison 6 and Comparison 8 ,  

and b e tween Comparison 6 and Comparison 1 0 . 

( iv) When s t ructures within a relative type were compared , 

the results revealed that there was a signi ficant 

difference between Relative 1 2  and Relative 14  

( F  = 1 2 . 94 )  only . 

For poor readers : 

(i ) When three types o f  complex s t ructures were compared , 

no s ignificant differences were obs erved . 

( ii ) When s t ructures within a complement type were examined , 

the results showed that Complement 2 was significantly 

more difficul t than Complement 1 (! = 1 2 . 0 )  and 

Comp l ement 5 (! = 1 2 . 0 ) . The differences b e tween 

Complement 2 and 3 ,  and between Complement 2 and 4 ,  

however , were no t s i gnificant . 

(iii ) When s tructures with in a compara t ive type were 

comp ared , the results indicated that C omparison 10 

is s i gnif i cantly mor e  difficult than Comparison 7 

( F  = 1 6 . 3 ) and Comparison 9 (! = 1 4 . 08 ) . The 

dif f erences between Comparison 1 0  and Comparison 6 ,  

and b e tween Comparison 10 and Comparison 8 ,  however , 

were not significant . 

( iv ) When s tructures wi thin a relative type were compared , 

the results  revealed that there was no s ignificant 

difference between relative structures . 

1 9 7  



CHAPTER 6 

DISCUSS ION OF RESULTS 

Introduction 

Answers to the three main research questions posed in the present 

study have b een reported in the previous chapter . The present chapter 

is devoted to an interpretation and dis cus sion of the results  and to 
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a consideration of th eir relationship to p revious s tudies . Thes e  purposes 

are to be ach ieved by dis cussing firs t the relationship between the Thai 

science s tudent s ' comprehension of Engl ish grammatical s tructures and 

their reading compr ehension of scienti f ic English pass ages and s econd 

the patt erns of  comprehensibility levels o f  complement , comparative and 

relative structures for good and poor readers . An a t t empt was mad e  to 

examine whether the re are general charac teristics which difficult and 

easy s t ructures respectively have in common across various types o f  

English complex s t ructures . The final section will be devo ted t o  the 

third research ques tion dealing with differences in the comprehens ibi lity 

of  complex s t ructures . In the proces s , an attempt will b e  made to 

discern why certain struc tures wi thin any one type were more  comprehensible 

than others by examining whether there are any features which dis t inguish 

easy s tructures from diff icult s truc tures . Explanation of  the d i f ferent 

l evels of comprehensibility of English complex s truc tures will b e  s ought , 

for exampl e ,  in t erms of  ( i )  the presence o r  abs ence of  surface cues , 

( ii )  the surface elements which are fully o r  partly presented in surface 

structures , ( i i i )  word order within clauses , ( iv )  clause order (main­

clause-first or s ubordinate-clause-first) , and (v) the role of the 

grammatical funct ions of the ident ical noun phras es . 

Relationship Between Comprehension of English Complex Structures 

and Reading Comprehension of Scientific English Discourse 

The two correlat ion coefficients ob tained between the Test of English 

Grammatical S tructures and ( i )  the Cloz e  Reading Comprehension Test 

( r  . 65 )  and ( ii )  the Mul tiple-choice Reading Comprehension Tes t 

( r  . 66 )  imply that the ability o f  Tha i  s c i ence students to comprehend 

English complex s t ructures is positively related to their reading 

comprehens ion o f  longer s cientific  Eng lish discourse . The resul t s  are 



consistent with those  obtained by Gibbons ( 1941 ) ,  O ' Donnell ( 19 6 3 ) , 

Sauer (1969 ) and Shackford ( 19 76 )  whose subj ects were nat ive English 

speakers , and with those obtained by Charoensook ( 19 74 ) , Chatasingha 

( 1 9 7 2 ) , Onprapai (1 9 74 ) , Srivicharn ( 1 9 7 8 )  and Thammongkol ( 19 7Q )  
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whose subj e c t s  were nat ive speakers of  Thai . The results of the present 

study with i ts f ocus on the reading of s cientific English rather than 

general Engl i sh and on science students at the university level rather 

than tho se at the lower l evel , s eem to provide fur ther suppor t  for the 

not ion tha t  compr ehending English grammatical s truc tures is important 

for reading compr ehension -- not only of  longer passages of general 

English but also  of longer scient i f ic English �assages . 

The analysis o f  s ex subgroups also deserves comment· . The result s  

o f  the present s tudy produced no statis tically significant d i f f erences 

between mal es and females when means were compared (see Tab le 3 2 ) .  

However a s ignificant male-female difference was found 

from correla t ing s eparately for males and females , the s co res f rom the 

two tests -- the Test o f English Gramma tical S tructures and the Multiple­

choice Reading Comprehension Tes t .  There males were superior to 

females (see  Tabl e , 33)j . This difference though no t easy t o  explain is 

discussed b el ow ,  following Simons ' ( 19 70 )  line of argument . 

The correlat ion coeffic ient between the Test of  English Gramma tical 

Structures and the Mul tiple-choice Reading Comprehension Tes t was higher 

for males . This s eems to suggest a t  first glance that abi l i ty t o  

comprehend Engl ish compl ex s tructures might .play a more important part 

in reading compreh ension for males than for females . In o ther words , 

it implie s  that males more than females might make use o f  the knowledge 

of English complex struc tures to comprehend scient ific Engl ish passages . 

It also implies  that males comprehend s cientific English passages in 

conj unct ion with a better knowledge o f  English complex s truc tures than 

do females . Speculation over a possible explana tion foll ows . 

The abi lity  t o  comprehend English complex structures may in fact 

be a lower l evel skill than some o f  the higher level skil l s  that the 

Multiple-choi c e  Reading Comprehens ion Test is thought to measure .  

Since , at the b eginning s tages o f  reading , males are u��ally l ower in 

reading abi l i ty than are femal es (Clark , 1 9 70 ; Gibson & Levin , 1 9 75 ; 

Herman , 1 9 75 ; Jo�nson , 1 9 73�74 ; Malmquist , 1960 ; Thorndike , 1 9 7 3 ) : it  is 



possible that the males may be at a lower s tage of  reading development 

than females . At this l ower stage , the ability to comprehend English 

grammatical structures may b e  more important than at the higher stages . 
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Though plausible , this speculation can f ind lit t le o ther support in 

the data . The notion that the females are on a higher l evel and that the 

mal es are on a lower l evel does no t seem to hold for the sample s tudied 

her e .  Firs t , no signif icant differences were found between males and 

females when means were compared (see Table 3 2 ) . Second , no s igni ficant 

s ex differences were shown in the relationship between the scores f rom 

the Test o f  Engl ish Grammat ical Struc t ures and the cloze scores . 

It  appears that the s ex d ifferences with the Multiple-choice Reading 

Comprehension Test criterion may be better expl ained o therwise , perhaps 

as a peculiarity of  the t es t ,  i ts administration or the sample s tudied . 

There is however , no basis for any definitive conclusion . 

Relationship Between Good and Poor Reader Comprehens ion 

Patterns o f  Engl ish Complex Structures 

The high correlation coefficient of  r = . 8 1 between the pattern of 

the comprehensibility l evels of  the 15 English complex s truc tures for 

good readers and that of  the comprehensib ility levels of the same 

s truc tures for poor readers ind icates that generally s tructures are 

similarly dif ficult and comprehensib le  for b o th good and poor readers . 

These findings s eem to be cons is tent  with those ob tained by Bormuth ( 19 6 6 )  

and Sco t t  ( 19 76 )  who found that the same fea tures o f  language influence 

readability for both good and poor readers . The f eatures of language 

investigated in the previous s t ud ies are , however , dif ferent . Sco t t ' s  

s tudy which was involved with the b l ack f ir s t  graders , inves t igated 

23 English grammatical patterns . Bormuth included in his s tudy such 

variab l e s  as word depth , l et t er redundancy , independent clause frequency , 

letter count s , parts of speech , word frequency index , syllable  counts , 

word count s  and prepositional phrases . The sub j ects involved were nat ive 

speakers of  English from the fourth through the eighth grade . 

A c loser examination o f  various types o f  English complex s tructures 

grouped under various comprehens ion categories b o th for good readers 

and for poor readers ( see Table 40) reveals s ome interesting points 

which deserve further comment . 



First of al l ,  i t  i s  obvious tha t thos e  s tructures grouped within 

the mos t  comprehensib l e  category both for good and poor readers carry 

particular types o f  surface cues in the surface structure . That was 

clearly different from the type of surface c ues appearing in the surface 

structures of  the dif ferent English complex s t ructures . To illus trat e ,  

the surface cues which appear in the s t ructures classi fied under the 

most comprehens ib le category both for good and poor readers include : 

( i )  The comparative elements more , l e s s  or the bound 

morpheme -er wi th the presence o f  than in comparisons 

of inequality . 

( ii )  The comparative element s ame used reciprocal ly , in 

comparisons o f  similarity . 

( iii )  The relat iv e  pronouns which in  r ela tive clauses . 

( iv )  The relative pronoun which after a preposition 

in relative c lauses . 
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On the other hand , the surface cues whi ch appear in those struc tures 

grouped wi thin the mos t difficult category for good and for poor readers 

are : 

( i )  The compl ementizer to in complement s tructures -

Types 2 and 5 .  

( i i )  The comparative element o ther used anaphorically in 

comparison of difference . 

( iii )  The comparative element as used as relative -like in 

comparison of equality . 

All o f  the surface cues which appear in thos e  complex s t ructures grouped 

within the mos t  comprehensib l e  category share s imilar characteris t ic s . 

These cues no t only s ignal the exis t ence o f  the embedded c lauses but 

also help make explicit  the relationship o f  the embedded c lause to the 

main claus e . 

The comparat ive elements more , less or the bound morpheme -er 

with the presence of than in the surface s t ructure (as in I t em 20 ) , not 

only indicate the exis tence o f  the comparison o f  inequal i ty but also 

make explic it the p air of comparative clauses : 



I t em 20 : Mos t  materials in the physi cal world 

actually require activation energies 

far greater than thos e  energies 

provided by o rd inary t emperatures . 

2 0 2  

With the presence o f  than , t h e  comparative pair "activat ion energies "  

and "energies provided b y  ordinary t emperatures"  i s  eas ily identi f ied 

by the readers . 

Similarly , the comp arat iv e  element s ame used rec iprocally , no t only 

signals  the exis tence of the comparison of simi larity , but also provides 

a clue to a reader to look for a comparison whi ch is " internal " ,  as in 

Item 22  below : 

Item 22 : The two spatial arrangement s  represent 

two differ ent configurational isomers 

of the s ame mol ecular formula . 

The comparative element s ame s i gnals the comparat ive cons t ituents 

in the surface structure . A reader is directed to look for a comparison 

where "two diff erent configura tional isomers of  the same mol ecular 

formula are c ompared with each o ther" .  

The rel a t ive pronouns whi ch and which after a prepos ition mark the 

exis t ence of  the relative clauses , prov ide clues to a reader as to which 

noun phrase antecedent the clause  is  qualifying and whi ch function i t  

holds in th e relative clause . Consider the following two sentences : 

Item 1 9 : Atmospheric oxygen is  the source of  the 

o zone (0
3

) layer which envelops the 

earth at an alt i tude of some 10 mil es . 

Item 40 : The various o rb i tals in whi ch the 

elec trons o f  an isolated atom may b e  

found are called atomic orb i tals . 

In Item 1 9 , the relat ive pronoun which indicates that a s entence 

" the ozone layer envelops the earth . . . " has been embedded into the larger 

s entence as relative c laus e . I t  also indicates that the ant ecedent noun 

phrase is  "ozone layer" and that i t  functions as the subj ect  of  the 

emb edded clause .  



In Item 40 , the relative pronoun which a f t er the prepos ition in 

marks the appearance o f  the embedded c lause "in which the electrons of  
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an isolated atom may b e  found" , and provides a clue t o  a reader that the 

antecedent noun phrase which is "orb itals" functions as a complement 

after a preposi tion in the relative clause , " the electrons o f  an isolated 

atom may b e  found in the various orbitals " .  

Consider another g roup o f  surface cues appearing in complex 

structures grouped under the most difficul t cat egory . These surface cues 

are found to increase s entence ambiguity rather than help the r eaders 

identify the emb edded const ituents . The complement izers � in Item 7 ,  

and 42 , for example , introduces the complement s tructures not in the 

form of  c laus es but in the form of infinit ival phrases . 

, Item ;  7 :  "These three features will b e  seen to b e  

the chief f eatures o f  the halogenat ion 

reac t ion" 

Item 4 2 : "Nowadays chemists  wish to devis e  

syntheses o f  exot ic mol ecules 

found in nature" 

Here , the complementizer � in both sentences does no t s ignal the 

presence of the emb edded c lauses . Moreover , it does not help ident ify 

the subj ect  noun phrase of the claus e .  

The comparat ive element other used anaphorically requires a reader 

to ident ify wha t  has b een ment ioned earlier in o rder to be ab le to make 

a comparison o f  dif ference , as shown in Item 4 5 : 

Item 4 5 : There are a number of  o ther r eact ions 

of  acid derivatives that also involve 

initial nucleophilic attack on the 

carbonyl g roup . 

A reader is required t o  discover that "some react ions o f  acid derivatives " 

have b een ment ioned earlier in order to unders tand the above s entence . 

The compara t ive element as with the relative clause character­

istics , marks the comparative clause of equality . However as does 



not help the reader identify the compara t ive pair , as seen in Item 6 :  

Item 6 :  Cenozoic climates p layed a maj or  role 

in plant evolut ion , as noted earlier . 

What is compared i s  not the immediat e  ant ecedent noun phras e  "plant 

evolution" but the whol e  c lause "Ceno zoic clima tes played a maj or role 

in plant evolution" �· 
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To conclude ,  it seems that one g eneral fea ture which is shared by 

those complex s t ructures classified under  the most comprehensib le 

category is the type of  surface cue which makes explicit the embedded 

c lauses in the surface s truc ture . Tho s e  complex s tructures grouped 

under the mos t  difficul t category s eem t o  carry another type of  surface 

cue which does not h elp make explicit  the embedded c lauses but seems 

to make the s entences more  amb iguous . 

Ano ther general fea ture shared b y  easy structures seems to b e  

that all surface elements are present and that there i s  a t endency 

for the order of surface elements within clauses no t to be changed . 

In the difficult s tructures , on the o ther hand , not all surface element s 

are present . The r eader has to search for them elsewhere .  

Comprehensibility Levels of Complex S tructures for Good and Poor Readers 

The findings on the di fference s  with in ( i )  three main types o f  

compl ex structures , ( ii )  five manifestations o f  complement s ,  ( ii i )  five 

types of  comparisons , and (iv) five types  of relative s truc tures , which 

were reported in Chapter 5 are relevant to the discussion in this s ection . 

Under each heading , attention w il l  b e  given first to good r eaders 

and poor readers s eparately and then to a comparison between them with 

respect to thei r  comprehension of  compl ex s tructures . 

Comprehens ib ility l evels o f  the three main types of  complex s t ruc tures 

Good readers . The analysis o f  variance of  good readers ' s cores 

for the three main t ypes of complex s truc tures implied that the presence 

o f  complements ,  comparat ives and relatives in English s entences had 

different effects  on the comprehensib ility  of English sentenc es . 

Sentences containing the relative c l ause  were  found to be the easiest . 



This resu l t  is cons istent with the findings ob tained by Perkins and 

Yorio ( 19 74 )  who reported that non-nat ive Engl ish speakers at the 

advanced l evel had no difficulty in comprehending English relative 

sent ences . 

Poor readers . The results of  the analys is of  variance o f  the three 

types of complex s tructures indi cated that for poor readers the presence 

of complements ,  comparatives and rela tives had no differential effect  

on the comprehensibility of  Engl ish s entences . An examination of  the 

percentage s co res of complements ( 36 . 1% ) , comparatives ( 3 8 . 1 % )  and 

relatives ( 4 1 . 2% )  ( see Tab l e  4 2 )  reveal that complex s truc tures are all  

difficult for poor  readers to comprehend . 

205  

Good readers vs  poor readers . Table 54 pres ents means and s tandard 

deviations fo r complex s tructure scores for good and poor readers . 

Statistically significant differences between the two groups are not ice­

able in all  three types of comp l ex structures . These findings indicate , 

though not surpris ingly , tha t English complement , comparative and relative 

sentences are more difficul t for poor readers to comprehend than for 

good readers . 

Table 54 

�eans , Standard Deviat ions and t-test Results for Good (N = 40)  

and Poor Readers (N = 4 3 )  on  Three Types of Complex Structures 

Good Readers . Poor Readers 
t-Ratio Probab ility 

Mean SD Mean SD 

Complements 8 . 60 2 . 32 5 . 4 2 2 . 14 6 . 50 . 000 

Comparatives 8 . 9 8  2 . 4 3 5 . 74 2 . 32 6 . 19 . 000 

Relatives 10 . 05 2 . 4 3 6 . 19 2 . 1 5 7 . 6 8  . 000  

In  the  following sect ions , an  attempt will be made further to find 

out whether certa in compl ex s tructures within a given type are more 

comprehens ible than o thers for good and poor readers and why they are so . 



Comprehensib ility levels of  the f ive complement s t ructures 

The five types o f  complement s t ruc tures to be discussed in the 

present section are as follows : 

Complemen t 2 

Item 7 :  These three features will be seen 

to be the chief features o f  the 

halogenation reac tion . 

Complement 3 

Item 4 2 :  Nowadays chemists  wish to devise syntheses 

o f  exotic  molecules found in nature . 

Complement 5 

Item 9 :  By moving the resona tor along the l ine PQ , 

Hertz  found the position o f  the nodes and 

antinodes and the direct ion of the magnet ic 

f ield . 

Complement 1 

Item 24 : The minus s ign indicates that the net 

f low (mass t ransport ) is in the direction 

in which n ( the concentration of the 

subs tanc e )  decreases . 

Compl ement 4 

Item 5 :  The fact that an elec tric current produces 

a magnetic f ield sugges t s  that a s ingle moving 

charge must  also produce a magnetic f ie ld . 
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Good readers . An examinat ion of  the means of each of  the f ive 

complement structures reveals that among the non-finit e  complement s  

(Compl ement numbers 2 ,  3 ,  5 ) , Compl ement 3 (as  i n  Item 4 2 )  and 

Complement 2 (as in Item 7 )  s ignificantly affec t ed the comprehensib i lity 

o f  English sentences for good readers . The results  in Tab le 5 5  reveal 

that b o th Complement 2 ( 50%  of  the responses were correct ) and 

Complement 3 (38 . 3% )  are difficult  for good r eaders . Complement 5 

( 79 . 1 % )  is  the mos t  comprehens ibl e  of  the non-finite complements .  



Non-finite 
Complement s  

Complement 2 

Complement 3 

Complement 5 

Finit e  
Complements 

Complement 1 

Complement 4 

Table 55 

Complement Struc ture Comprehension Scores 

and Percerttagesi " G66d and Poor Read�rs 

Good Readers Poor Readers 

N No . of  % N No . o f  
Responses Responses 

( To t . = 1 20 )  (To t . = 1 29 )  

4 0  60 50 . 0  4 3  3 0  

4 0  46 38 . 3  4 3  3 8  

40 95 79 . 1  4 3  5 6  

40 75  6 3 . 3  4 3  56  

40 68 56 . 6  4 3  5 3  
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% 

2 3 . 2  

29 . 4  

4 3 . 4  

4 3 . 4  

4 1 . 0  

To answer correctly  I t ems 7 and 4 2  which represent Complements 2 and 

3 respec tively , a subj e c t  has to be ab le to ( i )  recogniz e  the emb edded 

clause which comes to the surface s tructure as an infinitival phrase ,  

and ( ii )  ident ify the sub j ect noun phrase o f  the embedded c laus e .  

In Item 4 2 ,  for example , good readers failed t o  recogniz e  that the 

"to-inf init ival phrase" , ( "to devise syntheses of exotic  molecules found 

in nature" ) ,  is an emb edded clause -- "chemists  devise syntheses o f  

exotic  molecules found i n  nature" . Accordingly they chose "chemi s t s  wish 

that exo tic mol ecules are found in nature" as the correct interpretat ion 

of the t es t  s entence . An examination of the mis t akes which good readers 

made in translating the s ame test s entence into Thai reveal s  s imilar 

f indings . They translated "chemists devise syntheses of  exo tic molecules"  

as "chemists synthesize  exotic molecules " .  I t  s eems that good readers 

could identify the main c l ause "Chemis ts with that • . .  " ,  however , they 

could not see that the noun phrase "chemis t s "  which was the subj ect noun 

phrase o f  th e main clause was also the subj ect noun phrase o f  the 



embedded clause -- "chemists  devise . . . .  " .  I t  may be because o f  the 

absence of the sub j e ct noun phrase of the embedded clause "chemi s t s "  

which makes this s t ructure difficult t o  comprehend . 

The "to-infinit ival phrase" also appeared in Item 7 representing 

Complement 2 .  Good readers , again , had dif f iculty in ident ifying i t . 

They chose "These three f eatures wil l  b e  seen in addition to the chief  

features of the halogena t ion reaction" a s  the  correct int erpretat ion . 

Choos ing this answer seems to indicat e  tha t  good readers , while 

recogniz ing " (We) will see  ( that )  . . . . .  " a s  the main clause , failed to 

see "These three features are the chie f fea tures of the halogenation 

reaction" , as the embedded clause .  It was shown tha t good readers who 
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did no t comprehend this s tructure did not realize  tha t the subj ect  noun 

phrase of the emb edded c lause appeared a t  the front of the s entenc e .  

Therefore , ins t ead o f  seeing the embedded c lause as : "These three f eatures 

are the chief f ea tures of  the halogenation reaction" , they int erpre t ed 

the embedded clause as " (We) will see the chief features of  the hal ogen­

ation reaction" . The mis takes appearing in translation data also 

support the above findings . Seventy-percent of  all the mis takes good 

readers made in translating this sentence s howed the lack of  ab ility  to 

recogni ze an infinit ival phrase as an embedded c laus e . 

An examination of the means o f  the f inite  complements investigated 

in the present study reveals that no s ignif i cant difference was obs erved 

b etween Compl ement s 1 and 4 (as in I t ems 24 & 5 respectively) .  Thi s  

implies that Complement 4 (56 . 6% of  t h e  responses correct ) was not 

significant ly more diff icult for good readers than was Compl ement I 
(63 . 3%) . The findings that both of  Complements  1 and 4 are comprehensib le 

for good readers gives support to the s ta tements made earlier by Eskey 

( 1 9 7 5) and S chmierer ( 19 79 ) . According to Eskey , "factive nominals " 

( represented by the finit e  compl ement s  investigated in the present 

s tudy) "are syntactically the s imples t  kinds o f  nominalized sentences" . 

For Schmierer ( 19 79 ) , "emb edded statemen t s " ,  (wh ich refer to the f init e 

complements ) "possess least l inguis tic  complexity ; s ince their cons truct­

ion requires no s tructural change to be made in the statement t o  b e  

embedded" . A further examination o f  the s entences in Items 24 and 5 

reveals that b oth s entences carry the complement izer that . As found in 

Hakes '  ( 19 7 2 )  s tudy , the presence o f  the c omplementizer that seems to 



have an effect on the comprehens ibility o f  complement s ent ences . 

Similar effects  were discerned in the present study . The data here 

reveal that for good readers , the f inite  complements 1 and 4 (as  in 

Items 24 & 5 )  were signif icantly more comprehensible than was the non­

finite compl emen t  3 (as in Item 4 2 ) . The difficulty associated  with 

Complement 3 might be due to the effect  o f  the complementizer � which 

int roduces an inf initival phras e as an emb edded c lause . Alternatively , 

it might be due t o  the fact that a subj ect  noun phrase of  the " to­

infinitival phrase "  is dele ted . 
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Poor reader s . Poor reader s ' compr eh ension s cores for the f ive  

complement s t ructures reveal that among the  non-finite compl ement s  

(Complement s  2 ,  3 ,  5 ) , the presence o f  Complement 2 ( a s  i n  I t em 7 )  

affected comprehensib il i ty of  English s ent ences significantly more  than 

did the presence of Compl ement  5) (as  in I t em 9 ) . The percentages o f  

correct responses f o r  Complement 2 and 5 were 2 3 . 2  and 4 3 . 4  respect ively . 

Thi s  shows that poor readers have d i f ficul ty in comprehending even 

Complement 5 ( 4 3 . 4% ) . Their comprehens ion of Complement 2 is very 

l imited ( 23 . 2% ) . Based on the item analysis data , 45%  of  the mis takes 

made by poor readers derived from the inability to see the to-infinit ival 

phrase . 

Similar to the f indings for good readers , the f inite complements  

(Complements  1 & 4 )  wer e  not  significantly different for poor  r eaders . 

The percentage of  the correct responses were 4 3 . 4  and 4 1 . 0  r espectively . 

These findings indicate tha t both Complements 1 and 4 are d i ff icult  for 

the poor readers . The data reveal further tha t Complement 1 (as in 

Item 24)  was s igni ficantly more c omprehensible  than Complement 2 ( as 

in Item 7 ) . Thi s  finding gives r i s e  to some interes ting point s . 

Firstly , i t  indicates that for poor readers the presence o f  the 

complement i z er that t ends to inc r ease s entence comprehension whereas 

the presence of the c omplementizer � t ends to decrease i t . Secondly , 

the fact tha t the subj ect noun phrase o f  the main clause was ab s ent  

whereas the  subj ect noun phrase o f  the emb edded clause appea red a t  the 

beginning of the sentence tends to a f fect  poor readers ' s entence 

comprehension as s een in I t em 9 .  On the other hand , the presence o f  

a subj ect-verb-obj ec t  order in t h e  emb edded c lause a s  i n  I t em 24  tends 

to increase s en t ence comprehension . 
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Good readers vs  poor  readers . S tatist ically significant differences 

between good and poor readers ' comprehension scores were dis cerned in 

the cases of Compl ements 1 ,  2 ,  4 and 5 ( see Tab l e  56) . These  s ignif­

icant differences indicate , not surprisingly� tha t good readers performed 

better than poor readers on the items which measure Complements 1 ,  2 ,  4 

and 5 .  As revealed from item analys i s  dat a , the types of mis takes made 

by poor readers were similar to those which good readers mad e .  Poor 

readers however made  mo re . Discussion foll ows . 

