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Thi investig tion concerned c l  sroo 1 arning of 

a c omput r progr ing c our b7 o 2 pupil in ew 

� 1 nd Interme iat school • � plea were ploy d 

repres nting the full range of bility levels found in 

ucn schools . 

The progr ing t sk w divid d into pre-ceding 

ph and a coding ph e, and the cap city to �rfo 

the task rel ting to e ch of the two ph were 

po tulated epar te abiliti • This division w 

hown to b Justified . s s, m asure o f  tb 

two biliti s were found oder tely correlated, 

nd each al so correlated moder tely with easure ot 

thematical ttainm nt . Analy is of the results bowed 

th t th e corr 1 tions w re not due to general 

int lligenoe lone . Th fin tructure underlying th 

relation hips w s also ex ined. 

In tb tudy , it was !urth r hown that thr e 

measure ot ac de ic achi V ent pr dieted ttainmetlt 

the progr ing CDr ore effeotiv ly than fourteen 

per anality me ure • .;)o e imilaritie d s o  e 

differeno were discover d between the ro ults ot thi 

prediction s tudy and i il r s tudi with dul t  • 

inally, two di!! rent t ching equ nee w r 

in 

eo par d inat e eh other nd with control oup . 

It w eat bli bed that m t ry of th pre-coding ph e 

of prov d 7 te hing , but th t th 

pl c c our e wh re this te hi w iven d no 

si it! r oe to -ot obiev a n • 

th , al teri th 

1 t ut or t pro r 1 v to 
ro e igni!io ditf r ot c 

ills . 
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�he urg o in 

nd cond 

row of co·puter 

chool r s 

tu i 

e 
ignific ne t t r of urgency. 

i 

into it 

n oeelcr t by tb f llin cost of 
eo are incr sin u ber of te eh r , 

p of m t o eo puting in 

t ir bac' -round (:0 e ir ine t 
�t te is the world' or ma uf cturer of 

qui ent, it i th r t t ev lop e t 

v most spect cul the �urvey of Computins 

xt 

rowth in th t c ountry . ut the 
so een d seribed by tb � v  Jentr 

le earch na nnov tion occurring 

1., l9?G) 

eh acter 

owtb ha 
for duee.tion 

"• • •  on ph zerd nd r ndom b sis. In th in , 
th i petu h com rro in ividu , or 

ho wer int r t d in onl on r c t, !or 

e pl • the us o! eo put r in t t chin of 

m the tico. ne re ult of thi is th t in too 

schools, eo· put r due tion i r trict d to 

th m tic le on or v n o th ly-

ift pupil • hen tbi h pp n , ny o h 

o t v lu bl r d of computer educ tion r 

lost." (O�vJ, 1 71) 
11-fo n e 

ot eo pu 

c 0 

will n 1 

r ue tion 

out o • 

due tor to cid 

in. chool r all 

'nl t 
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woul pro 

r 

J in ehool 

pr up ort s 

tion th t !ollo 

et for 

ty io 1 of o t il r ne !a oar n e 
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"'lh 

V 

i ciplin 

is n d 

been hown 

child' bility 

of probl definition, sy tem 

i n, f1o eharti n ro ro in 

·o i ni�ic n 1 v lop t .. o 
to ppro eh itu tion in such 

confia nt, ord red, nd er tiv wey." 

(IJ I .... �, 1972) 
"• • •  I propo ere ting n nvironment in which 

the c ild will beco e hi�hly involved in 

xp ri nee o r.:ind to proride rich soil or 

th gro b of in titutions nd concepts for 

1x 

de 1 in it thinkin , pl yin n so on (th ou h 

eo putor prour cin· ) • • •  th p iric 1 evi·enee 

i v tron· tb t te c n o it • • •" 

( �pert , 1971) 

�t t m nt li tl bove h r com on 

eh et ristic: b cli t in n und fine "thinkin " 

skill and n unsp ci!ied mech nism by which com uter 

progr inB �ctiviti s stimul te it. � c use the 

voc o projr in s school ubj et b v so 

r r cone rn d th maelvea ith d mon tr i th t 

pro�r ing � be t ught t uite junior ur d 1 vel , 

little h s een don to investig te th rop r place ot 

pro�r in in th cbool curriculum. t the c tioe, 
litt e is o n piric lly out ho b st to te cb 

prO r in t nd to ho • vOX (1972 ritten: 

nrn r c t 0 rch 0 the liter turo it "I a 
sur ri i n isconcertin o fin li tl o t1 

! ct•v C oft Chin pro�r ing. aO t tu i 

eo tool · us d r th r th n on the 

robl , thou h · c n 1. (1968) docum nt wh t 

........... ut':,...,r ow : the ult betw n the goo n th 

ediocre 

ers to 
experi e t 

n 

r • • • •  it i i 

que tion om or th 

with wid v ri ty of 

o! t r s t tu y 
tb.ooe n wer • 

time w round 

controlled 

roups." 

to provid 0 or 



�xplanation o! Technic 1 8 

�tudies of eo puter e uc tion cro s tbe boun ies 
o£ .t:ducetion nd >JO puter o.>Cienc t nd therefore draw 

on the terminolo· ies or both. ec use computer terms 

will bo u ed throughout this &ccount, end becau e they 

ere e senti 1 to tbe discours , the following 

X 

explan tion is provided t this point r tber than in an 
ppcndix: 

.. n ll.JJTi\.<.J� I ' UIGIT.Ai C0. 'UT .• { io an 
interconnect d devices, mainly electronic 

electrocecb nic 1, c pable of p r!or ing 

ssembly of 

but lao 

wide v iety 
of functions on i�forw tion th t is pres nt d in the 

for� of Ji;J, GT.,..,R!.> ( tters, digit , punctu tion 

merks). �he bu in s of gettin info tion into th 

comput r i c 11 d i'UT, t e e word i us d 
without bi�uity to denote th ingoing infor tion 

itself. (Tb t rm DhT is strictly equivalent to 

"inform tion", but i o t u  ually encount red in 

r 1 tion o input.) vnce infor tion s bo n input, 

the eo put er e n n0.., ·.h.) it nd. ul ti · tely 0 ... U. the 

modified infor ation. Th �roce ing phee include 

all th d t - nipuletion (e.g. arithmetic), logic 

t sts, �nd m na o ont o! the eo put r•o mory, or 

ST H�, where in or tion i hold while it in being 

wor·e on. By me ns of I �TiU eo puter, 

hum n c n control the input, processing on output 

thnt occur • 

sot of instruction to p rfor. poei!ie 

function i c 11 d I ow vor, as it ea 

odify t o d t in its memo , th comput r e n also 

modify ita pro ram; it is b cuuse o! this distinctive 

.re tur th t modern digit 1 eo puters sro soceti-es 

called G � .. comput rs. Eec use the pro ·r.l:J 

i store , its o uenc cen be �ltered'by special 

instructiono incorpor ted in the pro r itself. •n 

i portant use o branch instructions is to er t � PS 
in progroms whereby certain s qu noea of instructions 

ore operated reneat dly. roerams will also be selt-

modifyin if thoy contain C .:.DI�Iv .�. • .... '.rt UCJ.:IO d 



which the co puter only ob y under certain p ci!ied 

condition • All non-trivial rogr u e conditional, 

branch, and conditional br nch in truction • 

l-'iiOG IJ-il·.ING1 involves conv rting problo into 

xi 

et ot 

direction to o eo puter to olve it. The !unction is some

times broken down into several p arts, p articular! if t 

problem is very complex. b sp eci fic procedure for solving 8 
probl i n �,LG\,;4{1Tl::l·.1• lJ.'h process of writing the detailed 

at p-by- tep instructions for the computer to follow i 

c�... . ..;Il.G1• .tl!ter e prosram is written, it is tested by letting 

it perform it function on te t d t to which the proper 

solution is known. rlhis process is 1 <..,G!· • ..,J. CL...:.Jr.�..o• . •  or 

;J .. _Lv ;.J..L , ; wh n it is done usin pencil nd p per rath r than 

the comput er itself, it is c lled e iJ....vt,-JI-..cC.r,. 

Car !ul end eo plete algorithm d oign and d sk-checking 

must be c ri d out in adv c i! program i to be run on 8 
13.:>1\;H-.P!'(v\J..;;.,....;ING system - one in which complet d progr and 
data must be ba+ched together and input to th computer at one 

time . h tch-processing, especially hen one b tch contains 

nuoerous progr s , is eh p nd efficient in comput r terms 

but necessarily involves some delay between prepar tion of a 

pro�rcm and receipt of the re ulting output. Th delay ay 

sometim s be o little s hour ( . g . for a high-priority 

user in univ rsity eo put r unit ) , but is eo only a day or 

more. In contrast to batch-processing, Jvr V ..:;LiuJ.'l'lvN.AL 
i'r.vGr<i�Mt-.ThG gives the progr r direct acces to the "live" 

comput r yste via an int r ctiv terminal, enabli him to 

t in tant r ults even fro incomplete pro r • 

Th pro aaa r will b 

d cription or his progr 

� und r tand ow it work • 

WIIIC ART1s a pb.ic d ri 

paths r�ob follow 

expected to produc 

n how it oper t 

Thi CUM,.;NT Tl 
tion or di r ot t 
y t ro • 

1 Thi import t t i d .fin i d t 1 in 

o e· 

o th t other 

include a 

various 

p r II 



xii. 

The repcrtor of inotruction aveil ble to the 
programmer for � specific computer i t t comput r'e 

l•i 0 • .tii ..... l1 l'1GU .. �G · • (because this use of tb word 

11lun uo. ·c" is aomewh t isle ding, hu an lt.ngu go 
sueh o.s """n .... lish e distinguished ea 1.TU.\ J,J U G .... � . ) 
R GB.....;.-... �.)/ _;L L u. � .s • ' h ve b en dev lo )ed to help tb. 

pro�r r by simplifying the tedious spects or 

writing r..ac hine 1 nguage; these include r-uHT ... and 
ALGOL for sci ntitic wor , JvDOL for ousineso dat 

proce •ing, anG doz ne of others oacb with it own 

sp ci&l uses nd characteristic • G ner lly speaking, 

the hi""'her-levol 1Dn0u s co.n be used on �1i e r n o 
of mo'cls nd m�oa or computers, provid d ppropriate 

cv�..t.'IL... · ere a.v il ble. A compiler in a ut>ter

program that conv rta higher-level lbn age into 

mac hi e lo.n ; pro re s tb t p rform oi •. ilnr 

functions et a uch simpl r l v 1 e w��· L Rv. 

bV..!T J:u1.,J is the term u.-.od to denote the totality 

of proGr s, docu ent tion and procedures re uired in 

order to use a computer; so eti es it is uaed ore 

specifically to mean thos progr o£ 6 ner 

u fulness (ouch s compilers) that re v&il ble to 

11 users . doft are is contrasted to I 
physical machinery its 1�, which i controlled not by 

the rogr er but by a vv. u vJ...�..."" <.ir .... .�.-..J 1-·un, whose job 

include such [otters os inputting tb computer' a 
wor and colloctin he output to be returno to t e 
user. ..: oug in real-life eo puting it. i unu:.uo.l for 

n oper tor 0 n i pro· in t 0 e use 

ot a master item of oft are co.l.l d he P ·'t • •  Tll G 

th t h lp hi .• in equ nci g job ' ccountin ' 
nd c lin UJ other software. 
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I 

This study was intended to examine the justific tion 

tor applying som of the more prevalent items ot computer 

tol -wisdo to eo puter education in schools. 'rh beliefs 

in question, which en�oy widespread currency, were 

Being a good coder doe not i ply being good at 

developing algorithms, and vice versa. 

�ttainoent in computer y�ogramming i unrelated 

to ttsinment in m tham·tics. 

· erson lity i just s important in predicting 

success et t==ogramming as is pest c de ic 

attainment. 

4ro re in is leurnt, not t u3ht; there fore the 

tr .... te"y 
tcri 1 m 

tt i ent 

n instructor uses in presenting his 

es no difference to the student's 

t the end of the course. 

ln te n ye rs S !Jent in the co1 pe.ny of computer

profe a ion ls·, tbe writer heard ll these b elief's 
e�pounded m ny times over . uowever, enough objection 

h�d been rai e to esch one of these • rules' to nhow that 

the y were not univcro lly ace� ted in the i �unt ry, ev n 

for �ofessional progr�ing which is widely practised 

and t le�st f irly well ocu ented. J,nd even if they 
id a ply or eo put r pro esoionelo, th re cou� e no 

ju tif ic tion for p lyin them 1ithout velid tion to the 
chool oitu tion. · alid tio wa the jor io of thi 

tu y. 

Tne need for sue study ste ed so fro the 

> ncral p ucity of inform tion bout !aZ pects of 
eo .uter gr ming es a chool ubject in its own 

ri ht. be re eorcher was motivated to undert e the 

re earch wh n, af�er even y rs of te aching progr m�ing 

t 1or 2, �. 6, ? nd University .... xtension levels, he w s 

un b l  to discover either from published r search or his 
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bove, own experience whetn r the four folk-myths 
whether valid or otherwise for dult �rogr 
be valid for his younger s tud nts . 

ers might 

hildren t the iorm 2 level in ew �eal d inter
mediate schools partiaul rly interested the researcher, 
ne this group eppe s to be .. the younge t to who 
programming can profitably be t ubht in e b tch-proces ing 
environment. There is sooe informal evidence of differences 
between the perform nee of this age-group end older student6: 
nn app ently greeter facility in le rning the basics of 
low-level coding, for ex plo (opence, !974). h tfield and 
Kieren (I9?2) h ve conjectured thet the tr nsition, at 

round !2-I3 years, betwe n .ioget•s stage of concrete and 
form 1 oper tions m y b involved. 

be present tudy, by concentr ting on wh t s eems to 
b tb low end of the e spectru , should yi ld re ults 
ten ing eitbor to confirm, or to contrast with, the 
existing body of knowledge bout undergru u�te and dult 
pro ramming. �uch infer ation woul not only 1 d to 
uscfu.l insighte into the cnertil psychology of eo puter 
proe;r oing, but loo provide basis for pl nning 
computer cienco curricul through the secondary chool. 

In g neral· term , the aim of this s tudy was to 
provide needed rese rob in the field of school com_uter 
s tudies. Important proolc a hev been pos e by Cox (!9?2): 

80! cours there are sever problems to overcome, the 
ost vere o! which i the length of ti e it t es to 

correct and sse a progre s." 

by tfie ld and . ier ··n ( 19?2) ; 

• b t is the effect of 
ot cert in the etic 1 

by . A. s p  ugh (19?2) 1 

rorr in 
kill?" 

on the d v lo ment 

"• • •  due to the articul r peroon ity f ctors that 
sppoar to i flucnce chievement in co�put r progr in , 

it would not be re li tic to casume t.b. t 11 students 

who re t lented in atbe tic will eloo b talent d 

in com uter progr ing." 
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and by • •  Alapeugb (I97I): 

" • • •  further investigation should inelud a numbe r of 

vari tions in the instructional acheme used • • • In 

addition, sample sizes should be incre sed to enable 

one to investig ate tre tment by ability level 

inter ction " • • • • 

l 

The gram e of re e arch undertaken in this investig

ction w � directed towar s nswering the que s ions expressed 

or i plied in the bove quo t� tions. 

our sp ci£ic go ls were id nti!ied: 

I. to con truct objectiv pencil-end-paper tests me asuring 

the import nt outcomes vught for progr ming courses; 

2. to ex ine tbe rel tionshipe between chievement in 

progr ing course nd concurrent achievement in 

the atics generally, end in the specific spects 

ot eric 1 �elationships, Spatial Re1 tions hips, 

Lobical e1stionships and 1ee anic 1 Aritametio; 

�. to predict achievement in a progra mming cour e trom 

past achieve nt in school subj cts other than 

progr ing, and fro cores on person lity te t; 

4. to compare the effect on nd-af-course acbievem 

on a programming course of te aching 

( ) f'lowchsrting before codi g1 nd 

(b) coding befor !lowcb tin , 

lso to oomparte the effects obt ined by each or 

these tr tegies with tho of not te aching 

progr ing t 11 . 
In undcrt ing ucb pro r e, uch work of 

nt 

pioneerin n ture ·us requir d. bjectiv e sures of 

pro r m in chieve ent bad to be developed by the 

ro e archer fe exi te� even !or au1ts, none at 11 

for tw lve-ye r-old • Tberef'or m jor effort was 

needed in dcsignin 1 testing , revising and fin lly 

at ndardizing new testa for use in the study, 
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Before the relu.tionship of programming to mathematics 

could be investiga.tt�d, a suitable test of mathematical 

attainment had also to be constructed, though this task 

was much simpler as adequate precedents existed. 

Finally, the absence of a corps of trained teachers 

of pogramming added another constraint. To deal with 

this, the researcher undertook to teach all the programming 

courses used in the investigation. In this way, the 

uniformity of co�rse presentation was assured, as v1as 

adherence to the carefully-designed pllms of instruction 

used in the comparative study. 

The general plan of the research programme is 

summarized in0Figure I. 

s·:rART 

0 
Construct measures of 

programming achievement� \:i . s...; 
Investigate 

properties 

of measures 

of programming 

attainment 

Cl 
Report findings � 

END 

� 

Investigate 
relationships 
between 
programming 
and mathematics 

� 
Investigate 
prediction 
methods for 
programming 
attainment 

� 
Compare effects 
of selected 
teaching 
strategies 

Figure I: Diagram showing General Plan of Research 
Programme. 
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Heviot.• o! the Liter ture 

�inoe computer progr ing is so new in the schools, 

there 1 erious shortage of research l iteratur 

directly rel ted to the present investi�at ion. 

vn tu prev lance of computer courses in school , 

the most seriouG study for e or country is the Jurvey 

of Computinfi �.etivities in lojeco dtirY �chools (Darby ot 

1., !970), which found such courses in 1599 u.s. schools. 

For New ueeland, th number of schools of! ring computing 

s tudies probably exc c�s 20 (�pence , 19?5). 

polo&istB for progr ing 

for m the atics learning have 

use in th t subject . or ex 

s contributing otivity 
:ointed to peci!ic areas ot 
plea 

8The elusive notion of vari ble becom more operant 

s the stud nt d als with sy tem in which a symbol 

(v ri ble) denotes ny e ber of a et of repl ac -

ment • •• " ( Hettield end hier n, I97I) 

·�tudents will rtorm the c lcul tions of ogram 

in order to oh ck the v lidity of the algorithm." 

(H tfield, 1966) 

n • • •  we must think in te r s of opor torn r tb r 

than oper tions in ar i  thm tic, nd we can consider 

lgebraie expression s the 1 ngu age of 

eo unic·tio "(� ith nd dmitb, 1971) 

ow oo ntri ution li tb 

extende them tics cour es is 

be xploited through 

d t ·1 in uch 

texts th �=---�--�--�_._._._. .. _._._r_ o�s.r.am._ series 

( ohnson et 

nd o ith + �mith's omputer Age 

u a n im gin 1 one. 

Studies by Bitter (I9?u)9 �ielder (1969), ven (1968, 

1970), o�oien (1970), ll ce (1968), Hatfield nd Kierenu 
(19?�) ! ve con!i ed e piric�lly tha t integr ti 
programming into cbool m the ctics ppo r 

signifie ntly i prove students• t e atic 

mea cEJn 

chi vc·ent 



and hence is 
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useful aevice for te&ching th t subject. 

ll .... s u.l ... or teo.cul.•l6 .... a. lion co .... po 1.cion 

l ey t!ic... not. ex' ine ro ·ro•· int:-: as 

b cct in its own rig t, or id they reveol 

( .... l: .n·Jy be e u 

r cd�rn l n u e •) 
se ool 

· hether the r lstions i bet e n ro rr. in --nd r.tath-
e tics i · re'l or illuuory, ·nether it is speci(l or 

1-·rt of some et .. rol rel tion 1: ip. 

�vidonce of n impl'cit belief thct computer studies 

r.l te closely end fcirly exclu ively to tbc sties wus 

given in the condary 

�clools. ln U.w. 

n•·Pz licEitions of eo. puters to !"them tics instruction 

ed. 1l os� ree- u· tero of 11 co. >utor 

p� ic·t·ons ere in olved ith ,athernatics 

i st.L.ction.n ..�orby t:t ol., 1:;7\.i) 

.c �c 1 nd s cona uc ool pu ls u ne po ed to 

pro r mi courQcg el ob ieve th·� c ��utinb AS 
clJuely rel to -u-e tics, �ccor ing to a locel 

�urVeJ.<��cnce, I97 ). In 972, h n th pr sent s�udy 

cor 1(;ncec.., th r Wf;;.S still a notobl 1 ck of vide'!lce 

·onfi *in_ or cnying the the rel tio.Lhip bet �en 

computin en �the 6ti�3 w J c.i ply due to 

" • • •  

t e 

ni toric·l accid nt th t, in the 

oble s with hich it w· s f lt t f 
94 •s, 

electronic 

CO! pu ter- CO 1d 

nu.er·c 1 i c r et r • • •" 

fore r�tion le for rogr' 

c�ist :ere ltr .cly 
( rtin, 972) 

se ools coul� be 

arrived et, objec ive evi ce on i .• ue ;;;> 

r uir d. ne m o t is ·tudy � to ovid tools 

for obt�inin ome of t vidence. 

h n .  toolo re uir d ere in e . to 

sure in ro!ici nc;}l. G.·. in er .. J 1971) 

l i CU-., e thi ro 1 i hi net tin c t .'£!L 
... . .. 

qu�;; tion of' •h t m f. es 00 IO r is not 

0 e, t::n no even be r(..._er QU stion. 
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�ac h pro ram h�s to b e  c onside red on its o wn e rits 

and in rel tioo to ita o wn surroundings. �ome o f  

tLc i porta.�t ... ""ctor� nre: 

• oes the pro grao meet pac ific tions?. vr r· ther, 

bow well do es it mee t  spec if ic ations? 

2. Ia it pro�uc ed o n  sc hedule , �nd whet i the 

v i bility in the sc hedule t hct we c an ex�oc t  

fro m particuler upp o chcu? 

'· 'ill it b e  po s ib le to c hon�e tae )rogr whe n 

c o ndit ions c b. nge? Ho•11 much w ill it c ost to 

m e the eh n e ?  

�. How effic i e nt is the r o �rem, c 
me an b y  e !  icieney? #re we tr 

what do w e  

in e f fic ie nc y 

in o ne are for ine f fic ienc y in gno ther? 

th future, end tic ulerly in t he di sc u s  ion o f  

t his b o o k, we should refr i n  fro m  u�i t he c onc ept 

'good pro r ' or •�o od programmer' s if it were 

something unive- Lll� agre e upo n, or �ame t bing t hat 

e ven c &n be univers lly egreed upo n, or omething 

that ev en should be universally agreed upo n." (p.25) 

1hile some o f  .einberg•s c riteria do not pply in t he 

chool situation t.1nd .:ei barb b be n c c:.re1'ul to 

istin u·s betw en t e wo in..; pro es�ionrl pro br ·er, 

the t .. : ,i profcz>::�io nel prot.JrtUn' er &..na t rogr 
w teu.r), hi. • in o int t> o sid to i).t>Pl : 

opi io n on t is a good pro "  s or 

are li��ly to v ry very w idel fro . ins .•c tor to 

·ing 

th t 

inst_u c ·o r  or 

which oc t 

fro m  ..,upe rv i s o r  to unervi::..or, deeenu.ing on 

o f  ro re ing they c ho o se to empuaoize. 

his tb ge ne rality o f  ny study that use s a 

ingle s or e ure o f  11ro re er efiic ienc :J or of 
·c uieve ent in a 0 

In late r c noptcr, 

th ro .... rt..; ·- in task int o  

uifferont ort of ill: 

in\_., c o urs • 

1 inb crg h 

t e s, e c 
ro;ose aub ividing 

ta o rcuuiring s 
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"The job of system design calls for an eye which 

never loses sigbt o! the forest, whereas the j ob of 

debugging may require that every tree - even every 

branch or l ar - be seen with utmost elcrity. The 

job of codi often requires queezing out every 

drop of r dundancy, nd the job of doumentation may 

require that imple sentences b plumped up to 

paragr ph si z •" (I9?I, p.I32) 

fie haauaed this vi w as a r tionale for t he team approach 
to prores iontl progrommine; , in which different programmers 
cone ntrate on different st ages of th e  progr ing task. 