( i )  To answer correctly those i t ems which measure fini t e  compl ement 

s t ructures (Complements 1 & 4 as in I t ems 24 & 5 respectively ) , a reader 

is required to recognize the complementizer that which brings forth on 

the surface s t ructures the appearance of the embedded clause .  A reader 

also needs to know that _ complement c lauses can occur either as a subj ect 

or an obj ect of the main c laus e .  Both good and poor readers of  the 

present study seem to recognize  the presence of the complementizer that . 

Both groups however failed to see that an emb edded clause is a subj ect 

of the main c lause (as s een in Item 5 ) . They also failed to see that 

the embedded c lause in Item 24 was an obj ect  of  the main c laus e . 

Accordingly , both groups thought , for example , that either ( i )  " the 

minus sign indicates the net flow" , or ( i i )  "th e  minus sign indicates 

the decrease of  the concentration o f  the substance" was the correct 

kernel sentence  o f  the test s entence o f  I t em 24 . In the case of the 

s ubj ect compl ement , both groups thought that , "An electric current 

sugges ts tha t  a s ingle moving charge mus t  also produce a magnetic field " ,  

was the correct kernel s entence o f  the tes t sentence in Item 5 .  
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Table  56 

Means, Standard Deviations and t-test Results for Good (N = 4 0 )  

and Poor Readers (N = 4 3 )  on the Five Compl ement Structures 

Good Readers Poor Readers 
t-Ratio Prob abi lity 

Mean SD Mean SD 

Non-f inite 
Complements 

Complement 2 1 . 50 0 . 85 0 . 70 0 . 86 4 . 28 . 000 

Complement 3 1 . 1 5 0 . 86 0 . 88 0 . 76 1 . 49 . 140  N . S .  

Complement 5 2 . 38 0 . 84 1 . 30 0 . 89 5 . 65 . 000 

Finit e  
Complements  

Complement 1 1 . 8 8  0 . 79 1 .  30 0 . 80 3 . 2 7  . 00 2  

Complement 4 1 .  70  0 . 9 1  1 .  2 3  0 . 90 2 . 36 . 02 1  

Another mis take poor readers made was that the correct interpr etat ion o f  

the test sentence in Item 5 was "A magnetic field suggests tha t a s ingle 

moving charge mus t  also produce a magnetic fiel d " .  This type o f  mistake 

produced only by poor readers , showed that poor readers depended very 

much on the surface struc ture . They seemed to take a noun immediately 

preceding a verb as the subj ect of  that verb . This general rule however 

cannot be app l i ed to this structur e . 

(ii)  As · s ta ted earlier , Complement 5 seems not to have caused 

diff icul ty to good readers ( see Tab l e  5 5 ) . This structure however seems 

to have b een dif ficult  for poor readers ( 66 . 6% of the responses were 

incorrect ) .  To answer correctly for example Item 9 which measures the 

structure , a reader is required t o  see the relationship b e tween a main 

clause and an embedded c laus e .  For Item 9 ,  a reader needs t o  b e  able 

to ident ify "He r t z "  as the subj ec t o f  "moving" . Those poor readers who 

failed to unders tand this structure chose the following s entence as 

a correct int erpretation , "Her.tz  found the pos ition o f  nodes and ant i­

nodes because the resonator moved the direction of the magnet ic field " .  
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(iii)  For Complement 2 ,  both good and poor readers again made 

similar types of  mis takes . Bo th groups of  readers showed that they are 

unab le to ident i fy the subj ect noun phrase of the embedded clause which 

appeared on the surface s tructure in the form of  a to-inf ini tival phras e .  

Accordingly , they thought tha t ,  "Thes e  three f eatures will  b e  s een in 

addi tion to the chief features o f  the halogenat ion reaction" , was 

a correct interpretation of the test s entence in Item 7 .  

So far i t  has been pointed out that a pattern o f  mistakes which 

goo d  and poor readers made on four types o f  c omplements  (Complements 

1 ,  2 ,  4 & 5 )  is  similar . The difference between the two resides in the 

higher number of mis takes made by poor r eaders . T-test results provided 

evi dence of the differenc e .  

Good and poor readers ' comprehension s cores for Complement 3 ,  

however ,  were similar . This non-signi ficant result implies that good 

readers do not comprehend this structure any bet ter than poor readers . 

The percentages o f  the correc t responses made  by good and poor readers 

( 38 . 3  and 29 . 4  respec tively) , indicate the d i f ficulty of  the s t ructure 

for bo th groups . Subsequent item analyses r evealed that good readers 

were unab le to identify that the verb "wish" of the main c lause in 

Item 42 , for example , and the to-infinitive "to devise" of  the emb edded 

clause had an identical subj ect noun phrase "chemis t s " . Accordingly , 

b o th good and poor readers took no no t ice o f  either the main verb 

"wish " or the to-infinitive "to  devise " . They thought for exampl e  that 

either ( i )  chemists wish that exotic  molecules are found in natur e ,  

o r  (ii)  chemists  devised exot ic molecules f ound in nature , were correct 

interpretations o f  the test s entenc e . 

Comprehensibility levels of  the f ive comparative structures 

The five types of comparative s t ruc tures to b e  discussed in this 

s ection are illustra ted b elow : 

Comparison 6 

Item 1 0 : In cosmic radiation there are electromagnetic  

waves of even shorter  wavelengths .  



Comparison 7 

Item 3 4 : The energy l evels o f  an atom with s everal 

e l ectrons are much more complex than thos e  

o f  a toms with one electron . 

Comparison 8 

Item 4 5 : There are a number o f  o th er reac tions o f  

a c i d  derivat ives that also involve initial 

nucleophilic at tack on the carbonyl group . 

Comparison 9 

Item 2 2 : The two spat ia l  arrangements represent two 

dif ferent configurational isomers of the 

same mol ecular formula . 

Comparison 1 0  

Item 6 :  Cenozoic  climates p layed
-

a maj or role in 

plant evolut ion , as not ed earl ier . 

Good readers .  Tab le 57 shows that 90% of  the good readers ' answers 

to the three items measuring Comparison 7 were correc t whereas , only 
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42 . 5% o f  their answer s  were  correct for Comparison 6 .  The ob tained high 

percentage scores for Comparison 7 may indicate the effect of  the presence 

of than which introduces the comparative pair on the surface s t ructur e .  

As seen i n  Item 34 , the compatible  compared cons tituents -- " th e  energy 

levels o f  an atom with s everal a toms " and "the energy levels o f  atoms 

with one elec tron" appear in the surface s t ruc ture . In terms o f  complexity , 

the subj ect  variab l e  " the energy levels of  an atom with several electrons" 

compares with " the energy l evels of  atoms with one electron" . The 

comparative expansion is easily identi f ie d  as it is signalled by than . 

Good readers , however ,  found Comparison 6 very difficult to comprehend . 

The dif ficul ty o f  thi s  s t ructure may partly be due to the absence o f  than 

and the consequential dele tion of the comparative pa ir from the surface 

s t ructure .  To unders tand this s tructure , a subj ect has to b e  abl e  to 

identify the comparative e lements ,  the ident ical quantifier elements  and 

the compatible compared cons t ituents . For example , to unders t and this 

s tructure (as in I t em 10) , a subj ect has to recognize the bound morpheme 

-er in the word "shorter" as the s ignal of  the compar ison of  inequality . 

Next he has to b e  abl e  to identify tha t " the wavelength of  the electro­

magnetic waves in co smic radiation" is compared with " the wavelength o f  
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Table  5 7  

Comparative Structure Comprehension Scores and Percentages : 

Good and Poor Readers 

Good Readers Poor Readers 

N No . o f  % N No . of  % 
Responses Respons es 

(To t .  = 1 20 )  (To t . = 1 29 )  

ComEarisons of  
Inequality 

Comparison 6 40  5 1  4 2 . 5  4 3  4 6  3 5 . 6  

Comparison 7 4 0  1 0 8  90 . 0  4 3  6 2  4 8 . 0  

ComEarisons of 
Similarit� and 
Differenc e 

Comparison 8 40  59 49 . 1  43  44 34 . 1  

Comparison 9 40  86 7 1 . 6  4 3  6 1  4 7 . 2  

ComEarisons of 
Equality 

Comparison 1 0  40  55 45 . 8  43 34 2 5 . 5  

the electromagnet ic waves in ano ther kind o f  radiation" in terms o f  the 

l ength . Good readers who failed to comprehend the item thought that both 

of the wavelengths of the electromagne tic wave s  in cosmic radiation and 

in the other kind o f  radiation are equally short .  

Statis tically significant difference was also ob tained between 

Comparison 8 (as in Item 4 5 )  and Comparison 9 (as in ' Item 2 2 ) . The 

comparat ive element same as s een in Item 2 2  i s  the one which has 

reciprocal reference . This means that the comparison of two or  more  

events or  obj e c t s  i s  purely "internal " (Lee , 1 9 7 6 ) . The adj ect ival form 

of  s ame implies that two dif ferent configurational isomers all  have the 

same mol ecular fo rmula as each o ther . It may b e  because the comparat ive 

element same used reciprocally makes explic i t  the pair of the comparat ive 
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constituent s ,  that the s entences are more  comprehensibl e  for good readers 

in cont rast with s en t ences with the compara t ive element o ther used 

anaphorically . In the lat ter , a subj ect has to identify what has b een 

ment ioned earl ier in order to make a comparison of difference . The 

comparative element o ther in Item 45 , for example , shows that some 

reactions of acid derivat ives have been dis cus sed earl ier and that there 

are a numb er of  reac t ions of acid derivat ives o ther than those ment ioned 

earlier , tha t also involve ini t ial nucleophilic  attack on the carbonyl 

group . Fifty-eight percent of  all the mis takes made by good readers 

appeared to result from the inability to iden tify that "some react ions 

of acid derivatives " had been discussed earlier . 

Comparison o f  equality ( Comparison 1 0  as in Item 6 )  was also 

investigated in the present s tudy . Table  57 shows that 4 5 . 8% o f  the 

responses were correct for this s truc ture . To comprehend Item 6 ,  

a subj ect  has to recognize the comparat ive c laus e int roduced by as , e . g .  

"as no ted earl ier1 1 . 1 1As noted earlier " b ehaves like the non-res tric t ive 

relative claus e "wh ich is no ted earl ier " . A reader has to be ab le also 

to identify the ant ecedent of  the comparative c lause . In this cas e ,  the 

ant ecedent of the comparative clause is "Cenozoic  climates played a maj or  

role in  plant evolut ion" . Fif ty-eight  percent o f  good  readers who 

failed this item thought that "what was no ted earlier" was "plant 

evolutionl 1 • 

A comparison o f  the cell means of each o f  the comparative s t ru ctures 

shows that Comparison 1 0  is significantly more  difficult for good r eaders 

than Comparisons 7 and 9 .  The comprehens ibility  of the easier st ructures 

( Comparisons 7 & 9 )  s eem to b e  due to the s ignals contained in the 

comparative element s .  With the compara t ive elements morel less /-er 

with the presence o f  than , and same used reciprocal ly ,  present , the 

comparat ive pairs can b e  eas i ly identified in the surface structure . 

Moreover , the comprehen s ibility of thes e  easier  structures s eems to be  

due to the  fac t that  all  information is contained in  the surface s t ructure 

and there is no need t o  refer elsewhere . The presence of  more-than in 

Item 3 4 , for example , d o es not only provide the clue to the reader for 

the existence o f  the comparison o f  inequality ( Comparison 7) but  a l so 

make the reader aware  o f  the appearance o f  the comparative expans ion . 

S imilarly , the p resence of  the comparat ive e l ement same used reciprocally 

(as in Item 22) helps make comparison between similarities explicit . 

What is then required f rom the reader i s  only the ident ificat ion o f  the 



two or more events o r  obj ec t s  which appear in the surface s tructure . 

On the o ther hand , the comparative element as , (as in Item 6 ) , wh ich 

precedes the comparat ive c lause "as no t ed earlier " ,  does no t provide any 

clue to help a reader discover the appropria te ant ecedent of the 

comparative clause . Moreover , i t  appears to confuse readers over which 

comparat ive pair is equal . 
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Poor readers . Comprehension scores o f  th e comparative structures 

indicate Comparison 10 to be signif icantly more d ifficult  for poor 

readers than Comparison 7 and 9 .  No significant d ifferences however were 

ob tained b etween ( i )  two typ es o f  comparisons o f  inequality (Comparison 6 

& 7 ) , and ( ii )  comparison o f  dif ferenc e (Comparison 8) and comparison o f  

s imilarity ( Comparison 9 ) . 

Of the poor readers ' answers to the three i t ems measuring Comparison 

1 0 ,  only 26 . 5  percent were correct . The type o f  mistake poor readers 

made mos t was failure to identify the ant ecedent of the comparative clause . 

For example , 56  percent of  poor readers who answered Item 6, incorrectly , 

thought that "what was noted earlier" was "plant evolut ion" . 

Similar t o  the find ings found for good readers , Comparisons 7 and 9 

were signif icantly more  comprehens ible than Comparison 10 . This differ­

ence again may be  partly explained by the role o f  comparative element s .  

The comparative elements more less / -er , provided than is present , 

(Comparison 7 )  and the comparative element same used reciprocally 

(Comparison 9 )  both seem to help make explicit  the comparative pairs . By 

contrast , the comparative element as ( Comparison 10)  did no t provide 

a clue which will help a reader discover the appropriate antecedent o f  

the comparative clause . Rather i t  seemed t o  confuse the r eader over 

which comparative pair was equa l . 

The failure to ob tain signif icant differences between ( i )  Comparisons 

6 and 7 and (ii )  Comparisons 8 and 9 reflect two important point s .  Fir s t , 

explanat ion may reside in the difficulty of  the t est items for poor readers . 

Accordingly , they could not measure well  poor readers ' comprehension o f  

the s tructures . Second , i t  may be  due t o  the construct ion o f  the test  

items . A clos er examination of  the  test s entence reveals , for  example , 

tha t two o f  the three items measuring comparison of inequa lity (Comparison 

7)  contain a relative clause . The presence o f  the relative clause might 
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affect s entence comprehens ibility for poor reader s . The comprehens ion 

scores of  this comparative s ent ence may reflect poor readers ' comprehens ion 

of comparison of inequality as well as their comprehension of relative 

s t ru cture . 

The fact that there was a s ignificant e f fect  of ( i )  the comparat ive 

elements �/ les s / -er with the presence o f  than (Comparison 7 )  and 

( ii)  the comparat ive element s ame : on sentence comprehensibility for  goo d  

readers but a non-s ignif icant e ffect for poor readers could b e  explained 

as follows . Usually  poor readers are likely to b e  mis led by a wider 

range of  language f eatures than good readers . The mis takes made by poor 

readers are l ikely to be more random than those o f  good readers because 

poor readers rely more  heavily on the surface s tructure than good readers 

do . Good readers should show more regular patterns of  difficulty b ecause 

they are subj ect to a narrower range o f  difficul t ies . 

Good readers v s  poo r  readers . Statist ical ly significant dif ferenc es 

were obtained between good and poor readers ' comprehension scores o f  

Comparisons 7 ,  8 ,  9 and 1 0  (see Table 58) . They indicat e , though no t 

surprisingly , that good readers comprehend these four types of  comparison 

bet ter than poor readers do . I t em analysis data reveal that good and 

poor readers again made s imilar types of mis t akes ; poor readers obv ious ly 

made  mor e .  Discus s ion f o llows . 

( i )  As seen in Tab l e  5 7 , Comparison 7 seemed to cause no d i f ficul ty 

for good readers ( 9 0% o f  the r esponses were  correct) whereas it seems t o  

have b een dif ficult f o r  poor r eaders (only 48% o f  the respons es were 

correc t ) . An inspec tion o f  the type of  mistake made by poor readers 

with the comparative s entences where than is present in the surface 

structure (Comparison 7) as in I t em 34 , indicates their lack of  ab i l ity 

to identify the compat ib le compared cons t i tuents . Poor readers were more 

confused than good readers when faced with the comparat ive sentence 

where than is present and where  not all language elements  are explici t ly 

sta ted in the surface s truc ture . In Item 34 , for example , poor readers 

thought tha t  "an atom with s everal electrons " and "atoms with one 

electron" were the compa tib l e  compared cons t ituents ins tead of " th e  

energy levels of  a n  atom with s everal electrons " being compared t o  " the 

energy levels of  atoms with one electron " .  This seems t o  b e  partly  due 

to the fact that the language element "those"  in the sent ence r equires 

poor readers to have a knowledge of anaphoric reference in order to 



comprehend fully the compatible compared const ituents . The s entence 

might b e  easier for poor readers if  i t  were pres ented as follows : 

The energy levels of  an atom with several 

electrons are much more complex than the 

energy l evels of atoms with one elec t ron . 

( i i )  Table 5 7  also indicates that the Comparison of Similarity 

(Comparison 9 )  as in Item 22  was comprehens ib l e  for good readers ( 7 1 . 6% 

correc t )  whereas it was dif ficult for poor readers ( 4 7 . 2% correc t ) . · 

A maj or type o f  mis take poor readers made s eems to result from inab il ity 

to ident ify the pair of  comparative constituent s , signalled by the 

comparative element same . For example ,  they identified "two spatial 

arrangement s "  as being compared to "two dif ferent  conf igurational 

isomers " { in Item 2 2 ) . 

( iii )  The comprehension scores of  good r eaders on Comparison 8 

were 49 . 1  percent correct (see Tab le 5 7 ) . Much lower scores were 

ob tained by the poo r readers ( 34 . 1 % correc t ) . A common type of  mi stake 

both g roups made was failure to ident ify information given impl icitly . 

Fo r example ,  when they were asked to explain the meaning of  "other 

react ions of acid derivatives . . .  " in Item 45 , both groups interpreted 

the sentence as " there are only reactions of acid  derivatives that 

involve init ial nucleophilic a t tack on the carbonyl group " . It shows 

2 1 8  

,that the subj ec ts s eemed to take no no tice o f  the presence of  the 

comparative element o ther . To answer Item 45 correc t ly , a reader is 

required to recognize the comparat ive element o ther and realize  that there 

is some implicit informa tion . In case of  the s entence in Item 4 5 , 

a reader needs to know that "some reactions o f  acid derivat ives tha t 

involve init ial nucleophilic attack on the carb onyl group" have been 

ment ioned earlier in order to have full unders tanding of the sentence . 

(iv )  Good and poor readers ' comprehension scores of  Comparison 1 0  

presented i n  Tabl e  5 7  (45 . 8% & 2 5 . 5%)  imply that this s t ructure tends 

to b e  dif ficult for good readers and much more  difficult for poor 

readers . S imilar types of mis takes were made  b y  bo th groups . They seem 

to b e  confused as t o  which comparat ive pair in the s entence was equal . 

Both groups identified for example that either "plant evolut ion" or  

"cenozoic climat e s "  was the appropriate ant ecedent o f  the  comparat ive 

clause "as noted earlier" . Again , to ob tain the correct meaning o f  



Item 6 ,  a reader is required to know that the comparat ive element a s  

possesses rela tive-l ike characteristics and that an appropriate ant e­

cedent is no t the noun phrase preceding the comparative clause but the 

whole  main clause . 

Table 58  

Means , Standard Deviat ions and t-test Results  for Good (N = 4 0 )  

and Poor Readers ( N  = 4 3 )  on the Five Comparative Struc tures 

Good Readers Poor Readers 
t-Ratio Probab i lity  

Mean SD Mean SD 

ComEarisons o f  
Inequality 

Comparison 6 1 .  28  0 . 85 1 . 0 7  0 . 83 1 . 1 2 . 26 8  N .  S .  

Compar ison 7 2 . 70 0 . 52 1 . 4 7  0 . 9 6 7 . 37 . 000 

ComEarisons of  
Similarity and 
Dif f erenc e 

Comparison 8 1 . 4 8  0 . 75 1 . 02  0 . 80 2 . 65 . 0 1 0  

Comparison 9 2 . 1 5 0 . 83 1 . 4 2  1 . 0 3  3 . 54 . 00 1  

ComEarison of  
Equality 

Comparison 1 0  1 . 38 0 . 98 0 . 7 7 0 . 84 3 . 04 . 00 3  

The t-test resu l t s  in Tab l e  5 8  indicate further tha t  there  was no 

significant difference b etween good and poor readers on ano ther type o f  

compari son -- Compar ison 6 .  The lower percentages obtained b y  both 

groups ( 42 . 5% for good rea ders and 35 . 6% for poor readers ) for this 

structure reveal the d i f f i culty l evel o f  the s tructur e .  Item ana lysis  

data have shown that b o th good and poor readers s eem to b e  unaware of  

the existence o f  the comparativ e  s tructure of  inequality . As  s een in 

Item 1 0 ,  both groups cho s e  as the correct interpretation of  the t e s t  

2 1 9 
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sentence the following sequence of words , " the wavelengths of 

ele c tromagnetic waves in cosmic radiation and those in the other kinds 

of  radiation are equa l ly short " .  This indicated that both groups did no t 

recognize the bound morpheme ':;'er in the word "shorter" as the signal 

of the comparison of inequality . Accordingly , they failed to make 

a comparison between the compat ib l e  compared cons t ituents . 

Comprehensibility levels o f  th e five relative structures 

The five types of relative structures to be discussed in this 

section are illus t rated in the following s entences : 

Relative 1 1  

Item 1 7 :  Each carbon o f  the C=C is converted t o  a C=O , 

and any hydrogen attach ed t o  these particular 

carbons is converted to an -OH group . 

Item 3 8 :  A fungus is covered by a rigid wal l  composed of  

cellulose in  primitive types . 

Relative 1 2  

Item 8 :  The magnetic  field at points ins ide a cylinder 

carrying a current on its  surface is zero . 

Item 35 : The intramo lecular aldol type of condensation 

is very valuab le as a cyclization reaction 

l eading to the formation of f ive- and s ix­

membered r ings . 

Relative l3 

Item 36 : Many multicellular organisms have highly 

specialized s ensory cells that are 

exceedingly s ensitive and respond to even 

weak s timul i .  

Item 4 1 : A carbon a tom tha t employs this set  o f  

o rb i tals for bonding i s  said to have sp2 

hybridization . 

Relative 1 4  

Item 1 2 :  Many subst ances which normal ly a r e  isotropic 

become anisotropic when s ubj ect to mechanical 

s t resses or to s trong s t a t ic electric or 

magnet ic f ields . 



Item 1 9 : Atmospheric oxygen is the source of  the ozone ( 0
3 ) 

layer which envelops the earth at an a l titude 

of s ome 10 miles . 

Relative 1 5  

Item 40 : The various orb itals in which the electrons of  

an  isolated atom may b e  found are called atomic 

orbitals . 

Item 14 : Becaus e o f  the negative sign in Equation ( 1 6 . 1 8 ) ,  

the electric field point s in the direction in 

which the electric pot ential decreases . 

2 2 1  

Good  readers . Tabl e  59 shows that 7 5 . 8  percent of the good readers ' 

answers to the three i t ems measuring Relative 1 4  were correct whereas 

56 . 6  percent of  their answers were correct for Relative 1 2 .  

The signif icant effect  of Relative 1 4  on sentence comprehensibility 

may partly be explained b y  ( i )  the presence of  the rela t ive pronoun 

which , ( ii )  the effect  o f  the coreferent ial noun phras es which have the 

same grammatical functi on , and (iii)  the position of the rela tive 

clause . Al l these are di scussed fur ther b elow . 
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Table  5 9  

Relative Structure Comprehension S cores and Percentages : 

Good and Poor Readers 

Good Readers Poor Readers 

N No . of % N No . of % 
Responses Responses 

( Tot . = 1 20 )  (To t . = 1 29 )  

Non-finite 
Relat ives 

Relative 1 1  40 80 66 . 6  4 3  4 3  3 3 . 3  

Rela t ive 1 2  40 68 56 . 6  4 3  46 3 5 . 6  

Finit e 
Relatives 

Relative 1 3  40 80 66 . 6  4 3  5 7  4 4 . 1 

Relative 1 4  40 91 7 5 . 8  4 3  6 0  4 6 . 5  

Rela t ive 1 5  40 83 69 . 1  4 3  5 9  4 5 . 7  

( i )  It is obvious that in all three i t ems measuring Relat iv e  1 4  

( Items 1 2 ,  1 9 ,  30 ) , the relative clauses are s i gnalled by the relative 

pronoun which , whereas in  the o ther three i t ems measuring Rela tive 1 2  

( Items 4 ,  8 ,  35 ) , relative pronouns are abs ent  from the surface s tructure . 

The relative pronoun which in I t em 1 9 , for  example , helps the reader 

identify the relative c lause , "wh ich envelops the earth at an alt itude 

o f  some 1 0  miles " . Further the reader is direc ted to its  noun antecedent 

"ozone layer" which in this case becomes a s ubj ect of the rela tive 

clause -- " the o zone layer envelops the  earth a t  an al t itude of some 

10 miles " .  On the o ther hand , the absence of the relative pronoun in 

Relative 1 2  (as in I t em 8) seems to increase s entence difficulty 
. 

b ecause no c lue is available  in the surface s tr ucture to signal the 

pr esence of a relat iv e  claus e .  The findings of the present study s e em 

to give support to the findings o f  previous  s tu dies which reported 

that relative clauses where relative pronouns are present in the 

surface struc ture are easier to understand t han the reduced 



relative clauses -- the clauses where the relative pronouns are 

delet ed from the surface s t ructure (Fodor & Garret t ,  1 9 6 7 ;  Hakes 

& Cairns , 1 9 7 0 ) . 

( ii )  The greater percentage of  correct answers for Relat ive 1 4  

( 75 . 8%)  may also b e  partly due t o  the effect o f  the grammatical 

functions of the iden tical noun phrases in relative sentences . 

Sheldon ( 1 9 74 ) , who investigated children ' s  comprehens ion of  r elative 

claus es , tested what she called th e "Parallel Funct ion Hypo thes i s "  

2 2 3  

wh ich claims that children wi ll be following a strat egy of  int er­

pret ing the grammatical func t ion of  the rela tive pronoun as being the 

s ame as its antecedent . Following this hypothesis , Sheldon hypo thesis ed 

further that thos e  s entences in which the shared nominals  have the same 

gramma tical funct ion in their respective clauses ( for example , in 

"The man saw the boy who the gir l  h i t "  -- where the shared nominal 

"the boy" functions a s  obj ect  o f  the main c lause and obj ect of  the 

embedded clause)  wil l  be eas ier to process than sentences in which 

the coreferential noun phrases have different gramma tical func tions , 

( for example , in "The man saw the boy who hit the girl" -- where the 

shared nominal "the boy" functions as obj ec t  of  the main c laus e but  

subj ect of the emb edded clause) . Sheldon found in her s tudy that 

"performance on parallel fun ction relat ive s ent ences in which the 

identi cal noun phrases have the same grammatical func t ion is b e t t er 

than p erformanc e on non-parallel function sentences " .  In the present 

s tudy , two of  the three items measuring subj ect  relat ive clauses 

preceded by which_ ( Relat ive 1 4 )  as in Items 12 and 30 have the co­

referential noun phrases which have the s ame gramma tical function in 

their respective clauses . For example , the shared nominal "subs tances " 

from Item 1 2  func t ions as the subj ect of  the main clause and the 

subj ect of the relative clause .  On the o ther hand , in two of  the 

three items measuring subj ect  relative c lauses preceded by part i c ipial 

- ing (Relative 1 2 )  as in Items 4 and 8 ,  the coreferential noun phrases 

have dif ferent grammat i cal functions . To illus trate ,  the shared 

nominal "cyl inder" in I t em 8 funct ions as an obj ect after a prepo s ition 

in the main clause but as a subj ect of the embedded c laus e . 

( iii )  The position of  a relative clause may also  partly explain 

the high er percentage of correct  answers for Relative 1 4 . According 

to Mil ler and his co-workers (Miller & Chomsky , 196 3 ; Miller & Isard , 

1964 ) , a relative clause which is placed in the centre o f  a sentence , 
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modifies the subj ect  o f  the clause that dominates it , separating the 

subj ect  of  that clause from the predicate . On the o ther hand , a relative 

c laus e which is right-branching ,  modifies the obj ect of the dominat ing 

c laus e and occurs a fter that clause ' s  predicate .  To illus t rate , the 

relative claus e, "which envelops the earth at an al t itude of  some 

1 0  miles" in Item 1 9 , is considered right-branching , whereas the 

relat ive clause "which normally are isotropic "  in I t em 1 2 ,  is  cons id­

ered centre-emb edded . Previous s tudies on the comprehensibility o f  

relative sentences have shown that centre-embedded relative clauses 

are mo re difficult  to process than right -branching relative clauses 

(Blumenthal , 1 9 6 6 ; Miller & Chomsky , 1 96 3 ;  Miller & Isard , 1964 ; 

Stolz , 1 9 6 7 ) . 

In the present s tudy ,  two of  the three i t ems measuring Relative 

14  ( It ems 1 9  & 30)  which appears to have been more comprehensible 

than Relative 1 2 ,  contain right-branching relative claus es , whereas 

two of the o ther three items measuring Relat ive 12 ( Items 4 & 8) 

contain centre-emb edded relat ive clauses . 

The analyses o f  each of  the rela tive s t ructures also show tha t : 

there were no significant dif ferences between ( i )  two types of non­

finite relatives -- Relative 1 1  (as in I t em 1 7 )  and Relative 1 2  ( as 

in Item 8 )  or ( i i )  among three types o f  finit e-relat ives -- Rela tive 1 3  

(as in Item 4 1 ) , Relative 1 4  (as in Item 1 2 )  and Relative 1 5  (as in 

Item 40) . The non-signi ficant effect b e tween Relat ive 1 1  and Relative 

12 may partly be due to ( i ) abs ence of relative pronouns in the surface 

structure and ( i i )  position of relative c lauses . 

In all test s entences measuring Relative 1 1  and Relative 1 2 ,  

relative pronouns and copulas are abs ent  from the surface s truct ur e .  

Relative clauses , a s  in Items 1 7 ,  3 2 ,  38 , are preceded b y  participial 

-ed/-en . Thos e in I t ems 4 ,  8 ,  3 5  are preceded by partic ipial -ing. 

To comprehend thes e  s t ru ctures , a reader is required to know wha t  

elements have b een reduced and which noun phrase is modified by the 

reduced c lause . Good readers who failed to comprehend a relative 

sentence where the relative c lause is preceded by -ing, for example ,  

thought that the following s equence o f  words , " the magnetic f ield 

inside a cylinder  carries a current  on i t s  surface" , was a kernel 

sent ence of the test  sentence in I t em 8 .  A s imilar type of mist ake 

was f ound when good readers failed to comprehend a relative s entence 
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where the  relative clause was preceded by  -ed/ -en . They thought , for 

example ,  that the following sequence o f  words , "these particular c arbons 

are converted to an -OH group" ,  was a kernel sentence of the test 

sen tence in Item 1 7 .  

C ent re-embedded relative clauses may partly contribute to the 

dif ficulty of  relat ive s entences . In the present study , two items 

which measure Relative 1 2  ( Items 4 & 8 )  and the o ther two items which 

measure Relative 1 1  ( It ems 1 7  & 3 2 )  carry c entre-embedded relative 

clauses . 

The fact that no s ignificant differences were observed among three 

types of finite rela t ives (Relatives 1 3 ,  1 4 , 1 5 )  reveals  that Rela t ive 

1 3  (where 66 . 6% of the responses were correc t ) , Relat ive 14 (where 7 5 . 8% 

were correc t )  and Relat ive 1 5  (where 69 . 1 % were correct )  are all r eason­

ably comprehensible for good readers . Thi s  may partly be explained by 

the common presence of the relat ive pronouns which and that in the 

surface structure . In all three  items measuring Relative 1 3  ( I tems 2 ,  

3 6 , 4 1 )  for example ,  the rela t ive claus es are s i gnal led by the rela t ive 

pronoun that . In those three items measuring Relative 1 4  ( Items 1 2 ,  1 9 ,  

30 )  the relative clauses are s ignalled by the relative pronoun which . 

In the other three items measuring Relative 1 5  ( Items 1 4 ,  40 , 4 4 )  the 

relativ e  c lauses are s ignalled by the rela t ive pronoun which following 

the preposition . As discussed earlier , these r elative pronouns help 

a reader ident ify the presence of relative c lauses and a t  the same t ime 

direct the reader ' s  attent ion to the noun antecedents .  

This int erpretat ion of the effect o f  the relative pronouns that and 

which is cons istent with Brown ' s  ( 1 9 7 1 ) research . He found that the 

relative pronouns tha t  and which induced s imilar effects . 

I t  is also o f  interest to examine if  there were any differences to 

be discerned between centre-emb edded rela t ive s entences and right -b ranch­

ing relative s ent ences included in the present study . The data in 

Table 6 0  reveal that higher comprehension s co res were  obtained for the 

right-b ranching rela t ive sentences ( 73 . 6% correc t )  when compared to the 

centre-emb edded relativ e  sentenc es ( 6 1 . 3%) . The difference was 

statist ically s ignif icant (see Table 6 1 ) .  



Table  60 

Raw Scor� and Percent Correc t Respons es on Right-branching 

and Centre-embedded Relative Sentences 

Good  Readers Poor Readers 
(N = 40)  (N = 4 3 )  

Right- Centre- Right- Centre-
b ranching embedded branching embedded 

Non-finite 
Relatives 

Relative 1 1 : Item 1 7  1 4  1 0  

3 2  3 5  1 8  

3 8  3 1  1 5  

Relative 1 2 :  Item 4 3 3  2 1  

8 1 2  8 

35  23 1 7  

Finite  
Relatives 

Relative 1 3 :  Item 2 35  25 

36 23 16 

4 1  2 2  1 6  

Relative 1 2 :  Item 1 2  30  22  

1 9  26  20 

30 35 1 8  

Rel ative 1 5 : Item 1 4  3 3  22  

40  29  15  

44  2 1  2 2 

TOTAL 206 1 96 1 33 1 32 

( 7 3 . 6%)  ( 6 1 . 3% )  (44 . 2%)  ( 38 . 4 % )  
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Tes t 

I t em 

Table  6 1  

Placement of Respons es of English Relat ive Claus es in 

Pass and Fail Categories 

Pass 

Fail 

Total 

2 
X 

Posi tion of Relative Clauses 

Right-b ranching Cent re-embedded 

206 1 24 

74 1 96 

280 320 

7 3 . 1 6 (df  1 ) ; P < . 001  

2 2 7  

Total 

3 30 

2 70 

600 

Poor reader s .  No s ignificant differences were ob tained from 

comparisons of  the compreh ension s cores of poor readers on each of the 

rela tives . As seen in Table 59 , the percentage of  their correct responses 

ranged from 3 3 . 3  to 4 6 . 5  for Relatives 1 1 ,  1 2 ,  1 3 ,  15 & 14 respect ively . 

Thes e low percentage s co res indicate that f inite  and non-finite relative 

sentences are all d i f f i cult for poor readers t o  comprehend . The types 

of  mistakes made by  poor r eaders were s imilar to the types of mis takes 

made by good readers . Poor readers however made more .  

Good readers vs poor  readers . Comparisons of good and poor  readers ' 

comprehens ion scores on al l types of  relative s tructures y ielded 

statist ically s i gnif icant ( see Table  6 2 ) . These  differences imply tha t  

rela t ive s tructures are comprehensible  f o r  good readers but  incomprehens­

ib le for poor readers . Common mis takes made b y  the subj e c t s  are discuss­

ed below . 

( i )  Item analys is o f  non-fini te rela tive claus es preceded b y  

participial -ed/-en ( Rela t ive 1 1 )  show tha t g o o d  and poor readers made 

s imilar types of mis takes . They either (i) in the case of  a c entre­

embedded relative c laus e ,  wrongly identify a subj ect noun phrase o f  the 

main clause (as in I t em 1 7 ) , or ( ii )  in the case of a right-branching 

relative c laus es, wrongly ident ify the subj ect noun phrase of an embedded 



c l ause (as in Item 3 8 ) . To illus t rate , the subj ects who failed Item 

1 7 , thought tha t either " these part icular carbons are converted t o  
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an -OH group" or  "any hydrogen is  converted to an  -OH group" were 

correct interpretations of the test  s entence . For Item 38 where the 

relative clause is r ight-b ranching , the subj ects regarded the following 

s equence of words as correct , "cellulose is composed of a rigid wall 

of a fungus " .  As po int ed out earl ier , relative pronouns and copulas 

are absent from the surface structure of th is  type of relative claus e .  

Accordingly no clue i s  availab le to signal the exis tence o f  an emb edded 

claus e .  Poor readers might be confused as to which noun phrase becomes 

a s ubj ect  of a main c lause and whi ch is  an appropriate sub j ect noun 

phrase o f  an embedded clause . 

( i i )  For Relat ive 1 2 , a common type o f  mis take made by good and 

poor readers seems to result from the inab ility to recogni ze a relative 

clause preceded by participial -ing. As s een in Item 8 ,  good and poor 

readers who failed this i t em thought that what carries a current on 

its surface was eith er ( i )  the magnetic field inside a cylinder , or 

(ii ) a magnetic fiel d . Poor readers obviously made these mis takes more  

than did  the good reader s .  

Tab le 6 2  

Means , Standard Deviations and to-test Results f o r  Good ( N  = 4 0 )  

and Poor Readers ( N  = 43 )  o n  the Five Relative Structures 

Good Readers Poor Readers 
t-Ratio Probab il i ty 

Mean SD Mean SD 

Non-finit e  
Rel atives 

Relative 1 1  2 . 00 0 . 68 1 . 00  0 . 66 6 . 83 . 000 

Relative 1 2  1 .  7 0  0 . 82 1 . 0 7  0 . 83 3 . 48 . 00 1  

Finite  
Relatives 

Relative l 3  2 . 00 0 . 88 1 .  33  0 . 8 1 3 . 65  . 000 

Relative 14 2 . 28 0 . 88 1 . 40 0 . 88 4 . 5 7 . 000 

Relative 15 2 . 08 0 . 76 1 . 40 0 . 90 3 . 69 . 000 
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(iii)  While good readers ob tained higher comprehension scores 

on f inite relative clauses that were s ignalled by the relative pronouns  

that or  whi ch ( as in I t ems 36 and 1 2 ) , poor readers still  found 

these s t ructures dif f i cult to comprehend . As shown in Table  59 , good 

readers achieved 66 . 6  percent and 7 5 . 8  percent correct respons es on 

Relatives 1 3  and 1 4 ; whereas poor readers achieved only 44 . 1  percent 

and 46 . 5  percent . Item analysis reveals that both good and poor 

readers who did no t get the correct meaning of  relat ive s entences where 

the relative pronouns that and which are present on the surface 

structure , tend to get confused as to which noun phrase becomes 

a s ubj ect  of a main clause and which one is a sub j ect of the emb edded 

clause . The following mis takes were commonly found : 

1 .  The s ubj ects t ended to cons ider a s equence of words at the 

end of a sentence as a kernel s entence , when a relative claus e was 

centre-emb edded . For example , they considered that "orb i tals  for 
2 

bonding have sp hyb ridiza tion" was a kernel s entence of Item 4 1 . 

2 .  The subj ects tended to b e  unable  to identify the subj ect  o f  

the main clause where the relat ive clause was centre-emb edded . For 

example , they though t  the noun phrase "many substances " was the s entence 

subj ec t ,  instead the noun clust er "many substances which normally are 

isotrop ic " .  

3 .  The subj ect s  t ended t o  treat the s ubj ect  o f  the main clause as 

the subj ect o f  the emb edded clause which was right-branching . For 

example , "multicellular o rganisms" was thought to be the subj ect o f  

"exceedingly s ensitive" in  Item 36 . 

4 .  The subj ects t ended t o  cons ider a noun cluster as the subj e c t  

of the emb edded c lause which was r ight-branching . For example , they 

considered that it  was " the source of  the o zone layer" which "envelops 

the earth" . 

( iv)  An inspection of the mistakes made by good and poor r eaders 

on Rel ative 1 5  again showed tha t  both groups made similar types o f  

mis takes , a higher number b eing made by  poor readers . 

In the case o f  centre-emb edded relative clause , for example , they 

t ended to consider a s equence of words at the end of  the s en t ence as 

a kernel s entenc e .  As s een in Item 40 , the subj ects chose as the 



kernel s entence the fol lowing s equence of words , "an isolated atom 

may be found in atomic orb ital s " .  
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F o r  the right-b ranch ing relative clause ,  as in Item 1 4 , the 

subj ec ts  seemed to take no no tice of the embedded clause .  They treated 

it inst ead as a prepositional noun phrase . For exampl e ,  they thought 

tha t the correct interpretation of  the sentence was "the electric 

field points in the direc t ion o f  the electric potential " .  

Conclus ions 

This chapter has b een devoted to an interpretation and discussion 

o f : ( i )  the relationship between Tha i science students ' comprehens ion 

of Engl ish complex s truc tures and their  reading comprehension o f  

s cientific English passages , ( ii )  the patterns among comprehensib i lity 

level s of  complex s t ructures for good and poor readers and ( iii)  the 

dif ferences in the comprehensib ility o f  comp l ex struc tures within given 

types for good and poor readers , taken separa tely . 

It  has been pointed out that for the subj ects of the present s t udy 

males and femal es , comprehension of Engl ish complex s t ructures and 

reading comprehension of scientific English is posit ively related . 

When good and poor readers ' patterns o f  the comprehens ibil it y  levels  of  

compl ex structures are c ompared , there is a group of s tructures whi ch 

is easy for both groups and that there is ano ther group of  s truc tures 

which tends to be d i f ficult for both group s in relation to the other 

s truc tures . Easy s truct ures s eem to share a general feature -- the 

p resence o f  particular t ypes of  surface cues in the surface structures . 

Another general f eature seems to be that all  surface elements  are 

present and there i s  a t endency for the order of surface elements  

within clauses no t t o  be  changed .  The difficult s tructures , on the 

o ther hand , share different types o f  sur face cues or the surface cues 

are absent from the surface s t ructur e .  Moreover , in these dif ficult  

struc tures , not all  sur face elements are  present . The reader has  to  

s earch for them e l s ewhere . 

An inspection o f  the comprehensibility  l evels o f  compl ex s t ructur es 

within the different types seems to indicate that the presence o f  

surface cues in the surface s tructure increases sentence comprehens­

ibil ity . The ab s ence of surface cues , on the other hand , tends to 



increase s entence diff iculty . The easier s t ruc tures in the present 

study tended t o  contain the surface elements required to understand the 

sentence . Anaphoric references in such sen t ences , if there is any , can 

be found within a sent ence boundary . There is no need then to look for 

reference outside the sentence boundary . The pos it ion o f  the rela t ive 

clause seems also to have an effect on the comprehens ibi l i ty level of 

relative s entences . Right-branching relative clauses seemed to be mor e  

comprehens ible than centre-embedded relative clauses . Fina lly , the 

data of the present s tudy s eem to reveal tha t ,  in most  of the eas ier 

s t ructures , the order of  surface elements has not been changed . 

The n ext  chapter wil l  focus on conclusions , implications for 

educational p ractice and recommendations for future research . 

2 3 1  
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CHAPTER 7 

CONCLUS ION AND EDUCATIONAL IMPLICATIONS 

The purpos e  of the present chapter is three fold -- to provide 

an overall conclusion of  the s tudy , to ident ify some of  the educational 

implications of  the f indings and comment on s ome implications for 

future research . 

General Conclusion 

This study had i t s  o rigin in a concern for the problems that Thai 

student s were thought to be having in the process of us ing foreign 

language t extbooks in the study of s c ience . At tha t point , it was 

believed that unfamiliarity with the foreign language would be coming 

between the students and their full  unders tanding of science as it was 

being presented . It  was also believed tha t in such a context , under­

standing of science was dependent on unders tand ing of  the Engl ish 

medium -- as it featured in the t extbooks . Fur thermore , it was thought 

that the language "errors " being made were probably systematic and 

probably occurred at both surface s tructure and deep structure levels . 

Given that knowledge of  science is important  for Thai students , 

anything that could be done to ident ify impediments (and subsequently 

remove them) should b e  valuable . In approach ing the task , a particular 

perspect ive was adopted -- a trans format ional grammar one . Grammat ical 

analysis was used to prov ide an order base for approaching the problem 

and for ident ifying the types of  dif ficul t i es s tudents  were experiencing . 

It i s  no t the first t ime such a problem has exercised lingui st s . 

For over a decade , l inguists  and language spec ialis ts  have been a t t empt ­

ing t o  provide Engl ish language t eaching mat erials which would be 

appropriate for student s whose first  languag e  was not English . Some 

l inguist s  t ried to arrive at solut ions through the s tudy of the language 

o f  s cience -- its lexical and syntac tical characteris tics . They bel ieved 

that wha t  was taught should reflect the kind of language s tudents need 

to learn . Other l inguis ts  ins t ead , emphasized the communicative a spec t s  

o f  science language (Widdowson , 1 9 7 4 , 1 9 7 7 )  and the rhetorical functions 

of scient ific discourse (Lackst rom , Selinker , & Trimble , 1 9 7 3 ) . Such 

a t t empts have all reflected great concern for  s tudent s faced with l earning 
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the Engl ish language . However effective l earning and t eaching of  

English for Science and Technology (EST) may b e  dependent on more than 

what has b een considered appropr ia te  by l inguist s . Reading in a foreign 

l anguage is a complex process . It  involves an int erac t ion between the 

l anguage and the reader . According ly fac tors which are related to  the 

reader -- their reading problems , their int eres t ,  their reading ability 

should also  be taken into  account if success ful teaching and learning 

is to occur . 

The present study chose to p lace an emphas is on making use o f  the 

knowledge offered by l inguists  to study reading dif ficult ie s  related to  

language s truc ture . The  ultima te  goal was to examine ways in  which 

Thai science student s '  reading c omprehension might be improved . 

The research que stions posed in the s tudy required that some 

attent ion be given t o : ( i )  examining the relat ionship be tween reading 

comprehens ion o f  sci ent ific Engl ish passages and comprehens ion of  

English complex struct ures , (ii )  det ermining the rela t i 8nship between 

the patterns of comprehensibility o f  the complex s t ruc tures and reading 

ab ility , and ( iii)  measuring the comprehensib ility levels  of the c ompl ex 

struc tures encountered by science s tudent s in the read ing o f  s cience 

t extbooks . 

For the inves t igat i on , a group of 190  sc ience students  was selec ted . 

The s tuden t s ' reading comprehens ion of  scient ific English passages was 

measured by a Cloze Reading Comprehension Test and their comprehens ion 

of English complex s t ruc tures by a Test of  English Grammat ical S t ructures . 

Both tests  were cons truct ed by the author . The reading pas sages in 

both tes t s  were all t aken f rom science textbooks in current use . The 

subj ects also had to t rans late into  Thai the test  s entences which appear­

ed in the Tes t o f  English Gramma t i cal S tructures . Thereupon the 

research is sues became : ( i ) how well could the s tudent s  read their s e t  

t exts and ( i i )  how much difficul t y  could b e  located in the compl ex 

s t ructures they encount ered . 

A further interest  o f  the s tudy was to investigate comprehens ion 

of the complex structures . The purpose was to  determine at  what  points 

good and poor readers were similar in their understanding the s tructures 

and at wha t  poi�ts they were diff erent . Jus t ificat ion has been provided 



by Golinko ff ( 1 9 75-76 ) : 

. . .  contras ting good and poor comprehenders may have 

pedagogical implicat ions . To design reading comprehens ion 

ins truction for the beginning reader or for the reader 

requiring remediation , it  may be use ful to determine 

at what points in the process good and poor comprehenders 

do and do not diverge (p . "6 2 6 ) . 
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In the  event , analys es and comparisons o f  the comprehens ion scores 

revealed tha t  reading comprehens ion o f  scient ific  English passages and 

comprehens ion of the complex structures were positively related and 

that reading ability did  not seem to affect the comprehens ib ility of  

the  comp l ex s tructures . There was a certain group o f  complex s tructures 

which was relatively eas ier for b o th groups and there was another group 

of  complex struc tures which was relatively harder for both groups . 

There was none exclusively diff icult or easy for any one group . 

Predic tably no t all of  the s t ructures o f  the same type were equally 

dif ficul t or easy for the readers . 

In the following section , attent ion wil l  be given to some of the 

educationa l implications of  the f ind ings . 

Educational Impl ications 

Problems related to the research quest ions posed in the present 

s tudy are commonly found in EST classroom si tuations . Ac cordingly the 

findings which answered these research quest ions can be cons idered to 

have some relevanc e for c lassroom EFL/ EST teachers . Curriculum planners 

and language textbook wri t er s  may also find the results to be of  

interest . 

Cloz e  technique 

EST t eachers occasionally need to evaluate their students ' ability 

to understand scientific  Engl ish passages . A language test which 

determines this specific  reading prof iciency o f  scient ific English i s  

n o t  available . A common practice therefore is to u s e  o ther language 

tes t s .  Such tests however generally contain reading passages of general 

English . As a result , conclusions about reading comprehension of 

scientific English are taken as i t  were , one s t ep removed from sc ientific 



reality . The c loze technique , previously used to measure foreign 

studen ts ' reading comprehens ion of general English has , in the present  

study , b een taken one s tep ' further by  applying it to  "science"  English 

and estab lishing , in the process , its reliabil ity and validity . 

Accordingly , EST clas sroom teachers might utilize  the t echn1que t o  

cons t ruc t their own tests . For teaching purposes , language t eachers 

could cons truc t their own reading tes t s  based on sc ient ific English 

passages -- us ing the c l o z e  technique and their  knowledge of  s cienc e .  

Such tests  are easy t o  c onstruct and yield results similar t o  those 

obtainable from mul t ipl e-choice reading tests . 

Cloze scoring methods 
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Two cloze scoring methods -- the exact-word and the acceptable-word 

scoring methods -- were also examined in the present study . Some 

previous cloze  research had shown the acceptab le-word scoring method 

to be 'superior  in terms of i tem discrimination and valida ting correlations 

regardless of the l evel-o f-difficulty of the test"  ( Oller , 1 9 72 , p .  1 5 7 ) . 

Again another researcher had found tha t both s coring methods were 

reliable and efficient (Anderson , 1 9 7 2 ) . As the exact-word scoring 

method is simple and easy to apply , l ess  t ime-consuming , and requires 

no j udgement as to wh ich answer is acceptable , language t eachers who 

were not native English s peakers had t ended t o  prefer this method . 

The data from the present st udy t ended t o  support Ander son ' s  

f indings which had shown that there was no significant difference 

between the two methods . Language teachers would appear t o  b e  on safe 

ground when using the exact-word s coring method . However caut ion is 

necessary in us ing e i ther of the methods . Adopt ing only the exact -word 

scoring method when the purpose , for  example , is for remedial ins truction , 

may not yield a fruitful  resul t . When the cloze  test  is construc t ed 

to examine each individual student ' s  reading difficulty , an acceptable­

word scoring method may be more appropriat e . 

Sc ient ific Engl ish and its relat ionship to language s t ruc ture 

The moderately h igh correlation found between comprehension o f  

scient i f ic Engl ish and comprehens ion of  the complex struc tures t ends t o  

provide some reassurance that ins truct ion aiming t o  help s cience s tudents 

improve their  reading of scient ific English by making use of syntactic 

c lues to derive meaning , is worthwhile . 