The s writer h also pointed out that different 

progr ing project s , es iully all ones, t n t o  be 

do in· ted by per ormnnee on differ nt p hases ot the work, 

ond th t tbis eff et alone could acc ount for very great 

di!f rances in measured form nee . 

Concerned with grauing programs r tber tb. n 

program-era, Clutterh I9? ) h s developed tool which 

is import ant b ee u e oi its obj ctivi ty nd convenience. 

It i a eo piler for student ,rogrc.ms �ritten in a lsngusg 
similar to ·��I ( see Chapter III below); during eo pil• 

tion and execution it also gr des esoh progrsm 

utomatically. he r w grade produced io en erbi trary 

function (but one possessing con·iderable face validity) 

of 

• the ext nt to which the program meets the 

in truet or's p ci! io tiona or the job it is 

�uppoaed to o; 

2. the anner in which the ex eution ended ( i.e. 

whether through norm 1 exit or because of n 
inv lid instruction . xcesaiv runtim , etc . ); 

3. the time it took to execute th program; and 

4. the number of instructions in the progra • 

�ne tune tion me suring nd combining t h  se elements 

wus to be deter ined in for by ulutterh·m, and in ita 

parameter by the individu 1 instructor , the p r et ra 

being et !re n tor each new t sk. 
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The fact th t Cluttorh�' scoring function w 

built up from the four vari blo listed above showed 

th t like einberg he believ d a multiplicity of £ ctors 

to b in olved in judging th qu lity of a pro am. 

geint by providin for variation or the par eter in 

he scori function.. Clutterhrun has upported einberg • s 

view t judgement bout the quality of a gr depend 

on tne enviro ent in which it is )roduced nd the pre

occupati s of tb instructor. wher Meinberg and 

vlutterh s em to h v part d company is in Clutterham' 

production of in le number the fin l score for a 

pro0r ; in this respect, li e all t.e oth r writer here 

r viewed, vlutterh as hown hi self to be at v ri ne 

ith .i rg' fund ent 1 t esis th t the eo ponents or 

the pro ro in0 et hould b viewed separ t ly r ther 

than jointly. he present udy u e two i nsional 

view or pro�rnmming, an 

dividing the act into 

pha e. 

follow u � inber • se ri e in 

pre-ooding phsae nd a coding 

eareh of the liter tur for xperimental evidence 

of th effeetivene s of tr&t giea for pro � ing 

in truction• prove nlmout barr n s Cox• (above, p.ix). 

he r l tion hip of grad plaeem nt to pro r ming aptitude 

nd t•ortrs.n prosr ing achieve nt h d b n inve tig ted 

b y  • ' • lspaugh (I97I), who concluded th t hi results 

" ( ) indic t that 

core (on the 

and 

student's progr mminG ptitude 

.T) incr -es ith gr de level, 

( ) im ly th the gr de pl c cnt r be inning 

""ortr cour e oen be lowered from gr ea 

15 - I6 0 ,r d s II - I with OOCl arable 

c i ve ent it t e instruction ti i 
incre sed." 

Th v lue of la uugh' tudy w 
concentr tea on c d ic'lly t cnte 

nd bee u e he cht:1ngod two of hi v 

teaching motho) •1 ult ·neously. 

li ited bee use it 

, volunteer 

bles ( r d 

tudents1 

nd 

h-ther th younger 
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students would have performed differently under conditions 

identic�l to those experi need by the older students wos 

not inve tiguted. 

Unli te ter�ching, the business of predicti programmer 

arfor nee is eoonomicnlly profit ble end therefore well 

documented so f r us adul t a d college stude ts are 

cone rned. fh •• TL menu 1 (Ib ,, I964b), :the ... a ..tth m nual 

( Llermo, 1967 ) , oeiler (1965) b ve described pre iction 

studies using �rofes ion 1 er bp r ntice pro r&m�ers as 

subject 

critcri 

u.nd su rvi or rc.tin0s or job , fox·n.cnce as 

, rcportin� prt �ictor/critcrion correlations 

fro o.29 to C.6?. einb rg (197I) has pointed 

o t, per or�.nc in ·�o r o�in� couroes eho ld b ore 

nro icteblo th n job porfor� nee, vs the followin; 

stu io h ve confirncd: 



A!PP S tandardisation (I ) 1 964) 
CPA S'tandartiaati (Palemo, 1 967a) 
'iolfe ( 1 974) 

lats ( 1 962) 

stalnakel" ( 1 965) 

r e t  al .  ( 1 968) 

( 1 972) 

wolte ( 1 971 ) 

well et al .  ( 1 967) 

" 

tail• ot 'l'nln PredioU s ie ot Pl"'BZ'-iDC 
s ple Criterion • Ua , 
enta o Prediotor 

• 

ple Cri terio Predio r/Ori ten 
Oor7elatio 

Procr-.r trainee• Training oourae 0.45 - 0.64 
grac!ee 

P ro  e r  traineee 'l'raining ur 
cra4ea 

Collece • 

Collece woa 

College Studenta 

Collece stud ta 

Priva 
achool atud 

Colle pro�iDC 
course cractea 

College progr iDC 
oouree crad 

'rraini oouree 

Collep pror ........ lllll.la.1 
coune aradea 

Colle,. progl"aalliJl« 
course grdea 

College P�rl"tt..S;q 
course grad.ee 

School prbcr-i.DC 
oouree cre4 

.IP aohool 
p� 
oouree crad•• 

Collep procre�Lnc 
o cra4 .. 

0.52 - 0.71 

0.45 

0.70 

o.68 

0.81 

0.81 

o. -�· ' 

o. 

0.41 

O.M 

0.60 - 0.71 
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Rowan ( I957) experimented with 30 te t s  of vari ous 

e.p 1i itud e s  and t rai t s . lie re j ected 28 of t hem as 

predictors of 1>ro:,;r mmin > '·c hiev rnent , 1 £Ving the 

' hurst ono ,. ri ary .b i l i  t ie s •e st nd t he Thurst on 

re gre s sion onalysi J: mp r···· . nt ...JC ho.dule . •. multinle 
" • •  re sul 1 ed in c orrel t ion of 

( s upervisor re t ings ) nd sub t e sts 

. 54 between cri terion 

1 b e l led ' Verb 

� c �n ing ' , ' Re sonin � • nnd ' �ot ion � l �t cb il ity ' • • •  

'l'hc J ultiple c orrel ation re:a ained u . �4 when o ne o t her 

tc t ,  i volvinQ t c perc ep t ion 0 spati 1 rvlat ions , 

r.. c incl u ed . " 

�ubsequent stud i s by Bsu r e t  al . ( I968) , 

c . � . I.l s rnsugh ( 197d) , liowe l l  e t  &.1 . ( I96?) and orri s 

nd -'e r' · i ns on ( I  71 ) , hav e e p h  sised p t ttC l- ic 

suc c o a  a e pr dic tor , and ore pecific lly athew t · c al 

b c k  . .:;r o n • .. it hin t be mc.the m  t ic 1 !i e l l , intere t in, 

unu sKi�l at , nu�eric&l re �E o ning � re found to e 

s i , , nif i · nt , redict o rs in ell four tu ' ie ... . r..uer et el . 

( I968) .... .�-o ··Jell ul . o?) el o f ound t he . 1 :• 
... :'i ·urc Jc i e .:J  t c .;> t  of �pat i cl re e o onin i ni.fic t nt 

pre .J.ic to.r . rb · 1 kill s e re a t io ned by ,i.O W  n r:..l onc . 

The sub-sec t i ons of t hree publ is ed nnd two widely

use but unpubl i shed pr die t ive testa
� 

of pro �ram er 

ptitu were c ate ori e d  "direc tly predic tive " end 

indirec tly prc�ic t ive " . �irec t  p e ictor re those 

eo i ored to n ple beh v i o ur closel resem lin t he 

ro r� w in ac t iv ity i t - e lf ; ot her� w re cl yified 

in ircc t . 

I '.�- hes unpubl i  he t e s t s  e the property of two m 
e o  put r manu! c tur rs ( not I ) \'Iao '!)re fer to b e  

UU"l ... e<! . re kno n in tbe ir r s · ive 

cc p c.nie s the fln t ne 

j or 



!eat 'fitle 
• 

A P A �olte (I 1 964a) (Pale o , 1 964)  ( 1 9'72) 

!ranelati wor4 
cl r:1 ptiODS into 
apecial (ec 

th.atioal 
tation 

Predicti.Dc the 
ou.to • of a 
progr vri tten 111 
ccapu !'-l.i.D e 

Plovcht�.rtiDC 

C' 

rical Re � Pari :5 
1 arithmetioal 

Lett r Seri 

Vooabul&l'J' 

atial Re 

rea�olling 1 ) 
Part 1 ( ' letter 

aeri• ' )  

omnc Part 2 ( 'tigure 
•• ri .. • ) 

Parl 2 
{ •  aaontnc' )  

Put 4 
( • ber abiliV' )  

Part ' ( ' le"•r aertea• ) 
Part 1 ( 1Terbal aMDi.Dg) 

whole t 

Part 2 ( • re  oni.Jlc' )  

Part 4 ( • ber 
abilii;T1 ) 

Part :5 ( ' letter 
series • ) 

arl 1 ( •v rbal 
•e • ) 

,, 



orri nd wis ( 19?2) , Morri 

d 0 . h . Al sp ugh ( I972 ) , who h v 

14 

d Parkin on ( 19?1 ) 

tu i t e rsonality 

c h ar cteri t ic 

the followin 

rel ting t o  suc c e s s  in � ro r ing , u 

de scri p t i ons for trnit s directly rcl ted 

t o  s uc h  succ e s s : 

w il 
r e l  

._ociel pre uenc e a p o i sed and se lfconfident 

( Morri s nnd .: ise ) 
. .  efle c t ive ( Alspaugh) 

,.c hiovcmcnt v i e  I nd e pendence ( t-.orri s  nd �ise) 
.r :\,e x i b i l i ty ( 1-iorri end .v is e )  

t y re p ort t he f oll owing a b ei ng inver ely 

tcd. to p roe;r inc:::; s uc c e s s : 

l .::rp u l s ive ( .Al p ugh) 
ne s �ons i b i l i ty : c onfo rmi ty, co nsc i enti ouane s ,  

dep e nd bb il i ty , e l ert t o  or 1 nd 

ethic £1 volue 

e rsuss ive 

. c. c i t.b l e  

(Morris a nd  . •  ise ) 
{r-!orris and ... · ark inson) 

( 1 p ugh) 
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Ch II 

U e ! init i ons o f  l1rogr 

T h  t r " progr ing" cm diff rent t hin�s t o  

differ n t  o pl • ·.r o o e , it e a n  j u  t c odi nc , w hi l  

t o  o t her like t he Go!tw re rit in� Group of Ligit l 

_.qu i p  ant G orp . , ( 1970 ) , it  me ns w ide re �e of 
c t ivit i  a :  

" I • Definit i o n  of th p rob l  t o  be o lved , 

2 . Det r in t ion o f  t h  0 t suit ble olut ion m thod , 

3 . De eign aly 1 of t h  olut ion - !l owc L u-ting 1 

4 . .; odin t he o l u t i on in th pro re ing l ngu 1 a nd  

5 . .t'robr e h  okout • n (pp . 3-2 , 3-3) 
ln thia inve st ig a t io iddl l in "' 6 t �e n , be ring 

in ind tb t the progr inb u de r c o n s ider t io n  i t h at 

w hi c h  t ake p l  c e  i n  o c h o  lroo • l n  suc h o i ro Ul n s t  ne e , 
probl f in i t i o n  i �art o! t b  t ec h r ' s  role , and 

y t t ic p rogr c ckout i t: ldo t aught or i, r &c t i s  d . 

1 r f ore point I 5 wer in p � r o pri t e  ! o r  t he p re ent 

s t udy , nd t h e  f o l l o w ing defini t i on w G s  oJo ted s 

'.J: t c t ivity o c c urri n3 f t er o. x pl i c i t  
t t n t �.... I t n pr v 1 a b en ob t i n  d 
i t h  r verb 11 or i n q u  t io n  , d i nc l ud ing 

t h  e t e  in t i o  o !  t h  o t s u i t  u l  s o l u t i o n  

t bod 1 !lowc tin , n d  e o  ing . 

( t & T a e!i l t i  is ide t i  1 t o  

o in 1956 tudy by t e o rp . 

l"lOW ( 1957) ) 

t u h o 1 1 n varie o 

, it i a  bel 1 ve tb 

t iuitio of in i u 

t wit e rel prov I 

w at t h  • ro • 

t tollowi t 
peo t a  o f  progr woul 
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1 U n  b i  ous 00 unic t i on o f  finit et of 

l o wc h art c 

( 

I 

e t  ion re ui to perfor esired. t k i 

finite nwnb r o t  s t  p , t he e t  of c t i o  

t o  b e  .sub se t of de .fin d. univ rse ot 
individu lly de! i nit nd pe rfor b l  ac ti o • 

( Thi s i c ond.en ation ot ore com�l t 
d f inition b y  Knu t h  ( I968 pp 4-6) . It i 
b lieved t h at th hort er v r ion u ff ic s 
tor thi tudy. The de fini t i on include 

eo ;>uter s o urc c ode nd !l owc h rt ( e o  below) 
s ex pl s of di by which algorit may 

be eo unio ted . A p oial type of al orit 

i the guen t i al  set o t  

c ontr t ,  

whic h are arr ed 

u qu nti l lgorit in whi c h  t he qu nee of 

c t ion i s  bown b y  writing t h  c ti on within 
g 0 tric bl ly b !")ed b oxe uch 

) 0 
d linki th b oxe a with arrows to 

order . 

tb et of c onv r t i  an algorithm int o 

that c 

by t h  

be input t o  tb e o  put r rec o 

f o rm  

ized 

eo pil r. 

( The 

tri 

r quired tor will n c a 

a ,  w ic t o  b r e o  

o • 7  t peo i rul uat 

l auc.•.&ue•• ei 1 

CO r o ver a 

In thi a tu , t e word 

c . ) 
c 

ily 

y t 

• will i 

r i rror , of eit r o f  t ki 

uti 

� 0 • 

• •  

• 
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' Viol tion ot to of 

th pro in 1 n u 

Lo s ailur ot to p rto tb 
r qu i t k , V 
is corr e t .  

{ o..)ynt bu ake the pro r 

it t o  t h  compiler nd prevent 

1 .  oJynt ax rul are l angu 

pert ctly ynt c tic o.l .r .� Ri'.\,J� 
b non n t o  CvB0.1.. eo pil 

ing .invironment 

n w th ,-ut 

inc o pr eh n ibl 

from running 

p ndent : 

ro r would 

r .  ) 

oJince pr o gr nd pro r rs ust b x ined in 

rel a tion to t enviro ent in whic h th y op r t , 

con id r t i o  w giv n t o the itu tion o! t he pupil 

t 

undert an l m ntary pro r ing cour in typic al 

!. ew ... e 1 nd o l e  aro om . llrl:) nization l ly , h bel on t o  

c l  oup num rin be tw e n  20 end 40 , d therefore b s 

to rely mainly upon hi own in i ht o r di scu ion wit h 

kill p era ( ot h  r pupils ) r ther t h wit h  kill od 1 

( t he te oher) in d veloping hi • He al o t 

c ert ainly m ak u of b tc h-proc e s ing eo put r yat m ,  
i n  whic h progr s n d  d t re prepsr w y from t he 

pleted j ob s  t into the e o  puter at one 
nd t he atud t w it yt hing fro oae hour 

t o  d t o  e w t reaul t h • th r 

progr g ay t xi t ,  not b ly c onver 

p ro r w ie are due tio ally up rior bu require 

more war tb. i likely to pp 1 

w • 

t t t stud t le 1 

t 0 i urse 

t er , 1 

tt1t 0 ro • 
ki of p roJ t p p11 ia 

i j o  0 p 1 or pl i e wit • lativ 

ort ro r t will p 17 e ab.a 0 aft r o or 

1 

• 
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two run • T h  t k is o 117 e by th te cher, b7 

whoa the aolution 1 al o J �  ged . The c riterion for 

j ud cent 1 usual ly " c orr c tne " , i . e . !r d o  fro 

bug f progr !!ic ioncy 1 not u u l ly oonsid re 1 
e l  ment ry cour • I t  is 1 o unl ik ly th t yst tic 

debugging teo hniqu or aid ar v il bl to him , oth r 

t h  n th di no t ic r c i l ity o f  t he c om p i l e r  w ich c n 

id nti !y ynt ax errors t hough not lo cic one s . 

�ince any t c hars ar c o ne rn with t he more g ner 

pec t f pr ogr i oft n o pro ur on tb. 

tudont to docu in so u c d d form 

( of t en !lowc h proc e ding to t b.e c o  in p e . 

Un e r  t e c i rc t nc e s , t e !oll o wi - w d to b 

v id d a o r i p t ion of p rogr ing tivity by tud nt in 

n ele t y �ro r inJ cou r for -prooe i 

y t e , in n o rd inary i w ue nd ol roo enviro nt a 
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Figure 2 :  

Rec eives problem 
defini tion frol,ll 

teacher 

Develops algori 
in uncoded fonn 

...._ __ -+ r---tRuns program using 
test data 

Output meets� < teacher 1 s nn----J 
speci fic a t ·  ons 

' ?  

1 9  

• • • • • • • • • • • • • • •  

Model of Student ,Behaviour in Undertaking Classroom Programming 



It 

xi t i 
pencil-

w 8 al 0 
t p opul 

-p p r t 

4 th t t 

0 
followi bilitlea 

ur d by suit 1 

bility t o  n 1 orit i n  

!or tor giv n t k ,  u 1 l e  nt 

c o en giv n u iver e of individually 

!init p rf or bl c ti ons . 

( N ot e a t he " unc o ded !o " 83 b flowc h art ) 

� o  ing �no wle dg9 1 il ity t o  tr n 1 te n 1 ori t 

c cur t e ly into ynt otic 1ly corr e t  c omput r 

in truo ti on in a gi v n progr ing 1 u e .  

in thie .:>tud;y 

Tbe bJ po t he s e a  !or t hia tudy aro e fro the four 

i t e  or rol -w i o with which t h  Intro uc t ion open d . 

sup erric i 1 lev 1 ,  t h  t would 
b e  required would b te t of igni f ic �nce for zeroth-

e ur or t h  t w o  

t o  be in!l ted by 

i l l  • But 

n r 

' 
t . 

both or which af fe c t  c or 

T h  re w r t r int re t ,  

till xiated 

c oding 

th r rol t i o n  

1 ori t ic kill 

tf e t  ot p rform c on 

o rder c or r  l at ion betwe n 

t hi s  c o rre l t i on would t n 

int e l l i ne nd t twi n 

o n  ny p no i 1-and-p per t 

t h  n, i th qu t i o  o r  wh 

b twe c ore on t e  ts o r  

knowl dg aft r r ovin t 

te  t or gen ral int 111 ce . 

pr ure . T e 11 

pre i tio 

tJ ........... - 0 

1 1l 
• h,  1972)  
t tor t 1 on 



including personal ity vari ble with tt inm nt vari l l e  

p r  dictors , t he r 1 tiv contribution of o h  type 

would be ex ined . 

At t ai 

Like t he first at t e  

ab ove , t h i s  c ou l d  b e  e x am i n e d  e t  t he o u p  r!ici 1 1 vel , 

but &l a o  l ike i t , c o u ld b e  b e t t e r  s t udied when t h  effec t 

of � erf ormunc e o n  a t st of general i nt e l l i ge nc e wus 
re mov ed . uve n  o re sugbe o t ive woul� be t udy o t  the 

two � e  s ure s o f  �: .. r o e,ram inb nc hlev nt ,J t.inst individu 

o o  ponents of at hem a tic 1 att inment , to see it p t t e rna 

eme rged t het w o u l d  le d t o  o re  de t e i l ed und r t nding of 

t he rel t i onship b etween t he two sub j et re • 

strete51 mD)c 

--�------�_._._.e.n.t. uno o r  t he more per i r ment 

�ong te ac hers of progr �ing i s  whe t her c od i ng hould b 

t & uc t b f o re t he tec Lni �ue of eve l opin unc od d 

o l �o ri t h2 s , or vic e ver • T h i s  que t i on c ould be t e s ted 

e x fe rimc nt el l y  b expo in on s pl group to on me t hod , 

bnd e n o t he r  t o  t he ot her . At the nd o r  t he pr ooe t he 

t w o  group s  c o u l d  be e o  p red t o  see w h  t h  r t he re w s ny 

i�ni f ic &nt differenc e  in � erf o r  ance o n  t h e  p rogr ing 

t t uince nt t e s t  nd if o ,  in whic h direc t ion . a c o nt ro l  

rou , which w o ul r c i v  o t- rotir m:ni g instruc tion 

what v r ,  c ould !urt herao r e  be u od to see w h  the r  

p rogr ing instruct ion h ad ac tu a l ly improv d the pcr!or 

nee or t he two t ught roupe o n  tb t t or lgorit ic 

sk i l l  · or whe t her aturit7 en iro ental t c t ors 

l one would c count for tt i 1 tb t t . 

· pressed in null form , t p o  heae t o  

w r 

I . T bat the i o r 1 t i o  bet perfo 

t t or 1 orithi ll 8 or 

owl he tt e t  or p 

teat o r  ner inte l l i  oe 1 
2 . 1 Tb t the ia o r 1 t i o betw e erf o raa 

te t o f  aathem tic t t  i nt t e a  

t e  t 

0 • 

a 

• 

• 

or 
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gorithmio kil l ,  when t he e f fect ot p rformenc e  on 
te t o f  gen r 1 1 t e l l i  eno 1 l i  in t d . 

2 . 2 Th t t h r i no re l t i o n  b tw n p erfo ne o n  

t t o !  m � t hem b t ic 1 t t ai ent and t t of coding 

knowl dg , when the ! f e e t  o! p rfor ne on t st 

o f  6ener� int l � i 6e nc e i el imin&teu . 

3 . 1 Th t re g r  s io n model w i l l  no t s igni fic nt ly predict 

p rf or ne e o n t e a t  of lt", o ri t hmic skill from p st 

�o demic pe rfor ne e and a r ange of p rsonal i t y  

e £..aure • 

3 . 2 T h  t � r gre s si on ode l w i l l  not s igni f i c  ntly pr diet 

p r!or ne on t e a t  of c od i  knowl edge fro p a t  

ne d ic p e rf o rm onc nd r e of personal ity 
e ur s . 

4 . Thut t he re is no dif ference i n  · erf orm n e e  on e i t h  r 

a te t or lgorithmic skil l o r  o f  cod ing knowl e dg 

b e tw en chi ldren t cu.:;ht 

( ) f l o wc h t ing b f o re oodi t 
( b ) c o u.in b for fl owc h art i ng , 

( c ) no p ro r::r ing wh at ver . 
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Ot t he hypothe s to b x in d, tour ( no I to 
2 . 3 on pp 21 , 22 above ) r quired concurrent nt 

of tt inment in m the tic s ,  algorit ic skill d 

coding knowl edge t th conclu ion of e progr ing 

c ourse , o t h  t th rel tion hip ong tb e 

ight be inv ti t d. The re aining byp o t h  c one m 
t he prediction of hi ve nt in nipul t ing algorit 

nd in c oding on tb 

ditf r nt te c hing 

on b nd , nd po t boo eo pari on of 

tr tegi on t he other . 