However some doubt remains whe th er one should emphas ize the 

teaching of sentence grammar in reading classes (Davies , 1 9 79 ) . Some 

research dealing with science students had found that students could 

understand s en tences but could no t grasp the meaning of connected 

discourse .  These researchers concluded that t eaching reading by the 

rhetorical approach might overcome the prob lem . Such an approach 

focuses on paragraph rather than s entence level as the basic unit o f  

discourse . The argument was tha t reading comprehens ion might be 

improved if knowledge of the rhetorical functions of  the paragraph and 

the rhetorical elements  which unite  sentences and paragraphs were 

acquired . The present s tudy provides no grounds for arguing against  

236  

the rhetorical approach or  promot ing a syntac tical one . However there 

does appear to be some logic in arguing that reading inst ruction which 

emphasizes an awarenes s  of  s entence s yntactic clues shoul d be encouraged 

when the s tudents do not yet have control of s entence grammar . Science 

students with reading dif ficulties might well be encouraged to learn 

to make use  of syntactic clues to compl ement other read ing skil ls . 

Full understand ing of  the connected d iscourse depends to some extent 

on unders tanding the meaning of s entences . Such a s tatement does no t 

necessarily imply that in order to have a full understanding of  longer 

scientific  English dis course ,  a r eader has to understand every sentence . 

As Goodman ( 1 9 7 6 )  stated , reading is a psycholinguistic guessing game . 

A proficient reader reads s elec t ively . He looks for the key sentences 

and tries to get the meaning . Having good control of  the s entence 

s tructure would be of benefit for a reader to derive a correct 

int erpretation of the sentence . 

In general English passages , the whole is probably greater o r  

rather d ifferent from the sum o f  the parts . In scientific English this 

may be the case , i t  may also no t b e .  Given the logic o f  s cience and 

its precision sometimes , each s eparate  part may have to be fully 

comprehended if  the whole is to be understood at all . 

Pat terns o f  complex s t ructures comprehens ion and reading ab ility 

The fact that there was a high and significant correlation b etween 

the patterns of comprehensibility l evels of the complex s t ructures for  

good and poor readers indicated tha t , of the  complex s t ructures 

encount ered , most were relatively easier and harder alike for both 

groups . These findings are relevant for curriculum p lanners , textbook 



writers and language teach ers , for  they provide a basis for sequencing 

various types of complex s t ructures . As shown in Chapter  5 ,  the data 

revealed that those struc tures which were easier in relation to o ther 

structures for both groups , did not belong to any one particular type . 

They included ( i )  Comparison o f  inequality with the presence o f  than , 

( i i )  Comparison o f  s imilarity with the comparat ive element same , 
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(iii)  Finite (which - subj ec t )  relative , (iv)  Finite (wh i ch-complement to 
preposit ion) relative . Accordingly , it would s eem unnecessary to delay 

the introduc tion o f  all complex s t ruc tures on the assumption that all  

complex s tructures would be d i f f icul t . Some easier structures could 

be introduced earlier and in this way possibly aid the understanding 

of harder ones when they were p resen ted later . For language teachers , 

the informat ion on general f ea tures shared by a group o f  easier 

structures might help in guiding s tudents to cope with complex 

s tructures . 

Comprehens ib ility l evels o f  the complements , the comparat ives 

and the relat ives for good and poor readers taken separately 

The fact tha t there were  significant differ ences among the various 

struc tures within the same type might be relevant for both language t ext­

book writers and language t eachers who have to cope with remedial 

ins truc t ion . 

For language textbook wri ters , information such as "to-inf initive"  

complement s t ructures are  more  d i f f icult than f inite complements  might , 

for example ,  s erve a good bas is  for determining the order in which 

tasks might be introduced . 

The identification o f  problems in understanding ( for example , 

complement s tructures ) might  also be useful for reading teachers in 

( i )  promot ing awareness of reading dif ficulties , ( i i )  providing means 

for helping students to make use o f  syntactic c lues to get sentence 

meaning . 

The Test of Engl ish Grammat ical Structures 

The test  was developed on the assumption that the 1 5  complex 

s t ructures included were commoRly encountered by s cience s tudents and 

that they might hinder s ent ence unders tanding . The test be used with 

first year Thai s cience s tudents was considered as a sat isfactory and 



reliable measur e .  This implies that the test could be used with 

confidence on o ther groups of Thai science s tudent s .  

Perhaps a s  a footnote to the more specific points made about it 
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would be  appropriate to make a f inal general one . By and large the 

science t ex t s  in use were not easy to comprehend - pos s ibly even for 

nat ive Engl ish speakers . The grammat ical complexity and language 

sophistication they characterist i cally displayed may well  be not only 

incidental to the process of promoting unders t anding of s cience but even 

antithetical too . There seems to be a need for s imply expressed scient ific 

texts that hel p  rather than hinder the readers ' science educat ion . 

Implications for  Future Research 

1 .  The p resent  study covered only science s tudents  from one 

univers i ty in Thailand -- Khon Kaen Univers ity . Accordingly , general­

izat ions on ( i )  the relationship between reading comprehens ion of 

scientific  Engl ish and comprehension of the complex s tructures and 

( ii)  the c omprehensibility levels o f  the complex s truc tures , canno t be 

drawn . Sele c t ive repl icat ion would be  necessary to provide a satisfactory 

basis for doing so . 

2 .  The l inguistic  areas selec t ed for the present s tudy are not 

exhaus t iv e . S everal other areas which s cience s tudents  face in reading 

texts and which tend to be problematic  ones ; such as "complex noun phrases " ,  

"anaphoric  references " ,  "adj unct ion" e tc . , also merit inves tigation . 

3 .  Inves tigat ion of the reading comprehens ion o f  s cience students 

in the p re s ent s tudy was limited only to some s cient ific  English passages 

and Engl i sh complex sentences drawn f rom basic science texts of  three 

areas of s c ience -- Biology , Chemistry and Phys ics . O ther specialized 

fields e . g .  medicin e ,  engineering and agricul ture also warrant 

investigat ion . 

4 .  There is scope for further research into a number o f  grammatical 

features . The results of  the present study s uggest a t  l east the 

following :  

( i )  e f fects  o f  c lause-order on varia t ions o f  the f inite  

c omplements , 



( ii )  effects of  the posit ion o f  relative clauses , and the 

role o f  the grammat ical funct ions of the coreferent ial 

noun phrases , on the comprehensibility of s ubj ect 

relative s entences for non-na t ive English speakers . 

Finally before  any of ' the results are applied in ei ther language 

teaching or in the writing · of s cientific t exts , there is a case for 

test ing empirically whether inferred "improvement s "  would in fact 

work -- and that comprehens ion is in fac t , improved . 
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However , such a conc lus ion though s cient ifically proper may in fac t 

be pragmat ically improper . Currently ,  Thai students are facing 

dif f iculties in comprehending science t exts . They should not b e  

expec ted to cont inue to s t ruggle unt il a perfect solut ion has been 

developed or proven . 
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APPENDIX A 

Cloze  Read ing Comprehension Tes t 



( In s t ruc t ions ) 

Our schoo l 

Boy s _---'-(l�)'--_ 
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( Example ) 

(Read the following examples . Fill in 

the blanks wi th the appropriate words . 

Fill in only one word for  each b lank . 

Write  your answers on the answe r sheet 

provided . )  

girls go to  our s chool . At ( 2 )  ----"--'--- we learn 

to read . We also l earn how ( 3 )  writ e . ---'---'---

The Count-down 

"Ten , Nine , Eight , ( 4 )  , Six , Five , Fou r ,  Thr ee , ---'----'--- ( 5  ) 

One , Fire ! "  Up goes the rocket . Way up into ( 6 )  ---'--'--- sky . Faster 

i t . and fas t er ( 7 )  ----'--"--- goes , t i l l  no one can ( 8 )  ---'--'---

I " I  I v I 

flHj'")'j)U'W��flViu')nLllu�ufn'")�:;  1 :lrUf1·I«� \ . 
.-

1' '") fl()') )1') T U�lJ?'�()1J 

( Do no t turn over the page until 

you are told to do so . )  



6 . 20 Beef tapeworm l ife  cyc le 

Ripe sec tions of the worm pass with the feces f rom the human 

gut . Eggs are  released from these sect ions in the g�t o f  

cattle . Walled , hook-bearing tapeworm emb ryos then encapsulate 

in beef mus c l e , and the embryos become adults in the intest ine 

o f  man . The h ead  ( scolex) of  the worm is invaginated at firs t ,  

but i t  soon ever t s , and with the hooks and newly d eveloped 

suckers i t  a t ta ches to intestinal t is sues . 



2 4 3  

PARASITIC REPRODUCTION 

Para s ites  typically are exceedingly prolific . The enormous 

reproductive pot ential represents a solution o f  a maj or  problem confront-

ing the p arasite , part icularly the endoparas ite : how to get from one hos t  

1 

to another o f  the same species . Parasites succeed by active transfer and 

pas s ive t rans fer , both of which involve reproduc tion . In active t rans fer , 5 

one s tage o f  the life  cyc le is free-l iving and mo t ile , and this s tage 

trans fers from one host  to another through its own powers of  locomo tion . 

For examp l e , the adult may b e  paras itic but the embryo or larva is free­

l iving and capabl e  o f  locomo tion . Or the immature phase may be the 

parasite , the adult then being free-living and mo t il e .  

Pass ive trans fer i s  encountered where a ( 1 )  is not mo t ile a t  

any life-cycle ( 2 )  Propagat ion here i s  accomplished by wind , 

( 3 )  water , or  by  intermediate hosts . The ( 4 )  offer a means 

( 5 )  as chancy as dis tribution b y  wind ( 6 )  
--��-----

o f  t ransfer  no t 

1 0  

water . F o r  example , tapewo rms u s e  one ( 7 )  the easiest routes into 1 5  

and o u t  ( 8 )  their human hos t s , the aliment ary t ract . (9 ) 

through t he hos t ' s  mouth by way ( 10 )  eaten food , tapeworms spend 

their life  ( 1 1 )  in the gut cavity of man , ( 1 2 )  they release 

their eggs through the ( 13 )  o f  the hos t , along with feces . 

( 1 4 )  probl em now is to trans fer by ( 1 5 )  means to ano ther --��-----

human hos t .  

Since  ( 1 6 )  does not eat feces , the eggs ( 1 7 )  no t reach 

new human hos t s  direc t ly .  ( 1 8)  tapeworms take advantage of the food 

( 19 )  

eat gras s . 

of  which man i s  a member ; ( 20 )  eats bee f ,  and cattle  

( 2 1 )  ready-made pathway from grass to man ( 2 2 )  ----��--- -���----

20 

exis t s ,  and transfer can be achieved (23)  , as  happens on occasion , 25  

human feces ( 24 )  deposited on grass . Tapeworm eggs clinging 

( 25 )  such vegetation then are often eaten ( 2 6 )  cattle (Fig . 6 . 20) . 

In the i�tes t ine __ �(�2�7�) ____ a cow , a tapeworm egg develops 

( 28 )  an  embryo that bores a path __ �(�2�9�) __ _ the gut wall  into the 

cow ' s  (30)  stream . From there the embryo is carried to beef mus cle , 30 

where it encapsulates and matures . If man later eats raw or  partially 

cooked b eef , the cap sule surrounding the young tapeworm is digested in 

the human gut and the free worm hooks on to the intest inal wall  of its 

new hos t . 

(366  words)  
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CHEMICAL BONDS AND MOLECULAR STRUCTURE 

COVALENT BONDS 

While the complete  transfer of an electron from one atom to ano ther 1 

is  a suitable way for a sodium and a chlorine atom to achieve the rare 

gas configuration , it is not energe tically favorable when the two a toms 

invo lved do no t dif fer greatly in electronegativity . Neither is i t  

sui table when o n e  o f  the atoms concerned is an element near the center o f  5 

the periodic t ab l e , b ecause in that event the transfer of the number o f  

electrons required t o  give the rare gas configuration will resul t in 

too great a concentration of pos itive or negative charge on the atom . 

Thus were carbon to acquire a rare gas configuration in this manner ,  i t  

would have to gain o r  los e  four valence electrons , giving either C4-
or  C4+

. 1 0  

I n  these c a s e s  a toms resort to ( 1 )  process of elect ron s haring --'---'----

in o rder ( 2 )  achieve filled outer shells ; that is __ (.>...:3,-,,) __ pair 

of  outer-shell  val ence electrons are ( 4 )  between a pair o f  atoms . ----!....:....!---

As ( 5 )  s implest  pos sible  example l e t  u s  consider ( 6 )  gas , ---'-�--

H2 , in which the two ( 7 )  atoms each share their comb ined valence 

( 8 )  

H '  + H· ) 

--'---'---

H : H  (a dot represents ( 9 )  electron) ----'-"-'---

Such a sharing of a ( 1 0 )  of valence electrons represents a covalent  

bond . ( 1 1  ) the fact that they are shared ( 1 2 )  the two 

hydrogens , the two electrons ( 1 3 )  to f ill  the outer shell of  

( 1 4 )  atoms . In o ther words , for the ( 1 5 )  of  acquiring a rare 

gas configuration ( 16 )  its  outer electronic shell , an atom ( 1 7 ) 

be  considered to "own" all the ( 1 8 )  i t  shares in covalent bonds 

with ( 19 )  atoms . Usually the number o f  covalent (20)  an atom 

forms will be equal ( 2 1 )  the additional number of  electrons needed 

( 2 2 )  ach i eve a rare gas configuration for ( 2 3 )  outermo s t  ----'---'---

electron shell .  Thus carb on normally ( 2 4 )  four , nitrogen three , --'-----'---

and oxygen two __ (�2_5�)� __ bonds . Methane , CH
4

, illus trates the forma t ion 

( 26 )  four covalent bonds b y  carbon through ( 2 7 )  sharing o f  -....!---!---

four electron pairs wi th ( 2 8 )  --:.......-�-- atoms . 

H . 
4 H + · C · --�)..-f{II : C : H  (methane) . . 

H 

(only (29 ) shell  electrons shown) ----''-''-''�--

As a result ( 3 0 )  --'----'--- this electron-sharing process the carbon atom 

of  methane has in e f fect filled its outer elec tronic shel l .  

( 3 5 1  words )  

1 5  

2 0  

2 5  

3 0  
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1 4 . 1  Gaseous diffus ion . (a )  The two gase s  are held s eparat e  

by the part it ion . ( b )  Shortly after the partition is  

removed , a f ew molecules o f  each g a s  are found o n  the 

o ther ' s  s id e . ( c )  Af ter a certain t ime the mixture o f  

the two gases  is homogeneous , and n o  further d i f fusion 

t akes p lace . 
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TRANSPORT PHENOMENA 

INTRODUCTION 

The fact that molecules in gases and l iquids (and to a lesser extent 1 

in solids)  are in continuous mo t ion gives rise  to a s eries of  impor tant 

physical processes of s tat istical nature which have certain common 

features and which are known under the general heading of  transpor t  

phenomena . Transport phenomena are those processes i n  which there is a net 5 

transfer (or transport ) of  either mat te r ,  energy , or momentum ,  in a bulk 

o f  macroscopic amount .  In this chapter we shall  briefly discuss three 

kinds of transport phenomena : (a) mol ecular d i ff usion , (b ) thermal 

conduction , and ( c )  vis cosity . 

MOLECULAR DIFFUSION : FICK ' S LAW 

We know that when we open ( 1 ) b o t tle  of  perfume or of  any 
--�--

__
__ �(�2�) 

__ 
liquid having a dis t inct odor , such _�(�3�) ____ ammonia , we can 

smell it  very (4 )  i n  remo t e  parts of  a closed (5 )  
--��--- -��---- We say that 

the molecules of ( 6 )  liquid , a fter evaporating , diffuse through 

the ( 7 )  ----!.:..-!---- , spreading into a l l  the surrounding space . ( 8 )  

same thing happens if w e  place (9 )  s ugar cube in a glass o f  
-----'-.....:----

( 1 0 )  . The sugar dissolves gradually , b u t  a t  ( 1 1 ) same t ime the 
---'---'----

dissolved sugar molecules ( 1 2 )  through the water , and eventual ly 
--'----'--

a re 
__ 

�( 1::..:3'_")_ throughout the wa ter . As a f inal ( 1 4 )  i f  there are 
---'---'----

two gases in ( 1 5 )  partit ioned vessel , a s  shown in Fig . 1 4 . 1 ,  

( 1 6 )  we remove the partit ion , the two ( 1 7 )  diffuse into each 

o ther until , after ( 1 8 )  short  t ime , we have a homogeneous ( 19 )  

These and many o ther examples famil iar ( 2 0 )  the student illus trate 

a fundamental characteris t ic ( 2 1 )  the d i f fusion process : -�---''---

Diffusion occurs whenever ( 2 2 )  space d istribution of the 
--'----'--

molecules of  (23 )  substance varies from place to  place . -�--''---

(24 ) us call n the number o f  --'-�-- ( 25 ) o f  the diffusing sub s t ance 

per unit (26)  ( this will b e  called the concentration - ( 2 7 )  

the sub s tance) . According t o  t h e  above ( 2 8 )  , this number mus t vary 

from place (29 ) place in o rder for d i f fusion to __ ..o...::.� __ _ 
(30) 

A second characteristic  is that 

Diffusion (molecular transport)  occurs in the direction in which 

the concentrat ion decreases , 

and therefore tends to equalize the molecular dis tribution of  the 

d iffusing substance over all space . 

(340 words ) 
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( Instruc tions ) 
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B J . 9l1lUU\JlJ"lflV1�71.  

'" 
a l U TI  b c 

(This test i s  to measure reading comprehens ion o f  three passages drawn 

from science textbooks . For each
'
, passage , your knowledge o f  vocabulary 

(Part A) and understanding of the passage (Pa r t  B )  will  b e  tested .  

There are 20  quest ions for each passage . 

The words in Part A were taken from the preced ing passage . These  

words were marked by  numbers .  Four alternative meanings will  b e  given for 

each word . To decide whether the meaning of  � or  � or � or � i s  the most 

appropriat e  one for each word tested , read the s entenc e where  the word 

appears to get  the co rrect meaning . )  

.... 
rl 1LlU "l-J • 

( Example) 

The fact tha t molecules in gases and liquids are in cont inuous 

motion gives rise to a series of important fflsical processes 

of statist ical nature which have certain common features • . . . . .  

1 .  connnon ( a )  wel l  known 
(b ) general 
( c )  belonging to all 
(d)  shared 

connnon 
I I " " 

� l �1J"l:: f11J�1� 7ltii� rullr  ::1 U f'I'll"l'l flU 

( (d) is the mos t  appropriate meaning for the word common . )  

(d )  



6 . 20 Beef tapeworm life  cyc le 

Ripe sect ions o f  the worm pass with the feces f rom the human 

gut . Eggs are released  f rom thes e  sections in the gtit o f  

cattle . Walled , hook-bearing tapeworm emb ryos then encapsulate 

in beef mus cle ,  and the  embryos become adult s  in the intestine 

of man . The head ( sco lex) of the worm is  invaginat ed at firs t , 

but i t  soon everts , and with the hooks and newly d eveloped 

suckers i t  attaches to intestinal t issues . 



2 5 1  

PASSAGE I 

Parasites typically are exc��Aingly profrtic . The enormous 1 

reproductive po tentia l  represen t s  a solution o f  a maj or problem confronting 

the parasit e ,  particularly the endoparasite : how to get from one hos t  to 

ano ther of the same species:.. Parasites  suc ceed by "active transfer" and 

"passive t ransfer" , both of which involve reproduction . In active t rans fer , 5 

one s tage of  the life cycle is f ree-living and mo fiie ,  and this stage 

t rans fers from one hos t  to ano ther through its  own powers of  locomot io n . 

For example , the adult  may be parasitic  but the embryo or larva is free­

l iv ing and capable of locomotion . Or the immature phase may be the 

parasite , the adult then being free-living and mo tile . 

Pass ive transfer is enc��6tered where a parasite is not mo tile a t  

any life-cycle stage . Prop��lt ion here is acco��iished by wind , by water , 

or  by "int ermediate hos t s " . The last offer a means of  transfer no t qui t e  

as chancy a s  distribut ion b y  wind o r  water . For example , tapeworms use one 

1 0  

o f  the easiest routes into and out o f  their human hosts , the alimentary 1 5  

trac t .  Entering through the hos t ' s  mouth b y  way o f  eaten food , tapeworms 

spend their life dire c t ly in the gut cavity o f  man ,  and they release 

their eggs through the anus of the host , along with feces . The prob l em 

now is to trans fer by passive means to ano ther human host . 

Since man does no t eat feces , the eggs canno t reach new human hos t s  2 0  

direc tly . However , t apeworms take advantage of  the food pyramids o f  

whi ch man is a member ; man eats b ee f , and cattle eat grass . A ready-

made pathway from grass to man thus exists , and trans fer can be achieved 

if , as happens on occasion , human feces are deposited on grass . Tapeworm 

eggs clinging to such vegetation then are o f t en ea ten by cattle (Fig . 6 . 20 ) . 2 5  

In the intestine o f  a cow , a tapeworm egg develops into an emb ryo 

that bores a path through the gut wall  into the cow ' s  blood stream . 

From there the embryo is carried to beef muscle , where it encil�ula tes 

and maf�tes . If  man later eats raw or partially cooked beef , the 

capsule surrounding the young tapeworm is digested in the human gut and 3 0  

the free worm hooks on t o  the intes t inal wall o f  its new hos t .  

(366 words) 



Part A :  

2 5 2  

• 
• � .... A 

Yl i L f'l r I N 1.1lJ I U  ( X ) TI\l lJUtl nl.11 a ,  b ,  c ,  v.rtl d UUn r : VlI1tfl11'l'O lJ .  

(Choose the best meaning for the following wo rd s .  These 

words were taken from the passage · you have j us t  read . 

Refer to the numbers preceding the words in the passage . 

Place the symbo l  (X) in e i ther the space ( a ) , (b ) ,  

( c )  or ( d )  on the answer sheet provided . ) 

1 .  exceedingly (a)  extremely 5 .  propaga t ion (a)  a dvantage 

2 .  prolific 

3 .  mo tile 

(b) usually 
( c )  occasionally 
(d) possibly 

(a)  numerous 
(b ) rare 
( c )  dangerous 
(d)  small  

(a )  active 
(b ) s trong 
( c )  s ensit ive 
(d )  moving 

(b ) growth 
( c )  spreading 
( d )  solution 

6 .  accompl ished ( a )  presented 
(b ) done 
( c )  followed 
(d ) destroyed 

7 .  encapsula tes ( a )  breaks a capsule 
(b ) leaves a capsule 
( c )  digests  a capsule 
( d )  builds a capsule 

4 .  encountered (a)  produced 8 .  ma tures (a )  increases 
(b ) completed (b ) develops 
(c )  found ( c )  produces 
(d)  s topped ( d )  l ives 

Part B :  

9 .  

" . 
. � 

"a1Yli L f'l l tl \l �UIU ( X )  
v � 

TI -J lJU't:Jr.r.: 1 a ,  b ,  c ,  \U TI d lJH fl r � VlI1:Wliyl'tllJ 

What 

(a)  
(b ) 
( c )  
Cd )  

( Choose the most  appropriate answer for the following 

que s t ions . Place the symbol (X)  in either the space (a ) , 

(b ) ,  ( c )  or  (d )  on the answer sheet provided . )  

i s  the maj or problem facing parasi tes ? 

How t o  take advantage o f  the food pyramids 
How t o  spend their l ives safely in the gut c avity of man 
How t o  transfer from one human hos t  to ano ther human host  
How t o  reproduce eno rmous numb ers of parasites  



1 0 .  How many intermediate hos ts are there in the life-cylce of  
a beef  tapeworm? 

1 1 . 

(a )  none 
(b) one 

Where does 

(a )  In the 
(b ) In the 
( c )  In the 
( d )  In the 

( c )  two 
( d )  three 

a beef tapeworm egg develop 

b eef mus cle  
l iver o f  man 
intest in e  o f  a cow 
cow ' s  b lood stream 

into an embryo ? 

1 2 .  Where does a young b ee f  tapeworm finally l ive ? 

(a )  In  the  gut cavity o f  man 
( b )  I n  the intest ine o f  a cow 
(c )  In  the  beef muscle 
( d )  I n  the liver o f  man 

1 3 .  Why is a t rans fer o f  a b eef tapeworm egg from man to cow 
considered a "passive t ransfer" ? 

(a)  Because both man and cow are passive living creatures .  
(b ) Because a beef tapeworm egg is released and left  on grass .  
(c )  Because a b e e f  tapeworm egg is  capabl e  of  locomo t ion .  
(d )  Because a beef tapeworm egg reaches its  new hos t .  

without making any effort 

1 4 .  Why can ' t a tapeworm egg trans fer direc tly from one human hos t  
t o  another new human ho st?  

(a )  Because it is released with human feces . 
(b)  Because it is f ree-living and mo tile .  
(c )  Because it is o f t en eat en by cattle . 
C d )  Because it is born in the gut cavity of man . 

1 5 .  Why may a b eef tapeworm appear in a human gut ? 

Ca )  Because a b ee f  tapeworm egg develops in  the  human gut . 
Cb )  Because the b eef  t apeworm i s  free-living and motile  

at one stage o f  i t s  life  cycle . 
C c )  Because man ' s  b lood stream carries the tapeworm embryo 

into the human gut . 
C d )  Because man eats raw or  partially cooked b eef . 

1 6 . Wha t  is considered an intermediate host in the life- cycle 
of a beef tapeworm? 

Ca )  cow 
(b ) man 

( c )  f eces 
( d )  grass 

1 7 .  At what s t age of  the l ife-cycle of a b eef t apeworm does i t  
involve a "passive transfer"?  

Ca )  At the adult  s tage o f  the life-cycl e  
(b)  At all  stages of  i t s  l ife-cycle 
( c )  At the immature s tage of its life-cycle 
C d )  At no stage of i t s  life-cycle 

2 5 3  



1 8 . What was first ment ioned in the passage? 

( a )  The life cycle o f  a b eef tapewo rm 
(b ) The prob l em facing paras ites 

1 9 . 

20 . 

( c )  The types o f  t rans fer involved in parasitic reproduction 
( d )  The defin i t ion o f  an active trans fer 

What was finally discussed in the passage? 