The eo on 1 ent in ell th se inve t ig tion w r 

Algorithmic �kill and Coding Knowl dge . B c us suit bl 

instrument w re not vail bl for e uri t h  , n w 

on h d to b e  con tructed for t he purp o e ;  t he ir d velo 

nt evalu tion i d crib d in d t il in th n xt 
e h  pter . 

It we also dec ided that 

t he inv tig tions bould b 

other e o  on el nt in 

t he eontont or the cour e 

pre s e nted t o  th tud nt • �o ent by J • •  Al p u h 

( 1971) , weinb rg ( 19?1 ) d others , well eo on 

xp rienc e  ugg t t h  t course c ontent d p articul arly 

t h  pro ing 1 u e taught , i aignific t vari bl 

in evalu t ive tudi • o use th pre nt tudy w not 

c oncerned with the ff et ot t hi variebl , it w d cid d 

to control tor it b7 holding it t. T choice ot 

instructional teri thu to th pr nt 

r e eh,  but a 

pr ferri on 

0 t 

set of 

w o pr ti 1 

' inc b to -pro 

t • m• • t lik 17 

chool , 1 c 

1 

to b 

wid 

tor th tudy, int rn tion 

• 

re 

0 

0 

r 

w 

ot 

c 

to 

r, 

lem in w 

t pplic bilit7 w 

17 iatribu 

tor 

c 

0 

ic 

o be 

t 



l ntar, ortr n progr in , 

c�IL progr d 

b toh-proc a ing �IC progr ing 

wer c ons idered . Of the se , the C omput r �uo t ion in 

School c o urse , Computer Studies I ( ICL/CLL , 19?1) w 
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elec ted b ee us it t ri ala are uit ble for !2-�e ar-

olds , it t xtbook and te ac hing id ar int rn tion lly 

di tribut d and c ompu ting f c ilitie c pable of supporting 

t h  course ar readily obt i n able anywher in ew � al d . 

Only on progr c i  l angu e 1 ua d in Co put er Btu i 

- t he �omputer �duc ation in Schools In tructional Lan u -

( Ckvl�) . Used o l  ly tor educ t ion 1 9  not professi onal , 

progr ing , Ohv lL re e ble t he well-known �AMOJ , al o 

B�L which w · u d by 0 . A . Alsp u h in her predic t i on 

study ( e bov , P • 11 ) and th c ode h ndl d by 

Clut t rh ' s  c o  piler ( bove , P • 8 ) . ���IL i s  low-

lev 1 code f or p ro  r 1uing a si ula t ed sin 

co puter by m ns of instructions taking th 

- ocumulator 

form 

t he rul 

chapter. 

( 1  b l )  ( op rator) ( oper nd) 

for w hio are de oribed in d t ail in t he next 

well discussing how to c ode p rogram in CEviLt 
--�--�--.-.--._.1_ eo tre ta t he development of uncod d 

d t il , expr i th a in flowc hart 

fo • al o teri al on oo puter hardware 

tpplic tions , which tor pr ent purpo ses i of peripheral 

intere st only. 

or the tudiea e our e 

te follow 
i 197'· 0 ot 

te a q ence waa • ateri 

z li  h 17 0 t 

pair altern t i  our • • I ea , w c ar 
d t .. 0 c ·  IL 

C O  be for t ctio 0 fl w b t t e ot er 

1 e ti aec io 1 • • 0 er. I aU • • 



tour-week period ot undirected practic al work w 

includ d b tween the conclusion ot tor el instruction 

nd th e o  enc ent ot the testing progr e ,  lest the 

t ts reflect merely ho�tera rec all of the o t recent 

l e  rning . 

Like course content , te acher style was a vari able 

which t hough not ub ject t· f this inve stigation , was 

c onsidered t o  b e  ignific nt to the o utcomes o! a 

prour ing c ourse . As with course c ontent , it w 

dec ided t o  co ntrol for t h i s  vari ble by holding it 

constant a the s teac he r  ( who was al so the researcher) 

taught all the c our e • 

Other ttributes that wer r cogniz d as intervening 

variable s  were gen rel intell igeno , ego , and ( possibly ) 

sex . ;;..inoe the e were no t c ontrolled !or, t h  ir 

distribution in the rese rob a ple was ex ined and 

compared with n tional norms . Th election and 

cbarao teristio of those s pl s were as follows . 

T he plea Uped in tbe Stud: 

The universe ot intere st tor t he pre ent study w 

all Form 2 c hildren in New �e al and intermedi ate school • 

s the researc h  design required weekly cont et between a 

single teacher end all sec tions o! the sample , i t  w 

necessary tor t he popul t ion pl d to b c ontain d 

wit hin on g ographic al ar e� the are a  sel et d w t he 

Hawke s  B� province . 

The popul tion thu being id 

pupil ot wke 81 interaedi te 

schools w re invlt t o  p artioipat 

pro I t ti V 1 re el 

pro a t o r wo deoli 

tbeJ re re � invol in ot 

t ifi as the Form 2 
chool , all fiv uch 

in t • re arch 

ted o .1oi t 

t at 

pro e • a obeok e1 at r a tr 

ot the 

wke 

tb 

oaia ion ot t two obool , th opinio ia :riot 

enior In pector ot Primar.J obool tor • 
• A. L wren e , w eougbt 1 et ted 1 a to 
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e or ua tb.at in b.i opinion, tb. pupil ot t 
tioip ti o hool w re ind ed ot 1 

int i t chool pupil in H wlt y . � h of tb 

p ticip t i  cb.ool b , witbin i t  nor ti t bl t 
p riod wh n i·o 2 pupils were in •u tr groups 

ot tb r quired iz ( 20 - ) . 

Atter car ful enquiry, it w ecided th t on o t  

t he group in ach chool could b r gard r do 

s pl or the o rm 2 c ildr n tt nding th t hool . In 

t i w pl t 96 ubj ect  w obt n d, in tbr 

sub roup • Thi w th pl u e in 19?3 t o  ex in 

tb rel t ion hip ong Algoritnmic �kill , Codi owledge 

nd m th t ic attai nt . Age s , 0ti I� core frog 

th schools ' record , d ex r t io were istri ut 

shown in T bl 3 a  

�· 19?3 Descriptiv �t ti tics fro � pl ot 96 
et Ua d in Oorr l t i onal tudy d for 1 �ew 

u d 0 2 Pupils a t Oti I oc:  ( Me an n o.Jt ndard 

.u vi tion ) nd ci x H tios • 

.Ag in years 
at J an .  1 

uti I 
Boy a G1r1 t atio 

!2 . 4 

101 

o . 45 

15 

2 Pupil ' 197, 

51 &49 

three ubgroup of thi pl w us i 

0 
I 
I 

ine t e at-ret 
be obar 

le a 

z. epart t f 

u tor • ti I 

t p rto .... .. . � .... 
riatio t 

( t 1969 



I"l ( 

g in I 
Oti l o;:  

Boy z G irl 

D soriptiv St ti t ic for S pl 

t-R t at btudy of Codi Knowl 

n nd �t d d D vi tiona ) 

B 
ars at J n . l 12 . 4 

l l 

27 

ge Te t :  

oex tio . 

� 
u . 3E) 

14 

H t io 7 1 30  

• 

or the 1974 tudy of differe nt te hing tr te gie 1 

it w � s  r qu ired t o  control f o r  the group or vari ble • 
" c hool nvironme nt " 1  nd th refore it i n oe � to 

c rry out th t xperi nt wi t hin ingl obool . Of the 

t hre c bool p ticip ting in the expe ri nt 1 wycliffe 

lntermedi te ticbool v arbitrarily c ho en to provi th 

exp ri nt 1 s pl • 'l'hr e unstr d group w re 

provid d by t h  l'rino ipal & t he numb re 36 ( up AC ) • 
31 ( group 0�)  nd 32 ( group eo THuL) . Char cteri tic of 

t h group w r hovn in T bl 5 &  

T ab l  5 :  Do ori ptiv ut t i  tic s  tor ti pl. Group o f  

.... ubj ec t U c d  in t.Jtudy of Differ n t  T e  o hi �· r toai a a  

1 vti I� ( Me an nnd St dard Devi t ion ) nd ti x R tios . 

1� in Ye ar 
t Jan . 1 

tie I 
• irl atio 

or be 197 
0 • (1. • t 

i r ion 1 

• ple of 7 
of t p1 0 r uc I 

who 

12 . . 40 
9 12 

, , ,, 

) w r i 

le 6 t 

p 

12. 5 .4� 
99 u 

47.53 

0 
ar ri ti 



197 cri tiv t t i  tic of 67 

U ed in diction tu 

orm 2 pil I Ag t ti I� ( e 

w Is 1 d 

vi tiona ) 

nd Sex tio • 

e in Y are t 
J • 1 

vti I 

oy a Girl r tio 

12 , 4 0 . 51 

101 15 

47 • 5' 51 & 49 

The pl w 1 o u d to d te in the p arall 1• 

form r li bil ity of the Codin nowl dg T t .  

In 1975 , sp ial pro j  et w undertaken to det e  in 

t� rel iabilit7 of the A1gori t  ic Skill Te t, The s p1e 

c hosen tor tb purp o s  waa selected by tb tbod 

th 1973 one ( e above , p , 26) , cont n d 93 aubj c t s , nd 

h d th char e t  ri tic s  howu in T bl 7 z  

T D script iv �t t i atica !or pl ot 93 8ubj e t  

U eter in ti on o f  l i at i l ity of Algorit ic �kill 

'l' , Otis +� ( Me ns nd St nd Devi t ion ) 

o.J X R tio . 

1 I ar at J • 1 

ti I� 

1 tio 

• p 

12 . 

I 

t io • ri t 

tia I te...._� ................ at T ( 

0.45 

15 

, 1969) 



The tudJ of tb rel tionsbip betw en the atic 

tt einment and tt nme ta in algorit ic skill 

progr ing knowledge requir d m th atic te t whi h 

no t only provided me ur of over l l  ttai ent but 

so reve al d n intr struc tur or ubscore in particul 

b e pec t of th ubject . o uc b t st exi ted in 197� when 

t he tudy w s undert n ,  and it w s theretor decided t o  

con truct pe c i c.J. batt ry !ro va.il b l e  terial. • T h  

ction cho sen were 

Ari t bm  tic 

N rical Rel t ion hip 

Sp ti 1 R 1 ationship 

Logic l Rel ti nshi 

� or the arithmetic 

( Ac�n, undated) were cho en , 

t e s t s  o f  arit hmet ic 1 kill in thi c ountry . 1 h  r ar 

four t s t s  ( dition , ub tr c t ion, ultip1ic tion, divi ion) , 

vt sndardi z d by Fie1dbou ( 1956) tor ew �eal nd conditiona . 

ro �1 1dhou norms , r w scores on e e h  part were 

c onv rted to deci1 c ore , which in turn w re ubj ected 

t o  a s t  d rd nor lizi tr nstor tio • Th e sn of the 

tour norm lized score - t • M an ormelized J�it tic 

vcore •  w s u ed n over 1 1  me a ure of arithmetic al skill . 

oth r were l cted from 

tor orm t ature 
tor ora 1 - 4, it . 

0 t t i 0 ' t at 
woul uit le • 'lbe of 

uai ite a fr t • n 

e elop w t •• d in 

topic • • tor lty d 

tio wi n • ( th 

itt icul y io t b en 

' t y we deter i 

0 3 t t w re c o  ru ted . ) • it 1 c 



tor tbe orm 2 t t were tho wi tbin the r quired t opic 

roupi th t ha the lowe t 

w the M the at ic Att ai nt 

yielding ab- core in ric 

1 - lO ) ,  �P tial Re l t i onship 

R 1 tion hips ( it ems 11 - 20 ) . 

.r.ppend.ix B . 

difficulty indic • In tbia 

T t w c o n  tructed 1 

1 e1 t ion hips ( ite s 

( it e  s 21 - 30) and Logic al 

This t t 1 how in 

Tbe eo p arative s tudy of ditf rent te ching strat gi s 

r quir d no in trument not l re ady nti o ned , but t h  

prediction study n ded ure of variou personal ity 

f tors d of rel evant c d ic tt i nment . Tre t ing 

th l atter que stion fir t ,  it i unc le ar wb t ttainment a ,  

other than the at ic , may be relev nt . In thi atudJ 1 

v oc b ul ar,y kill were inv t ig ted po ibl predic tor 1 

part icu l arly of e o  in knowl d�e which de and t he und r
a t  ndi ng o f  s pe c i &l ymbo l in very x e t  w� . 
Furthe rmore , when t he progr ing l angu � involve 

context-tre st  te ents a oe o� IL , te t e ur ing 

c o mprehension o f  word ou t or c o ntext w a cons idered t o  

b e  o at sui t ab l e . o r  this re son , t he iv 

t t  · nment Test in Voc abul ary ( 1l l oy and 

a t hematio o the official ly-endor ed _r_r�-.�� 

....... ......,.=;;.o;;.;;--....-..;:;.;;;..;;......;;;.o;;....;;..---.-.-�t-i-..c.__ ( Heid n Hughe , 1974) w 

t o  m asure p eraonal i ty vari abl e  , the wid 17-u ed 

High �c hoo1 � r onal i ty �ue s t i onnair ( C atte11 and C tte1l , 

1968)  v adopt d . Tbi t e s t  yi ld fourteen f c t or 

c ore s , t he t c t or hevin t he l abe l s a 
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Tb pr nt investig tion cone rued a o  of t e 

prop rt i o r  th abilitie c led Algorithmic · ill 

and Coding Knowledg • In con idering the e iliti 

ttention w given both to  t he ir intern 1 perti 

31 

t 
as 

t hey re l  to to e eh other d c ontribut 

£c hieve ent , �nd to ouc h relation hips as 

wit h  phcno e n  beyond the sph or progr 

t o  pro r i 

ight b e  round 

ing . 

lnvestig tion or t he internal pertie first 

requir d ean whereby th biliti s mi ght be measured . 

0 h apter IV cont ins det eiled ccount of the w y in 

which teste o f  Algorithmic Skil l nd Codi Knowledge 

were c on t ruct d nd t ted to d t rmin the ir eh ot r
i t ic n . Jith th se to t , corrol tion 1 expcri e nt w 

ounted t o  invo stig te t he val idity of the an ert i on t h  t 

pr -e odin� killo nro ind p e ndent o r  coding skill • 

To ex ine rel at ionships b tw n the two bil iti 

1 nd xt rnal pheno en , det i l  d c on id r &.tion w s given 

t o  t he r 1 t io nsbip with att ai nment in t h  ubjeot 

m t hem t ic , by oe n of conc urrent correl ational urv y 

b tw on hlborit ic vkil l , J od in ' nowl e and a r of 

s p ec t a  of m t hee tic tt i ent . r. th tic 

t t ai nt w aL o u d one of the pre i c t or in 

regres ion naly i de i to te t t he c p city or 

ao ade ic nd p rsonality vari b l  a to predic t nd-or-c our e 

t t ai ent in pr o in c our • Th full et or 

oo aiate ore on t at or athematics 

in �n 11 h voc ular,r, p r onality 

pr a 

V 

ot 

w 

ori 

other • 
t ot Al. orit 

i �· ti t I 

11 

1 

e p eno 

ic 11 

ditt r nt str t 

l etio 111 d 

whi h o f  t� •• 
d 

• • 

i ht not 
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in pre enti ng a programming c ourse . Three sampl groups 

were se lec ted , one to le arn flow c harting b e for coding , 

o ne to le arn c odin -:; be for .flowc e.rt ing , nd a third -

c ontrol �roup - to rece ive no instruction in prosramming 

what � ver. By e o  p arin� the c hievements of t he se groups 

�t t he e nu of t he pe riod of instruction, i t  w s po ssibl 

t o  do ter ino f i rs t  e t her ins t ruc tion �enuinely improved 

performance , nd second whe t her t he c ho i o e  o! strategy 

• ede ny d if fe renc e . A one-way analysis of vari nee was 

��f o rmed on e nd-�-course acores in lgorit hmic � ill and 

C oding .l�nowl ed6e, to test di f f e re nces amo ng the two t aught 

·· nd one unt ught gro u p s . As e lsewher t hrouE)hout t his 

inve sti�bt ion , the level o f  s ignific &nc w as set at 0 . 05 . 

How t he � � udy uev loped 

The entire inve s t i �at ion w�s carried out during the 

four ye ars 19?d - 1975 . 1972 was devoted t o  development 

bnd t rial s of m e t hods and materials . By the end o f  t hat 

ye ar 9 the Comput e r  btudi e s  1 c ourse had b e e n  t e sted , and 

t he i nstru nts me asuring algorithmic ski l l  and c od ing 

knowledge had been c onst ruc t e d , analysed and revised . 

During 19?3 - 5 ,  opportunities w ere t aken to de termine 

t he emp iri c c.l c harac t e ri s t ic s  of the se n e w  te s t a . The 
s pe c i &l t e s t  o f  ms the m v t ic t l att� inment w a s  also pre p ared 

in 1972 for use in 19? 3 . 

At t he e nd o f  1973 , after the st and ard Computer 

� t udies 1 c ourse h d b een t ought, the test ing programme 

for the concurrent study o !  rel tionship s  between 

pro -r ing nd m t hematic 1 att ainment was unde rt aken . 

These dat a were sub a quently n ysed by corr 1 tion 

met hod , u in0 zero-and first-order p t i al corre l  tion 

c oe ff ic i ent s be tweon the l evant variabl • 

Two proj et , running in p nr  lel , were undert aken 

in 1974. The fir t of the e w t he pr diction tudy , 

for which so d t on pr viou ac d ic cbi vement 

wore obtained fro school records. To · t her th 

rem ining d t need d for the tudy, further t t ainm nt 
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t sts and the personality test were admini ter d, all 
before the course of instruc tion commenc d . Tbe e dat a  

provided the information from whicn i t  was hoped t o  

predict scor s o n  tbe programming tests at the 

c onc lusion o f  the c ou r·ae . At the s ame time and with 

t he same p upils , e sec ond investigation w as undert aken , 
com ,)aring the effects of two different orders of 

pre sent at i o n  of t he course materi al . u ne sample group 

w a s  taught coding first , t he n  the deve l opment of 

u lgorithms in unooded form J the other group w as t aught 

in the opposite sequence. At the end o f  the proc e s s , 

bot h groups and a cont rol s empl e that bad had no 

progrsmmine:; i nstruction whatever , were te sted to 

me asure algorithmic skill . At the s am e  time , t he 

two groups th et had had pro ramrr;ing instruct ion were 

te sted for c oding knowledge . 00mparison of the score s  

s o  obt ained would permit ev aluation of the two teaching 

sti·ate gie s . 

�he flow diagram on t he next p age shows the 

development o f  t he i nve stigat i on , except for the 1975 

p ro j ect to determine the re l i ability or t he ;.lgorithmic 

� Kill Test - this was omitt ed for gre ate r  c l arity . 
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Alg Skill score Alg Skill score 
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Course presentation 

I 
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'U 
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Q· I Tasting programme :  
personality, I academic attainment 

'<? I test I 0 � 0 --6-Revise and freeze I Testing programme : 1 
tests of Alg Skill Alg Skil l ,  Codg. 
Codg. Kno\<ro � ' I  Know, Math Atto I 

Present programming course 
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Prepare test of 0 
Hath At tai.Dment _j Restest Codgo I � _ Know 

Course content 
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Course presentation 
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IQ 

Course 

0 
Testing programme :  

Codg. Know ( 2  forms ) , 
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cont ent \ Course content 
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School environment 

Sex Sex 

IQ IQ 

Fi�re �: Flow Diagram showfng Chronological Development of Study. 



CH.APT .. �H 1 V 

It b lre dy be n not d ( bove , p . ll) t b  t or t h  

s t u d i e  e num er t d in the l i t er ture survey , only one 

u ed an ob j c t ive test a s  t h  criterion or pro gr m i ng 

sc h ievr· me n t . i:i ow 1 1  e t  1 . , who unde rtook t h  t s t udy , 

u ed the u . & . Je p art ent o f  .., e l'I '1 U &  Ho b o t  'I st , whi c h , 

t hey r u y  
" prov _ l a ple ot pro gr ing c t ivity a n  l o �ous 

to pro b l e  olving o n  l arg -sc ale d igi t 1 e o  put er . 

1 he prob l e  i n  t h e  •Ob ot Teat re q ui re n ind ivi u 1 t o  

write i n  truc t i o n  in ymb o l ic 1 ngu age for D • no b ot 
Jlerk ' • • •  the t e  t ,  t hough in its ig tb revi s ion , i 

t i l l  in evelopmental st a ge end i s  no -. .. 11  
st nderdi z d . 11 

r n  import nt ei o r  t h e  pr sent s t udy wa to pre p ar 

o b j  c t iv t e s t  o r  �oding knowl dge nd bl ori t hmic 

..... kill . 1 u s e s  only ;.; ...,..; IL as a 
progr ming l n nd f l owc h rt for xpressing 

unc oded l gorit , t he t e s t  wer o f  J � IL nd of 
! l owo h rti • 

� o n  truct ion o t  t h  t 

T o  c o n  truc t t he t e  t o f  C � I L  c oding knowledge , 

t h  

pro 

o odi 

w urv ye in th l ight of the odel ot 
beb viour ( b ov , p . 19 ) . The t as k  in th 

p aae w seen t o  b two-told & 
1 .  t o  tr alate ed 8l oritbm into c ode . 

2. o e-....-� ...... ,.. t ot e C O  8 W l i  • 

• e o part ot be 

it w ire to eo t a 

8 J ' • bil1 y to di a t i  1 

proble fir t ,  

woul e 
e V id 

i v eo • iret , surv y ot w un er-

t ao t ha uni r e o t  al l  pos ibl mi b be 
c iv • T i e • et ally o ho e w r seen a 

1 ot t is u iv ra • 



c u of tb implicity of C ' IL ynt t C O  t .  

analys i w poa 1bl • The fo o f  h 1 t otio 
( l  b 1 )  ( op r t or) ( op r nd) 

th rul a for c on truo ti V li inst ruotio are a  
1 .  The 1 bel ay or y not be u d in giv n t t ment . 

If uaed t it ob y th rule tor n id!!ntifier 
( s  o Com12ut 1 Ja, p . l?) . 

2 .  oper tor pp ar in th eoond po itio� of th 
t u t be one of th twe lve C � lL verb 

( Computer Studie 1 ,  pp . 2?5-6) . 

3 .  The oper n ust b one of : i entifi r 

a sp oe 

4 . The operand mu t be or type eo p t ible with th 
oper tor . The o l y  permit ted eo 

Op r tor Pe ! 
h, �..,_l' , IN ,CUT Sp c 

U AD , iill.u , -.�U.L..'l\\ JT , . .  UL .L'l.PLY , JIVIDE Id ntifier or l iteral. 
;.;l'll iU.. , JUl. , JllL;;G t JI-..LRO Identifier 

It w d oid d to t t subjects ' knowl dg of the ynt 

rule of C�IL by uring t h  ir bility to di cri in te 

b twe n Y l id invoJ.i in truo tio • It w re 
o onotruot e d  in ultipl -oho1c to wit tour opt io , of 

which thr b t tic ly inv � 1  o v 1 • 

The ub j e t  ive on oi for o orreo ly 1 nt1-

fy1 t h  v 1 t ,  but uff r p 1 

for inoorr o ice • 

este ir 
el) eo 1 

iti 
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or ob or the t 

t te nt wer 

ts ix ts of four unl ell 

enerated, having thee char teristios :  

Val id stat ent I 

�t tements violating rule 2 a 

St te ents viol ting rule 3 a 

Statement viol ting rule 4 a 

Statements violating both 

rul 3 nd 4 I 

F 

6 6 
1 1 

5 

10 10 

2 

-

24 24 

B 

The re ulting six multiple-c hoice ite s cho n for 

form A and B of the O�IL B1Ut ax  part of t he Coding 

Knowledge T at m� be examined in App ndix c .  