( a )  The definit ion of an active t rans fer 
( b )  The various means of  passive transfer 
( c )  The advantage o f  the food pyramids 
C d )  The growth of  a beef tapeworm 

What is the main idea of the passage?  

C a )  The reproduction of a beef tapeworm 
Cb ) The descript ive explanation o f  "active trans fer" and 

"pass ive trans fer" 
( c )  The enormous reproductive poten t ia l  o f  paras ites 
C d )  The ro le o f  the food pyramids in parasitic reproduction 

254  
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PASSAGE I I  

While  the complete transfer o f  an elec tron from one atom to another 1 

is a suitab l e  way for a sodium and a chlorine atom to ��fi{eve the rare 

gas configurat ion , it is  not energet ically favorable when the two atoms 

inv�l��d do not differ greatly in electronegativity . Neither is i t  

suitable when one o f  the atoms concerned is a n  element near the center 

of  the periodic table , b ecause in that event the transfer of  the number 

of  electrons required to give the rare gas configuration wil l  result  in 

too great a concentrat ion of  posit ive or negat ive charge on the atom .  

Thus were carbon to ac£3�fe a rare gas configuration in this m����r ,  

5 

4-it would have to gain or  lose four  valence electrons , giving ei ther C 10  

or C4+. 

In these cases atoms r���?f to a process of electron sharing in 

order to achieve filled outer shells ; that is , a pair of outer-shel l 

valence electrons are shared between a pair of  atoms . As the simplest  

possible exampl e  let  us cons ider hydrogen gas , H
2

, in which the two 

hydrogen a toms each share their comb ined valence electrons . 

--�) H : H  (a  do t  represents an electron ) 

Such a sharing of  a pair of  valence electrons represents a "covalent bond " .  

Despite
( tR� fact that they are shared by the two hydrogens , the two 

1 5  

electrons a c t  t o  fill the outer shell o f  "bo th" atoms . I n  o ther words , 20 

for the purposes of acquiring a rare gas configuration for its outer  

electronic shel l , an  atom may b e  c ons idered to "own" all  the  electrons 

it shares in covalent bonds wi th o ther atoms . Usually the number o f  

covalent bonds a n  atom forms will b e  equal t o  the additional number o f  

electrons needed t o  achieve a rare gas configuration for i t s  outermos t  2 5  

electron shel l . Thus carbon norma l ly forms four , nitrogen three , and 

oxygen two covalent bonds . Methane , CH
4

, ill�� ffates the fo���{o n  

of  four covalent bonds b y  carbon through t h e  sharing of four elect ron 

pairs with o ther atoms . 
H 

4H·  + · Co _--)') H : C : H (me thane)  
H 

(only outer shell elec trons shown) 

As a result of this electron-sharing process the carbon a tom o f  

methane has i n  effect filled i t s  outer electronic shell . 

( 35 1 words)  

30 
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, • •  " t' • 

.., .oj .. ... .oj .� .. "' .  'N l 'Clll nf>l 1 'IlJ�lJ'HJ.!!!!L2 YlYl'lt!f>l Yl l '1 l \UJ'I::nlJ11'qvH,'v :: l lJU f'l l '1lJlUJ "l U 'lI'U \l Pi'lfimmil � :: fn 
I I r r y t " V  " t ,  

�U j InDll� 1 u'1 'V i'l l  'IlJ�Yl 'It! 1 Y'lll "lt!lJ,) ll� 1 'il  ') \l  \TJt! (l lh fH1\l l nm1lJ,)U L fl'l!�f)''In1Jll � ) 

(Choose the best  meaning for the following words . These 

words were taken from the passage you have j us t  read . 

Refer to the numb er s  preceding the words in the passage . 

Place the symbo l  ( X) in either the space (a) , (b ) ,  

( c )  or  ( d )  on the answer sheet provided . ) 

2 1 . to achieve (a )  to  keep 25 . resort to (a) s tart  
(b ) to earn (b)  share 
( c )  to charge ( c )  help 
( d )  t o  make (d )  use 

2 2 .  involved (a )  concerned 26 . DesEi te the fact (a)  Because 

256 

(b ) provided that (b)  In addit ion 
( c )  needed ( c )  Although 
( d )  added (d )  Ins t ead of  

2 3 .  to  acquire (a)  to  get  2 7 . i l lus trates (a)  causes 

24 . manner 

Part B :  

a ,  b ,  

(b ) to attend 
( c )  t o  add 
( d )  to give 

(a )  custom 28 . 
(b ) appearance  
( c )  way 
( d )  behavior 

c ,  

formation 

" , 

(b ) 
( c )  
(d)  

(a )  
(b ) 
( c )  
(d )  

shows 
results 
makes 

preparat ion 
connec tion 
condition 
production 

• � v 

llfl 1'v1'j l f1 r ll ..J  VllJ IU ( X )  'Ci'-l 1Jt!'El n ln 

( Choose the mos t  appropriate answer for the following 

ques tions . Place the symbol (X) in either the space ( a ) , 

(b ) ,  ( c )  or ( d )  on the answer sheet provided . )  

29 . In wha t  condition do atoms achieve their rare gas configuration 
by a complete  transfer o f  an electron from one a tom t o  anothe r ?  

(a)  When two a toms involved differ greatly i n  electronegativity. 

to 

(b ) When two a toms involved do no t differ great ly in electronegativi ty . 
( c )  When one o f  the atoms concerned is an element near the c enter 

o f  the periodic t able . 
( d )  Both a and c 



2 5 7  

30 . How d o  atoms achieve filled outer shells if the two atoms involved 
do no t dif fer greatly in electronegativity? 

(a)  By  a process o f  acquiring a rare gas conf igurat ion 
(b)  By a process of t rans ferring completely an electron 

from one atom to ano ther 
( c )  By a process of  forming a concentration of positive 

or negative charge on the atom 
(d )  By a process of  sharing electrons with one ano ther 

3 1 . What does the example of hydrogen gas illus trate?  

(a)  The complete t rans fer o f  an  electron from one atom 
to another 

(b) The two hydrogen atoms 
( c )  The sharing of a pair of  covalent bonds 
( d )  The sharing of a pair of outer-shell valence 

elect rons between a pair of atoms 

32 . What happens to the two ' electrons when two hydrogen atoms are 
involved in a rare gas conf igurat ion? 

(a )  They form two pairs of covalent bonds . 
(b)  They act to fill the outer shell  of one o f  the two atoms . 
( c )  They are shared by the two hydrogens . 
(d )  They add the number o f  electrons to  one of  the  two a toms . 

33 . Why does the t ransfer of  the numb er of electrons required to give 
the rare gas configurat ion result  in too great a concent ration of 
pos itive or  negative charge on the atom? 

34 . 

35 . 

(a)  

(b ) 

( c )  

(d )  

Why 

(a)  

(b ) 
( c )  

(d )  

Why 

(a)  

(b ) 

( c )  

Because one of the a t oms concerned i s  an element near the 
center of  the periodic tab le . 
Because the two atoms involved differ great ly in elec tro­
negat ivity . 
Because the two atoms involved do not differ greatly in 
electronegativity . 
Because one o f  the a toms concerned acquired a rare gas 
configuration . 

is carbon referred t o  in the first paragraph ? 

To illustrate that a complete transfer of  an electron from one 
atom to another is  n o t  a suitable  way for carbon to acquire 
a rare gas conf igura tion 
To illustrate that the electronegativity of carbon is great 
To illustrate that carbon forms four covalent bonds through 
the sharing of four elec tron pairs with o ther atoms 
To illustrate that a process of  electron sharing is  not 
favorable  for carbon to achieve filled outer shells 

is methane ment ioned in the passage? 

To illus t rate that a pair of outer-shell valence electrons are  
shared between a pair  o f  atoms 
To illus trate that the number of covalent bonds an atom forms 
is equal to the addi t ional number of  electrons needed to 
achieve a rare gas configuration 
To illus t rate that the carbon atom of methane "owns"  a number 
o f  outer  shel l  electrons 

(d )  To illus trate that the carbon atom and the hydrogen atom 
differ greatly in e l ectronegativity 



36 . What may b e  the reason for choosing a hydrogen gas an an example 
to explain the concept o f  covalent  bond ? 
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(a)  Its  popularity 
(b ) Its s implicity 

( c )  Its  electron-sharing proces s 
(d)  Its outer electron shell 

3 7 . Which is a suitab l e  way for the carbon a tom to a cquire a rare gas 
configuration? 

( a )  By a complet e t rans f er of  a n  electron from one a tom to another 
(b )  By  sharing the  outer shell valence elec trons with other atoms 
( c )  By gaining or losing four outer-shell valence electrons 
(d )  By achieving f illed outer shells  

38 . Wha t was first  int roduced in the passage ? 

(a)  An illus trat ion of  how carbon acquires its rare gas 
configuration 

(b)  The definition of  a "covalent bond" 
( c )  A reason why a complete t rans fer of  an electron from one atom 

to ano ther is not suitable  in some conditions 
(d )  An  illus tration of how the carbon atom of  methane fills 

its outer elec tron shell 

39 . Which was last mentioned in the passage? 

(a) Ways to acquire a rare gas configuration 
(b) An example of  the carbon atom acquiring a rare gas 

configurat ion through the electron-sharing process 
( c )  A n  example of  the carbon atom acquiring a rare gas 

configuration by a complete t rans fer of electrons 
(d) A simple illust ration of the concept of  a " coval ent  bond" 

4 0 .  Which i s  the main idea o f  the passage? 

(a)  The  advantage o f  an electron-sharing process  
(b ) The rare gas configuration of  a carbon atom in  methane 
( c )  The concept of a covalent bond 
( d )  The role of  an outer-shell  valence electron 
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PAS SAGE III  

INTRODUCTION 

The fact that mol ecules in gases and l iquids (and to a lesser extent 1 

in solids) are in cont inuous mo tion gives rise to a series of important 

phys ical processes of statistical nature which have certain common features 

and which are known under the general heading of  transport phenomena . 

Transport phenomena are those processes in which there is a net trans fer 5 

(or transport ) o f  either mat ter , energy , or momentum ,  in a bulk of 

macroscopic amount .  In this chapter we shall b riefly discuss three kinds 

o f  t ransport phenomena : (a) molecular diffus ion , (b ) thermal conduc tion , 

and (c)  viscos i ty . 

HOLECULAR D IFFUS ION : FICK ' S LAW 

We know tha t when we open a bottle  o f  perfume or of any o ther l iquid 

having a dis f�Att odo r ,  such as ammonia , we can smell it  very quickly in 

re��f� parts o f  a closed room . We say tha t  the molecules of  the liqui d ,  

after evaporat ing , dif�a�e through the air , spreading into a l l  the 

10 

surrounding space . The same thing happens if we place a sugar cube in 1 5  

a glass of water . The sugar dissolves gradually , but a t  the same time the 

dissolved sugar molecules diffuse through the water , and eveA�ftll ly are 

distributed throughout the water . As a f inal ill����ation , if there are 

two gases in a partitioned vessel , as shown in Fig . 1 4 . 1 ,  and we remove 

the pa}��t ion , the two gases diffuse into each o ther until , after a short  20  

t ime , we have a hom���6eous mixture . These  and many other examples 

familiar to the student illustrate a fun�'���ntal characterist ic of the 

diffus ion process : 

D iffus ion occurs whenever ' the space dis tribution 

of  the mol ecules of  the substance varies from 

place t o  place . 

Let uS call n the number o f  molecules of  the diffusing subs tance per uni t  

volume ( this wil l  be called the "concen tration" of the subs tance) . 

According t o  the above s tatement , this number mus t vary from place to 

25 

place in o rder for diffusion to occur . A second characteris tic is that 30 

diffusion (molecular transpor t )  o ccurs in the 

direction in which the "concentration" decreases , 

and therefore t ends to equalize the molecular dis tribut ion o f  the 

diffus ing subs tance over all space . 
( 340 wo rds )  



Part A :  

I 
. � ...... �1 L R r����1U ( X  ) �� UUD nBr a ,  b ,  c ,  

( Choose the best  meaning for the following words . These 

words were taken from the passage y o u  have j us t  read . 

Refer to the numbers prec eding the words in the passag e .  

Place the symbol (X) i n  e i ther the space (a ) , (b ) ,  

( c )  or C d )  on the answer sheet provided . )  

4 1 .  distinct (a) strange 4 5 . i llus trat ion (a )  pos s ibility 
(b ) unpleasant  (b ) experiment 
( c )  famil iar ( c )  example 
(d)  notic eable (d)  statement 

4 2 .  remo te (a)  far 46 . Ear t i t ion ( a )  sapee 

2 6 1  

(b)  small  Cb ) remaining substance 
( c )  large ( c )  vessel 
(d )  near ( d )  d ividing wall  

4 3 .  diffuse (a)  occur 4 7 . homogeneous (a ) separate 
(b)  spread (b ) not complete 
(c)  expand ( c )  evenly mixed 
( d )  reduce (d )  dangerous 

44 . eventually (a )  certainly 4 8 .  fundamental (a)  easy 
(b)  usually (b) wel l  known 
(c )  possibly ( c )  common 
( d )  finally (d )  important 

Par t  B :  

... 
� � UU'C) fl1J1 a ,  b ,  c ,  

� 
� H )  d lJUnr :: rl')Uf'l1iltlll 

( Choose the most appropria t e  answer for the following 

questions . Place the symb o l  (X) in either the space (a ) , 

(b ) ,  ( c )  or  ( d )  on the answer sheet  provided . )  

49 . When we open a bottle o f  perfume , how can we smell  i t  in r emo t e  
parts o f  a closed room? 

(a) very s trongly 
(b) very rapidly 

" 

( c )  very clearly 
( d )  very easily 



50 . The dissolved sugar molecules dif fuse through the water . . .  

(a)  After the sugar cube dissolves . 
(b)  While the sugar cub e  dissolves . 
(c)  Because they are d istrib ut ed throughout the water . 
(d )  After they h ave b een dist ribut ed . 

5 1 . What was the third thing used to show mol ecular diffusion? 

(a) perfume 
(b ) sugar 

( c )  two gases 
(d) ammonia 

52 . What happens after we r emove the partition? 

(a) The concent rat ion of one of the gases decreases . 
(b)  The mol ecules o f  the two gases are dis tributed throughout 

the container . 
(c )  The concen t ra t ion o f  the two gases remains the same . 
(d)  The molecules o f  the two gases dif fuse through the room . 

5 3 .  Why can we smell any l iquid having a dis t inct odor very fas t ?  

(a) Because the molecules o f  the l iquid spread into its  
surrounding space . 

(b ) Because the p ar t i t ion is removed . 
(c)  Because the number of molecules of  the liquid is decreased . 
(d) Because the molecules of the liquid are dis tributed 

throughout the b o t tle . 

54 . Why do we consider these  two happenings the same thing : 

(i )  the opening o f  a bottle of  perfume in  a closed room , 

(ii)  the placing of a sugar cube in a glass of water? 

(a) Because the molecules of  the perfume and those of  the sugar 
both vary f r om place to place . 

(b ) Because the mol ecules of the perfume and those of  the sugar 
can form into a homogeneous mixture . 

(c)  Because the molecules of  the perfume and those of  the sugar 
can both dif fuse into their surrounding space . 

(d) Because the molecules of  the perfume and those of  the sugar 
can both evaporate . 

55 . Wha t  causes the d i f fu sion to occur ? 

(a) The difference in the number of mol ecules of  any sub s t ance 
from place t o  place 

(b ) The space distrib ut ion of  the mol ecules o f  any substance 
(c)  The removal of  any partition 
(d) The d ecrease of the concentration of any substance 
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56 . What i s  the writer ' s  purpose i n  giving u s  examples in the passag e ?  

(a) To illustrate  a fundamental charac teristic of the diffusion 
process 

(b)  To illustrate  the direction of  the dif fusion o f  sub s tances  
(c )  To  illustrate  a fundamental characteristic of  the  concentrat ion 

of  substances 
(d)  To illustrate a fundamental characteristic o f  transpor t 

phenomena 



5 7 . How many kinds o f  t ransport phenomena d id the writer discuss 
in the passage? 

(a)  none 

(b ) one 

( c )  two 

(d )  three 

5 8 .  How did the writer explain the concept o f  "Mo lecular diffusion"?  

(a) By first giving the definition 
(b ) By fir s t  presenting some pictures 
(c )  By first g iving some examples 
(d)  By first asking a reader to give some 

59 . Which was f inal l y  discussed in the passage? 

(a)  The final illus tration on two gase s  

famil iar examples 
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(b) The d irection o f  the diffusion of  the dissolved sugar molecules 
(c )  The decrease  o f  the concentration o f  substance 
(d)  The condition for diffusion to occur 

60 . Wha t  is mainly d iscussed in the passage?  

(a)  Two f undamental charac teris tics o f  the dif fusion process 
(b ) The importance o f  the molecular diffusion 
( c )  The d irection i n  which the diffus ion occurs 
(d )  The molecul ar dis tribution of  the l iquid 
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APPENDIX C 

Tes t of English Grammat ical S tructures 



266 

( Instruc t ions ) 

v � '1J�f:':Jlj';F1U 
V I · ' . " t · I t V .' I l lJU<n'JZl()1Jl11fl�1 ynH 'lJll :'i'll'[), nnu 1 tlfl' u ,[l'11t1h :: 1 ur)�ilif) r �  11 7  ')-.] 1 'H.I 'ln :r ()j? YN rl m! 

<'t • 
l' � 

\I I I I  v 1 v '  v v l 

'JIJ nlJU�'1Y1U'l �;f)'iJ(j (ll:l l lr.() :1 ::: '!Ill 'N'U1Ul h :: 1 un1 .,; l 'JJ11 v. t. �iUfom! lJ'=I I U 1U'iJ1J'GD1i11 ..j mJ� 45 

I v d v 'J 
llUfl r ::  �l"l j�?tl71Lllj';', ,' f) L '1  

(This test measures your unders tanding o f  Engl ish grammatical s t ructures . 

There are 4 5  items in the test . Read each sentence carefully . Then 

choose the mos t appropriate answer for the ques tion . Place the symbol (X)  

in either the space (a ) , (b ) ,  (c )  or  ( d )  on the answer sheet provided .) 

I 
<'t 

91 'J'Uu')..j 1-) 1 
( Example 1 )  

Who 

( a )  

(b ) 

( c )  

( d )  

Wat ana i s  smaller than Wiwat and Lek . 

is  smaller? 

Watana 

None 

Wiwat 

Lek 

(The most  appropriate  answer for the ques t ion is (a) . )  

r 
� .,. 
f'l'1'DU1..jY) 2 
( Example 2 )  

v 

Watana is  smaller than Wiwat and Lek . 

Ac cording to the s en tence , 

(a )  Wat ana is  the smal l es t .  

(b ) Wiwat is the smalles t .  

( c )  Lek is the smalles t .  

( d )  All are small .  

V I . , '1 .. � "" . .<1 
_ l IJV'r!'U l flf) flYi l mY ) ::  �!J''j1Y1 

( (a) is the mo st  appropriate choice . )  

. I 
i 

' I  



., "  .t 
fl,)'O tJ')-.l  VI 3 
- " 

( Example 3 )  

v 

Watana is smaller than Wiwat and Lek . 

Which of  the following sentences best describes 

the above sentence? 

(a)  Wat ana is the smalles t .  

(b )  Wiwa t is smaller than Wa tana . 

( c )  Lek is  smaller than Watana . 

(d)  Wa tana , Wiwat and Lek are small . 

( (a) is the mos t  appropriate answer for the ques tion . )  

I '1 " ".., l " '\' 
V � " . 1  

(This test  is part of a Ph . D .  research proj ect which s e t s  out to 

examine the relationship between language s t ructure and read ing 

comprehens ion of  s cient if ic English of Thai s cience s tudents . 
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Your cooperation in completing the test  to the b e s t  o f  your ability , 

will b e  the mos t  important factor in the success of this proj ect . 

The resul ts  will  yield great b enefit to the teaching and learning 

of English to Thai s tudents at the university level . 

Thank you for your cooperation . 

Sripanya Chaiyai )  



One can synthesize  methyl t-butyl ether from t-butyl 
by allowing the halide to react with methanol . 

chlor id] 
(Chern . p . 229 ) 

1 .  Which of  the following s entences best ' describes the above 
sentence? 

(a) Methyl t-butyl ether allows t -butyl chloride to react 
with methano l . 

(b ) T-butyl chloride allows methyl t-butyl ether ,to react 
with methano l . 

( c )  One can synthesize methyl t-butyl e ther from t-butyl 
chloride  and then allow the halide to reac t with 
methanol .  

(d )  One can synthesize methyl t-butyl e ther from t-butyl 
chloride when one allows the halide to react with methanol .  

Charge is another  coefficient , characteris t ic of each particle , tha t 
determines the s trength of i t s  electromagnetic interaction with 
other particles . 

(Physics p . 1 9 )  

2 .  What determines the strength o f  the electromagnetic int erac tion 
of  one par t icle with o ther particles ? 

(a)  Charge of  each particle  
(b)  The strength of each particle 
(c)  The s trength of o ther part ic l es 
(d )  Charac t er i s t ic of each particle  

A protective horny coat o f  secreted chit in i s  found on  the skin cells  
of  insec ts  and related groups . Numerous o ther animals  secrete horny 
prot ein coats on their outer cells . . .  

3 .  What does "numerous other animals " mean? 

(a)  Numerous animals including insects  
(b ) Numerous animals exc ep t  insects  
(c )  Only insects  and related groups 
(d )  Related groups with horny coats 

(Bio . p . 74 )  

Biological competition between two d i f f er ent types occupying 
territory often has l ed to the ext inction of one . 

4 .  According t o  the sentenc e ,  

(Bio . p . 78 1 )  

(a)  Biological competit ion occupies the same territory . 
(b ) Two d i f ferent types o f t en l ead t o  the ext inction o f  one , 
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(c )  Biological compe tit ion o f t en leads to the ext inction of one . 
(d )  Biological competition between two dif ferent types 

occup i es the same territory . 



The fact that an e l ec tric current produces a magnetic f ield sugge s t s  
that a s ingle moving charge must also produce a magnetic field . 

(Phys ics p . 3 7 9 )  

5 .  What sugge s t s  that a single moving charge mus t  also produce 
a magnetic  field?  

(a )  A magnet ic field 
(b ) An e l ec t ric  current 
( c )  An electric current produces a magnetic fie ld 
(d)  The fact  that there is an electric current 

Cenozoic climate s  p layed a maj or role in p lant evolution as no t ed 
earlier . 

(Bio . p . 56 7 )  

6 .  Accord ing t o  the sentence , what has b een no ted earlier ? 

(a )  Ceno zoic  climat es 
(b ) Plant evolution in cenozoic climat es 
( c )  Ceno zoic  c l imates ' influence on plant evolution 
(d )  Plan t s  in cenozoic climates 

These three f ea tures wil l  be seen to b e  the chief f ea tures of the 
halogenation react ion . 

( Chern . p . 32 )  

7 .  According to the s entence , these three features 

(a)  are the chief f eatures of the halogenation reac t ion � 
(b ) will be  seen in addition to the chief features of 

the halogenation reaction . 
( c )  are easy t o  see . 
(d )  will  b e  seen to b e  the halogenat ion react ion . 

The magnetic f ie l d  a t  points inside a cylinder carrying a current 
on its surface i s  z ero . 

8 .  What carries a current on its surface?  

(a )  A magnet ic field 
(b ) A cyl inder 
( c )  Point s inside a cylinder 

(Physics p . 44 l )  

C d )  The magnet ic field inside a cylinder 
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By moving the resonator along the line PQ , Her t z  found the position 
of  the nodes and ant inodes and the direc tion of the magnetic  field . 

( Physics . p . 683 )  

2 70 

9 .  Which of the following s entences best describes the above sen t ence?  

( a )  Hert z  f ound the position of the  nodes  and ant inodes b ecause 
he moved the resonator . 

(b )  The magnetic  f ield moved the resonator along the line P Q ,  
SO Her t z  found the position of the nodes and antinodes . 

( c )  Hertz  found the position of the nodes and antinodes so 
he moved the r esonator . 

( d )  Hertz found the position of  the nodes  and antinodes because 
the resonator moved the direct ion of . the magnetic field . 

In cosmic . radia tion there are electromagnetic  waves o f  even shorter 
wavelengths . 

( Physics . p . 5 79 ) 

1 0 .  What do we know about the wavelengths o f  electromagnetic wave s  in 
cosmic radiat ion and the wavelengths o f  electromagnetic waves in 
the o ther kinds of radiation? 

(a) They are the s ame . 
(b ) They are  different . 
( c )  They are equally short . 
( d )  They are  equally long . 

We know that men , for example , did not descend "from amoebas" or some 
o ther "lower "  types . 

1 1 .  Wha t do we know? 

( Bio . p . 29 )  

(a )  Men did not descend from "amoebas"  o r  some o ther "lower" types . 
(b )  "Amoeb a s "  or some o th er "lower"  type s  are the  example o f  men . 
( c )  Men or  s ome o ther "lower" type s  did  not descend from "amoebas" . 
( d )  Men who did not descend from amoebas , or some o ther "lower 

types . 

Many sub stances which normally are iso tropic b ecome anisotropic when j 
subj e c t  to mechani cal s tresses or to s t rong s t atic electric or magnetic 
fields . 

( Physics  p . 629 )  

1 2 .  Wha t  b ecome anisotropic substances ? 

( a )  Most normal s ubstances 
(b ) Isotropic subs tances 
(c)  Mechanical s t resses 
( d )  Magnetic  fields 



Sun compass mechanisms appear  to play some role in navigational 
guidance during seasonal migrations and in homing . 

(Bio . p . 438)  

1 3 .  According to  the sentence , 

(a)  We are certain that sun compass mechanisms always play 
their role in navigat ional guidance . 

(b ) When sun compass mechanisms appear they completely 
control migrations and homing . 

(c)  Sun compass mechanisms probably take part in navigational 
guidance during s easonal migrations and in homing . 