Turning to the proble o f  testing the ability to 

transl t uncod d algorithm into C�IL code , it was 

again neces ary to ex in the fe ture of thi 

particular pro ing langu • A featur of CESIL 

is the fact th t the meaning of ach in truotion is 

entir ly cont xt-fr a it doe not dep nd on 

t t nt in other part of the progr • In this , 

C ' IL differ fro , s � ,  OBOL in which in tructiona 

of the P ,  RH v i ty can onl.7 b i t rpreted by 

r ferring . to oth r p t of t e pro r • 



c e of the eo text-tre 

C ·  lL instruction , a ubj et ' 

o ot th 

ility to tr 

in of 

l et 

tro tlowo art to c ' IL  code would 

owl of b par te type of 

alreadT not d, there is a fini t 

in tructiona a 

dep nd solely o bi 

CtsiL in truction
1

• 

11 t of v id 0 °IL 

Op rator 

h ALT , I t T Sp ce 

LOAD , D , SUBT A T , �ULTIPLY , DIVI D� Ind ntitier or l abel 

STU · , J U  t JIN� , J I�� Identiti r 

T pr ne of a yntactical.ly valid lab 1 do not 

affect the eeni of n in truction, o it w 

concluded that tbe univ r ot e ing tor C ·� IL 

i truction cont n 

' + 2x5 + 4 • 17 cl ss a .  

In th ��IL Coding nowl dge te t ,  subj ot w re 

required to demon tr t eo prehe ion ot CLGIL code by 

predicting the !feet on given d t of instruction 

dr wn fro each of the 17 cl ea . It w decided to 

i b d eh instruction in pro r of inimal length ;  

input d t w re provid d n ubj ecte wer required to 

1 

ict th result ing output . It ubj et predicted 

t r , in t ord r,  th  comput r 

lf would h v waa de d 

T 

t 

t 

•c 

t 
is 

si 

Ju titic tio 

ti 

0 • 
• a • 

ot that t1p 

for thi at te 

fl c 

. 16 

) C O  

r li upo 

q a io 1 ot 

• 

c 

tio 

c 1 • 
t • 
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"b haviour at uoh 

di�ticulti • ry on 

� vi wpoint nevertheless c 

ol the pro u uaed t t 

ite u t h v input , output end progr termin tion 

instructions - IH , OUT and HALT . To make the it a 

work , it w � ntial that every ubject u d r t 

th ex et igniticance ot th se three instructions , 

which in turn pli d that such under tanding could not 

b tested. rth r, to cre ate progr a c ontaining 

certain instruction ot the typ 

( op r tor) ( identifier) 

it w n cessary to include 

TO � ( identifier) 

in truction pr c ding it , v n it the progr w to be 

•ot ini al le tn• , nd it is deb at ble whether tbi 

requirem nt pl aced too gr t an mpheais on m stery of 

th STO £ typ instruction. 

Th tir t (Mark 1) v rsion or the t t cont ain d 

on it m or th typ d crib d for e h  of th 1? cl saea 

or inatruct ion xcept IN , OUT nd HALT , which w re 

c arefully explained in th introduction to th te t ( e 

Appendix c ) . It was consid red , however ,  th t qual 

pli fro all 14 r aining cl se tended to 

ov r-value m tery ot t h  LV , , S U  Trt CT , t .U LTI,t�LY 
and IVI�� type in tructions , e eh or which w twic 

r pr ntod , one in it form with identifier 

op r d ,  d once with lit ral . For the Mark 2 

v r ion, u d !or all work aft r 1972 , th it having 

lit ral op r wer eo bined into i it • 

The tt et on t et bo o neity ot this eo tion w 

t t by ex Din corr 1 tions betw n it cores d 
t t total : 
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' orre lction oe� ficicnts bet een It m c ores 

Test mot le for ' odin nowled e � t . ·r l nd 2 , 
and Jhanges Intro uc between r s , by Item . 

t em hk1 

1 p . 3) 

2 ( p . 4) 

3 ( pp �- -
4 ( p . ?) 
5 ( p . 8) 

6 { p • 9) 

Ite - test introduced 
correl tion tructin � 

k 1 , 1972 . 1  k 2 test 
b ooklet 

� one 1 ( p  • .?) 
, one 2 (p .�) 
'one 3 ( . 5 ) 
on 4 ( p . - ) 

� one 5 ( p . 7 

·on 6 (p . d ) 

te -test 
c orre1 tion 

2 t 1973 

7 { pp 1 -1 3 ) 

+0 . 
+0 . 54 
+0 . 54 
+ . 49 

+ . 07 

+0 . 43 
+v . 74 pplu-1 , invol ving ? ( p . 9 ) + . 68 

8 (p . 14) 

9 (ppl 5-16 )  

1(., ( . 18) 

1 otes : 

1 .  "'.rs on pro 

r parted . 

+0 . 56 

+ . 6? 
+ . a 

2 . The procedur o 

UJu , JJ' • � J..i. , . . . • ./ ' I-
PLY , co bined into a 
sin le �ro ;r • 1' (D l .J...:. J · ro_v� d 
entirely . ·core for 
item e h  nged from 4 
points to 1 point . 

· one 
1 on 

one 

8 ( p . ll. ) 

9 ( p . ll ) 

1 ( p . l :? )  

nt c o rrel tion coefficient 

ini etr t ion w oring ' ained 

unc h  n cd , rom l•ttrk 1 to ... . 

V cli ity 

t a not po sible to c on i er th c onstruct v lidity 

o t odi n .,.  �nowle e se r l i  b le infor,� tion 

bout the c on�truc t e inb r- • s ( 1971 ) neral 

di cus�ion , or ex ple , s b on infor obaei� tion 

r t �er tL n piric al ra ce rc h . o ntent vo.l i  ity , therefore , 

w 11 t t c ould bo st �b l ished ; the evidenc tor c ontent 



v idity w in ! et t etbo o! e t t '  

c on truotion , bo (pp . 35 - 39 ) • I uc 

th Codi 1\.nowl nt an unbi d 
1 !ro the univ r o! rel v nt beh vioura , the te t 

o e s sub t tiul cont nt v alidity . 

Reli bility of thg C 
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Th t t-r t t be viour of tue .Joding r.no .1ledgo T st 

w inv t i  e t  at the end of 1973 , u s i n  the sm Pll 

pl of � ub j et ( see b ove , p . 27 ) . �.;n th first 

adQinistr tion of the te t ,  immedi tely et the end or t he 

t e ac hing pro�r , the e n c ore w 8 . � , while  on th 

sec ond ini tr tion t hree week 1 ter i t  wns ? . 8 . •rbi 

de on tr t d th t no ignific nt overall eh nge in perform

ance lev 1 ad occurred between the two dminiatr tio , 

nd t herefor the to t-rete t r liabil ity c ould with 

ju tific tion b d t r in d b7 th corre l ation b twe en 

correspo di pnir of core • 

o arson product-moment correl tion c oefficients 

b tween c ores on te t nd ret e  t w re t aken , yielding tbe 

following v lue a !or 31 c e 1 

c p i 

u 1 t 8 pl 

C�IL not i ons 0 . 8? 

C...:..uiL tiynt 0 . 5.2 

T t Tot al o . al 

orma B ot th to t t the 

of 66 sub j ect · e a bov , p . 

produo d th followi d t andard devi 

0 

.o 8.4 
v .  .o  4. 3  

It w 0 t n 

of th t • 
parallel-to oul 

the oorrel tio n c or 0 the to 

en of 19?4, 

28 ) , 

tion : 

f 

t t t 

b;y 

• 



The ?earson product-moment correl t i o n  eoeffie ient 

b e tween so o r  s on t � and - ar  t ook the foll owin 

v alue s :  

' diL � unctions 0 . 90 

v��IL �ynt X - 77 
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T �o se value s ;  when t en t oget her ith the nbov v lues for 

the mEH1na nd st and .rd devi i o ns of score s  on t he t o 

forms , s ow not only that the r li bility of t he D oding 

l<.no ·le ge '.f.'e st is high , but l s o  that t he two form. m y be 

r ed a i n  erch ng r le . 

� in lly , for c ompl tene s s , e arson c orrelation 

c oe fficient as eo put ed for t he intero orr 1 tion b twe n 

c ..J!L .tt'unc tion score and C ' IL smt ax c ore . 

s nple of 6 sub j et ( ee ab ove , p . 26) , thi 

ha a value of . 68. 

Con of the /�gorithmic t 

• or t h  1973 

co ffic ient 

rep ar  tion or test of ��orithmic � ill w h lp d 

by 1e fee t that fl owc h rt in t sts u sed in . e surin 

�rosre �er apt itud • T e e  o r  t h five to t s  l isted on 

p . 1 3 bovc c ont ain s bte at on flo eh ting , he b e st 

doe ent ed b e in3 the n dia r·  min ' p rt or the omnuter 

pt itude ttery ( P ) ( alermo , 19 4) . 

It w de c i  ed to eo struet j unior version of t 

v AB ui �r ming t est . i t h e  � , the . 1  o ri t ie 

o ills Te t ould b pe ded. f�thougb ' o� (1971 ) h s 
c ont nded t h  t speeded tests o f  skill::, relet 1 to pro ·r 

ing ·  � in ppropri t , it c onside red thot � tron�er 

a.r u ent e iat or ret ning t 1 ment o · spe • It 

w s b el iov d t hat t ubj ect bo 1 bour d t ough an item 

ate -by- tcp d monstrat ing nn inferior 1 vel of skill 

to the on ho c t ieve l ob p re · on or th 1 orithm 
nd thereby d wCribed it e ! f  e t  mor r pidly . The 

i •PO i ion of t ime li ,it ensur d 

ore opbi ticat ed sub j ect . 

higher sc ore for th 
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I n  t he original 1972 version of t he test , t he t ime 

l ioi t was set t 15 minut e s , but f or t hose sub j ects who 

f ini s hed more quickly , a ec ord as .1-..ept of their 
c omple tion ime • De t e..il ed examination of thin roc ord 

led t o  dec i sion to reduce t e t ime l i� it to 12 uinut cs , 

whic h would prevent ne arly all sub j ects fro:n c oi.tplcting 
the t e st . This w c ons i  -- e rod t o  be consi ste nt with t he 

i�s o Y  the teat , end w&s ap. l ied in c�l odoiniotrot io 

during th mci.n noriod of t he investigat ion ( 19/ ..1 nd 

1974) . 

In t he wri t i n  of t h e  test items , t he s pe c i al n& ture 
of � e t arse t  populat i on w a o  b orne i n  mind . � irst , it 

was c onsidered useful to hove items that c ould be uraded 

riGht/p --·rtly-right/wrong , rat he r  t h  n simply riuht/�lrong , 

end thi s required a format rave l ing the process by \� hich 

t he sub ject re  c hed h i s  c o nc lusion . vecond , itomo were 
s ought th t would permit t he l anJu ug0 used on t he fl ow

ch&rts t o  be cxtreae ly brie f but unambiguous t o  t\ c lv� 

ye ar-olds , some or hom nuld b e  d i s udventaf,ed re ade rs . 

I n  t e s az1e way , prob l ecs we re sought that would n o t  m ake 

dem· nda upon the sub j e c t  • s level of numcr cy . 'I'he re sult 

w as a set of i t ems in whic h  e ac h  f l owc h art re ferred to 

the c onstruct ion of a ge ometric p ttt; rn ( sec J.ppendix J ) . 

Three type s or i em 1ere ueed in t he r� orithmic 
�kill Test . vne typ items 1 ,  2 , 6)  involved si�ple 

se �u noe s  of operation without c ondi t ional brr. nc he s or 

v ari ble ele ents . oopa nd v ari ab l e s  were re serv d for 

the s cond c to ory ( items 3 1 4 9 5 , 7 9 9 ) . Bo t h  t h se t;yp 

of itoc rcquir d the sub j ect t o  interpre t !lo c h art 

and perfor� t he te  k it speei� ied ; t hird type of item 

re quired hi to build part s of !lowc h rt by completing 

mi sing porti o no in way th t nsurc that pr scribed 

p tern would er e . 'he items in thi c t orJ nos . 

8 1 1 ) wer pre sent d in ul t ipl -c hoice fox: t , oat 

elo cly re semb led tne e act itemQ of the J 'l� ui �r ing 

t t .  



Bet een 19?2 and 19?3 , the sc oring proc dure for two 

The test i tems was revised t o  improve t he ir ob j ec t ivity . 

e ffec t on t e s t  homogeneity wee t e s t e  by examining 

c orrel ations be twe en item sc ore s  ond t e s t  t ot al , reported 

in T l e  9 b elow . 

l' able 9: .Jorre l at ion C o e f ficients between I tem ...ic or a and 
' est l' o t e.l for i.lgorit bmic uki l l  I' e st in and cfter 1 972 , 

and .; h ,  .<5e s Introduc ed i n  1ievis i on o f  Procedure , by Ite:n . 

l t em te::. - t e s t  J l  L nt-�e s i n  p r o c e d ure l t eo - t e  t 
l . o . c orre l a t i on i n t rod u c e d  e f t  e r  197� c o rre l v. t i o n  

1972 1973 

1 +v . l4 ..  o ne 

2 +v . 43 . o ne 

3 +0 . )2 -�e q u ire rue nt f o r  2 +\.; . 51 
o ints .:wde .Jore 

r i g o rous 

4 +v . 71 _\e q u ireme n t s  for 2 +l. . 47 

5 

6 

7 

8 
9 

10 

1 o t e s  

+\.. a 68 

+\.. a 28 

+U . 6 3  

+0 . 32 

+C . 54 
+0 . 22 

p o i n t s  :::. t de more 
ri::;orous 

.. one 

. .  o ne 

H one 

i• One 

o ne 

J.:. on 

1 .  Pe rson produc t- o ent c orre l at ion c o e fficients 

re port d . 

2 . The cont e nt of t he item rem i ned unelter ( i . • th 

Lark 1 v e rs i on of t he test bookl t w used throughout ) . 

3 · -.. e h  i t  is sc ored o , 1 or 2 points , s described in 

the e.r in · sche in ppendix D . 



V alidity o! t he 

Bince the universe o f  behaviours re levant to 

i\lgorit hmic �kill is so far ill-de fined , it was not 

possible to est blish the content val idity of this t e  t 

on t he grounds of s ampling as wa one for the Coding 

:nowledge Test . Rather , it was necessary to re late th 

Algorit hmic Bkills Test to its pattern , th J.L)AB 
diagramming test , which has been s hown ( )alormo , 1967) 

t o  have predic tive val idity against t he criterion o f  

supervi o r  ratings . Some me asure of validity - ac tually 

a m ixture o f  c ontent and construct v lidity was claimed 

on the grounds that the items of two tests require t he 

s ame kind o r  performance at different levels of sk ill . 

Reli ability o f  the Algorithmic Bkill Test 

Among the 96 sub j ects tested in 197 3 ,  tot al sc ore s  

o n  the Algorithmic vkills test were almost normal ly 

distributed : 

Kurtosis -0 . 21 

Skewne ss -0 . 10 

Inasmuc h as the hlgoritbmic �kills test is speeded , 

pl i·t-half met hods were inappropri te for estimat ing th 

te t • s  rel iability , but inasmuch a it was a mnstery 

te t ,  ne it her would test-re test m thod yield useful 

me asure . In a tudy peoial ly mounted in 1975 , the te t 

w s administered t o  sample o f  93 sub j ects ( e p . 28 ) , 

but without th t i e-li it . The re sulting c ore w re 

analysed by t he generali zed uder-R1ch rd on ethod ,  

( , !or example , l:.b 1 ( 1970 ) , e hren and Le bm  nn 

( 1973) ) yielding reli b i l it1 c oefficient of . 75 . 

Th teats of algorithmic kill nd c oding knowledge 

w re r dy in th ir final form by e ly 197 3 when the 

first of t he three main studies b g n ,  nd rem ined 

unoh nged throughout the r t of the inv t igation. 

45 
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V 

Co posite M t hematics At tainment Score Defined 

l!'our measures ot m thematic al att ainment ( see bove , 

pp .29 -30 ) were used in this study , and i t  was necessary 

t or the purposes or the investigation that they b e  

combined into a ingle overall me asure . In an e nde vour 

to find a suit able c ombinati on ,  The PAT athematic s 

�est ( eid and liughes , 1974a) , then under construct ion ,  

was considered . Thi test occupies a special position 

in mat hematics instruction in ew �e al and , having been 

built up o n  the opinions or mathemat ic s  teachers 

t hroughout t he c ountry . Bec ause of t h  bre adth o f  its 

b ase in t e acher opinion , t he PAT athematic Test c an 

be regarded as the authorit at ive inst rument for mea uring 

mathematic al att ainment among t ew ue al and children . vut 

b ec ause the PA test was not avai l ab l e  in 1973 , and 
b ec ause t he study . of the rel ationships between 

programming and mathematic a l  achievements required 

subscore s on p articul r aspects of mathematic s ( whic h 

.... ilT tath does not provide ) , the t st actually used wa 

the one shown in Appendix B and discussed in Chapter l i i  
( pp . 29-30 ) above . After c reful c onsideration or t he 

i tem description contained in the P .T Test ' s  �anual 

( R  id and Hughe a ,  1974b ) , i t  was dec ided th t a 

" Composite Nat h  maties At t ainoent Sc ore " roughly 

e quivalent to the PAT Math scor c ould be arrived t 

by lin ar c ombination of subscore s , with these 

w ighting coe fficient : 

I umeric 

Sp tial 

e l  tionship bcore 

l at ionship s  Score 

Logic 1 Rel t ionshipa Score 

24 

12 

8 

1 an ormaliz d Arithmetic Se or 10 
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It w as this c omb inet ion th�t was used as the me asure of 

mathematics att ainment in the 197' c orrel ational study . 

Algori tbmie Skill vs Cod ins ·Knowledse 

To te t the null hypothe si s that t here is no rel ation 

b' etween performance on the Algorithmic Skill Test and on 

t he Coding Knowledge Test when t he effect or p erform ne 

on t ne Otis I� Test i s  removed ,  the p art ial correl ation 

c oefficient b etween the first two score s ,  tac t o red by t he 

t hird ,  was c omput ed . The v alue obtained w as 0 , 46 for 95 
o ase s (pi 0 , 001 ) . At the leve l of s ignificanc e c h o s en for 

t his study - 0 ,05 - this value justifies rejection of t he 

null hyp o t h  is under a two-tail test , if tbe thre e 

population distributions are assumed normal . 

The zero-order c o rre l at i on matrix , from whic h t he 

above re sult and al so tho s e  whi c h  fol low in th next 

paragraph were derived , was as shown in Table 10 : 

T able 10 : M atrix of Simp l e  Corre lat ion Coeffic ien t s  

Obtained in 1973 �orre l ation Study : fv, atbematies 

At t ainment Sub seores by Programming Att ainment Sub se ore s 

and Otis IQ . 

O t i s  IS< 

Als. Skill 0 , 60 

Cods,Know . 

Comp,Matb . 

0 , 56 

.t.lg. Skill 

0 ,64 
. 70 

Cods. Know . 

0 . ?5 

( 95 c ase ) 
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lgoritbmic Skill and Godins thematicel 

tteinment 

ir t-ordor partial correl tion c oefficients 

( f  c tored by Otis I�) were extr cted to examine the 

rel tionship or Composite i them tics Attainm nt Score 

t o  �lgoritt�ic Skill and Coding Knowl dge . The value s  

obtained were : 

Alg. clkill vs Comp. Nath . 0 . 48 ( 9 5  c ases ,  Pi o . OOl ) 

Codg . Know . vs Comp. Math. 0 . 6 ( 9 5  c ses ,  Pi o . OOl)  
Bec ause these coefficients w re n ither very high nor 

very low, the fine structure of the relati onship was 

also examined to see whether particular correlations 

might exist that were markedly different from the 

general level . matrix of first-order p artial 

correlations factored by Otis IQ was obt ained for 

subse ores of the three me asures , and is shown in 

Table 11 : 

Tabl , trix of Partial Correlation Coefficients 

utis IQ 1 Obtained in 19?3 v orrelat ion Study z 

athematics Attainment Subsc ores by Programming 

Attei ent Subscores . 

CLSIL .�!'unctions CLSIL S;rp.t ex Als. Skill 

0 . 48** 0 . 38 0. 39* * 

Space 0 . 38 • 0 . 31·· ·  0 . 39*�· 
Lo ie 0 .46··--· 

0 .40• * 
0 . 26 

• 

.Arit!!!!!etic 0 . 43. 0 . 22
. 

. 36 
• • 

(95 c a )  

•••pi o . 01 •• 
p i o . o1 

• 
p i 0 . 05 

11 th e o  f!ici nts took v u in the e g neral 

rang , xcept those for Arithmetic vs C�SIL Synt ax nd 

Logic v Algorithmic Skill , which , though signific nt t 

the 0 . 05 level chosen for the inve t igation, w r 

markedly low r than th oth r coefficient in the m trix. 
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r he parti 1 correlation CO fficient W r d rived 

from tne zero-ord r correl tion marix shown in T b1 12 : 

• atrix of tiimple Correl tion oefficients 

Ubt ned in 1973 Corr 1 tion Study : 

Jethem tic t t  in ent Subscores nd Programming 

Att ainment wUb c ores . 

Otis C1.Funct .  c . sznt . �· 11· 
c .  ne t .  0. 55 
c ( ' t , o;yn • . 48 0 , 68 

�· 0.60 0 , 61 . 56 
11 

Number • 70 0.67 0 . 57 0 , 65 

t:>p ce 0 . 53 0 . 56 0 . 48 0 . 58 0 . 61 

Lo ic 0 .6 0 . 63 0 . 57 0. 53 0 . 63 . 65 

Arith. 0. 56 0 . 61 0 . 43 0 . 5? 0. 65 0. 52 

Los;ic 

0 . 5? 

Consideration of t e above zero-order matrix c asts 
further l ight on the two l owest of tb parti al 

coeffici nts of Table ll • Tb weak p rtial c orrelation 

between Arit e t ic nd CLSIL Syntax c l e arly results fro 

we ak simple correlation. For an explanation or the 

low parti al correlation between Logic and Algorithmic 

Skill , how v r ,  it i nee ssary t o  not not j ust the 

fairly low impl correlation coeffici nt b tween tbe two , 

but al o t be r l ativ ly high o orre1 tion of eh of tb 

wit h ti I which w tb taotoring v riab1 • 

ediction of 

Th regre s ion tudy w d ign d to inv tig t t h  

rel tive import o o f  c mic tt ainment nd 

p r onality f c tor in pr dieting tb two d n ion of 

progr in ttainment , Th method u ed w th t or 

t pwis u1tipl r gr ion, on thre mic 

pr dictor ( .e i th tic e t c or , P Vocabulary 

Te t eco and l orm 1 d Arithm tic Scor ) nd 



tourt e n  personal i ty pr dlctors ( the 14 factor sc ores 

of the li�P� . he 66 sub j ec t  of th 1974 ample wer 

used for t he study . To at rt with , the depende nt 
vari ab l e  was the Algorit hmic dkil l  Test sc ore . 

In t h  s tepwise regre ssion proc dure , variab le s  ar 

introduc ed one et a t ime into t he equation . The SP3o 
program permits the user t o  forc e  cert ain vari abl e  in 

before others ; this op ti o n was used to perform the 

regre s s ion analysi s  twice over ,  onc e with the ac ademic 

predict or vari ables forc ed in b fore t he personal ity 

ones , and onc e with the personali ty v eri b l e s  b ef o re 
the ac ademic . Bec ause t he sample was made up of two 

eub s em p l e  groups which had received di fferent 

instruc ti on ,  s dummy "tre tment " vari able was al so 

introduced among t he predictors , and w a s  given the 

valu +1 f or e ac h  memb e r  o! one group , -1 tor t he 

othe r .  By introducing this vari abl e  after el l t he 

other predict ors , a check w kept on the proportion 

ot the vari anc e  of the dependent vari able that was 

expl ai nable by tre atment rrects . 

T able 1 3  summari zes t he re sul t s  o f  the regression 

an al y s i s  when the ac ademic predic t o rs were forc ed into 
t he e qu a t ion before the personal ity v ariables . Two 

st e s  are shown : first , when only the three ac ademic 

predicto rs had b e e n  introduc ed , and seoond t t t he end 

o f  t he proc e s s  when all vari ab le s were in t h  equat ion. 

To s how the prop ortion o t h  vari ano of the dependent 

v ari ab l e  explai ned at e eh st ege t t e quare of th 
multiple c orre l t ion coeffic ient c orre sponding t o  e ach 

set is rec orde d ,  and al so the v lue o f  t h  b t 

coeffici nt • T le 14 bow the oorr ponding re ult 

obt ained wben th per onality v i able s wer introduc d 
b for th o ic one • 
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'1' 'ble 13: Stepwiae ,r:ul tiple egr s s  ion naly i U ing 

J..lgorithm ic " ill Test Bcor s Dependent V ariable , 

Introducing Ac ademic Att ainme nt Vari ables before 

Personal ity Variables : with Ac demic Predict ors Only , 

and with All Vari b l e s  in �quation ; beta Coeffic ients 

and �·1ul t ipl R1 • 

V ariable in t he �guation 

Set · ame of V ariable Bet a 

Ao edemic l)AT V oc abul ary u . 5 3 
0 . 2 3 
0 . 04 

Predict ors fAT t�athe mat i c s  

Only �e n N orm . Arithmet ic 

All PAT Voc abul ary u . 39 
Predic tors PAT Natheme.tic 0 . 28 

Ne an Norm . Arithmet ic 0 . 0 3 
HoPQ Factor E -0 . 20 
RGP ' Factor J 0 . 25 

fiS Q lt'actor D -U . ll 

n�r -ac tor Q4 -u . u9 
hSPQ Factor � 3 o . o4 
flliP'� Factor I -0 . 11 

HSP� Factor c -u . o? 
hi:;).P"" Factor 0 -0 . 07 

HS..t<.( Factor B -0 . 02 

ESP� Ifect or A -\.. . 0 3 
HS.P� .. Factor G o . oo 
hoP'" Factor 2 -0 . 06 

H ' F·.� actor F -v . lO 

h- t ent 0 . 17 

llliP\,l Factor - . 02 0 . 65 

• Ot 8 1  1 .  • 66 

2 . P F ctor o w s not brought into the 

qu tion bee u it -level f 11 below 

0 . 01 , the lev 1 pre eribed by the P s 
progr ( se i , Bent nd ull , 19? Cl ,  

PP • 174 - 195 ) . 



3 . The l ow value of b e t  associ ated with 

h::>F. < .b e.c t or B ( int l l ig ne e ) is 

expl ined by the pr senc e  in th 
oquatio� of t he a c ademic predict ors , all 

o f  whic h are ne vily loaded on 

intelligenc e . 
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Table 14 : btepwise �Iul tiple Re ession nalysis 

U s i ng Algorit hmic Skill Te st Score as Dependent 

Vari able , Introducing Personality V ariables before 

.Ac ademic Att ainment Variab l e s : with .Personality 

Pr dictors unly , and with ill Vari ables in �qu ation ; 

Bet a  Coeffici ents nd i•.�ul t iple R2 • 

Vari ables in the .:.:.guat ion 

53 

Get i ame of Vpriab1e Beta 1 u l  t ip l e  R& 

l)erson sli ty 

i'redict ora 

Only 

r.ll 

Pre d ic tors 

1 o.#l '"( 
11.01''1. 
riS.P� 
L.:::J: (.( 
ED�v 
Hb.t'< 
. .  &.i. '( 
l.L..Jl ','\. 
hciP:"t 
�� 
h...>l 
i-iti 
IiiJ� I 

Hol · ,  

� . ...... l 
. u.> .r  "'1. 
h;Jl' " 
HSI).; 
ll..J.t·' .{. 
L 1 \( 
h�l ' 

p� AT ' .. T 
· e n 
Tr 

.i!'ec tor B 0 . 19 
:B'act or "'' 0 . 19 
L''actor J u . ;; 
If' actor G -c . 1C· 
·'ac tor 0 -0 . 10 

Factor � -0 . 24 
}' e t  o r  I - . 27 
Factor D -0 . 18 
�'act o r  G C . lO 
Fact or F -0 . 1 3 
· ·ac t o r �2 -0 . 09 
.it ac tor A · o . u? 
iec tor li -O . u9 
Fac t or �4 - . 05 

Fac t or b -v . v2 
·'ac to r  · 3 , .- 04 
Fac tor J 0 . 25 
'ac tor (.; -u . u? 

.:. ac t or u .() . 0? 
,if� actor ::.. -0 . 20 
"actor l -o . l l  
!"actor D -0 . 11 
.iJ·e.e tor G · . oo 
.t' SCtor .t' -0 . 1 
.E'sc tor 2 . C6 

e t  or . -0 . 0 3 
l'ac tor li -v . u2 
'actor -..t4 -0 . 09 

V oc bul ary 0 . 39 
p th m tics 0 . 28 . .  

orm . ith e tic o . o; 
tment 0 . 18 . 65 

J ' 
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The se re sul t s  show the three ac ademic ac h i evement 
me ur to b e  superi or to t he ourteen f actor scores 

of the �l � i n  predic t ing nlgorithm ic Skill score s . 

'hoy confirc 0 . h . lspaugh ' s  ( 19?2) f i nding with o lder 
students , that ac ademic b ackground wee a tronger 

predictor then personal ity vari cb l e s . 

·..L'he whole proce ss was repeated us ing J oding 

.no\'ll edcc s c o re as the d pendent vari ab le , using t he 
same predictor v ri ab l e s  organi zed and treated in the 
s ame way. vnc e gain , t h e  ac ade ic t o st score s  were 

found to be th uperior s o t  of predictors . ( see 

Tables 15 and 16) : 
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Stepwis ·�ul t ipl Regre ssion Analys i s 

�oding nowledg est �core s Dependent ari b l e , 

Introducing � a  emic At t ainment V ari ab l e s  before 

Fer onal i t3 V ri ob l e s : with c ademic �redic tors vnly , 

end witl Al l ariables in uquation ;  eta Coeff i c ients 

�-�ult iple 
I 

• 

V ari ab l e s  in the �gu at ion 

.:>et r. e of V ari e.ble 

i"e ade ic J.'A · l'lathemat i c s  

nredie t ors 1e an · orm . Ari thmetic 

Only 1 .T Voc ab u l ary 

i\11 : i•'l' t.atheme.t i c s  

I·redicto rs . e an I orm • J-�Xit hmetie 
.i' ·�T Voc abul ary 

Lvl ·'\. .!fac tor D 
11;;;r , .I.'' act or H 
li.L.L � L"act or J 
J.io.J.t' . .tr act or ,. .  V 

hv..l. . 1  11 ac t o r  b 
... . ..., .. , ... l lul · t F act or 3 

L...,.t. .'- Fact o r  ..;_ 2  

Li0.l lect or 

c..) .. ' 1'' c t or J... 
.liS.t.- >c. I-' ac tor "'(,4 

iLJl F et or G 
b....,J. '( r..· "' ct or I 
1 r  at ment 

llG 

ote 1. h • 

F et or . 

Be t a  

u . 49 
C . l3  
u . 13 

0 . 42 

u . 22 
u . v5 
0 . 21 

-0 . 1 3  

L- . 25 
-v . 21 
-G . v8 

0 . 16 
-v . C4 

0 . 17 
l, . u5 
0 . 0 5 

- . L..·2 
-0 . 01 
- . 18 
-o . r 

0 . 43 

0 . 63 

2 . 1�. � ct or was not brought int o  th 
qu tion b ee u it -lev 1 f 11 b elow 

u . Cl , the 1 vel pre c ri b  d by the S.r. >:.:>.;;� 
prot5r ( se c  1 1 , Bent and Hull , 1970 , 

PP • 1?4 - 195 ) . 

a 
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T able 16 : St epwi se l·lult i pl R gr s si o n  Annlysis Using 

0oding · nowledge Test Score a Dependent Vari bl , 

Introduc ing rers on lity V ari ables b fore Academic 

tt ainment V ri b le s : with -,crsonali ty I-redict ors 

Unly , nd wit h l V ari ab l e s  in Lquation ; �et 

Coeffic ients nd .ultiple .. lt • 

riable a in t he -'Jguat ion 

;:.et l e of V ari able Jj e t a  

�ere onal ity Hor� b"'actor J �... . 25 
l redictors l i u J:  -.., .r actor 

; -v . 27 1,; 
0nly 11 - .) 

.,;) "'1, l!'ec t o r  .D v . 24 
l:,}',._ l!"'act or · 3 v . lG 

!Ju! � .b ac t o r  B u . l l  
--.J � .�. actor '<4 (.; . C..·8 

HS1''\. .k' acto r  I -u . l4 
.1:1..; .t!'ac tor G v . u5 
d...:...t: i! &c t or J ..., . \.:6 
H "' T .t ' .!"ac t or H -u .v6 
L . ..� ""' .I! actor it' - . 04 
li . .J J  .: sat or .2 -u . C3 
h...J�"' l!'ector , .. -U .u2 v . 36 ...... 

z 

�� o t e : hu�'  .. iac t o r  0 wo.s forced out o f  the equation by 

.t . . ... . _athematic s , and only c ar.,e in e,�ain �t t he 
15th st op . 

i•ll rwl '1. l!' c t or J v . 25 
.t redictors li...)l F ac t o r  " -C. . 21 v 

.t!'ac tor D 0 . 21 
.I! act o r  3 �.t . l6 
l''octor B -�..t . 8 
... � actor 4 0 . 05 
�·ne t  or I u . ul 
l'' etor G -<.. . 02 
l!' ac tor (, . (;5 
' c tor H . 13 
I et or F . 17 

eto \.2 • 4 
.! c t or .... • 6 

them t ic s  • 42 
�· c tor u • 

n orm . .r�ritnm tie 0 . 22 
at . ent . 18 

V oe ul ary 0 .05 0 . 63 
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Table 171 Regr s ion Anslys : Regression Coefficients and thei r Standard 
Errors , by Predictor Variable 

Algori tbmic Skill aa 
Dependent Variable 

Coding Knowled e aa 
Dependent Variable 
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B S td . Erro of B
1 B Std .  rors o f  B

1 

PAT Mathematics 

PAT Vocabulary 

Ari tbmetic 

HSPQ Factor A 
HSPQ Factor B 

HSPQ Fac tor C 
H p q  c tor D 
HSPQ Factor E 
HSPQ Factor F 

HSPQ Factor G 
HSP 1 Fac tor H 
HSPQ Factor I 

HSPQ Factor J 
�'1'Q Factor 0 

HSP'1 Fac tor Q2 

HSPQ Fac tor Q3 
HSP . Fac tor Q4 
Treatment 

o.og 

0 . 1 0  

o .oa 

-o .o, 

-o.04 

-<>.07 

-o . 1 0 

-o . 1 9 

-o.oa 
0 .003 

-o.02 

-o .06 

0 .2, 

-o .o6 

-o .06 

0 .04 

-o . 1 0 

0. 55 

0 .06 ;0.06 

0.04 ;0 .04 

0.33 ;0 . 33 

0 . 1 1 ;0. 1 1  

0.26 ; 0.26 

0 .1 3 ;0. 1 3 

0.1 1  ;0. 1 1  

0. 1 3 ;0 .1 4  

0 .1 2 ;0. 1 3 

0. 1 1  ;0 . 1 1  

0.1 3;0. 1 3  

0.09 ;0 .09 

0.1 2 ;0 . 1 2  

0. 1 3 ;0 . 1 3  

0. 1 3 ;0 . 1 3 

0 . 1 2 ;0 . 1 2 

0. 1 4 ;0 . 1 4 

0.37 ;0 .37 

0.1 8 

0.01 7 

0.68 

0.07 

..0 .22 

..0.28 

0.25 

-o .oa 

0. 1 8  

-o.02 

-o.1 4 

0.01 

o.-,o 
-o.002 

-o.os 
0.20 

0.07 

-o.74 

0 .07 ;0 .08 

0 .0 5 ;0 .06 

0 . 44 ;0 . 46 

0 . 1 5 ;0 . 1 5  

0 . 36 ;0. 36 

0 . 1 8;0. 1 8  

0 . 1 5 ;0.1 5  

0 .1 9 J0 .1 9  

0 . 1 7 ;0 . 1 7  

0 . 1 5 J0. 1 6  

0 . 1 8J0. 1 8  

0 . 1 2J0 . 1 2 

0 . 1 6 J0 . 1 6  

;0. 1 8  

0 . 1 7;0 . 1 7  

0 . 1 6 J0 . 1 6  

0 . 1 8 ; 0 . 1 9 

0 . 50 ; 0 . 51 

1 In each case, the first- ed standard error is that obtained when th 
academic predictors w re forced into the re a ion equ tion tirat (as 
in Tables 1 3, 1 5) . The second-named standard error is that obtained 
when the personality variables were fore d in first ( in Table 1 4, 
1 6 ) . 



Though analysis of tbe re gre ssi on c oeffic ient s  

c annot be rigo rou sly appli ed to t his s ituation , s ome 

observati o ns ab out them may be use ful in point ing the 

way t o  later res e arc h . Of the l .;;,F�· f ac t or sc ore s ,  

only one hcd a regress i on coeffici ent t hat was more 

t h an 1 . 6 time s its standard e rror in any of the 

regression equations . The factor that hed this 

property - in every equation , in fact - v1as .f actor J . 

how the 1�P1 � anual describes this and other fac t ors 

is shown in · ,eble 18 below . 
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T able 18 : Bri e f  Je scri ption vf The ourteon EJJ � 

'ersoneJ.ity �· ctor , by fac tor . 

"L.t!HAB...:.�I 
l.i�t.JIGl4J,r;: I Cl' 

; b oy or girl with 
lo oc ore is : 

He served, Do t ac bed , 
�rit i c al , l oot , �t i!t 

� s s  Intell igent , Joncrete
Thinking , Of Lower uChol ns
tic · ental � p acity 

feoted by � e elings , �mot
i o n  l ly Less � t  ble , 
� s ily Upset , Jhange able , 
of Lower �go 3 trength 

.Jisret_,ard 
lie.a • eaker 
Jtrength 

uhy , Timid , T re t
Bensitive 

o h-,·.inded , tte j ects 
Illusions 

�e st!ul , Like Group 
e t  i on 

�el!
Oo pl 

o c i  bly Group- pendent , 

B 

D 

L 

b' 

G 

h 

I 

J 

J\ "Joiner• nd Lound (La.. 
Follower 

J 

' 
4 

vCuR.Z 
( 8-10 ) 

J b oy or girl with 
hi- h sc ore i s : 

' armhcarted , vut going , 
�asyGoing , rartic ipating 

'" 'ore Intelligent , ..:�b strac t
Thinking , Bright , uf Higher 
Jchol astic ·lent al 0 pacity 

..:.motion&lly Lt ble , !•1ature , 
� ee s  ne ality , elm , of 
Higher go �trengtb ( not 
the s e as " etsot ist ie al " ) 

�e iteb l  , Impatient , Demand
ing , Lveractive , Unrostrained 

�saertive , �ompet it ive , 
J.t..'>gressi ve , .vtubborn 

�nt h a iastic , fieedle s ,  
H PP3 -Go-l..ueky 

Gonscientious , rerais tent , 
�orali otic , vt aid , Has 

vtronger �� �re bo �trength 

•. dv nturous , " Thick-�kinned" .  
�oe i ally �old 1 
Tender- .indod , �ensitive , 
Cl inging , uver-L �otected 

0ircumspect , Individualism , 
ie flective , Internally 

e a  trained 

re!ers 
ourc ful 

vontrolled , �oc i al ly- ·re
ci e , u  1!-Disciplined , 
0ompu1 ive , as High �elf
Concept Control 

Source : C ttell and ttell ( 1968b , p . l2 ) 



Ctber fccto rs showi somewh t weaker pooitive 

regre s s ion c o e ffici nt in b oth sets o f  equations e 

� c t ors � and 3 , while coeffic i nts o f  simil ar 

m gnitude but nog tive sign in both sets re t hose 

for i ctors c nd I .  
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f p art ic ul ar interest is the fnc t or D . ·,·:ith a l l  

v ar � able s in tlle re _;ro ::; �i on equ t i on on Coding r.nowledge 

scor , its r er ssion c oeffic ient (B ) w s + . 25 with 

bt �nd d error of v . l / ; when l gorit hMic ��ill wee t he 

dependent vari �b l e , it had b • · . ll , with ' . 11 for the 

s t e.ndnrd error . 

Co parison of  Te c hing �tr tegies 

'1'h differonti 1 e ffec t s  of the two t e ac hing 

str to3ies ( flowc , crting-t bcn-c oding , c oding-t hon

flowc nurting ) ere test ed Ly en analy is of v eri anc c  

procedure . '.1. he s e proc edure wea l s o  u ed t o  3 i e ld 
�ddition 1 inform t ion eb out whether t e  c hing c t u  lly 

m ekos Pny si .n  fic ant differeoc t o  t lle lov 1 or 

echieve.:•ent , or whet her maturation alone ould s o  a 
ouc h . � one-w y u� i h was perfor ed on t nro e ·rou a : 
one "roup t u ght by e ac h  o f  t he two methods ment i oned 

t'-b ove , end a t hird c ontrol Kroup that 1 ad h d no 
instruct ion in progr ming t 1 .  I c an be s n in 

I'T' ablc 19 , t h e  vulue o£ ' obt t i ned for c oc'J ison among 

tcse thre e ·roups � s oi�ni fic ntly d i f f  r nt from 

zero , t t he . 05 l evel . u i n c e  t he difference b e t i e e n  

t he two t aug ht roups w c c e rly not s i  ific nt se e 

� ble �u) , u nnett ' a 1��5 ) ethod w ploy d t o  

c o n ) ere t .e t o t  u ht roups with t h e  c ontrol . 

v lu s of unnett ' t st tiatic , · l  o ho �n in � 

wcr both s i  ific o. t under two -t il t t t t he 

lcv 1 . 



bl 

ble 19 : 1.lrsorit ic �kill est ...>C ore s , 1974 
..,)emp1e , Su ,IC.ry o f  .nn lysis of V nrianc • 

.;,ourc e of .Jecro e s  of .;um of .e en I!' .ttStio 
V tcr"i ation . .!'re doe quore a  vqucrea 

Letweel'). t;roups 2 ;15 . 5 157 . 7 
16 . 9 l it hin t)roups 6 8�6 . 6 9 . :? 
( p  < u .vul)  

Tot al 98 1212 . 1 

'I·ab le 2v : �\.1 orit hmic ..)kill T at .... c ore s , 1974 ..;o.wplc , 
Dif ferenc e s  �e tw en 1 ught G roups and Jontrol . 

Crroup �� umber o f  Group r-. e  n Junno t t • s t 
sub j ects  . 

'1owc herting 
-then- 7,,.. /0 11 . 3 
�odit�B 5 .�..- p ( C . \.-1 )  

o .4· rogre ing 
( C ontrol )  

3? 7 . 6 
5 . 1 p ( ' . Ul )  

o " ing 
-then- 31 11 . 5  

· lowch rt ing 

T e v Odin i nowledge t as � iniot crcd only to 

t h  t 0 t u t roup , 5 t h  o r  r t t.e t e s t  r ndered 
it i compr henaible to anyone who d not un rt aken e. 
c our i • t-r tio w s tb r f o r -.,  u ed t o  

C O  pere t se two grou s ,  with the result ho in 

T l 21 . 
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able 21 ; Jodin . nowl e !:Se 1GSt de ore s , 197'� S mpl , 

JJifferenc es between �r ught ' roup • 

uroup L· lo c : , �·ting 1.1 0  in 
th ... n then 

Joding .• lowc n arting 

Group 
oe a.n : 9 . u 6 . 8 

St andard 
..>cvi&.t i on : 3 . 7 4 . 2 

. u:nber of o..�UbJOCts : 36 3v 

utudent ' s  t :  2 . 2 64 degree of frcedo { p  ( O . o5 ) 

This va.l ue was si ific ant under two-t ail test t t he 

v . 5 level , end the hypothesis of no diff renc w 

therefore re j ec ted . 

ln sum , it  'J. &y be o aid thet t hose sub j ects who 

rec ived instruc t ion did e rform signi ficantly better 

on t he 1lgorithmic �kill 'e t than t ho e who did not , 

b ut the.t whet ber t .�e instruction in fl owcho.rt i  

precede or foll owed instruction in c oding m de no 

i�nificont differ nee . un the other 1 snd , e nd-of
c ourse sc ore s on the � od ing .nowled� T st w e 

G ignific ntly hi h r under the fl owcb arting-then-

C O  in tr tegy t h  under the coding-then-

l owc rt1ng str te • 
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' ' t.e cost impo rt ont individu 1 s t G t i o t ic s t o  emert;e 

from this s tudy iere t he first -orde r p rti al c o rre l at i o n  

co !fic i nt a , f e.c t ored by .... t i  I , of J�lgorit ic ..>kill 

v a  ..; odinb ... no ·iled-::.e ( u . 46) , 1.1 ori t hmic ..,kil l v s  

· ompo o i te Lat he:.: o.ti c s  .• t t oinment Dcore ( 0 . 43 ) t.nd 
�o i o  t no ledJe vs .; ompos i  t e  f>i the!! a t ic i�t t ainmcnt 

�c ore � . 6 ) . �� one the subscores of t his set , t ue 

�ost reve al inG re l a t ionships were t e 1e ak c o rre l at ions 

b e tween J ��I� synt ax �nd r r  t h  o tic , and between 

J,lt:;ori t ic ,;)kill and .:..ogic . 

nt � e m  t s  t o  pre dict success in t h e  �ompu t c r  ...>t Qi es 1 
c o urse by a re gre s s i on model hewed t hat pust oc 

et t ai ents were t he cost po· c rful pre ic tors o f  b o t h  
r.l ori t hm ic J k i l l  and Joding ... now l edge o t  t he e n  o the 
c ourse . In vene rel , re sul t  o f  o t her s tudie s ith 

cdult s were c o nfirJed wit h  t he youn� r subj ec t  s tudi e d 
i n  · b e  pre sent inve s t i gat i on ; however , s o�e sugge s t ive 

di ffere nc e were e l  o found . 