(d)  Sun compass mechanisms appear as a guide during 
migrations and homing . 

Because o f  the negat ive s ign in Equation ( 1 6 . 1 8 ) , the electric field 
points in the direction in which the electric potential decreases . 

(Physics p . 34 4 )  

1 4 . The electric field points . . . . .  

(a) and then the elec tric potential decreases . 
(b ) after the electric potent ial decreases the direction . 
(c)  in the direct io n  o f  the electric potential . 
(d)  in the direction of the decrease o f  the electric potential . 

Many of the s impler carboxylic acids occur widely in natur e .  

(Chern . p . 79 )  

1 5 .  What do we know about "carboxylic acids " ?  

(a)  There are simple and complex carboxylic acids . 
(b ) All carboxylic  acids occur widely in nature .  
( c )  All s imple c arboxylic acids occur widely in natur e .  
(d)  There are only s imple  carboxylic acids . 
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We may assume that the protons are c lustered around the cen t er o f  mas s  
of  the atom,  forming a s o r t  of  nucleus , and the electrons a r e  revolving 
around it , as in our planetary sys t em .  

(Physics p . 393 )  

16 .  In the sentence , 

(a)  The protons are clustered around the center of  mas s  of  the 
the a tom and the electrons are revolving around i t , when 
an atom is in o ur planet ary sys t em .  

(b ) The way which the protons are clustered around the cent er  
of  mass  of  the  atom,  forming a sort of  nucleus , is  like in 
our planetary system .  

(c)  The sys tem of  the atom is thought t o  b e  like our planetary system .  
(d)  Our planetary system i s  one example  of  a system of  an atom .  



Each carbon of the C=C is converted to a C=O , and any hydrogen 
attached to these particular carb ons is conver ted to an --OR group . 

1 7 . What is converted to an --OR group ? 

(a)  Each carbon of  the C=C 
(b ) Any hydrogen 
(c )  The hydrogen o f  -C=C­

I 
R 

Cd)  These particular carbons 

(Chem . p . 40 )  

An embryonic ovary of a human femal e  i s  estimat ed to contain s ome 
400 , 000 primordia l  germ: cells . 

(Bio . p . 50 2 )  

1 8 .  Which of  the following sentences b e s t  describes the above s entence?  

(a) The human female contains some 400 , 000  primordial germ 
cells . 

(b ) We guess that the emb ryonic  ovary contains some 400 , 000 
primordial germ cell s . 

C c )  The embryonic ovary is contained in some 400 , 000 
primordial germ cells . 

Cd)  We es t imate the embryonic ovary in order to let  i t  
contain some 4 00 , 000 primordial germ cells . 

Atmospheric oxygen is the source of  the o zone ( 0
3

) layer 
which envelops the ear th at an altitude o f  some 1 0  miles . 

(Bio . p . 2 1 2 ) 

1 9 .  What surrounds the earth at an altitude  o f  some 1 0  mile s ?  

( a) The source of  a tmospheric oxygen 
(b ) All a tmospheric oxygen 
( c ) The o zone layer 
(d )  The source o f  the ozone layer 

Mos t  materials in the physical world actually require activa tion 
energies far great er than those energies provided by ordinary 
temperature s . 

(Bio . p . 40 )  

2 0 .  Accord ing to the above sentenc e , what play the mos t  important 
role on mos t  materials in the phy sical world?  

(a )  Energies in the  physical wor l d  
(b ) Mo st  materials  i n  the physical world 
(c )  Energies provided by ordinary t emperatures 
(d)  Act ivation energies 
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The fact that the polari zability of the medium is not the s ame in 
all directions means tha t , in general ,  the polarization � does  not 
have the same d irection as the electric f ie ld E .  

( Physics p . 6 2 6) 

2 1 . What explains  that the polarization � does not have the same 
directio n  a s  the e lectric field E ?  

(a)  The d i f f erence s  in all directions o f  the polarizab il ity 
of  the medium . 

(b ) The different direct ions of  the polarizabi lity o f  the 
med ium . 

( c )  The s ame directions o f  the polarizab i lity o f  the medium .  
( d )  The d i f f erence s  i n  the directions between the polarization @ 

and the electric field E .  

The two spa t ia l  arrangements represen t two different 
configurational isomers of  the same molecular formula . 

( Chern . p . 1 3 3 )  

22 . Which a r e  the same ? 

(a)  The mol ecular formulas of two spat ial arrangement s 
(b ) Two d i f ferent configurational isomers 
( c )  Two spat ial arrangements and two different 

configurat ional isomers 
(d)  The mol ecular formulas of two dif ferent 

conf igura t ional isomers 

�-------------------------------------------------------------+ 
I 

I Pressure has far less  e ffect on liquid s , which are incompress ib l e  
and o n  solids , whi ch may or may not b e  compressib le .  

(Bio . p . 40 )  

23 . According t o  the s ent ence , 

(a)  Pressure on liquids is compared with pressure on solid s . 
(b ) Pressure on liquids and solids is compared with pressure  

on  s omething e ls e .  
( c )  Incompressib le l iquids are compared  with compressib le 

solid s . � 

(d )  Pressure is compared with effect . 

The minus s ign indicates that the net flow (mass  transport )  is in 
the direction in which n ( the concentration of  the subs tanc e )  
decreases . 

(Physics p . 2 8 4 )  

24 . What does the minus sign indicat e ?  

(a)  The area of  grea ter concentration 
. (b ) Th� direct ion of the net flow 

( c )  The decrease of the net flow 
(d )  The decrease o f  the concentration of the subs tance 
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By absorbing from and adding t o  the mat erial in the gut cavity , the 
large intestine aids in maintaining a properly balanced internal 
composit ion of the body . 

(Bio . p .  30 1 )  

2 5 .  The l arge intestine a ids in maintaining a properly balanced 
int ernal composition o f  the b ody 

(a)  becaus e the large intestine ab sorb s  from and adds 
to the material in the gut cavity . 

(b ) and later the large intes tine ab sorbs from and adds 
to the material in the gut cavity . 

( c )  although the large intes tine ab sorb s from and adds 
to the material in the gut cavity . 

(d )  so a properly b alanced composition of  the body adds 
to the material in the gut cavity . 

In the IUPAC sys tem the hydroxyl group is t reated as a func tional 
group , exactly as was the doub le bond . 

(Chern . p .  5 2 )  

26 . Which of the following sentences b es t  describes the above 
sentence? 

(a) The hydroxyl group is l ike the double bond , so it is 
considered to be a funct iona l group . 

(b )  The hydroxyl group is a functional group , so i t  is 
cons idered to be the double b ond . 

( c )  Both the hydroxyl group and the doub le bond are 
cons idered t o  be functional groups . 

(d )  Because the double b ond was a functional group , the 
hydroxyl group is then a funct ional group . 

l The masses of the fundamental part icles  do no t seem t o  show any 
kind of regularity . 

(Physics  p . 5 1 8 )  

27 . About what are we unc er tain? 

(a)  The various kinds of  the fundamental particles 
(b ) The masses of  the f undamental particles 
( c )  Any kind of regularity  
( d )  The regularity o f  the  masses o f  the fundamental part icles 
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- - - ---------

The preceding considerations would suffic e  t o  provide a c omplete 
analysis of p lane tary mot ion i f  we were to assume that the 
motion of a p lanet around the sun was not a f f e c t ed by the o ther 
planets and heavenl y  b o d ies . 

(Physics  p . 3l3 )  

2 8 .  What might be  assumed not  to affect the  mo t ion o f  a planet 
around the sun? 

( a) All plan e t s  including the sun 
(b ) The sun and a planet around the s un 
( c )  All planet s  excluding the sun 
(d )  The sun 

· According to the hypo thesis of "large" mutations , a maj or  mutation i s  
assumed t o  t rans form a n  organism suddenly , i n  one j ump , t o  a completely 
new type � 

(Bio . p .  544 )  
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29 . Which o f  the following sentences best describes the above sen tence?  

(a)  A maj or  mutation always trans forms an organism suddenly 
in one j ump . 

(b ) We are c er t ain that a maj or muta tion is tran s formed 
suddenly to a completely new type . 

( c )  We make an assumption about a maj or  mutation in order 
to tran s form an organism to a completely new t ype . 

( d )  We believe that a maj or mutation quickly transforms 
an organi sm t o  a completely new type . 

In the gut o f  t ermites  l ive f lagellate protozoa which secrete 
an enzyme capab l e  of digesting the cellulose o f  wood . 

30 . Flagellate protozoa __________ _ 

(a)  are s ecreted  by an enzyme . 
(b ) secrete the c ellulose o f  wood . 
( c )  produce an enzyme . 

(Bio . p . l 0 5 )  

( d )  are a n  enzyme capable o f  diges ting the cellulose o f  wood . 



That the nucleoph il icity of Nu :
9 

does no t necessarit< parallel i t s  
basicity is evident from the f a c t  that iodide and cyanide ion , 
which are considerably weaker bases than hydroxide ion , are both 
stronger nucleophiles . 

( Chem . p .  2 2 2 )  
.------------------------------- - -----� 

3 1 . What is "evident " according to the above s entence? 

(a)  The nucl eophilicity 
its basic ity 

e 
of  Nu : does not  necessarily parall e l  

(b ) 
( c )  

I t s  basicity 
The nuc leophil icity e of  Nu : 

( d )  
e 

Nu : does no t necessarily parallel  i t s  basicity 

Mos t of  the observations made on earth are related to a frame of  
reference attached to i t . 

(Physics p . 8 1 )  

32 . What are related t o  a frame o f  reference ?  

( a )  Ob servat ions which make most  things o n  earth 
(b ) Earth 
(c )  Most  o f  the ob servations which earth makes 
( d )  Most  o f  the observat ions which people make o n  earth 

We have already mentioned that indicating the various covalent b onds 
can b e  done by using a dash to represent each shared pair of  
electrons . 

3 3 .  What has already b een mentioned?  

(Chem . p . 1 6 )  

( a )  How the various covalent bonds represent a dash 
(b)  How to use a dash to repres ent each shared pair of electrons 
( c )  How to use a dash for each shared pair of electrons to 

indicate the various covalent b onds 
(d )  How to form the various covalent bonds 

The energy l evels of an atom with several electrons are much more 
complex than those of atoms wi th one electron . 

( Physics p . 6 0 2 )  

34 . What are more  complex ?  

( a )  The energy l evels o f  atoms with one electron 
(b ) Atoms with one electron 
( c )  Atoms with s everal electrons 
( d )  The energy l evels of  an atom with s everal electrons 
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The intramolecular aldol type of condensation is very valuab le as 
a cyclization reaction leading t o  the formation of f ive- and s ix­
membered r ings . 

( Chern . p . 360)  

35 . The intramolecular aldol type o f  condensation is  valuab le as 
a cyclization reaction , b ecause 

-------

(a ) cyclization reactions l ead to the formation o f  f ive- and 
six-memb ered rings . 

(b ) a cyclization reactions leads the intramolecular aldol 
type o f  condensat ion . 

( c )  a cyc l i zation react ion leads to the formation of  f ive- and 
six-membered r ing s . 

(d )  the intramolecular aldol  type o f  condensation leads 
a cyc l ization reaction . 

Many mul ticellular organisms have highly specialized s ensory cells 
that are exceedingly sens i t ive and respond t o  even weak s t imuli . 

36 . What are exceedingly s ensit ive ? 

(a)  Weak stimuli  
(b ) Special ized sensory cells  
( c )  Specia l ized mult i cellular organisms 
(d )  All mult icellular organisms 

(Bio . p . 22 )  

He experiments  wi th some b illiard ball s  b y  dropping them , and notes 
that all of  them f al l  with the s ame acceleration . 

(Physi c s  p . 324 ) 

37 . What are the same ? 

(a)  The experiments 
(b ) The b il l iard balls 
(c)  The dropping o f  the b il liard balls  
(d )  The falling speeds o f  the b i l l iard balls 

A fungus is covered by a r igid wall composed of  cellulose in 
primit ive types . . .  

(Bio . p . 1 6 2 )  
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38 . Which of  the following sentences best  describes the above sentence ? 

( a )  A r igid wal l  of  a f ungus covers cellulose . 
(b ) Cellulose is composed o f  a rigid wal l  of  a fungus . 
( c )  A r igid wal l  o f  a fungus is  composed of  cellulose .  
( d )  A f ungus i s  compo sed o f  cellulose . 



IUPAC names o f  s impler carboxylic acids are still  much less  
frequently used than the common names by which they had b een 
known up to that t ime . 

(Chern . p . 79 )  

39 . What are used more often? 

(a)  IUPAC names and the common names o f  s impler carboxylic 
acids 

(b ) The common names of  simpler carboxylic acids 
(c )  IUPAC names o f  simpler carboxylic acids 
(d)  Simpler carboxylic acids 

The various o rb itals in which the electrons of  an isolated a tom may 
b e  found are called atomic orb itals . 

(Chern . p . l O )  

40 . According t o  the s entence , 

(a)  The electrons of  an isolated a t om are called atomic orb itals . 
(b ) An isolated atom may b e  found in atomic orb ital s . 
( c )  The various orb i tals of an isolated atom may be found . 
(d )  Orb i tals of  electrons of  an isolated atom are 

called atomic orb itals . 

A carbon a20m tha t  empl oys this set  o f  o rb itals for b onding is said 
to have sp hyb ridizat ion . 

(Chem . p . 1 S )  

41 . According t o  the s entence , 

(a)  Orb i tals  for b onding have sp2 hybridization .
2 (b ) I t  is said that a type o f  carbo n  atom has sp 

( c )  

(d )  

hyb ridization . 
I t  is said that a carbon atom employs this set 
of  orb itals for bondin2 . 
Any carbon atom has sp hyb ridization . 

Nowadays chemist s  wish to devise s yn thes e s  o f  exotic molecules 
found in nature . 

(Chem . p . 46 2 )  

4 2 .  According t o  the sentence , 

(a)  When chemists  devise syntheses , they want syntheses 
o f  exotic mol ecules . 

(b)  Chemi s t s  want  exotic molecules found in nature . 
( c ) Chemis t s  devised syntheses  o f  exo tic molecules . 
(d )  Chemis t s  wish that exotic  mol e cules are found in nature . 
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The f ins of  a fish and the arms of a man are basically the s ame 
kind of structure . 

(Bio . p . 2 7 )  

43 . Which a r e  the same ? 

( a )  The basic kind o f  f ish and the basic kind of  man 
� )  The f ins o f  a f i sh and the arms o f  a man 
( c )  The s tructure o f  a fish and the s truc ture o f  a man 
(d )  The s t ructure of  the fins of a fish and the 

s t ructure of the arms of a man 

In general , the different relative s trengths by which electrons are 
attracted to  their own nuclei  will determine whe ther two atoms 
wil l  t ransfer or share electrons between them .  

(Bio . p . 60 )  

44 . What wil l  determine whether two atoms will t ransfer o r  share 
electrons between them? 

(a)  Their  own nuclei  
(b ) Electrons attracted t o  their own nuclei  
(c )  The s trengths o f  attraction between electrons and nuclei 
(d)  The d i fferent general relative strengths of  the electrons 

There are a number of o ther react ions of acid derivat ives tha�--:�so 
involve init ial nucleophilic  a t t ack on the carbonyl group . 

( Ch em .  p . 405 ) 

45 . What do we know about the reactions of acid derivat ives ? 

( a )  Many more o f  the react ions of acid derivat ives haven ' t  
b een ment ioned ye t .  

( b )  There a r e  only react ions of  acid derivatives that involve 
init ial nucleophilic  a ttack on the carbonyl group . 

( c )  A number o f  acid  derivatives have b een ment ioned befor e .  
( d )  There are a numb er o f  react ions besides the reactions 

of acid derivat ives . 
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APPENDIX D 

Test of English Grammat ical Structures - Administration 
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Test of Engl ish Gramma t ical Structures - Administration 

1 .  Distribute a Test  o f  English Grammatical Structures and 

a vocabulary l i s t  to any desk b efore the students enter the 

exam room . Make s u re that the code number of the test and 

the vocabulary l i s t  are identical . 

Check to see tha t e ach student has both the test booklet 

and the vocab ulary l is t .  

2 .  Ask the studen t s  t o  take the answer sheet out of  the back page 

o f  the test booklet and write  their names and their Facult i es . 

3 .  Ask the student s t o  check that their test  booklet contained 1 2  

pages o f  the t e s t  i tems and the test instruction pag e .  

4 .  Ask them to wri t e  their names and Faculties in the space provided 

on the vocabulary l is t . 

5 .  Explain how to use the vocabulary lis t in the following word s : 

Whenever you face any unfamiliar words in your test booklet , 

look them up in th e vocabulary lis t . You will get the 

meaning of the word in Thai . Remember to circle the number 

which precedes the word  you  want to look up  for its  meaning . 

For example , you want to know what "ab sorb "  means . Look 

the word l Iab sorb "  up in the vocabulary l is t , you will find 

1 .  absorb rJ (jt�iiJ " 
Read the meaning and remember to also circle the number which 

precedes that word : 0) absorb 

Do not be afraid o f  using the vocabulary lis t .  Put t ing 

a circle on a numbe r  preceding the word when you want to 

know the meaning , d o es not mean that you will lose your 

mark . The purpose is only for analysis in this s tu dy . 
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6 .  Ask the studen t s  t o  turn to the inst ruct ion page in the t e s t  b ooklet . 

Read out loud the test  ins tructions from the tes t b ookle t  and 

make sure that every s tudent unders tands them. 

Begin 

You have 1 hour and 35 minutes to complete the test . 



• 

7 .  Ask the students to s i gn their names , Faculties and their test  

numbers . 

8 .  Check the total number o f  the test booklets and answer sheets 

handed in . 
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APPENDIX E 

Answer Key for the Tes t o f  Engl ish Grammatical S truc tures 

fl T  :: fl1l:} fl',,! ��1'() lJ 
( Answer Shee t )  

v 

m.J'1U L Ci 'll 'D 'U 'tl ll lJ  ----
(Test Number)  -

�Pj:; 
---:------(Facul ty )  

a b c d a b c d 

I .  ( ) ( ) ( ) (X) 24 . e ) (X ) ( ) ( ) 

2 .  (X) ( ) ( ) ( ) 2 5 . (X) ( ) ( ) ( ) 

3 .  ( ) (X)  .( ) ( ) 26 . ( ) ( ) (X) ( ) 

4 .  e ) ( ) ( X) ( ) 2 7 .  ( ) e ) ( ) (X) 
5 .  ( ) ( ) ( X) e ) 2 8 . e ) ( ) eX) ( ) 

6 .  ( ) ( ) ( X) ( ) 2 9 . ( ) ( ) ( ) ( X) 

7 .  (X) ( ) ( ) ( ) 30 . ( ) ( ) ( X) ( ) 

8 .  ( ) ( X) ( ) ( ) 3 1 . (X) ( ) ( ) ( ) 

9 .  (X) ( ) ( ) ( ) 3 2 . ( ) ( ) ( ) (X) 

1 0 .  ( ) ( X) ( ) ( ) 3 3 . ( ) ( ) (X) ( ) 

I I .  (X) ( ) ( ) ( ) 34 . ( ) ( ) ( ) (X) 

1 2 .  ( ) (X) ( ) ( ) 35 . ( ) ( ) (X) ( ) 

1 3 .  ( ) ( ) (X) ( ) 36 . ( ) (X) ( ) ( ) 

1 4 .  ( ) ( ) ( ) (X ) 3 7 . ( ) ( ) ( ) (X ) 
1 5 .  (X) ( ) ( ) ( ) 38 . ( ) ( ) (X) ( ) 

1 6 . ( ) ( ) (X ) ( ) 39 . ( ) (X) ( ) ( ) 

1 7 .  ( ) ( ) ex ) ( ) 4 0 . ( ) ( ) ( ) (X ) 

1 8 .  ( ) (X ) ( ) ( ) 4 1 . ( ) (X ) ( ) ( ) 

1 9 . ( ) ( ) (X ) ( ) 4 2 .  (X ) ( ) ( ) ( ) 

20 . ( ) ( ) ( ) (X ) 4 3 .  ( ) ( ) ( ) Cx )  
2 1 . (X ) ( ) ( ) ( ) 44 . ( ) ( ) Cx )  ( ) 

22 . ( ) ( ) ( ) (X ) 4 5 . uc) ( ) ( ) ( ) 

2 3 .  ( ) (X ) ( ) ( ) 
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Talk Given to KKU Science Students 

First of all  let  me introduce myself .  I am Miss Sripanya Chaiyai , 

a lecturer f rom the Department o f  Foreign Languages , Khon Kaen University . 

I l eft the D epar tment three years ago , to complete further s tudies a t  

Massey University , New Zealand . My research work involves reading 

comprehension of Thai s cience s tudent s , part icularly s tudents at Khon Kaen 

Universi t y .  I have the opportunity to return here to adminis ter four tests , 

collect t he data and take them t o  New Zealand for fur ther analysis . 

Some of you have b een randomly selected  as subj ects  for my study . 

I would l ike to take this occasion to ask those who have b een selected for 

my study to devote their precious t ime to ' willingly t aking the four tes ts . 

The success o f  my proj ect depends on your cooperation . The results of 

my study wil l  yield a valuable information which will  improve the t eaching 

and learning of English at Khon Kaen Univers ity . 

For taking par t  in the proj ect , each s t udent will receive 35 Baht . 

Those stud ents  who s core the h ighest  mark o n  each test will  also receive 

a special award of 50 Baht each . 

Exam s chedules are as follows : 

Sunday , July 2 2  9 . 30 - 1 2 . 00 a .m.  

1 . 30 - 3 . 30 p .m .  

Thursday , July 26 7 . 00 - 9 . 00 p . m.  

Monday , July 30 7 . 00 9 . 00 p .m.  

Exam rooms : 

Room 1 0 1  for Agricultural s tudents  

Room 1 0 2  for  Medical and Nur sing s tudents 

Room 103 for Science and Education s tudent s 

Fina l ly , if  you are willing to t ake part in this  proj ect , please 

sign your name and write your address on the form provided . 

Thank you . 
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Department of  Foreign Languages 

Ref .  0508 ( 5 ) / 

July __ , 1 9 79 . 

Dear 
-------

I am conduct ing a research proj ect  for my Ph . D .  s tudies in New 

Zealand on reading comprehension of Thai sc ience s tudents . I have 

returned to Thailand to  collect the data . Your kind cooperation in 

taking the tests  at the following time will be most appreciated . 

Test 1 

Test 2 

Test 3 

Test 4 

Sunday , July , 22  

Sunday , July 22 

Thursday , July 26 

Monday , July 30 

Your exam room number will be 

9 . 30 - 1 2 . 00 a . m .  

1 . 30 - 3 . 30 p . m .  

7 . 00 - 9 . 00 p . m .  

7 . 00 - 9 . 00 p . m .  

For taking the tests , you will receive 35 Baht ( a t t endance at  all  

four sessions is necessary ) . 

By the way , there is an award for those  who receive the highest  

scores for  each t es t , in each Faculty . 

Hoping for your kind cooperation . 

Thank you . 

Sripanya Chaiyai 

Tear this part o f  the let t er off  and mail  it to Mis s  Sripanya 

Chaiyai , Department of Foreign Languages by July 1 7  at the lates t . 

( Sign your name here)  
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(Reasons for no t b e ing abl e  

to take t h e  tests . )  
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Cloze Reading Compreh ension Tes t - Administration 

l .  The test was prepared in three  different forms . The forms can b e  

dis t inguished by the numb er a t  the initial pos i t ion o f  the test  

number . 

Test number 1 0 1  Form 1 

Test number 232  Form 2 

Test number 35 1 Form 3 

2 .  Tell the studen ts not t o  open the test  booklet until  they are 

told to do so . 

3 .  Ask the student s to take the answer sheet out o f  the back page of 

the test booklet  and to write their names and their Facu l t ies 

in the space provided . Say the following words : 

Use your real name . Your scores wil l  be 

confidential . They wi ll b e  used only for 

this study . The university or the Department 

of Fo reign Languages will  not b e  allowed 

to have access to them .  

4 .  Then explain in the following words : 

This tes t is to measure your reading 

comprehension of s cientific English 

passages . Complete the test to the b est 

of your ability .  Complete the test in 

order from b eginning to end . Only 4 5  

minutes i s  allowed for each passage . 

5 .  Do not be surprised to f ind a blank page in your test  booklet . 

6 .  Leave your test  booklet and the answer sheet on the desk when 

you have completed the t e s t . 

7 .  Say the following words : 

Turn to the example page . Notice  that three words 

are miss ing from the s tory "Our schoo l . "  You are 

required to fill in these three b lank spaces with 

the words which are appropriate to the context . 

You must  fill  in only one word for each blank . To 

complete the t es t ,  i t  is suggested you read the 
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whole story first . The reason is for you to guess 

wha t the passage is about . Then t ry to fill in 

the b lanks with the appropriate words . For example ,  

read the s t ory like this : "Boys /girls go to our 

s chool . At / we learn t o  read . We also learn howl 

writ e . " Then read the s to ry again , this time you 

have to try to f il l  in the blank with the word 

which you think is the mos t  apnropriate to the 

context . Now , fill  in the first b lank (Here the 

lecturer pauses one momen t  for the s tudents to fill  

in the first  b lank) . Now let ' s  check the correct  

answer . The appropria t e  word  for the firs t b lank 

is and . Boys and girls go to our school . Now 

complete  the rest of the s tory (Here the lecturer 

pauses for one minute) . The appropriate words for 

the s econd and the third b lanks are s chool and 

to . Next , let ' s  practise  more on the story 

"The Count-down . " This t ime fill  in the blanks on 

the answer sheet . 

Af t er 3 minutes , the lecturer said the 

following words : 

The appropriate answers for the story 

"The Count-down" are : s ev en , two , the , it , see . 

Then emphas i z e  the following words : 

Remember , fill  in only one word for each b lank . 

The word should also fi t in  the context . Fill 

in every b lank . Make a gue s s  i f  you can not 

think of  one . 

Begin 

8 .  Let the students know the t ime . 