' odin hno wledge , as me asured e t  t he end of t r.c 

programmin c ourse , w as s h o wn to b e  s i Bnific snt ly hi gher 

if in t ruc t i on in coding f o l l owed instruction in 

flowc t.. rt ing r th r then vic e vers • 'or l ,..:;or ' t hmic 

... l:i l l ,  n o  c o rresponding difference as found , but i t  a 

hown t h  t p pil s ho b ad b e  n instruc t d i n pro r i ng 

id s igni tic ntly b e t t e r  o n  tbe t s t  t h  n t t.  Je iho l «:.d 

not . 

nter2re t at ion e su l t n  

�he evidenc o b t  ined in t h i s  i nvc st ig t i on 

o on i e red to support the view t h  t lgorith ic 
and odi ng Anowl edge ere t o disti et b i l i t i c  , 
exhib i ti ng feeture that i ffer in i port nt w 

a.o 
ki l l 

• 



Beliefs bout t he o t  t i  t i c  ind pend n e e  o f  ��IL 
�oding nowledge and algorit ic �ki l l  wore neve rt h  l e ss 

s hown to b e  unten b l  • The two t e c t a  u d e pl oyed t asks 

whi c h  c ou l  h ardl y  h ve b e e n  m d ore dis icilar w i t hout 

l osing c ontent v nlidity , but.  th zero -ord r corre l at ion 

c oeffi c ient ob t ined was hibh nou�b to justify re j e c ting 

t �e nul l  hyp othes�o o f  no c arre l t ion . h or could � e e ffect 

be expl a ine d awny as a pbe no enon o! ue er 1 inte l l i genc e  

o r  test \'li scne a a , a w a s  sho\- n when t he f irst-orde r 

c oe ffic i e nt f a c t ored by 0 t; i s  I'� qaa also 1ound t o  b e  high 

enoush to j us t i fy re j ec t ing t he nul l hy )othea is . 

'.rhis evide c c  s t ron �ly s u " e to t ha t  oize eble general 

p ro �r�ing t b i l i ty e xist s , perv ding b ot h  tes t s , · nd t h at 

t hi s  ,;ener 1 pro r "'ing ab i l it..: m y di ffe r in imp ort ant 

w ys fro General i nte l l iee nc c . 'J.hcre w s lso very 

e o  aid �a l e  c orre tion wit h m t he at ic el o t t  i n- ent , 

which ;oin os s hown t o  b e  due not only t o  Jencrcl 

intolliLunc e  but l s o  to o t her mutual ly c o ntribut ing 

b ilitie s . I t  should b e  rememb ered , h owever, t h � t  t h  

U omnutcr Studi e s  l c o urse i c o nc erned ntirely wi t h 

nurreric proc ssing , ne t hat c o ur e anc l anguage s f or 

non-nu .• e ric proc e s s inG moy reve e s i �ni fic cntly d i ff e rent 

relationships with ro at hem t ic ul tt i nment . 

J onc lusio 1s dr awn fro t he more det i lcd c orre l � L i onal 

urvey o f  t he re l t i onst.ip b e twe en thematic o.l t �.� oirun nt end pro�r�in tt inment s must nec e s s arily e tre t ed 

wit h c au t i on , b e c ouse o f t e l o 1er rel i cb i l i t ic o f  the 

subscore s . uo ever , th t '0 lowe st p ti c orre l at ion 

c o e r fic ient s  ( f  c t ored by t i s  ) .. erit ome eo .1ent • 

.1. �e fir.ot of t hc s  , i thme t i c vs .... .....v TI uynt x ,  r sul t s  

fro � u l o  ze ro-o er coe ffi c ient b e t  e n t r  t o 

veri b l e � , n e o  e s  a no surpri e i c e  th 

of t ask are v ry i s i  il • mho e o nd , t h  

1 orit ic � i l l  n o ic , y xpl ined 

ter o f  r1 r 1 t i  vely h i  h c rrel tion o! e 

v tis � t , b � u0 e . · t  t here s s ome 

, o kin s 

t bet e n 

rt l in 

e h  i t h  

once tual. 

diff renco twec th l o ,ic of flo c nrtin 

( c one rnc d it oc ure s J  n 

o! t hemat ic s  ( co �c rned with 

p art of t e explan tion y l i  

t c pro o i t i onal l o  ic 

re l t i ona h ' ps ) . in , 
in the 1 n u e-rel at ed 



n ture o f  t e queatj ons i _ the .L-0 ic subt est , t e 

c oo ) r ot i vcly nonverb al eh rac t e  o f  t he t as �s in t e 

�·le:.ori t h� ic u i l l s  ... e s t  • 

.4. t!e .!'e .re s i  on study c l e  ly demon tratcd tt .. ct for 

t hi� G b lpl e , e ndemic stt ain .. ent o ere t he tto st 
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e f i'ic i e E t  predi c t c. rs of suc ce s in t he l')ro ,ram iz � c o urse . 

-'hi f ind i .g c c u rJo wi ttt t l!G.t cf C . J • r-.l spaugh , w o ,  

working �it l c o l l ege undergradu t e s , c onc lude� 1972 ) t hat 

" • • •  t h  m t he t i c nl b ack--:round o f  a c omput e r  

progr&mmin stude nt appo are t o  be t he . D.J or 
infl uenc ing co npone nt for c h i cveme nt 

i n  .WJU-1 -. • •  " ( p . J7)  

pre · ic t ed �1% o f  v ari ne e i n  . lgorithcic ... /-� ill Te st 
oc ore . L • ..�.t"' sc o res , in din only t no t her 1Li9' would , 
in any · �r rc t i c al situ t i o n ,  provide s o  l it t l e oxtr 

prec i s ion t h  t the e ffort of cot her ing t heo would e 
unju st ified . · :  e re .Jodin""" � . nowl edge ws t he epen e nt 

v r ri c b l e , o ever , eroonel ity vari ab l e s , t hou . , t i l l  

t h e  we ukcr preuictora , c ontributed rel · t ively ore : t he 

P" -::-c ent age s  c orre oponding to t� .. e two ob ove vere 4 3% nd 

c..l.)C. ( n f ee t , un i nter c i a t c  c l cul at i on in t he 

ot epwis re �re a s i on proc edure reve led t. ·t t ho t hree 

e.c ade ·  ic 1-�r die tors t oge ther i t h  ii 1 fac tors D , l i , J ond 
..., redicted 59 % of "' 1e v ri anc e in 0 odi ng .nm�led 

oc o ro . ) 
Turnin t o  the ind iv idu per n l i t  pr i� t L 

u oo i t p r  sent o t udy , t t re t h  � ac � or 

i rcui �pect in ivi u 1 sm , fl c t ivc , Int rn l ly 

r s reined) c onfir a o t t  � p U0h ' i i . i  ol r 

tudcnta n the opul r otereot p of t Mc 

pro r cr . at c t or , hic h is i e ll igenc e 

scor , � 1 b wei ht h evily is o su ri ao , and 

n i t her are t c i n  i c a t 1on !ro c t or 3 nd t h  t 

t hi h c i ver tend t o  b " c on ·ro l led " , " o c i  lly 

prec ise " , " t ou b-ruin " •  J.t 1 surpri · n0 , thou h , t o  

fi d t tiv wc i ·ht ing o r  c t o  , ' ndic t in 

th t tb up rior pro r c r 1 u fected by feelings , 



emo t i on lly l e s s  st able , c o sily u set , e h  nge blc , of 
low r e....,o s t ren· t h ' . ouc h e re sult e o  fl ict s with the 

findin :>s of .t> l s p euGh en • .  orri s o.nd i i oe see ab oV£. , 

p . 14 ) for older s tu er t s , en i truly � iJnifi c ant , 
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o uld inJ.ic t c  n clumgo in t h  n at ure o f  the pro ... ,.r mm ing 

t � ( or p o s s ib ly t .e l e arnin0 roce sacs involv u ;  w i t h  

age . It io not c.sy to s e e  t l  t suc l. D c h ange 'JOUld b e . 

l s o  di.f! i c ul t  t o  expl in i::; the v ari t;ion in � c t or 

D , fro� n a�iv wei�b t i n . ( "dclibor te , st od�y , 

phl e -u tic " )  uith Al ori t h.:ic u ill t o  e. positiv ... one 

( 11 c xc i t  b lo , imp atie nt , dem anding , ovcroc t ive , 

u..... otr ine(J. 11 ) w i t h  vO i n  r.nowled e . L o t h  t i s  re s u l t  

c �d t . c prev i o u s  o ne erit iurthcr i nve s t i 0 btion . 

� h e  .l:) t  y c or..parin� t l  c c f c t s  o !  differ . t t ac hing 

i:> qt.L(.;nc e s  domonatre. ed t h a t  even •t�h e n  t he :r:.nt c ri cl 
1;rc c ntt:d i · t t.c s me , t h e  le sons · �sed re t l  e s e�c , 
t he sc ho o l  e nviro 1ent i s  t he u e end the t c hing 
st.r l c  .1..s t ne s · , variat ions in the a e quenc c  o f  
l e s  o ns c n pro uce s i�ni fic n t  differ nce s in t he 
J oL!.i · 1.no le .., c ore s obt ai ned by s tud ent s t: t  t he e nd 
of t e courae . � i n - b o t h  t e  c h ing pl ns u ed in t '  i s  
oxpori � n t  rovide f o r  a oonth o f  prec tic ul work 
be tween tLe c o nc l u  i o n  o 
of te st ing , t he differe nc 

instruc t i on nu t le b e  · inning 

c&nnot re y ht ve been t ne 

result of ::; h o rt -term mecory , nd :tu�t t hare for ' e  

re � ded educ tio nnl ly s we l l  a s t at i stic lly 
si0nific nt . 

· n the other lJ end , the o e ffect �: ot found 

1it . hl �orith�ic �k ill . 1 0  the c ontrury : �he group 
me �no for t �e roups t u t in tb two i ·r rent 

� equn nce s sho cd c l o s  corr soon enc • H · d t t _ 
vU y �e onstr ted no more th th t ,  ' b i l i t  

I O U  d s i l l  1 ve re· in d t t in th er o! 

Al itb i c  � i ll , b o th s t r  t ie d _ i d l ly 
t o  pro uce ny incr ss o in scor thet 

r u lte fro1 t r t ion or ott er f oe t or 

pro, r n c ourse e nt ire ly . ut thi 

' s e l imin t d wh , n  t h  diff r nc e s  in 

ou a. no 
b yon t 

o sibilit 

er!orn · c c 
b e -c ·  e t u ht ,roun 
found to be i ni!ic nt . 

a h unt u ut control 

ve 

re 
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To sum up , evidenc e w s found t h  t t e  ehing for 

Algorithmic kill does improve sc or , but the ti ing 
o f  t 1e instruct i on may not b e  import ut ; tor Coding 
Y.no le dge , t iming does matter . I f  b oth gorithmic 

Skill nd Coding Knowledge r seen to b import nt 

outc ome o f  programming course , it would app or t hat 

b e t ter 11-round re sult s are to b e  ob t ained by te c hing 
fl owc b erting before c oding t hen by using the opposite 

se quence . 

The t e st s  used in t his i nve stig t i on m ay b e  

c on i ered t o  b e  outcome s  of t h e  pro j ec t , s inc e t hey 

applic ble t o  a r n c of s ituat ions beyond the pre s e nt 

o ne . Eurt ber dcve l op�ent of t he C oding Knowl dge T e st 

for c�IL i s  pro b ab ly unj ustifie d , as i t s  reli b i l ity 

i s  high end c ould even b e  incre sed by using b o t h  form 

A end of t he te st . 1 nd of c ourse its usefulne s s  is 

l imit d to t h  t minority o f  s ituations in which o��IL is 

- mployed s t he programming l angu age . 

jUt t he .'.l gori thmic o.Jki l l s  ·.re t is ap p l ic ab l e t o  

e l l  programming environment s i n  wh ic h f l owc hart are 

u s e d  - at this s t aLe t he gre at ooj ority . Although t he 

t e s t  is f irly re l i  b l e , s atisf c tory ration l e  f o r  

c o nstructine suc h ta s t s is s t i l l  l ac king , nnd t herefore 
c ons truct val idity c annot b e  e t b l i s hcd . �· he ther uc h 

r tional e  w i l l  eve r b e  found i s  mat ter for c o n j ec ture , 

b ut it i a  b e l i eved that the f a c e  v�l idity of t he t e st is 

high , and furt hermore i t  c n b e  e en t o  be lmost 

l ngu e-independent - whether one is t hinking o f  

p rogr i ng l an u ge s or o f  n tur 1 1 n u ge . Ther fo 
further d vol opme nt of this t s t  is justified , in 

p ticular to refine t ' e pro c e s s  of 

b ility to pe rce ive and nipul te 

l evel . 

o urin6 a s ub j a c t ' s  

lgorit e t Global 



Su.-:rs· stions for urt her Re s e aro h · 

Thi s  study has examined ph nomen assoc iat ed �it h 

a part icul ar a3e -group of s tudents l e arning how t o  program 

in a p art icul ar 1 nc;uage . Imnedi at e , and impq.rt e.nt , 

questi ons ari se ab out t he e ffee t o  of c hanging t he l anguage 

and using ol der o r  even y ounger le arners . 

�e · ling f irst with t he question of studying di f ferent 

l on�u sge s , o e serious d i f f iculties pre sent themse l ve s & 

for example , ho o c onstru c t  a test of c oding knowl e dge 

for a hi t;;h-lovel l anguage with wide r nge of accept abl e 

synt • o t ic al for s like JCD0L or e struct ured l angua5o 

l i.Ke lgol ·l'he most e ff e c t ive y o f d e al ing with t he se 

lli " j o r  difficul t i e s  might be a "b oo t s t rapping " approac h , 

constructing nd proving c o din� rnowl od�a tests for 

pro�re s s ive ly u rment ed oubsets o r ' s ey ' .t'ortran . 

Jare ful an olys i s  o f  the d i  unos tic rou t ines inc orpo r  t e d  
i n  t he c o  p i l e r  ould b e  nece s s ary , b u t  p orh ps not 

s u ff icient , to develop ac h ieve .eot t oata of high c ontent 
val idity . 

h ot onl · w ould t here be prob l ems in c o nstruct ing a 
t e st o£ c oding l::no �ledge ; ce nsuring o.l gori t h."lic ski l l  

in ot her environment s ould pre s n t  diff ic ult ie that 

were c ircumvented in t he pre se nt inve at ig t ion . ln t he 

pre sent st t e  o �  t he progr ammi ng art , t ae l angu r ee in 
fhic h an algorit hm is ultimately to  b e  c od d do a ex rt 
sub tle ini'l uenc o s  on the k ind o f  �gori t hin  the pro r . er 

devel ops . Lo e t ime s the influence is le s sub tle : �ol 

proGrams re o ft .n dif fic ul t to onvis e in fl owo art 

form , un an altexn tive kind o f  p ict o ri 1 re re sent · t i on 

- t he struc ture iae;ram - s o n devel op t o  bo u ped 
dt . Q ol and si 11 tructured l an u es . ls t e re 

one kin or gorit ic i l l  rel tin to � o c rt s , 

and another t o r  otructur di grams ? Tbi r e rxc L.er i a  

inc l i ned t o  b e l i  v so . I t  could c th t t e pro p  r 

cours e 1 t o  deve lop e n  omnibus � lgorithm ic ki l l s  - e st 
c ont ining two sections 9 ono on equenc ed l ·ori t and 

ono on truc tured 1 orith·· s . Certainly b o t h  kin s o f  

k i l l  ar needed by a C B J o gr e r , w o cr. y employ 

68 



'b o t h  struc tured v. d unst ructured str tegics in a 

s in le pro ... r • 
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'he outc ome of al l t hi s  e ffort in test c onstruc t i on 

wo uld be a general i zed construct o r  l inked set � r  
c on truc t o definin lsorithmic skill , und aole 
renwe of c oding knowl edge c onstruc t , one for e ac h  
nH.:jOl.' pro�r rr.int) l angu e ge . � e re e t:trc Ler u�_ .c o t s  

t hut i! instrur ento to me e sur th se c ons tructs we re 

v i l t.ble , t !e empiri c lly et rmined c o ·rela ion 

between aluo r.ithcic ill nd t h  ppropriate �ind o f  

c odin3 k n o  l edge would be fe ature of a ryroer ruin 
l ngu of�e u ful in c ompvrinE; it i t h  ot ber 1 n'-'u 6 e  • 

'hi is not t o  a y t h  t high co rrel at io h e t  een 

c oding knowl edge and l�ori t hmic ski l l  ;ould 

n c ess rily be rcg rded a hi bly do ireb le . In t he 

uc demic environment , w. ere t he p rs on who de signs e n  
el �ori t bc 1 o c o�a s it , end where u n s ucce sful 

programmer hnve the op t i on of doing other things , 
suc h a hig c o rrel t io n m ay wel l  b deair ble ; in 

tLc co::1nerc i al environ!llent , where pro,:r in ..) is o ft en 

e te m eff ort , e l ower c orrc l t ion m be odv nt geou • 
�e t h  t r a  it m ey , studies 0 t he kind Qroposcd would 

per it the very c onaid ro.b l e  theocy of progr in 

1 DGU&Le o to be linked with prae tic 1 )sy� holo�y . 

In a s i  ilar w ay , tud.:.. s rol t in& p:-o �ramr .. ing s_ i l l s  

t o  tt in ant i n  ot r re s o f  tudy . ay rcvc ul 

useful re l ation hioa b t ee n p Grticu ar p=o r · ing 
l an0ua e ( or c ourse s ) nd porticu l r f i o ld of 

ctivity . Th tudy of IL program in • n  athe ties 

in t h � s  inv i ion w s e h  a tu , nd t c re ul ts 

obt ained fro it 1 the res e  rc h r to c j e c t  t h  t 

e o  a ider b l  er of l e ernin ight b foun tweea 

t he Co 1 c ourse n t nda � e al nd 
In ut o pi n vi s i on , e se e 

pro r in es be ing sub j  et d to " pt itude 

t e sts " to cter ine th ir suit b i lity !or use in 

v ariouo ar s of licat i on . 
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':Phc otber m &j or vari ble requiring furthe r  t ud 

iG tt at OL 8GC • � he pre sent inVe tig t ion has �hOWU 
that t t.e psyc hology of e o  puter progr .ing for t\>lelv e

ye ar-o l s i s  not identic al with t h  t for c o lle o 
studentG . lt i s  ubce st ed t hat r p l i c  t iono of t he 

pre sent s tudy et differe nt l evel s  in t he secondctry 
school s� stem oulJ provide v lu sble d e t a  on 

variations in the l e arning proc es s s wi t u  int : l l ectuel 

and e o ti on e.l Jlaturetion . ..t''or exu:.npl c , t he re se arc h r 
hypothe s i se a  t hat seven t h-form student s l e arn J �� L 
more slowly � h a n  second-formers ; if true , t hi s  would 
be useful i for�ation for curric ulu d e s igners in · 

dec idi. t lle proper p l ac e  for c omputer program ing i n  

t he sc ho ol c urri c ul um . 

Summary 

In this investig tion, the Computer citudies 1 

c ourse was t aught to re pre sent t iv e  groups of Form 2 
c hildren in ·� w .ueal and Intermedi t e  scho ol s . At the 

end o !  e e h  c o urse of instruc tion , ac hievement on 
Algo rithmic Skill Test and t h  Coding Knowledge Test 

w as ce sured . 

Sc ore s  on t hese two t e a t s  were considered t o 

me a ure two distinct ab il i ties , and c ons idersble 

evidenc e  for this view w as found • It was al so found 

th t the t o sc ore s  were moderately c orr 1 t ed ,  and 

t hat e e h  c o rrel ted moderately with the Compo site 

athematica Att ainment Sc o re . },'o.c toring the 

c orre lations by Otis I · showed t h  t t b  y were not due 

to general int lligenc e alone , nd a catrix of 

c o rrel t ions b twe n subscor s on th various tests 

permitted ex ination o! t h  fin structure of t h  

re l ati onship s  involved . 

It was 

from the 

C..:!.R i t  

furt her shown th t t 

T ·1 t he t ie end Voc 

tic Tests predic ted 

n t ogether, scor 

bul ary eats d t he 

tt cnt in the 

pro r ming c ourae more e ffect ively th n the rourt e n 

f ac t or sc ores o! th igh o bool erson l i ty 

u stionn i r  • �ome s imil ariti and so e di!ferenc s 



w r disaovered b tween the results of thi 

pr diction study nd simil ar studies with adults . 

lt'inally , th e ffects of teaching flowch rting 

b tore coding were c ompared with those of te ac hing 

c oding before fl owcharting , end of te aching no 

progr ing wh tever . It was est bl ish d that 

algorithmic skill w s improved by instruction , but 

neither to  ching strate ry was found to be superi or 

to the other in this re spect . n the other hand, 

Coding Knowledge est scores were found to be 

signific antly higher in the �Toup which had been 

taught flowcharting before c oding . 

?1 



he individual lesson used in th te e bing programme 

ere listed below, togeth r with th textbook material 

on whic h  each le son was bas d . In the descript ion , 

the abbrevi tion C , ,  is used for Gomput r tudies 1 

( ICL/C� ( 1971 ) ) , out for The Shap of 

- 2A ( Reed 1 t hem ties Group ( 1970 ) ) , 
Units in t ics . .;;.T..._?-.: ....;;;..;-=:.-.-=-.-. 
Group ( 1973) ) .  

.Lesson puter systems in general 

Gl : Parts of a c omputer system ( C� , 3 - 4) 

G2 : .tfow the parts of a c omputer ystem combine 

( voo ,  5 - 8 )  
G3 : omputer ardw re ( v� , Chapter 4) 

Lessons about flowchartins 

J� : D sic flowchart concept < �� , 79 - 81 ) 
2 : .Flowche.rting a j ourn y ( cr...:; , 83 - 86) 

.; : =ranc hing dee i ion ( c� , 87 - 91 ) 

4 :  Constructing flowcharts ( u0 1 , 82 - 84 ) 

A5 : Iterative processe s · ( ... A.1 � , 84 - 86) 

6 :  .ath metieal formul ae ( UF , 1 - 7 )  

J7 z Earder formul e ( UF , 9 - 16 ; �BD , 95 - 100) 

Les ono about eo  ing 

1 :  � otion of stor g ; I� ( 

' v L L  ( v�O t 15 - 1?) 

t 11 - 15) 

r LD , T t ALT t in tb.e context of 

gener ted pro for print ing 
diree toey . 

cl ss

te1 phone 

4 :  voding convent ion ( c�s , 17 - 23) . � p1e 

72 

progr fro v uw • 28 pr p red !or proce ss ing . 

5 :  ' iscussion of output r ulting from emp�e 
progr • itbme tic in �IL ( v� , 27) 

6 : �urt hor arithmetic in �IL (c� , 35 - 36) 



C? a 

08 : 

Progr s for probl em ( GLS , }7 - 42 ) . 

program from v.Bb PP • 35 - 6 prepared 

processing . 
Branching instruc tions ( 0� , cnapter ? )  

Free-pl ay experiential sea ions . 

vamp le 
for 

Ll , �2 , �3, 4 :  pile design and code their own 
programs to be b atc hed , run on the computer nd 

returned before the next session . 

?3 

�ae b  l e s s on occ upied ono school period of 40 minutes . 
They were 
morning . 

presented 

GrOUJ2 � e a  

given once a week , normally on Wedne sday 
�he order in which t e le ss ons were 
to the three groups was follow : 

Gl , G2 , , G3 , A3 , A2 , 4 , A5 , A6 , A? , Cl , C2 , C 3 ; 04 , C5 , C6 , C? , 

.ra , .t:2 , �;, :..4. 

Gl 1 G2 , Cl , G3 , C2 , 03 , C4 1 C5 , G6 , C? , Al , t� , A3 , A4 , A5 , A6 1 A? , 

.il , E2 , �; , B4 . 

Group Control 

• 

( It s dec id d t h  t tot al unfamili arity with 
flowch t s  prior to t t ing might c ause " symbol 
shock" in th c ontrol group nd so inv idate the 
eompari on b t e n this unt ugbt group �d the two 

t ught group s . � on Al w tbere!ore presented 
to Group ontrol , on week be!or te ting . ) 



ppendix B s 

C.r.. 