9 .  Ask the s tudents  to s ign their name s , Faculties and 

their test numbers . 

1 0 .  Make sure that every student s igns their names and Faculties  

on  the answer shee t . 

1 1 .  Group the answer sheets  according t o  the Faculty . 
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1 2 .  Group the test  b ooklets  according t o  their form .  

1 3 .  Finally a f t er the tes t ,  check the total numb er o f  

the test bookle t s .  

14 . Also check the total numb er of th e s t ud ents taking the test  

against the total number of  the answer sheets . 
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APPENDIX I 

Answer Key for  the Clo z e  Reading Comprehension Tes t  

( Exact Word Responses ) 

PARAS ITIC REPRODUCTION 

1 .  paras ite  

2 .  s tage 

3 .  by 

4 .  last  

5 .  quite 

6 .  or 

7 .  of  

8 .  of 

9 .  Entering 

1 0 .  of  

11 . d irectly 

1 2 .  and 

1 3 .  anus 

1 4 . The 

1 5 .  passive 

1 6 . man 

1 7 .  can 

1 8 .  However 

19 . pyramids 

20 . man 

21 . A 

22 . thus 

23 . if 

24 . are 

2 5 . to 

26 . by 

2 7 . of  

28 . into 

29 . through 

3 0 .  b lood 

COVALENT BONDS 

1 .  a 

2 .  to 

3 .  a 

4 .  shared 

5 .  the 

6 .  hydrogen 

7 .  hydrogen 

8 .  electrons 

9 .  an 

1 0 .  pair 

1 1 .  Despite  

1 2 . by 

1 3 .  act  

1 4 . both 

1 6 . purposes 

1 6 . for 

1 7 . may 

1 8 . electrons 

1 9 .  o ther 

20 . bonds 

2 1 . to  

2 2 .  to 

2 3 . its  

24 . forms 

25 . covalent 

26 . of 

2 7 . the 

28 . o ther 

29 . outer 

3 0 .  of  

TRANSPORT PHENOMENA 

1 .  a 

2 .  other 

3 .  as 

4 .  quickly 

5 .  room 

6 .  the 

7 .  air 

8 .  The 

9 .  a 

10 . wa ter 

1 1 . the 

1 2 .  diffuse 

1 3 . dist ributed 

1 4 .  illus tration 

1 5 . a 

1 6 . and 

1 7 .  gases 

1 8 .  a 

1 9 . mixture 

20 . to 

21 . of 

22 . the 

23 . the 

24 . Let 

25 . molecules 

26 . volume 

2 7 . of 

28 . statement 

29 . to 

30 . occur 
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APPENDIX J 

Answer Key for the Cloze  Read ing Comprehens ion Test 

(Accept ab l e  Word Responses ) 

PARASIT IC REPRODUCTION 

1 .  paras ite  

2 .  stage , phase ,  period 

3 .  by , or 

4 .  las t , hos t s  

5 .  quite ,  really , 
comparatively 

6 .  or , and , by 

7 .  o f  

8 .  o f  

9 .  En tering , Pas sing 

1 0 .  o f  

1 1 .  dire ctly 

1 2 .  and , then , b ut 

1 3 .  anus 

1 4 .  The , Their 

1 5 . pass ive 

COVALENT BOND S 

1 .  a ,  the 

2 .  to  

3 .  a ,  one 

4 .  shared 

5 .  the 

6 .  hydrogen , 

7 .  hydrogen 

8 .  electrons 

9 .  an , one 

10 . pair 

1 1 . Despite  

the ,  

1 2 .  by , b e tween 

1 3 .  act  

14 . b o th , hydrogen , 

1 5 . purposes , need 

this 

two 

1 6 . man 

1 7 .  can , do , wi l l ,  could 

1 8 .  However , The , So , 
But , These  

1 9 . pyramids , chain , cycle 

20 . man 

2 1 . A ,  The ,  This , Tha t 

2 2 . thus , therefore , then , 
now, always , usually , 

2 3 . if 

24 . are 

25 . to 

26 . by 

2 7 . of 

28 . into 

29 . through 

30 . blood 

1 6 . for 

1 7 .  may , can , could , 
will ,  would ,  shall 

1 8 .  electrons 

1 9 . o ther 

20 . bonds 

2 1 . to 

2 2 . to 

2 3 . its , the 

24 . forms 

25 . covalent 

26 . of 

2 7 . the 

28 . other , hydrogen , four 

29 . out er , out ermost  

30 . of  

30 1 

s t ill  



3 0 2  

TRANSPORT PHENOMENA 

1 .  a 1 6 . and , then , when , as , a f t er 

2 .  other 1 7 . gases 

3 .  as 1 8 .  a 

4 .  quickly , rapidly , fast 19 . mixture 

5 .  room , area , space , place 20 . to 

6 .  the , this , that , ammonia 2 1 . o f  

7 .  air 22 . the 

8 .  The 2 3 .  the , a ,  any 

9 .  a 24 . Let 

1 0 .  water 25 . molecules 

1 1 . the 26 . volume 

1 2 .  diffuse , spread 27 . o f  

1 3 .  dist ributed , found , spread 2 8 .  s tatement , sentence 

14 . illustration , example 29 . to 

1 5 .  a ,  one 30 . o c cur , happen 
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APPENDIX K 

Mul t iple-cho ice Reading Comprehension Tes t - Adminis trat ion 



1 .  

2 .  

3 . 

;OJu1j\Y�'l.'Wn 1 ��_a-l�OJ'U;OJ �m.J 

Mult iple-choice Read ing Comprehension Test 

;OJ�OJ'U�WI'd'� 3 'tJOJ ;� �4 b n �1i� 1 n��1 v b � V;OJ �OJ'U 

'tJOJ ;� 1 .1 0 1  

'tJOJ ;� 2 2 3 2  

'tJOJ ;� 3 351 

� � , � �1�un �n�1 b ��vu�OJ'UnOJ'W1� fUu��1 � 

., 

� ' W ) 

� .,y I�H'W: 
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Mul t iple-cho ice Reading Comprehens ion Test - Adminis tration 

1 .  Not i ce that there are three forms o f  the tes t : 

Form 1 as in the tes t  number 1 0 1  

Form 2 a s  in the tes t number 2 3 2  

Form 3 as i n  the t es t  numb er 35 1 

Dis tribute  the three forms of  the t e s t  al ternatively . 

2 .  Tell the s t udent s not t o  open the t e s t  b ooklet unt i l  they 

are told to do so . 

3 .  Ask the students t o  check the number o f  the pages o f  the tes t . 

4 .  Ask the student s to take the answer shee t  out of  the back page 

of the test booklet and to write  their names and their Facu l t ies 

in the space provided . 

5 .  Ask the s tudents to  hand in the test bookle t  and the answer 

sheet to their  proctor when the test  is completed . 

6 .  Ask the s tudents  to complete the Engl i sh-Thai Translation Tes t . 

7 .  Give each s t udent an envelope of  35 Bah t and ask him to sign 

his name . 

8 .  Say the following words : 

You have 4 5  minutes for each reading passage . 

The test  contains three pass ages . Please 

complete them all . Take the test in o rder as 

s e t  at  the test  booklet . Now turn to the 

instruction page . 

Read out loud the instruct ions 

Mis s  S ripanya Chaiyai 
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APPENDIX L 

Answer Key for the Mul t iple-cho ice Reading Comprehens ion Test 

1J,'-1") U L fl'Jl 
(Numb er) 

PASSAGE 1 (P)  

( a )  (b ) ( c)  (d)  

1 .  (X ) ( ) ( ) ( ) 

2 .  (X )  ( ) ( ) ( ) 

3 .  ( ) ( ) ( ) CX ) 
4 .  ( )  ( ) (X ) ( ) 

5 .  ( )  ( ) ex )  ( ) 
6 .  ( ) (X ) ( ) ( ) 

7 • ( ) ( ) ( ) (X ) 

8 • ( )  (X ) ( ) ( ) 

9 • ( )  ( ) (X ) ( ) 

1 0 .  ( )  ex )  ( ) ( ) 

1 1 .  ( )  ( ) (X ) ( ) 

1 2 .  ex )  ( ) ( ) ( ) 

1 3 .  ( ) ( ) ( ) (X ) 

1 4 . 0 0  ( ) ( ) ( ) 

1 5 . ( )  ( ) ( ) ex ) 

1 6 . ex ) ( ) ( ) ( ) 

1 7 .  ( ) ( ) (X ) ( ) 

1 8 .  ( )  0 0  ( ) ( ) 

1 9 . ( )  ( ) ( ) ex ) 

20 . ( )  ex )  ( ) ( ) 

(AnS\Oler Shee t )  

PAS SAGE 2 ( C ) 

.h 
'11() 

(Name ) 

\,H!l� 
( Facul ty) 

(a) ( b )  ( c )  ( d )  

2 1 . ( )  ( ) ( ) CX )  
2 2 .  (X )  ( ) ( ) ( ) 

23 . ex )  ( ) ( ) ( ) 
24 . ( )  ( ) (X ) ( ) 

25 . ( ) ( ) ( ) (X )  
26 . ( ) ( ) CX )  ) 

2 7 . ( )  (X ) ( ( )  

2 8 .  ( ) ( ) ( (X ) 
29 • (X ) ( ) ( ) ( ) 

30 . ( )  ( ) ( ) (X ) 

3 1 . ( )  ( ) ( ) (X ) 

3 2 . ( )  ( ) ex )  ( ) 

3 3 . ex ) ( ) ( ) ( ) 

34 . ex )  ( ) ( ) ( ) 

35 . ( )  ex )  ( ) ( ) 

36 . ( ) ex )  ( ) ( ) 

3 7 . ( )  (X ) ( ) ( ) 

3 8 . ( )  ( ) ex ) ( ) 

39 . ( )  ex ) ( ) ( ) 

40 . ( )  ( ) (X ) ( ) 

PASSAGE 3 (M) 

(a ) (b ) ( c )  ( d )  

4 1 . ( )  ( ) ( ) ex ) 

4 2 .  ex )  ( ) ( ) ( ) 

43 . ( )  CX )  ( ) ( ) 

44 . ( )  ( ) ( ) ex ) 
45 . ( )  ( ) eX ) ( ) 

46 . ( )  ( ) ( ) ex ) 

47  . ( )  ( ) ex ) ( ) 

4 8 .  ( )  ( ) ( (X ) 

49 . ( )  (X ) ( ) ( ) 

50 . ( ) ex )  ( ) ( ) 
5 1 . ( )  ( ) Cx )  ( ) 

5 2 .  ( )  CX )  ( ) ( ) 

53 . ex )  ( ) ( ) ( ) 

54 . ( )  ( ) ex )  ( ) 

55 . ex )  ( ) ( ) ( ) 

56 . ex )  ( ) ( ) ( ) 

5 7 .  ( )  CX )  ( ) ( ) 

58 . ( )  ( ) ex )  ( ) 

59 . ( )  ( ) ( ) ex ) 

60 . ex )  ( ) ( ) ( ) 
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APPEND IX M 

Multiple-choice Reading Comprehension Test - Tes t Item Statistics
1 

Item RPB Diff Item RPB Dif f 

1 235  300 3 1  286 6 4 2  

2 29 1 2 6 3  32  306 352  

3 286 7 6 3  33  029 289 

4 263  552  34 1 70 3 1 5  

5 39 3 268 35 24 5 536  

6 2 8 1  600 36 288 436  

7 274  852  37  09 6 536  

8 026 184 38 200 5 1 5  

9 29 2 7 36 39 203 494 

10 282 500 40 1 83 5 5 2  

1 1  260 6 4 2  4 1  246 4 7 3  

1 2  1 9 3  4 89 42  0 14 3 2 1  

1 3  259 7 4 7  4 3  1 3 1  3 9 6  

1 4  1 4 7  5 5 7  44 344 500 

1 5  248 5 7 3  45 344 584 

1 6  262  5 3 1  46 4 1 4  384 

1 7  3 1 7 2 10 47 263  6 26 

1 8 . 3 7 7  6 1 5  48 294 6 6 3  

1 9  235  400 49 146  4 9 4  

2 0  186 594 50 1 74 2 6 3  

2 1  2 4 2  4 2 1  5 1  2 4 2  6 2 1  

22  1 6 5  3 6 3  5 2  0 8 1  5 4 2  

23  278  4 1 0  53  386 4 2 1  

24 268 4 4 2  54 4 1 7  4 73 

2 5  1 9 5  4 5 7  55 335  700 

26 l 3 3  3 7 3  56 2 7 2  4 78 

27  358 5 6 3  5 7  1 4 5  389 

2 8  1 0 6  3 7 8  58 1 74 3 7 8  

29 324 2 1 5  59 1 37 6 7 3  

30 426  5 2 6  6 0  1 0 1  200 

1 D . 1 . eClma pOlnts omitted 

RPB = point-biserial correlation Diff difficulty index 



APPENDIX N 

Correct Response Lengths in the Mul tiple-choice 

Reading Comprehension Test 

Leng th of the Correct Response 

The shortest respons e is 
the correct answer . 

The longest respons e is 
the correct answer . 

The response of  intermediate 
l ength is the correct answer . 

The correct answer i s  one of 
the two response choices 
both of which are the same 
l ength but sho rter than the 
o ther two responses of the 
item .  

The correct answer i s  one of 
the two respons es bo th o f  
which are the s ame l ength but 
longer than the other two 
responses to the i t em .  

1 

'Coval ent  
Bonds 

Items 24 , 
40 

Items 3 1 ,  
33 , 3 4 ,  
35 , 3 8  

Items 2 6 , 
30 , 3 2 , 
36  

Items 2 2 ,  
37 , 3 9  

Passage 

2 

Molecular 
Diffusion 

Item 45 

Items 51 , 
5 2 ,  54 , 
5 5 ,  60 

Item 46 

I tems 58 , 
59  

3 

Paras i t ic 
Reproduc tion 

Items 4 ,  6 ,  
1 5 ,  1 8 , 1 9  

Items 1 3 ,  20 

Item 1 

Items 4 7 , Items 2 ,  5 ,  
4 8 ,  5 3  9 ,  1 1 ,  1 2 ,  

1 7  

308 

Total 

8 

1 2  

2 

6 

1 2  
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APPENDIX 0 

Vocabulary List 



WJ1U l -:l �J -----
(Number)  

1 .  absorb 

2 .  acceleration 

3 .  acetal 

4 .  acid 

5 .  activation 

6 .  actually 

7 .  add to 

B .  a f fec t 

9 .  aid 

1 0 . aldol 

1 1 . altitude 

1 2 .  amine 

1 3 .  analysis 

1 4 .  analyze 

1 5 .  anisotropic 

1 6 . antinode 

1 7 .  appear 

l B .  arrangement 

19 . ass ume 

20 . a tmospheric 

2 1 . atom 

22 . a ttach to 

2 3 .  a tt ract 

24 . bacterial action 

� 
fl'�l lr" ;'1 

(Vocab ulary)  

( Name ) 

fj !1J� 

( Facul ty)  

f1'"l'l lJ l H 

) . 
fi t JfI L ;  ','i tl , 

-i �'.) 

l UJ fni JJ j ; -.j 
t Yo i "" 

t Y:lH "JYHI . � 
"I 
�J rnMIJ 
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lJr 1 fHL I"H \,n-GU � , 11 

r: 
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'J :;  [:'UJJ 
J 

�; 
l 'J'JJJ 



25 . basically 

26 . basic i t y  

2 7 .  b ehavior 

28 . b i l l iard  ball  

29 . b iological 

30 . bond 

3 1 . capab l e  

32 . capture 

33 . carb on 

34 . carbonyl 

35 . carboxy l i c  

36 . carrier 

3 7 . cavi ty 

38 . cellulose 

39 . center 

40 . cenozoic  

4 1 . chara c t er is t i c  

42 . charge 

4 3 .  chit in 

44 . chlorophyl l  

45 . chloroplast  

46 . clus ter 

4 7 .  coat 

48 . coef f ic i en t  

49 . colon 

50 . compass 

5l . competi tion 

52 . complex 

5 3 . composit ion 

54 . compose o f  
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r, 
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55 . compres s ib l e  

56 . concent ration 

5 7 . condensa t ion 

58 . condit ion 

59 . configurat ional isomer 

60 . cons iderab ly 

6 1 .  consideration 

6 2 . cont ribut ion 

6 3 . convert to  

64 . cosmic radia tion 

65 . coval ent b ond 

66 . c over 

6 7 . c r i t ical 

68 . curve 

69 . cyanide ion 

70 . cyc l izat ion reac t ion 

7 1 . cyl inder 

7 2 .  dash 

7 3 .  decrease 

74 . derivat ive 

7 5 . descend 

7 6 . determine 

7 7 . develop 

7 8 .  devise 

79 . dif fuse 

80 . digest 

8 1 . d im 

82 . direc t ion 

8 3 . doub l e  bond 

84 . drop 

, llni1rl l '11Yl nn 1J mn_� 

_ t' 
-mrn ::: 1 ri') 'I l mrn 

1J f ll'\ �j.j 
I 
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85 . due t o  

86 . earl ier 

8 7 .  effec t 

88 . ele c t ric current 

89 . electric  f ield 

9 0 . elec tric  po tential  

9 1 . elec �romagne tic  

9 2 . elect ron 

9 3 .  embryonic 

9 4 . ensure 

95 . envelop 

9 6 . enzyme 

9 7 .  equilib r ium 

9 8 .  es t ima t e  

99 . evident 

100 . evolut ion 

1 0 1 . exceedingly 

102 . excess 

103 . exo t ic 

104 . experiment ( v )  

105 . extinction 

106 . f amiliar 

1 0 7 . feature 

108 . female 

109 . fern 

1 l 0 .  f in 

I l l . flagellate  

1 1 2 .  form 

1 1 3 .  forma t ion 

1 1 4 .  frame o f  reference 
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l l 5 . f requently 

l l 6 .  funct ional group 

1 1 7 .  f undamental 

l l S .  f ungus 

1 1 9 . germ c e l l  

1 2 0 . gu idance 

1 2 1 . gut 

1 2 2 . hal ide 

1 2 3 . halogenat ion reaction 

1 24 . heavenly  bodies 

1 2 5 . highly 

1 2 6 .  homing 

1 2 7 . horizonta l  

1 2 S . horny 

1 2 9 . hyb ridization 

1 30 .  hydroxyl group 

1 3 1 . hypoth e s i$ 

1 3 2 . incompressib l e  

1 3 3 . indicate  

1 34 .  inheri ted 

1 3 5 .  ini t ia l  

1 36 . interact ion 

1 3 7 .  intersect ion 

1 3 S .  intest ine 

1 39 . int r amo lecular 

1 4 0 . involve 

1 4 l . iodide ion 

1 4 2 . isolated 

1 4 3 . isot ropic  

1 4 4 . l ayer 

t !  �l iJ "\ 
J I 

AJ • '� '''' i'.�r� 'i' �"ln tl1.Jfll l / 
, j '.' " " ) 1 ) ' IJ  : ,' 

( ' ;(1 /". : ) <I "," , I " , 
�,..r C o '  � 

t �i� � � l : i ' l.l �: 

,< 
: ! 1�  l '1l i t1; /H', l �;" 

I lJD f) TWl l Cl �n r'J l l l ,rll 
l-il Li l"t: �fi J ,J 'I fl 

� 

� 

n l lJJ J 1 1 '  ' 

.,: , "I 
H'i! ,; L in ;� /1 

I "1 .. ) \.", o:.,JO 

\ mn  � 'i: \ 'J� i 'l !  
I n 

�� �j '1 flv; J 'tJ f1� �  � -

'." V r �.1 r. 
� � "H "i� ! 1  

I 

I y 
'"' 

l J )J\lll 

�\l rl71 
fJi 'l �' 
c...,... . ...... � c- cJ IV' �flHi� � fl 'H l fl "l :;  fl: tJ)1t1  ! i.,! l :iJ  l f: n fl l  vHn f1iJ 
v , 
� 
1) 'th)�.J fllJ " 

l-a  111 '1Y'J; 
, , " 

3 1 4  



1 4 5 . l ead  to 

1 4 6 . learned 

1 4 7 .  l evel 

1 4 8 . l imit 

1 49 .  magnet i c  field 

1 5 0 . maintain 

1 5 1 .  maj or 

1 5 2 . mass 

1 5 3 . mass transpor t 

1 5 4 . mat erial 

1 5 5 . mechanical s tress 

1 5 6 . mechanism 

1 5 7 .  medi um 

1 5 8 . membered 

1 5 9 . me thanol 

1 6 0 . me thyl t-b utyl ether 

1 6 1 . migration 

1 6 2 . minus 

1 6 3 . mol ecular formula  

1 6 4 . motion 

1 6 5 .  mul t icellular 

1 6 6 . mut ation 

1 6 7 . nav i ga tional 

1 6 8 . necessarily 

1 6 9 .  negat ive 

1 7 0 .  net f l ow, 

1 7 1 . node 

1 7 2 .  note  

1 7 3 .  normall y  

1 7 4 . nucl eophile 

I 
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1 7 5 . nucleophilic  at tack 

1 7 6 . nucleoph i licity 

1 7 7 .  numerous 

1 7 8 .  ob servat ion 

1 79 .  occupy 

1 80 .  occur 

1 8 1 . odor 

1 82 .  optimally 

1 83 .  orb ital  

1 84 .  ordinary 

1 8 5 .  o rganism 

186 . oscillation 

1 87 .  outer 

1 88 .  ovary 

1 89 . overall  

190 . para l lel 

191 . particle 

1 9 2 . particu lar 

19 3 .  photosynthesis 

194 . physical 

19 5 .  p lanet 

196 . planetary 

1 9 7 . p lay a role 

19 8 .  point 

1 99 . polarizability 

200 . polarization 

201 . position 

202 . potential 

203 . preceding 

204 . pressure 
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205 . p r imi t ive 

206 . primordial 

20 7 .  properly 

20 8 .  protective 

209 . protozoa  

2 1 0 . provide 

2 1 1 . reac t ion 

2 1 2 .  readily 

2 1 3 .  regularity  

2 1 4 .  relate  t o  

2 1 5 . related 

2 1 6 . rela t ive 

2 1 7 .  release 

2 1 8 .  replacement 

2 1 9 . represent 

2 2 0 . require 

2 2 1 . r es onator 

2 2 2 . r espond 

2 2 3 . r evolve 

2 2 4 . rigid 

2 2 5 . r ing 

2 2 6 . s easonal 

2 2 7 .  secrete  

2 2 8 .  s eem 

2 2 9 . s ensi t ive 

2 3 0 . s enso ry cell  

2 3 1 . s e t  

2 3 2 . s e t  free  

2 3 3 . share 

2 3 4 . s i gn 
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2 3 5 . s imul taneously 

2 36 . solvent 

2 3 7 . s ource 

2 3 8 . spatial 

2 39 . specialized 

2 4 0 . spin 

2 4 1 . 

2 4 2 .  s tatic electric  field  

2 4 3 . s t imul i  

2 4 4 . s t ruc ture 

2 4 5 . s tunt 

2 4 6 . subj ect  to 

2 4 7 .  subs tance 

2 4 8 . suf fice 

2 4 9 . suggest 

2 5 0 . surface 

2 5 1 . synthesis 

2 5 2 . synthesize 

2 5 3 . sys t em 

2 5 4 . take place 

2 5 5 . t-butyl chloride 

2 5 6 . termite  

2 5 7 . territory 

2 5 8 . trans fer 

2 59 . transform 

2 6 0 . treat 

2 6 1 . upset  

2 6 2 . valuab le 

2 6 3 . various 

2 6 4 . vary 
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2 6 5 . violet 7l'u ,,'1 J 1'El t -afl 
t 

.. � 
2 6 6 . wave f)ftU 

• 
� 

2 6 7 .  wavelength fo'I1 'IlJWn I"1t1l't! 
y 

2 6 8 . wood 'b 
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APPENDIX P 

Test o f  English Grammat ical Struc tures - Test Item Statistics1 

Item RPB Diff I t em RPB Diff 

1 2 7 9  6 0 5  2 4  1 1 2 3 0 5  

2 359 6 5 2  2 5  3 7 8  6 0 0  

3 .  296 584 2 6  2 2 0  2 7 3  

4 4 1 0 6 36 2 7  2 4 1 2 9 4  

5 343 6 5 7  2 8  2 3 6  4 84 

6 3 2 7  3 6 8  2 9  1 7 2 2 8 4  

7 39 3 4 4 2  3 0  4 3 7  6 5 7  

8 2 6 3  1 9 4  3 1  2 6 5  39 4 

9 3 6 3  594 3 2  4 3 6  6 3 6  

1 0  1 9 1  6 1 5  3 3  2 4 0  5 5 2  

1 1  3 8 2  7 1 5  3 4  3 2 4  6 5 7  

1 2  3 2 8  6 4 2  3 5  2 4 4  4 4 7  

l 3  1 4 7  4 5 2  3 6  4 1 6  5 3 1  

1 4  2 6 6  6 89 3 7  4 2 6  7 0 5  

1 5  2 2 7  2 7 8  3 8  3 1 3  5 4 2  

1 6  3 7 8  4 2 1  39 5 4 8  6 4 2  

1 7  2 6 8  294 40 34 7 5 7 8  

1 8  3 3 5  3 1 5  4 1  2 6 3  4 4 2  

1 9  2 5 1  5 5 7  4 2  20 2 2 2 1  

20 3 3 2  6 4 7  4 3  29 5 6 0 0  

2 1  2 4 0  3 7 8  4 4  1 49 4 2 1  

2 2  3 0 5  4 4 2  4 5  0 7 1  1 5 7  

23 0 4 1  2 4 7  

1 D . l '  . d eClma pOlnts oIDltte  

RPB = point-b i serial correlation Diff  difficu l ty index 
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Engli sh-Thai Translat ion Tes t  of English Gramma tical S truc tures -

Administration 

1 .  Distr ibute both the test b ooklet and the vocabulary l i s t  with 

the identical test numbers to each stud ent . 

2 .  Ask the s tudents  to write the i r  names and their Faculties in the 

space provided on the voc ab ulary list . Remind them to c ircle 

the number preceding any words which the s tudents need to look 

up for  the meaning . 

3 .  Ask the students  to write their names and their Facu l t ies in 

the space provided on the test  b o okl e t . 

4 .  Ask the s tudents to do the t e s t  t o  the best  of their ab ility .  

Ask them t o  wri te clearly sentences i n  Thai . Remind everybody 

to a t t end the f inal test session on Monday , July 30 at 7 . 0 0 p . m .  

a t  the same exam room and t e l l  the s t udents that they wil l  

receive an envelope o f  3 5  Baht af ter the final test i s  completed . 

5 .  Ask the students to turn the test  booklet to the ins truct ion page . 

Read out loud the ins truc t ions . 

6 .  Separate the test booklets from the vocab ulary lists . 

Thank you 

Sripanya Chaiyai 

P . S .  Remind the students to transl a t e  every item .  Do not spend too 

much time on each particular i t em for  they have only two hours and 

a half to t ranslate 4 5  s entences . Engl ish s c ientific terms whi ch 

are also o f  common use in Thai s c i ence  t ex tbooks can be directly 

used in the translation o f  sentence s . 
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APPEND IX R 

English-Thai Translation Tes t of  English Grammatical S truc tures 



( Inst ructions )  

;'E)t.'t)lJ�'fl� l JUf)"lHlfIfllllJf11'1lH ;11 'VAl "lln11.;1U'lJll� t1 r �  1 ul'l�m f1 r -J f. ;  '1,,) YI1-.l 
.- -

11 U j f) rtU71 "l�  flU 

• � ' Y � Y 

'N UU'CllJr � 1 UfWl'() 1uu l if Ufl 1 H"l 1 'yitJ '1 \� 1 fll 'Vr,) 'J 1lJl1 n1rl1U 
t ' ..s y y y 

\lUll '1 U�:ill-.l 11-.ll1 l flr ti l.!  1 11 ",ll.l'1J,(}�'Dl.I 

(This test  is to see whether you unders t and Engl ish sentences which 

include  different types o f  grammatical s t ructures . 

Translate  the fol lowing s entences into Thai as c l early as 

possib l e . Write your Thai s entences in the space provided . ) 
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' .. . \.iWl U � fril 
(Number) 

)J 
'U i)  

, (Name) 

( Faculty)  

1 .  One can synthes iz e  methyl t-butyl ether from t-butyl chloride b y  

allowing the halide to react with methanol .  

( Chern . - p . 2 2 9 )  

3 2 6  

2 .  Charge i s  ano ther coefficient , characteristic of  each part i cl e , that 

determines the s tr ength of its  electromagnetic interact ion wi th 

other partic l es . 

( Phys ics - p . 1 9 )  

3 .  A protective horny coat of  s ecreted chi tin i s  found on the skin cells 

of insects and related groups . Numerous o ther animals secrete horny 

pro tein coats on their outer cells : 

(Bio . - p . 74 )  

4 .  Biological competition between two different  types occupying the s ame 

territory often has  l e d  to the extinction of one . 

(Bio . - p . 78 1 )  
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5 .  The f a c t  tha t an electric current produces a magnetic field sugges ts 

that a single moving charge must  also produce a magnetic f ield . 

( Physics - p . 379 )  

6 .  Ceno zoic cl ima tes played a maj or role  in  plant evolut ion , as not ed 

earl ier . 

(Bio . - p .  5 6 7 )  

7 .  These three features wil l  b e  s een to b e  the chie f features of  the 

halogenat ion r eacti on . 

( Chern . - p . 3 2 )  

8 .  The magnetic f ield at points inside a cylinder carrying a current on 

i t s  surface is zero . 

( Physics - p . 44 1 )  

9 .  By moving the resonator along the l ine PQ , Hertz found the posi tion 

of the nodes and antinodes and the directi on of the magnet ic field . 

( Physics - p . 683 )  

1 0 . In cosmic radiation there are electromagnet i c  waves of  even shorter 

wave length s .  

( Physics - p . 5 79 )  

1 1 .  We know that men , for exampl e ,  did no t descend "from amoebas" o r  

some o ther "lower" typ e .  

(Bio . - p .  29 ) 



1 2 .  Many sub s tances which normally are isotropic become aniso tropic 

when subj ect to mechanical s tresses or  to strong s tatic elect ric 

or magnetic  fields . 

(Phys i c s  - p . 629 ) 

1 3 .  Sun compass mechanisms appear to play some role in navigational 

guidance during s easonal migrations and in homing . 

(Bio . - p . 4 3 8 )  

3 2 8  

14 . Because of the negative sign i n  Equation ( 1 6 . 1 8 ) , the elect ric field 

points in the direct ion in which the electric po t ential decreases . 

( Physics - p . 344 ) 

1 5 .  Many o f  th e simpler carboxylic acids occur widely in nature . 

( Chern . - p . 79 )  

1 6 .  We may assume that the protons are c lus tered a �ound the center of  

mass o f  the a tom, forming a sort of  nucleus , and the electrons are 

revolving aro und it , as in our planetary sys t em .  

( PhYs ics - p . 39 3)  



1 7 .  Each carbon o f  the C=C is converted to a C=O , and any hydrogen 

attached to these particular carbons is  conver ted to an -OH group . 

( Chern.  - p . 40 )  

18 . An embryonic ovary o f  a human femal e  i s  estimated t o  contain some 

400 , 000 primordial germ cel l s . 

(Bio . - p . 5 0 2 )  

1 9 . Atmo spheric oxygen is the source o f  the ozone (0
3

) layer whi ch 

envelops the earth at an a l t itude o f  some 10 miles . 

(Bio . - p . 2 1 2 )  

20 . Mos t  materials  in the phys ical world actually require activation 

energies far greater than those energies provided by ordinary 

t emperatures . 

(Bio . - p . 40 )  

2 1 . The fact tha t  the polariz ab i lity  o f  the medium i s  no t the same in 

all  directions means that , in g eneral , the polarization & does 

not have the same direction as the electric field E: . • 

(Physics - p . 6 26 )  
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22 . The two spa t ial a rrangement s  represent two different configurational 

isomers of the s ame molecular formula . 

( Chern . - p . 1 33 )  
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2 3 .  Pressure has  far l ess e f fect  on  liquids , which are  incompres s ib l e  and 

on solids , which may or  may not be compressible . 

(Bio . - p . 40 )  

24 . The minus s ign indicates tha t  the net  flow (mass t ransport)  i s  i n  

the direct ion in which n ( the concentration o f  the substance)  decreases . 

( Physics - p . 2 84 )  

25 . By absorbing f rom and adding to the materials in the gut cavit y , the 

large intes tine aids in maintaining a properly balanced int ernal 

composit ion of the b ody . 

(Bio . - p . 30 1 )  

26 . In the IUPAC system the hydroxyl group i s  t reated as a functional 

group , exact ly as was the double bond . 

( Chern. - p . 52 )  

2 7 .  The masses o f  the f undamental particles d o  not seem t o  show any 

kind of regularity . 

( Physics - p . 5 1 8 ) 



28 . The preced ing considerat ions would suffice to provide a complet e  

analys is o f  planetary mo tion i f  w e  were to assume that the mo t ion 

of a planet around the sun was not affected by the o ther plane ts 

and heavenly bodie s . 

( Phys ics - p . 3 1 3 )  

3 3 1  

29 . According t o  the hypo thesis o f  "large" mutations , a maj or mutat ion is 

assumed to  transform an organism sud denly , in one j ump , to a complet ely 

new type . 

( Bio . - p . S44 ) 

30 . In the gut o f  t ermit es live flagellate pro tozoa which secrete 

an enzyme capab le o f  digesting the cellulose of wood . 

(Bio . - p . 1 0S ) 

e 
3 1 .  That the nucl eophil icity of Nu : does not necessarily parallel i t s  

basicity is  evident from the f a c t  that iodide and cyanide ion , which 

are cons iderab ly weaker b ases than hydroxide ion , are b o th s tronger 

nucleophiles . 

( Chern . - p . 2 2 2 )  



3 2 . Mos t  of the ob serva tions made on ear th are related to a frame of 

referenc e attached to it . 

(Physics - p . 8 1 )  
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33 . We  h ave already mentioned that  indicating the various covalent bonds 

can be done by using a dash to r epresent each shared pair of 

ele c t rons . 

(Chern . - p . 1 6 )  

34 . The energy l evels of an a tom wi t h  s everal electrons are much more 

complex than those of atoms with one electron . 

(Phys ics - p . 6 0 2 )  

35 . The intramolecular aldol type of  condensation is very va luab le as 

a cycliza tion react ion leading to the formation of five- and six­

membered rings . 

( Chern . - p . 360)  

36 . Many multicellular organisms have highly special ized sensory cells 

tha t are exceedingly sens i t ive and respond to even weak s timuli . 

(Bio . - p . 22 )  

37 . He experiments wi th some b i l l iard balls by dropping them , and notes 

that all of  them fall with the same acceleration . 

( Phys ics - p . 3 2 4 )  



38 . A fungus is covered by a rigid wall composed of cellulose in 

primit ive types . . .  

(Bio . - p . 1 6 2 )  

3 3 3  

39 . IUPAC names o f  simpl er carboxyl ic acids are s t ill much less frequent ly 

used than the common names by wh ich they had been known up t o  that  

time . 

(Chern . - p . 7 9 )  

40 . The various o rbitals in which the electrons o f  an isolated atom may 

be found are called atomic orb i tal s . 

( Chern . - p .  1 0 )  

4 1 . A carbon atom that employs this s e t  o f  orbitals for bond ing is  said 
2 

to have sp hybridizat ion . 

( Chern .  - p . lS )  

42 . Nowadays chemi sts wish to devis e  syntheses of exo tic mol ecules 

found in na ture .  

(Chern .  - p .  4 6 2 )  

4 3 .  The f ins o f  a fish and the arms o f  a man are b asically the s ame 

kind o f  s t ructure . 

(Bio . - p . 2 7 )  

44 . In general , the different relative strengths by which ele c t rons are 

attracted to their own nuclei wil l  det ermine whe ther two a toms wil l  

transfer o r  share electrons between them.  

(Bio . - p . 60 )  



45 . There are a numb er of o ther reactions o f  acid derivat ives that 

also invo lve ini t ial nucleophilic at tack on the carbonyl group . 

( Chern . - p . 405)  

334 



APPEND IX S 

Key for the English-Thai Translation Test o f  

Engl ish Gramma t ical St ruc tures 

3 3 5  



1 .  \ " Hh l-J '1  Hl&r4 b f'l ' 1��L �IYl Si H.,., ;Jffil"'l� 'dY\lN� h su·; .. 1 n L 'Yluflu '1�'ri'IlN FlliH) 1 .. ;1; 

"{�ui.; \ �1lN; Yl·1l.l��U'1nU L  �S'1'I·W6'l 

3 .. ff b '216'l!!'.l�u 4 bbl-J6'l 4 bLlN � �1911fl ��OJ �i.�.m�l-JL 111 m rfu bb�lN 4 .. �!j.h nL�4 1. vfWU'.l 1"furnJO::OJ U  

OJOJnWH V'hI\ n'a'1  �';�OJ4 rl'WOJ t-i !l�19I1"·'l'V'l'.ln�r,..l "1 :lnl-J1 nfhjO::u u�1 'a'i:\h�� bb �4 

i. �U'.lOJOJnl-J'1 L f'l�ITU�'.l'hlun�u 4 ' � 

4 � n'1 'r·bb �4 cl''hIrlun '1 4�h  �Yl U'1'a  �V!,j'1 4 � 4!j� 'l191�u 4 t!il�ff f'l 'aOJ'Uf'l'au 4u '1lli'l L �191 L 1!1 tJ'.l rl'hl 

Jul-J�'l1U �n'1 'a��;�OJ 4 J1 ui.�J'1 UV!�4 

5 .. 

,., .  '" '" '" '" 
1�n6'l1 '.l1'.l bblN '.l �'1 4 191'h1 

9_. 1 �cm �1fri''Y'N1>i1bbmJ4. �v4.U'V'l bb6'l �'ll� bb6'l :rl'\Fl'Yl1 4 �u 4 �'hI1�bLJL �n'i: l9I un1 n �OJ'hI&t'.l 

n·1Y)21'hl1UI91'1 � L  l'hl ��'.l lPQ) 

1 O� i.'hIi''4.1\¥lUM.lFl 1lf'l�'\..lbb3,h �n1�1'f'f!Jf'l'.l '1l-JU1 ') f'l�'U�i.Jn � 1 f'l'.l '1l-JU91 tlt:f�rn:11 '.l ft.4 bb;') 

{ 1\u:\n 

1 L { ''ll1 'l:  '1Url'hl'.l''l ��1l-J'1;�OJ�l-J'l"'1 n�1911"·'lV-I'.lnu!ru'l v!�OJ �19I1 .. ·'lV-I'.l nrl,.Bf �'l 
n'.l\ uW'l 

3 36 



12_ t!l'l �'\.-ffi '1 umJ'1 ���tln��ru��'1.4. n 'UJl1'l'Y'H ri'Ur'h!'V!�f?)i.�.�fnrJ '1  'l 11 6'l  'l u:� "'h! 

� 'l ���!l�ru��'l .. m "l U fI'1'V'l�'l 'In'\..li.'h!bbmJ'f�'1 � rt''h! t rlm) �1l'1 Ui.;bb nni91 vt�.:J 

�'\..I""J1vM''1 �t'1191 'V!�.:J �'h!'l:Wbb�L �nff!JI'l1 '1 :W L  ;:W�'l 

1 4 � dJ'h! 1 'YW'1 :: t I'I� 0) 'l 'V!:W'l U6'l'IJi. '\..I�:wn '1 � ( 1 6  _ 1 81 • �'h!'1:W l.'Y')\lh� 'l-i1.'Lli. 'Wf'lflrn'l 'l� rtn rJ 
1 v-M"16'1 i91li'l 'l 

.. . � u .. Of • • � 1 6_ '" t"l.:J 'l � �:w:w�l.i91 'J 'l  n 'l n'lt'll t l91.:J'WL n 'l ::n'\..l L U'h!n� :!-J.:J � te:J'IJ 1 �f?) �'h!un� '1 'l.:w'J6'l � 'l0) � 191.:J:W 

-t !'i6H u'Wi"l'J t I'IflU�bb'IJ'IJ'V!'l1'l bb6'l::�� � 6'll'll91tO)'W'b l'I�t.:J �tO)'IJ 1 il'H �u��'W 1. U'h!L 'Vl!r.J wf'W 

rfu t'::\J\J i91 '1 'J 1. 1'1 t4 :: ;�� H -t � '1 

1 7  .• 

1 8... n �·J�:::w'l.rul.�"J·'l i'-4.l.J�e:J 'l � �mJm'�LU'\..I L'V'If1I�4 

400 ..• 000 �'2ll'l 

1 S... �w nu'1 n 'lf1lO)O)n�h �'h! t u'h!;'Wn' 'lt ilVl �fJ 4.if'W'b0)1'2l'h! I2f 'l.J.:Ji�'tiN nfJ �J 'VI'!lo)�6'ln-t').J l.ihh::: 
:w'lWo 1 0  1� 

2 0... ';.<'J.t�'J'h!b�flO)�.b'W'b�nn'lUfI'l.'V'l��4.  1 bb;'Jo)'l rrtm.r4. 4 'l.'Wn � ::  i'h!W1Jln �'lYf%4. .. n�1P1"�'l 
�'1nQDM{l.!ls t'n-lp) 'l .. 

21- if) L nOl�f4.rl ,ht'V'lGl'l.b.t1. '2K)�,r�0) 4. �'l.t""'Jnlil'1 .. 4.l.� t 'Yhrt'� b'WJ}lih'1rJ'l.4.oS'h!m.nUI'I 1 '1J,rh 

-'tPJurt11O(hb; rf'b'V'l6"l 'll.n '2lJ').J (§l 1.�'1.�fn1'l. 4. L �tJ'Jn"''h!rt\.J�'W'l3i1�'1 .. E. .  

22.  n "l � ofi91 L  �U'l&f'Jff� Mi91i'h!i.'Wff'J''1 'l �0) 4 bb\J\J bb�i91 4n4n'l n�U4. ""'J�t?i.'1 'lrt''W�f)'l 1.0)t'2l1. :W0) ; 

fl!l�I91�'b:WL 6'lQ6'l L ��o)'Wrt''h! 

2 3.. b b  N n61 !ltJ6'l.wO) U6'l4. t rl.:Jn�·�'Yj� !JO) 4. L vt� 1?14�f?) l.:w'1;m'l � � �fJ 4 bb fi4.��OJ '1 � ��.r611.i91" 

vt�mrt1ll.:w'1; 

3 3 7  



24� U 'l �fl -1'V1�'1Uli'1'\.J bb�� -1 'l.�� {h.j .. h .rl9l.�'ll.\1� oms d'f'Wl.'ll'l.UY)"t4ff n 
, .. ..  

( � f'J 'lJ+!, !J'-1 fJ'W fJOJ -1 

�'l� 1  � (;m -1  

2 6� 

2 8.. ;v��'1 ��'l ;'l -1 ;'WI"l-1 � ::'Y'IOJt 1lu� �::1'h'l.m,'l �' h  I"l�'l ::,�\ rlu'd r'ftm 'l  H l"l�m$�oo -1 1?1  'l 'd t I"l �"'l ::-H' 

tv'W1'll1;I"l�n'd'Wn'l b �'l �::�'W��'1'W�'l n 'l �b l"l�fl��OJ -1 � 'l 'd � 'd -1'l.�� 'd -1�-1 �DU� 'd -1fl ��; 

1�\;21 �rl '1 u'l.;�sm�.: H � 'l  'd� 'd -1�'W bb6i :: 1��-1� 'l u'l.'W.rn n'l� 

" , . , , .  ' -� -2 9_ 19l'l��21 �'-1��� 'l'W�. Hn 'l �eJ'l t  'VI� '1 bb'U'U u'l.'VIq! " b � 'l ���'l'Wn'W'd '1 n1 �eJ«H � 'm �'l1'f'l! 
�eJn'l n 'llt!u'W�-1fl��[;l�'ln rU'H;1-11'll b v'W�n rUwd-1 'l.'W�'W[;lOJ'Wb 1iU'd OJ  J1 -1 n  ��'W"rn 

3 3 8  

30.. 'tv 'it li1'2r'Jvij�fl'H'W'd���'ll":o)U'ihJOJ uffJ'd UUOJ u  � '2l��"i: � � ro -1 b 1'lOJ 1�1;.s'W OJ '1 �Ufl �'l.'W�'::'\.J'\.J 

3L 

� 1 -1 � �'WOJ 'l'H'l � � -1'll6i 'd n  

Q 
Nu : 

_� , . ,  c: ., 
��n'l� bu'W� 'l�vv'Wn 1'l 1.�� �vn1�� 

1�� �OJn 1'2lwl �OJOJ'W 

l.J�'lb U'W;OJ -1 �OJI?I I"l�v �n'\.J �n1�1"l'd 'l��V'W�'l -1 00 -1  

1OJtOJ11?1; bb6i :: 1'2lu::1.'Wwl �£)OJ'W �-1.f1OJ'd\ 
�vv'W �'l "U�bV'\.J -Q'd I"l�j;vl.'Y'l�bbt."I.n 1'l.. 

3 3 .  t � 'l  b I"lUol'l -1 �'l bb�'d �'l n'l �bb�� -1 'l.-Hdtw�-1�s ::"i:I"l'd'l b � "'" �'l -1 ' "1 .s'Wm::1'h1;'1 � u  

n'l  �'l.Jb 1'l�0)-1'H3-J'l U�l?I bm'W � t �1"l19l�m.BhJ;'d�rf'Wbb�6i ::� 

34.. � ::I9l\J'Y'I.r-1 -1 'l'W 00 -1 OJ :: I9lOJ�fl �h � 1"l��e:IW � 'l u&r'd fll"l 'd 'l3-J�6fu'2f'UJOJ'W'-1'lnn 'd''1 �::�mH 'l'W 

!JOJ 4'U ��V1 'lfl::  �OJ�fl�t 6i 1"l19l!m.I &Y'd L �U 'd 

, , � 3 5 �  n'l n f'iV1'llllM'u'l n 'l �1"l'd'\.J bbWV� bbvm1OJ� m u'l.'W"i:3-Jb  �QiN b }'\U 'dn'Wfl�H;V.l"l'l�'lm 'Y'It' 'l ::  bU'W 

'll.Df'i�U'l m � b n�'1 l"ln i#I� -1 rU 'd -1 bL'VI'J'W � -1\1'11\.1 ijm � b f'l19l�'l � �!:nv'U 'd -1 bL'VI'd�-H'l b� :: 

'Hn b V1du� 



36., �-Ils:l�'!lilv��ffs:l'H�' H H'21� dJ.W�·'l'W1'IJ�,nn !It '21� .r:I-Jer� t A�-Il1.1:!-J'1nbb�:: �'U'\: wi�-Il 

n 'a ::  ��bb��'1 �:: t {f'IJ�-Il m :: &i�t 'U '1 :I-J'1 n 
o 0-

3 8� 

39'0 �Ol'lJ' HmWJ m  ;'U0l��rwJil�4'1 t1 "1 ii t  �t1nrf'IJm:I-Jbb'U'U IUPAC !JbJrt''IJ';Ol tln �l�vflt �tJn 

40 ., 

ri''I,Ili1l:I-JbbW.h�� �� ilf�lrJOl'IJ��t1 1.  �:l-JbJbb'U'U IUPAC 

• � --J.... . 1 -1l �" Iil'1 -1l  '1 'Ylfl � t 6'l f'llil'au'IJtJOl � 0l :: IilOl:I-J H1tI1 '1 O) �iJ"W t' rtlnrf'I-J1'1  

(at: ornie orb it als ) 

42., UOl�\Y'W� ,rm Fl!J&io) -Iln'l ..ff� :: �I9l ;'W'Vi'l'j5m 'a.r� t f'l'a'l ::� '\::l-J t �Q� mJ" m "1 �'H'l1.�'1.'W 

s n:I-Jv'1 � 

4 3., 

... . 
� ::!Jm 'a·bV� t o:l FlIil'au'IJ'a 1:I-Jrf'IJ 

3 3 9  



340 

APPEND IX T 

Dis tribu t ion o f  Clo z e  Reading Scores 



C l o z e  S c o r e s  

5 2  

4 7 

4 5  

4 4  

4 3 

4 2  

4 1 

4 0  

3 9  

3 8 

3 7  

3 6  

3 5 

3 4  

3 3  

3 2  

1 3 

3 0  

2 9  

2 8  

2 7  

2 6  

2 5  

2 4  

2 3  

2 2  

2 

2 0  

1 9  

1 

1 8  

1 7  

1 6  

1 5  

1 4  

1 3  

1 0  

2 3 4 5 6 7 8 
. N u m b e r  of S t u d e n t s  

3 4 1  

� 

H i g h  g r ou p  = 40 

+--

� 

L o w  g r ou p = 43  

--

9 1 0  1 1  1 2  1 3  
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APPENDIX U 

/ 
Sche ffe Mul t iple Comparisons 



Scheff : Multiple Comparisons of Three Types of Complex St ructures 

Comparison ' F 

** 

* 

Relatives 

Relat ives 

Complements 

p < . 0 1 

p < . 05 

Complements  

Comparisons 

Comparisons 

Good Readers Poor Readers 

** 
1 4 . 38 

* 
7 . 9 8 

0 . 94 (N . S . )  

Scheff: Mul tiple Compa risons of the Five Engl ish Complements  

Comparison 

Complement 1 - Complement 

1 -

1 -

1 -

Compl ement 2 - Complement 

2 -

2 -

Compl enent 3 - Compl ement 

3 -

Complement 4 - Comp l ement 

** p < . 0 1 

* p < . 05 

2 

3 

4 

5 

3 

4 

5 

4 

5 

5 

F 

Good Readers Poor Readers 

* 
4 . 8 1 1 2 . 00 

** 
1 7 . 76 5 . 88 

1 . 08 0 . 1 6 

8 . 33 0 

4 . 08 1 . 08 

1 .  3 3  9 . 36 

** * 
2 5 . 8 1  1 2 . 00 

* 
1 0 . 08 4 . 08 

* * 
5 0 . 4 3 5 . 88 

** 
1 5 . 4 1  0 . 1 6 

34 3 
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/ 
Scheffe Mul t iple Comparisons of the Five Engl ish Comparat ive S t ructures 

Comparison F 

Good Readers Poor Readers 

Comparison 6 - Comparison 7 43 . 8 3 
* *  

5 . 3 3 

6 - 8 . 87 0 . 08 
* *  

6 - 9 16 . 4 5 4 . 08 

6 10  . 2 2 3 . 00 
* *  

Comparison 7 - Comparison 8 3 2 . 36 6 . 7 5 

7 - 9 6 . 58 0 . 08 
* *  * *  

7 - 1 0  37 . 88 1 6 . 30 
* 

Comparison 8 - Comparison 9 9 . 76 5 . 30 

8 - 10  . 22 2 . 08 
* *-J{ 

Comparison 9 - Comparison 1 0  1 2 . 89 1 4 . 08 

* *  p < . 0 1 

* p < . 05 

/ 
Sche ffe Mul t ipl e Comparisons of the Five Engl ish Relative Structures 

Comparison F 

Good Readers Poor Readers 

Relative 1 1  - Relative 1 2  . 35 0 . 1 8  

1 1  - 1 3  0 3 . 89 

1 1  - 1 4  2 . 80 5 . 7 1 

1 1  - 1 5  . 25 5 . 7 1 

Relative 1 2  - Rel a t ive 1 3  3 . 4 6 2 . 4 1 
* 

1 2  - 1 4  1 2 . 9 4 3 . 89 

1 2  - 1 5  5 . 55 3 . 89 

Relative 1 3  - Rela t ive 1 4  3 . 0 2 0 . 1 8  

1 3  - 1 5  . 25 0 . 1 8  

Relat ive 14  - Rela t ive 1 5  1 . 54 0 

* p < . 05 
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