· t  nde.rdi z t ion of tho Test 

I 

0hil r n require n cnc il , eras rs nd answer 
oh et for rec or ing answers to ultiple-choio 
qu stion • v ting hould b r nged s o  th t 
c o-oper t iv work is impoa ible . Condition uet 

b such s to s�low every child to c ompl ete the t et 
without interrup ion , i . e .  for b out 45 minutes . 

t booklet iotributed. The teacher s ays : 
'rite your n on the 

group numb er and 

The te c he r  then expl ain the metho or recording 
nswers to ultiple-choic qu stions on the ·n v r 

sheet . ( Th n wer sheets u d in t he P� Ci proj et 
h ve sp ei 1 d y n s n  b oxe which may be used for 

t his purpos . )  

fter de in with que tions , th t 

bout ha1f n hour to 

.. fter d l ing t ion : 

p n your bookl t . 

f pupil nt hel p  uri t e t t ,  t e te e h  r 

i t by r po tin the ub at ne e of t he instructions 
given t the b inning . o other b lp o nn  be giv n .  

74 

s c hildr n compl t 
to p nd o e ti 

th te st , th y should be nc our ed 

in oheokin , p tiou l arly t h  t they 
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h ve n wered every question . This done , their nsw r 

sh ets and test booklet s  should be c ollected s they 

fini h .  Tho t o  o her should chec e ach nawer sheet t o  

s e  t h  t every q cation h be n nswered ; i f  not , 

bookl et nd n swer hoet hould b e  returned to the 

pupil for c omplet ion . 

�or every it em , one point is scored i f  t he correct 

nsw r i se l ected , none for incorre ct or mul tiple 

answers . f t he test h s been correctly dministe red , 

there should b e  no c ase ot mi �ing or invalid 

response s . 

Iter::� a e �rouped ccording to content : 

·u ric al .i< 1 tionships 

Logi c  1 Jel t ionships 

upati 1 nelationships 

It ms 1 - 10 

Items 11 ... 2 

Items 21 - 30 
nd separate sub acore o for these c ategorico may b e  

extr cted. 

A c omputer program written in D6?00 Fortran is vail ble 

for sc oring t nis test . 



MASSEY UNIV�RSITY 
i 

P ro j ect PF.ACE 

�1a thema ti cal At tainmen t 

FORM I I  

Do no t vrri te o n  t hi s  b ooklet 

Use yo�r answer sheet to re cord you r answers . 

DO NO T OP t:N UNTI L YOU 1UE TOLD 



1 • 
Only  one of t hese statements  i s  true 
( A )  There i s  a last  who le  n u m ber 
( B ) There i s  n o  f i rst  who le  n u m ber 
( C )  When one whole  nu mber is added to a nother, the ar1swer is not necessarily 

a whole  n u mber 
( D )  When one whole n u mber is subtracted from a nother ,  the answer is not 

necessarily a whole n u m ber  

2 . ( 2 8 - 20) - (7  + 1 )  equa l s  
(A )  1 4  ( B )  0 ( C )  1 6  ( D ) -2  ( E )  2 

3 .  -2 + • 5 equa l s  
(A )  7 ( B ) 3 ( C )  - 3 ( D ) -7  

Quest ions k. ,  s- :  
H ere i s  a s t r ing  o f  numbers : 1 1 1 1 

2 4 8 1 6  

4 .  T he nex t n u m ber i n  t h e  seq uence wo u l d  b e  

(A )  1 ( B ) 1 
1 8  3:2 

( C l fo ( D )  1 6  ( E )  32 

5 ·  The seven th nu mber i n  the  sequence wou l d  be 

(A )  1 ( B ) 1 ( C ) 1 ( D )  1 
1 6  32 64 1 28 

( E )  
2�6 

- - -- - - -;;;:::.;......;-=.;.._ ___________ _ 

Use this ' cl ock ' fo r qu es tions 6 ,  1 .  

I n  th i s  type of "clock" a r i thmet ic ,  

6. 1 - 4 = ( A )  - 3 

1 •  . 3 X 4 = ( A )  4 
( B ) 0 

( B )  1 2  

( C )  

( C )  6 

8.  A s imp le r  nu mera l  for �� I S  
a 2 b2 

( D )  3 

( D )  3 

(A )  a3 ( B )  a ( C )  a b  ( D ) !! ( E )  E 3  
b b 

9 • A s imp ler  nu mera l  for 1 6 + 8 i s  

1 0 . 

3 2  + 1 2  

(A )  1l_ ( B )  � ( C )  1 ( D ) � ( E ) _Q_ 
1 6  6 - 2 7 1 1  

3 a - -5 --:- b I S  e q u 1 vJ i e n t  to 

(A) 3a ( B ) �Q_ ( C ) 3b ( D ) 5a 5b 3a 5a 3b 

2 

( E )  5 

( E )  0 

? .  



1 1 . , I n  t h i s  Venn Diagram we see that 

( A ) A c B ( B )  A :l B ( C )  A n  B ( D )  A u B ( E )  A =  B 

1 2 . I n  Question 1 1  
( A )  A n  B = A 

( E ) A n B = B '  

( B ) A n B = B ( C )  A n B = U ( D )  A n B = rt> 

Questions /3·2.0 refer to these sets : --
u { 4, 5, 6 . . .  20 l · 
p { 6, 8 ,  1 0  . . .  20 } 

0 { 5, 7 '  9 . . .  1 9  } 

R { 6, 9, 1 2 , 1 5, 1 8  } 

1 3. W h ich of  the fo l lowing statements is true? 

- ( A )  P = 0 ( B )  p > 0 

1 4 . p n Q is the set 

( C )  p :l 0 ( D )  J:l c 0 ( E )  P c U 

- - ( A )  C/> ( B )  R ( C )  { 5, 6 ,  7 ,  8 . . .  20 } ( D )  { 6, 1 2, 1 8 } ( E f U 

1 5 .  P n R is the set 

- ( A )  c!> ( B )  R ( C ) { 5, 6, 7, 8 . . . 20 } ( D )  { 6 , 1 2 , 1 8 }  ( E ) U 

1 6 .  The  Venn d i agram tor these sets is  

(A) .---:---------, u a o  OR Q 

( B )  .--------, u 

C5e) 
'-----

( D )  ....---------, u 

@ 
( E )  

1 7 .  P u Q i s  the  set 

0 R , 

( C )  

u 

q 
(A )  rf> ( B )  R ( C )  { 5, 6 ,  7, 8 . . . 20 } ( D )  { 6 , 1 2, 1 8 } ( E ) l� 

1 8 , P' i s  the set 

(A )  U ( B ) P · ( C )  0 u { 4 }  ( D )  R 

1 9., P n P i s  the set 

( E ) { 4, 6, 8 .  

( A )  rfJ ( t3 ) U ( C )  P ( D )  P'  ( E )  0 u { 4 } 

20. ( P u 0) n R is the set 

20 } 

- ( A ) </J ( 8 ) { 6, 1 2, 1 8 }  ( C )  R ( D )  { 6, 7 ,  8 . . . 20 } . ( E )  l� 



21 . ' 
/ 

, / 
-1 , 

� ........ The area of th i s  shape i s  about 

(A) 30 square u n i ts ( B )  44 square u n i ts 

( C )  50 square u n i ts ( D )  56 square u n i t s  

( E )  64 squ are u n i ts 

2 2 .  Wh ich of t hese shapes has 
,
the greatest vol u me? 

0.25 cm 

E 
u 

� / / "-T-/ / / 7 '� 7 / / /1 / / / / / / 
/ I / 

/ IV 
I ;v 

I V 
1 cm 

F igL : re 

2 cm 

F i�ute 3 

E u 
LO 
c:i 

/ / 7 / / / 7 7 ;  / / / 11 / / / 7 / / I I I / / / / / / / I I �'1 

2 cm 

F i gure 2 

I V V 1 

V 

2 cm 

F igure 4 

( A )  F igure 1 ( B )  F igu re 2 · ( C )  F i gu re 3 ( D) F igure 4 

( E )  None of them-they a l l  have the same vol u me 

I n  t h is diagram,  the size of angle o. must be 

( A )  50° ( B )  1 30° ( C )  1 50° ( D ) 230° ( E )  3 1 0" 

cm 



I n
. 

th i s  d iagram : 24. 

2 5 .  

t h e  s i z e  of  ang le  er m u st be 

( A )  40'' ( B )  70° ( C )  90° ( D )  On ( E )  30° 

n o m • � � f I / I I I / I I I / I : � // I 
I I / I 

k- _ _  L _ _ _ _ _ _  -��------�--- k · lp -1 P '  I // I I 
I / I I I / I I I // I I 
I I /  I I ' 'JI t t m n o 

To map P onto P' by ref lect ion,  you wou l d  use 

( A )  m i rror l i ne k ( B )  m i rror l i ne I ( C )  m i rror l i ne m ( D )  mi rror l i ne n 

( E )  m i rror  l i n e  o 

26.  In  the d i agram, f igure X Y Z  has been rotated 

50o about 0 to X' Y' Z ' .  Angle  XYZ = 40° 

5 .  

X 

40. v ��-------------- z 

The s ize o f  ang le  X' Y ' Z '  i s  

( A )  40a (B )  50" ( C )  1 0° ( D ) 90° 

• 
0 

X 



27 • How many axes of  symmetry does th is  f i gure have? 

( A )  None ( B )  1 ( C ) � ( D )  1 0  ( E )  an i ndef in ite n u mber 

28 . How many axes of symmetry does th i s  f igure have? 

( A )  0 ( (3 )  1 ( C )  3 ( D )  6 ( E )  an i ndef i n i te number 

E ---- F G-----
H 
H' E :.._' 

--- F' ------
G' 

( a )  ( b) 

F igure 2 

29 .  I n  F igure 2 ( a ) ,  you cou l d  m a p  E F  onto E '  F '  by 
- ( A )  rotat i o n ,  but  not  by ref lect ion 

( B )  ref lect ion ,  but  not  b y  rotat ion 

(C)  e i ther ref lect ion or  rota t i on 

( D )  nei ther ref lec t ion  nor  rotat ion 

30. I n  F igure 2 ( b ) ,  you cou l d  map G H  onto G '  H '  

( A )  rotat ion ,  b u t  n o t  b y  ref l ect ion 

( 8 )  ref l ec t i o n ,  but  no t by rotat ion 

( C )  e i t her  ref l ect ion or  rotat ion  

(D )  nei ther  re f lect ion  nor  rot at ion 

6 .  
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APPENDIX C 

P ro ject P EACE 

Standardisation of the Te s t  

PROG:::tA1.!NING ICNOvlLEDGE Mark 2 

AIM IHI STRATI ON 

Children requi re p en c il s  and aras ers . They must be p l aced s o  that 
c o-opera t ive vro rk is impo s s ibl e . Condi tions m us t  be such as to allow e v e ry 
child to c ompl e t e  the t e s t  'tl'ithout interrup ti o n ,  i . e . for 45 IJinute s . 

Tes t b ookl ets are di s tri buted . The teachers says : 

Keep your bo okl et clos ed . Wri te your name on the front. Al so wri te yq� 
gro up number and pers onnel number . \Vh en everyo ne has done that, we ' ll open 
the bookl e t s . 

This done , the teacher s ays : 

Novr open you r  bookl et and l.Q..gk at page 1 .  You wil l  see s ome CESIL programs 
vrri t ten on c o ding shee ts . Let � s  l ook at the t op one . The program i t�el f  
i s  wri t t en i n  coluruns 1 ,  2 and 3 as u sual , and o n  the effects side there a re 
co lumns for s to re location s cal led A, B and C . The re is a l s o  a column f o r  
w-riting down the output . 

The teach e r  then makes a c opy o f  the pro gram on the b lackbO!.J.'Id an d vTO rks 
the EFFECTS s e c tion through , producing a resu l t  as shown in t he lower pa r t  
o f  p . 1 , then says : 

Did you see where the o u tput goes? "vle didn ' t a c tual ly need the s tore lo cat ions 
A, B and C that time did we? Some of t he o ther programs wi l l , though . I s  
there anything you want t o  ask now? 

After dealing with ques t io ns , he says : 

Now turn t o  pa.g;e 2, and you ' ll find o ne that you have to do . 

After the chil dren have att e�p ted thi s  in si lence , 

How did you ge t on ld th tha t o ne ?  Did yo u get the s ame as m e ?  

Try i t  now . 

The Te acher wo rks exampl e  on bl ackboard . Af ter dealing with question : 

You have abo u t  half an hour to do this test, but there ' s no actual time l imi t 
so you don ' t  have to rus h . I want to make sure that everybo dy does every 
question . 

Before we s tart, there a re s ome other things I lvru1 t to sh o w  you . Turn t o  
page 1 1  • On this pa,ge the re are tvro programs t o  vTO rk out , so make sure you 
do them bo th . There are one o r  two other places where that happens , s o  



.. 

2 . 

wat ch out for them . Th e  o.t he r  thing I wan t to s ho 'l'r you is on p.J.ge 1 2 . There 
are some gues ti on s a t  the e nd like t:1 is . There ' s  a group of four CESIL corn:;mnds , 
but only o ne o f  them is \ITi t t en correc tly� 

Teacher discus s e s  criteria for s ele ct ing corre ct ans1ver in sampl e , then says : 

No1v is the re anything a t  all you v1ant to knovr ooout the test before we s tar t? 
A<k now, because i t..'JLy,g_�F l as t  chance . 

Af t er dealing vn th que s t i o ns : 

Then turn to page � and s t art the t es t . 

I f  a pupil 1vants help during the tes t ,  the t eache r may assist by repeating the 
subs tance of the ins truc t ion s given at the beginni ng . No o ther h elp can b e  
given ( this appl i es partic ularly to p . ? ! ) 

As chil dren comp l e t e  the tes t ,  ti1ey should be enco uraged to s pend s ome 
t im e  in c he cking, particula rly that they have answered every question . Thi s 
done , thei r  bo okle ts shoul d be collected as they fini sh . 

SCORING 

For eve ry program in p p  3-1 1 there is a ro w or co lumn of key entries 
whi ch the scorer notes . ( Entries in o ther rows or co lumns are i gnored . ) 
The s e  key entr i e s  are mark e d  in red in the scori ng key . 

A given program s c o re s  1 if i t s  key entr±e s  corre spond to those o f  
the sco ring key in these re sp ects : 

NO TES : 

( 1 ) The corre c t  numbers are shown 

( 2 )  They are i n  the c o rre c t  order 

I t is common for a child to >Hi te a number o ne spac e t o o  high o r  too low 
in the ou tput co lumn ., If this do es not affe c t  the order of the k ey 
entrie s , i t  is no t · enalise d . 

P o s i t ive numbers may be written lvi th or wi thou t the 1 + 1 sign . Thus 
5 and +.5 are e quival ent . 5 and 5 ar ' no t , h ouever . Any o f  0 ,  +o , 
-o are treated as equival ent symbo ls for zero . 

For pp . 5 and 1 1 ,  the page score may be O ,  1 o r  2 . 

For p . 1 3 , each corre c tly placed ti ck score s 1 provided o nly one o p t io n  
i s  ticked . Inco rr e c t  o r  mu l ti p l e  choices s co re 0 . The page s c o r e  >ri ll 
lie be tween 0 and 6 . 



MASSEY UNIVERSITY 

Project PEACE 

Programming Skills Test 

CODING' KNOWLEDGE 

(Formerly cal l ed 
Programming Knowledge )  

Mark 2c 

Wri te your name h ere : 

Group Numbe r :  

Personnel N��ber : 
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FORM A 



This is a test to see how much you k now about the computer language CESIL . 

Firs t o f  all there are 1 4  programs whi ch have been wri t ten out for you , l ike 
this : 

E F F ECT 

CO LUMN 1 CO LUMN 2 CO LUMN 3 ACC. A B 0\JT c f V T  
'\] IN '\] 

"' 0W T  'V 
"' dJUT '\] 
'V HALT '\] 

--
'\] '\] 
'\] 'V 
'\] '\] 
'\] '\] 

Data + !)  +7 

You have to fi l l  i n  the EFFECT s i d e ,  l ike thi s : 

E F F ECT 

CO LUMN 1 CO LUMN 2 CO L U M N  3 ACC. A 
'\] I N  'V 5" 
"' (/) UT 'V 5" 
'V f'b u·r '\] ·S' 
'V H A LT '\] 
'\] '\] 
'V '\] 
'V '\] 
'V '\] 

. . .  

Data +-S +7 , 

Did you see where the output goes? 

& ('_ 

... . .  ---·- - - ·  

� UT 
PUT 

s 
s-

J I 

TURN OVER 

1 • 

-



Now here i s  o ne for you to t ry :  

CO LUMN 1 COLUMN 2 CO LUMN 3 

\7 I N  \7 
\7 JN \7 
\7 lN \7 
\7 $ UI \7 
\7 H A Lf \7 
\7 \7 
\7 \7 
\7 \7 
\7 \7 
\7 \7 

Data "t 5' + q  -r t :;.. 

E F F ECT 

ACC. A 

+ '7  

' 

B 

. -

G 0UT 
\'Vi 

-- - -

--1----

----

-----

--

---

ASK YOUR TEACHER NOW if there is anything you do not unders tand . You cann o t  
ask once the tes t has s tarte d .  

When you are told , turn th i s  page and s ta r t  the tea t .  

DO NOT TURN OVER UNTIL YOU ARE TOLD TO STAR'):' 

r ' 

2 .  
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PROG R AM ls iTiml'll£1 
COLUM N  1 CO LUMN 2 

'V I �  'V 
'V SraJ!ZE \/ 

\) I N 'V 

\) .STtb R.£ 'V 
l <v  ST0A.E" \) 

'V STCb� 'V 

\J H A LT 'V 
-

\} \} 
\} 'V 

'V 'V 

'V \) 

'V 'V 
'V 'V 
"7 'V 
'V 'V 
'V 'V 
'V 'V 
'V 'V 
V 'V 

\J 'V 
'V 'V 
'V 'V 

'V 'V 

-�r 'V 

"7 'V 

� j  __ _  
\J 

\) 'V 

\/ 'V 

'l 'V 
'V 'V 

Oat a + !J +q 

run::tiCl:l c1 rr{'u,�m 

I J r E F F ECT 
' - (.3) 

CO LUM N 3 _A 6 
t �U'T 

ACC. c P U T  

A 
----- --- -

f> ··- -- - - - -----

c.. 
A 1 

- ·· · ·-··-- - - - - - - - - ---

--- - --- - - - - -

- --- - ---·- -·· I 
---- ·---

- ---

·--- --- - · ·  --- - - --

-- - - ·  

-·--- -· 

·f--·- ·---- --- - - - - ---

·---- ... __ 

- - --·- ------

- ---- ---- - - ----

---- - ----------· 

---

--- ----

--

--- --- -- - - - -· -

--··- _ ___ ... ---

- - -- - -

--- �- - (4:i3) 
··-

" 
. 
' 



� w w :I: tl) C) z 0 0 u ..J tl) w u 

P R OG RAM I LI<P � f}) I 
CO LUMN 1 CO LUMN 2 

'\)' I �  '\)' 
'\)' ST<7>R� '\)' 
'\)' t l\1  '\)' 
'V (/) V 'T '\)' 
'\)' Ld>Ah )l 
'\)' fi) VT  '\)' 
'V H tl.LT '\)' 
'V '\)' 
'\)' '\)' 
'\)' '\)' 
'\)' "ii 
'\)' '\)' 
'\)' '\)' 
'\)' " 
'\)' '\)' 
'\)' '\)' 
'\)' '\)' 
'\)' 'V 
'\)' '\)' 
'V '\)' 
'\)' '\)' 
'\)' '\)' 
'\)' '\)' 
'\)' '\)' 
'V '\)' 
'\)' 'V 
'\)' '\)' 
'\)' '\)' 
'\)' '\)' 
'\)' '\)' 

Data + S  + 'I  ' 

Function of Program 

I I EF F ECT 

COLUMN 3 ACC. A 
f\ 

A. 

-. 

·' --

�V I 
P v T 

+ ---- -

'l"!' - ------
----··-

1---�--- ----

1---- - -� 

.. . ---------

- -

-- ---

-----

(11,.- 17) 

--



P ROG R AM iJnK; I I 
CO LUMN 1 CO LUMN 2 

\l IN \l 

\l 5_TlbR£ '-' 

\l l li  \l 

I �  All]� \l 

'V �· \l 

�_� -�Af..J __ 
'V 

\l \l 

�at a + tp t1 

I ] 
COLUMN 3 

A 

A 

. · ·- · · - -

ACC. 

- · · · . - - - -

• 

E F F ECT 

� 

-

THERE ARE �  QUESTIONS ON THIS PAGE ! ! !  

PROGRAM [�lu IL I-r i\J£JL'I E F F ECT 
- -

CO L U M N  1 CO L U M N  2 C O L U M N  3 ACC. Pr 
\l · t N  \l 
\l SI� \l Ft 
\l t� \l 
\} 

_ U Lllf> L'/ \l f\ 1--
\l rb u ·r \l 

V H l\ LT \l !---------
\7 \l 

--
\} \l 

- - - - -

�!l_t_a + e.  +3 

--- ---
-- ---

--

· · --

-- - - - - - -

o v r  

P v T  

----

·-·-·---

------ - -------

------- - - - -- - --- -

(·�- ,., 

--

- - - · - - - - - - - --- - - - --___ , 

O uT 
rvT 

-----

• 
---- --------· 

-

- -

-- - - · ---- -

- ------- -

(.10-.U 

--------- --
---- --5.  

) 



.._ w w :I: 1/) (.!) z 0 0 u ..J (/) w u 

PROGRAM b 1\J 1� I·T I� lA k-r 
COLUMN 1 COLUMN 2 COLUMN 3 

"V t f\l  "V 
""· STd>O, E jv A 
v i l t--\ "V 
"V SV_B_TitF\c.T "V {\ 
"V (/) VI "V 
"V \-H\L\ "V 
"V "V - -
"V "V 
"V "V 
"V \1 
v i vr 
v j  "V 
v i � � �  
"V "V 
"V "" ' 
"V "V 
"7 "V 
"V "V 
"V "V 
"V "V 
"V "V 
"V " 
" " 
" " 
9 1  " 
" " 
" '\7 
'\7 " 
" " 
'\7 " 

Data + k  ·+ /2.. 

Function of Program 

E F F ECT 

ACC. Pr 

-

0 0 1  
f'0T 

-

----
' 

- ·--

- ··---

ll:u -�;) 

6 o 



IW w :X: Cl) C) z 
0 0 0 
.J u; w 0 

PROGRAM fD I '  l v  I '  I]) I c:l 
COLUMN 1 CO LUMN 2 COLUMN 3 

\1 IN · \1 
\1 5T0a..£ \1 1\ 
\1 1 1\l \1 ... 
\1 :D I \J I'b E:  \1 A 
\1 (/)UT \1 
\1 H I\  LT \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
'Q 'Q 
'Q \1 
'Q \1 
\1 \1 
\1" \1 ) If \1 \1 

' 
'Q \1 
\1 \1 
'Q \1 
\1 \1 
\1 \1 
'Q \1 
'Q \1 
\1 \1 
\1 \1 
\1 \1 

Data -4- 13 +3 

Function of Program 

E F F ECT 

A O UT 
ACC. � 01 

" 

' 

(a."-.2'11 



.... w w :X: (/) t:) z 
0 0 u ...J (/) w u 

PROG RAM 

COLUMN 1 
'\l 
'\l 
'\l 
'il 
'\l 
'\l 
'il 
'il 
" 
" 

' 'il 
'il 
'il 

" 
'il 
'il 
'\l 
'\l 
'il 

'il 
" 
" 
'\l 
'il 

' 'il 
'\l 
'il 
'il 
'\l 
'\l 

ILl� 1�·fi) I ci(J)_INST 
CO LUMN 2 CO LUMN 3 

I N  '\l 

Lft A]) · '\l -t .5"  
mvT '\l 
W t4L\ '\l 

'\l 
" 
" 
" 
" 
" 
" 
" 
" 
'\l 
'\l 
" 
'\l 
" 
" 
'il 
" 
'\l 
'\l 
'il 
'il 
'il 
" 
'\l 
'\l 
" 

Data + .':?  

Function of Program 

E F F ECT 

A B c 0 \JT 
ACC. PVT 

I 

I 

. I 

·--

' 

I 
I 
! I 

(�'l - 31) 

. 

a .  



IW w J: (I) t:l z 
0 0 (.) 
..J ii) w (.) 

PROGRAM �fNis l-rlil 
COLUMN 1 COLUM N 2 CO LUMN 3 

\1 I N  \1 
\1 gm a r; \1 R 
\1 �1\ \1 +- 12 -
\) (}) UT \1 
\1 I N  \1 
<:? � ll �TRACT \1 + 7  
\1 f{!) lJ I \1 
\) I N \1 
\1 M lJ LTtPL'I \1 + S  

0 v l  ' \1 \1 
\1 H R LT \1 
\1 \1 
\1 \1 
I} \1 
\) \1 
\1 \1 
\) \1 
\1 \1 
\) \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\1 \) 
\1 \1 
\1 \) 
\1 \1 
\1 \1 
\1 \1 
\1 \1 

Data +71 ..... , + .2.  1 

r 

Function of Program 

E F F ECT 

A (, 
o v ,  

ACC. B P VT 

! 

f-:._---1-- ----·-

1-----
- --

-·-·-

·-
-----
·-

---

1----·-·--

' �---,.-

(3� -�) 
+- 1 7 I 

·. 

9 .  



IW w ::1: t/) � z 
0 0 0 ...J in w 0 

; 

PROG R A M  6 lu I Ml rl 
COLUM N 1 CO LUM N  2 

\1 1 �  \1 
\1 J U M r \1 
\1 I �  \1 

� 3  \] (/)U T \1 
\1 H At....T \1 
\1 \1 
\1 \] 
\] \1 
\1 \] 
\1 \] 
\1 \1 
\1 'iJ 
\1 'iJ 

\1 \1 
\l \1 
\1 \1 
\1 \1 
\1 \1 
\1 \1 
\] \1 
\1 \1 
\1 \1 
\] \1 
\1 \] 
\] \1 
\1 \] 
\1 \1 
\l \1 
\1 \1 
\l \1 

Data + s + q  , 

Function of Program 

I I E F F ECT 

A � c... � \JT 
CO LUMN 3 ACC. P vT 

B 3  

---

--·-

' 

· ---

' 

( .. 3 ·¥d 

I 

1 0. 



IW w :I: 1/) (!) z 
0 0 

COLUMN 1 · CO LUMN 2 
'\} I N  'V 

v m u1- '\} 

V 1J1z £R(f) 'V 
'V I N  '? 

<;/ m ur· 'V 
'\} J l 'Z.f:.� 'V 
'V I N  'V 
'V dJ tJI 'V 
'\} i 1_1£ {],. {/) . 'V 

. 'V I N  'V 
'V (l) lff \J 
"' J iZ£� 'V 
"' · I N · 'V 
"' (/) lJT 'V 
"' J  JZ££.(/) V 

'V I N  'V 
7 t1J llT \! 
v JrZ £ RdJ  'V 

84- <;/ H A  L.._I_ '\} 
'V 'V 

Data -+ 5'  ;- q  l 

P ROG R AM IJ II IN I� I�I 
COL UMN 1 CO LUMN 2 

'V J N  . 'V 
'? .J r Nt.� '\} 
'V IN '\} 
'V jJ_Nt � 'V 
'V I N  'V 
'V .)\ N E. � 'V 

g�· 'V (]) \JT 'V 

" H IXt ,,- 'V 
'\} 'V 

Data + 3  - z  

CO LUMN 3 . ACC. ·A- B c.. (JJvr 
p vi 

\S LJ.  

�L.. - ··-

BL 

84-
----

-···--

8 4-

--

8 4-
--

(4�· ·Sf..) 
-4._ -t- 0  �.3 + /.f... 

I . .  

E F F ECT 

CO LUMN 3 ACC. (\ � c.. 
�vr 
Pvi 

. .  

E �  
� 

B t;;, i 

B b  

(5"7- ., 9) 
+ "!  

.L.L. 



On the next page you· wi l l  find six groups of four CESI� ins tructions , like thi s : 

CO LUMN 2 CO LUMN 3 

'Q 1 
2 'Q 

'il 3 
'il 'il + 5  4 

I n  each group , o nly � instruc tion is wri t ten correctly. Put a tick beside 
the one tha t  is correct ,  l ike this : 

'il 'il p 
'il 'il <l)UT 2 
'il 'il 3 
'il 'il +S 4 

Fl $UT .  H 1- is the only one that is righ t ,  so 
i t  gets the t ick. All the o thers are wrong. 

Now turn over and do 6 more over the page. 

1 2 . 



IW w :r 0 C) z 
0 0 0 ..J in w 0 

PROG RAM lsl� INIT IA- Ix. l -
COLUMN 1 COLUM N 2 COLUMN 3 

"' ilL "' 

"' \ N  "' ABG 
"' iN "' s 
'\l ill "' +� · 

"' L0 AD "' 
"' ·t-S "' L(J)A. b 
"' L�Ab "' !) 
"' l.f/l A.b "' +s-

. "' H AL T "' 
"' tt �LT "' 'J. V z_ 
"' Hf\ Lf · 

"' 5" 
"' !LAlT "' + 5"  

"' STJ/)_f._t: "' 
"' S'f(1JR£ "' 5 
"' srQJeE "' +� . "' SL�RE" "' A 

.. 

"'IJ UME> '\l 
"' .}VMP "' � 
"' J U t-" P  "' + 5'"  
"' J U M P  "' 8 5'  

[ THIS IS THE END OF THE TEST 

1 

2 
3 
4 

1 

2 
3 
4 

1 

2 
3 
4 

1 

2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

('o - ,s-) 

I 1 3 .  
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form I 
MASSEY UNIVERSITY 

Project PEACE 

Programming Skills Test 

CODING KNOWLEDGE 

Mark 2c 

Wri te your nam e here : 

Group Numbe r :  

Personne l Number : 



This is a tes t to see how much you know about the computer l anguage CESIL . 

First o f  all there are 1 4 programs wh ich have bee n  wri tten ou t fo r you , l ike 
thi s ::  

E F F ECT 

B 0 uT 
C ') L U M N  1 CC L I  .� M  2 CO LUMN 3 ACC. A (., f V T ,..__. \] IN \] 

\] .flJUI \1 

\] fbUT \1 

\] HALT \] 
- -

\] \1 

\] \1 
- -- -

\] \] 
\] \1 

Data + 5"" -t '7  • 

· · · · -- - · · · ·  

You have· to fi l l  in the EFFECT side , l ike this : 
E F F ECT --"" 

CO L U M N  1 CO L U M N  2 C O L U M N  3 ACC. A B c_ 
(bUT 
PUT 

\] I N  \] 5" 
" en ur \] £) 5 ·=:--
\l f1l u .• \] f) 5'" 
'V H l1 L..T \] 

\] \] 

\] \] -
'V \] 

·- - ----e----
\] \] . .  

Data +-5 +7 I l . .. 
Did you see where the o u tput go es? 

TURN O VER 

. ,. ,  

- · .  



I 
' 

Now here i s  o ne fo r you t o  try : 

COLUMN 1 CO LUMN 2 CO L U M N  3 

'il I N  'il 

'il lN 'il 

'il lN 'il 
'il $ 01 'il 

'il H A LT 'il 
'il 'il 
'V' 'il 

\l 'il 
'il 'il 
'il \l 

r--fu!a -t f}  +q T /J.. . 

E F F ECT 

ACC. A B 

• 

+ 7  I 

G 

--

-

. . 

. \ 

- -

�UT 
\'\FT 

- - -- ---

- - - · -

· -

�OUR TE�CB�lL_N� i f  there is anything you do no t unders t and . You c anno t £'. •k o nce the tes t has o tar te d .,  

\Then yo�1 a r e  told , turn thi s  page and s tart the tea t .  

DO NOT TURN OVER UNTIL YOU ARE TOLD TO START 

2 .  



..... UJ 
UJ 
X �1 
l? 
� 
0 
0 
u 
...J 
Vl UJ u 

P R O G R A M  ls iTIQ)ItlJt=:lJ 
COLUMN 1 CO LUMN 2 

- --- --· I 

Data 

Q ( N  
V �T<VQE 
V I t-... \ 
V ST(f) Q £ 
'V ST(t) QE 
V S"(�RE:' 
V H A LT j--\1 ' 
'V 

'V 

\1 

\1 

\1 

\1 
\1 

\1 

\1 
-

'V 

\/ 

\1 
\1 
\1 

\/ 
-

\1 

<:] 

V 
---

\/ 

\1 
'V 
'V 

+ 8 . 

runction o1 rrccr.::m 

\/ f- 1 -
\/ 

V 

V 

\1 

\1 

\1 

\1 
\1 

\1 

\1 

\1 

\1 

'V 
\1 

\1 

'V 
\1 

'V 

'V 
\1 
\1 

\1 

\1 

'V 

\1 

V 

'V 
'V 
'V 

+ 4.  

-

COLUM N 3 

---- - · -

A 

f> 
c 
F\ 

---

I J 
E F F ECT ( I) (:l..) ( '!) 

ACC. A B c 
; <PvT' 

f' O T  
---- -:- . 

----

I. 
- - --- ---- -

· ·- --
- - - �---

l 
·--- -1------ - - - ---- -- --- - - - - · ·  

- -- - - - - -

- --- - -- ---

--- - --- -- ---

---

- . . ----

- - - · - ·  

-··-- -

-- ----- --- - - - --

- . .. 

--- - --· --

---- --------

--- ------------

-

---

----- - -- - - - - -

-- -- ---·- ----

· - - -

--- --

(l.t--13) 
· --

- -----

3 



IW 
UJ 
:I: Vl 
l? 
z 
0 
0 
u 
..J 
Vl UJ 
u 

E F F ECT 

ACC. A r/J V T  
P v T 

�---++-�L_-t+------U-----t----Jf------t---t---t --- -----

L-----+---f--.u:�--++-------lf----t---r·�--t-----t---; --- -----
1-----+-=-+-��_j__-+�------11-----t----i----t---r---t---- ---
L----+:+-W'--ll:...L_--i-t----------i�----1f---t----t----t--·-- -- - -· ----· - - -

�----+�c..l:ti.,J___t+-----11-----t--1f---t---t----· ·--
·----11----+------+----+---

�-----+�-----+-T--------4�----+--�----T------ ---+ ---
---- -----+----+---·-·- ---- ---- -----·--·-

1-------+':_J_ _____ +--+-------n----+---r-�--t----t ---- ----- -- - ---

�-----+-+-------�+------��---1---�--�----�---- -- -

-------l�---+----+---t----+- --- ----
----- ----
--- 1------

(14.- rT) 

Function of Program 
If ·  



P R O G R AM [iUD fu I I IJ 
CO L U M N  1 CO L U M N  2 CO L U M N  3 

\7 IN \} 

�- S TJJ!. f� £ ____ !;_:_� _ _0 
\} I N \} 

v La1ib \} A · -

'V Q) \j l \} 
\"' H A �  T 'V - - - - . - --- --
'V \} 

Data + 5 + 2.  

-· 

ACC. 

. . . 

. . .  

E F F ECT 

·, 

- · -· 

ft 

- . ---

THERE ARE TWO QUES TIONS ON THI S  PAGE ! ! !  

P R O G R A M  lt� lu I L !t i\JeJL'1 E F F ECT 

C O L U M N  1 CO L U M N  2 C O L U M N  3 ACC. Pt 
\7 · t N  \} 
\7 SI(DR G: \} F1 
\} t� \7 --

\} M �  LlteL'I \} f\ 
\7 (/) U T \7 

'V J:!l) LT \7 
\} \} - - -
\} \7 

r--J?ata + �  + �  
. •  

----- · ·· 

-· 

- ----

-·-

- - · - -

r-·� 

- --

-------

�VI  
l'v T 

· - ---

- - -----

··----

.. · - - - ----( lt- 1'1) 

t--·---
----- --- ·- - . - -- - - - - -- -------

-

� vT 
::> v T  

---

-- -------

- - - - --

(:lo-.4:1. 

- -
c; .  

) 



IW w :r: Ul � z 0 0 u ..J Ul w u 

PROG R AM ls !u I� IT IR.IA k--r 
CO LUMN 1 CO L U M I'l 2 CO L U M N  3 

\7 t f\1  \7 
\7-� T (till._F- \7 A. 9 1  N v· 

--· - -f-
v SV.BT J\ C.T v f\ 
\7 (/) ur v 
v \-H\L T \7 

\7 \7 
- -

'V \7 -+-· \I \7 
- -'?]L_. v i 

v i vf vj \7 1  
+-i \7 1  " 

\7 \1 
\7 \7 
- -

:! �-
<] 

\7 \7 
\7 \7 

\} \7 
\l \7 
\7 \7 

\7 \7 
-

\l \7 
-

<.7 \l 

\7 'V 

\7 \7 
-

\7 \7 

\7 \7 
'V \7 

-

___Qat a + :?.  + L O 
f---

- ·-

f--
Function of Pro{Jr\lm 

E F F ECT 

ACC. A 
-

------
-- �--- -·---

-- -- - -

- ---- ----------

---

- - '-·--

---

• 

- ·· - ---

--- ---

-

-

-

-·- ---- - - -

---

----

- --

-

- . 

- ·-� ur 
t>iJT 

-
---

- -- - ------

-- -- - - ---

. · -· · · ----

··----- --� 

- - - ----

--

- -·---

f-- ---

- · - --

·-·---

-- - --

--�-

- -- --

-----

- - -- ·  

----

----

·---

---- --

-----·-

- -- - - - -

(.l3 -:l. 

- --

6 .,  



PROG R AM fD I \  lv I ' b> !Er 
COLI,JMN 1 CO LUMN 2 CO LUM N 3 

\1 I N \1 
\1 5TQ>tl E: \1 1\ 
\1 i i\1  \1 
\1 ]) l \1 1 1) £  \1 A 

' \1 (/)UT \7 l ; 
I \1 H 1\ LT \1 

\1 \7 
\1 \7 
\1 \7 
\1 \7 
\7 \7 
\7 \7 

' 

\7 \7 
\7 \7 

\7 \7 
\7 \7 
\1 \7 

\1 'V 
-

\7 'V 

\7 \7 
\7 \7 

!- -I \1 j \7  I i 

\1 \7 
-

\7 'V 

\1 'V 

\7 'V 

\7 \7 

�t '7 
- -

\7 

�J \7 
__Qatn + 15 __ + 4  1-- -
1---

runcticn of rrocrum 

E F F ECT 

ACC. A 

• 

.• 

I� UT 
\=> vi 

. . 

-

- - - - -

... - -------

------

1------
--

-- -

---

- -- - --

----

- - -

---- ·-----

----

----

---

(�(.-lQ 

7 .  



E F F ECT 

11 A 0 
! � IJT COLUMN 1 CO L U M N  2 1 CO L U M N  3 ACC . !) P VI_ 1---·--·- --+-+-�- ---- +-+-------lt----t · �!_-+--=:::._-t----+---t---t-'--"--L.-

�------�
9
-+-� t� --�-9�� - --------��----+---�-----r----t ----T----1- ----

9 f ril ft]Y 9 + 2 1------t- � ------- - - --·· - ----;t-
' :  4Jl i T v j  ---+-----+-- ---1------t -----

r---- - t f' --· I y . .• - - -� J.. - - ----- --- ----- t---- · -----

f----- -+ . JLA Lf __ f- ------- --- ----f-- --+---- -r----
i �� 9 +---+---+--___:-+-----+-----t---�----� -�-------4-�----��----� i '  9l_ _ ____,L_____ ___ -- -+---+-+--f---- - --l: . :� - --�� 

- �--= : ---=f 9 . --- -ll---4f-----t-- --+-----;- · ---

---��·' :'1.7 
--- _' +'l -- -

- 1�'- t- - --------
--+------ --- .. 

----+ - - -
\ '  \, 

---- - --4 . .  � - --- ·--=l? t . ---- -
-

-------- . 
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PROG RAM [�Jt{_ls l:lliJ 
COLUMN 1 CO LUMN 2 CO LUMN 3 

" I N 'v 
" gt([)a.E 'V R 
\1 �,1\ 'V t 1 2  - -

\) (/) UI 'V 

'V J i'l \) 

Q S l) �IRACT " + � 
\) �� L) -r 'V 
'V I \) 

-

" M l) L TJPlj " -+ � 
" fi; l) l V 

" H A LT 'V 
\) 'V 

" 'V 

V " 
'V " 
'V \) 

\) " 
" \1 

'V \1 

\) \) 

" " 
" " 

· -

" " 
" " 

-

" \} 

" \) 

\l " 
\1 " 

-

" " 
'7 " - .___ ,___QQta -± 6 ·±:_4- + 5"  
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F unction of Progrum 
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I 
I 

I 
I 

I 

I 

I 

PROGRAM 5 lu I MI rl 
C O L U M N  1 COLUMN 2 

'V tN 'V 
9 J U M P 'V 
\7 - - -

B 3  'V 

'V 

'V 
'V 

Q 
'V 

'V 
'V 

\] 

Q 
\7 

'V 

'V 

\7 

'V 

Q 
'V 
\I 

'V 

\7 
·· -

'V 

Q 
'V 
'V 

Q 
'V 
V 

I N  . v  
-- - ----- ·-· 

(7)U T 'V 

H ALT 'V 
'V 
\I 

'V 

'V 

• V 

\7 

\/ 

'V 
'V 

'V 

'V 

'V 

Q 

\7 
Q 
\7 
'V 

'V 

Q 
'V 
Q 
\7 
'V 
'V 
\I 

I I 
C O L U M N  3 

B 3  
---- -� 

Data + 8  + 2  

F unction of Pronrom 

E F F ECT 

ACC. A � c._ 0 \JT 
P v T 

---

-· ---

1---- --- ----
-- - -� 

- - - - - - -----
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- ---�- --
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--------
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-
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0 
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CO LUMN 1 

&4-
Data 

· CO L U M N  2 

\1 I N 
\1 Ch u1" 
<J IJ \Z £R(t) 
\1 I N  
V (t) UT v Jl_Z� 
\1 I N  
\1 (/) lJf 
\1 iLf£_R{l>_ -

\1 
'V 

\1 

\1 
- -

I N  
�r 
j M! l Z£L .. . 

. I N 1-----'-
V (f) liT • 

\1 J IZ Ef?..dJ 
\1 I N 
\l m u-r 
\1 .lL'Z £ RdJ 
V tLA.bi 
V 

C O L U MN 3 ·  

\1 

\1 

\1 � i.J.  
"7 

V 

\1 _flk_ - -
\1 

V 

s ·  'V_ '--'" . � 
V 

V 

� ,__fi 4-
\1 

V 

V 5 4-
'V 
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'17 

'17 
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PROGRAM [1 1l lt\�IE I c I I 
CO LUMN 1 

{; "' . 
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CO L U M N  2 

'17 I �_)_ 
\1 J ll'l.€:r"'" 
\1 IN 
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+ 8  

'17 

'17 
'17 
'17 

'17 
'17 

'17 

'17 
'17 

- 3  
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CO L U M N  3 
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-
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-

·
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(f;.., ·-.; 4) 

q;vr 
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On the next p age you wi l l  find six groups of four CESIL ins t ruc t ions , lik e  thi s :  

CO L UM N  2 COLUM N 3 

'\/ � LJI '\/ PQ 
'\/ P& \1 '/}_I.) I 
\1 Q) U T  '\/ 
\1 (/) u -r \1 + 5  

I n  each group , o nly � i n s truction i s  wri t ten correctly .  P u t  a tick b e s i de 
the o ne that i s  co rrec t ,  l ike thi s :  

\1 '\/ 

'\/ _C� V 

'\/ ' _U_L \1 
'\/ U l  V +5 

j�j q;u�T +-+-H ------1l- is the o nly one that is righ t ,  so 
i t  ge ts the t ick.  All the o thers are wrong. 

Now turn over and do 6 more over th e page . 

1 2 . 
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P R O G R AM �l'LINIT !A-� 
COL U M N  1 CO LUMN 2 CO L U M N  3 

r-----
\1 I N  \1 J" LM 
V I N  V 8 !------ r------
V i V + «8  
\) i N  \J 

� !HALT ': PETG 
�]'11\l-T __ V -- -- --t'IJtLT · �- B S 
\' _ _H_ahT \J + 8 

'V S_IJ/)p,_�_ '7 P E: T E:  
_ .S.T�Rt;: __ 

\} + 8  Fl I� - � 
· , _fii<:P-Rl-:� � 8 

____ J' ,-� ) ?I�R E \1 

-- ·/ J. VM ? <:; s 
'1 j V M P  V +S 
� J U � P  \J B$1 
' 1  J U M P  \J + B8 

9 L� �-D \J ft-:J I M 
17 J:JM \J b.t,!l A t> 
\) �Ao \J JI M 
V L .0 

A.b 
\J 

\] � D \J Pt'TE 
\} _Aj). l)_ \] + t>t:Tg__ -
\] Abb \] 8 
V (� '{)J)_ \J 
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Appendix D gfQJe c t  REACE 
S tandardi s ation of the t es t  

Each chi l d.  ncedc a }! e:..1ciJ. an(;. an eras e r o  Pupils aus t  be s o  placed c. . J  

to na.k'3 G C operat3.ve l'ro rk impossible . The i-rho l e  tes ting proc edure takes 

hc..l f  e.n �1our � s ,-, cn..-u :::e -�tJ..q_·': you a:r:-e f :::-ee of interrup ti ons fo r this 

perio d o:t' ·dmc o I t  :J.'h so!:� t0ly ess ential tha t the chi ld:cen are not 

dis .J;urbed dur·iug- ·c�c te;c; - �  i tself n 

Te s t  b o okle ts are �� s triruted � The te acher says : 

Al s o  wri te 

T"nis done -: ·r:he te ac.n.o :r s ay·.3 � 

111 

���l�?Q�:.::._'!)col:l�J-:_l!D-d _l:'J_cl:Li\:Lf2.§-g_e__g_ _., _J:Ql!,_j:Till. s e e  a flmvchart there ,_ 

anri oll___j;Q� . . Q.:'1'0_9.�i) : _'£flf''G -�:l:c:�:·�_j�...!'3rid n f  liJl�_.._ T'n o_flowch_ar t  tel l s  

;:[O\ _ _ i·!ll.£:1.��- -:;[0"t;._hE::::c£_:� rl_c _ _?:Q i;!�_giid -: In _ _1his  one , i t  �s like this . 

The to :->.chec- \•ro r·ks t:1e p r �'tl�.--1.. or. the blackbo ard ; tnking care to err.phasi ze 

1;ha t n�,_ppe�s to ti.1e ::.TUBU8j' t :�p ::.n the p ro c o e s  � Tl:is shou l d  producG tho 

s a:;1e l"S GU.l t n.s i s  :'l.:-in tsd in page 3 .  ��G teacher then s ays : 

Each i;t_r:le yo�--�-':....2E:£....9f'_�[le§_?_ouesti ons ._;you ge t a patte rn on the rio-pt-· 

!}_e.!:_l§._ .P.'l':'_O .z. _  -�)l:)X__:b.l:·':'l" _2\:�· _ _ <;J:-.1.£__.Y.o_� _ _  l.;..r_y the _nezt_Q.n�" 

:iho·! ·c:w c:i".:i. l Ci.ro:c. �l<:.'J '-'  dcr..e eo : ·,;he ten .her s ays : 

Dici _you 
__ �-!2:.� __ <2!:_C..E_��£-"t:.� �y?�i J2.<1:5.f� t_he flowchart to ld you to ? You 

_eo::;. s<;: e -�>- er�--.t"'lc.1 __ .;�inJ_<:_:[_J� .t�:�l..£._YQ!L.::l hou l d  have g- o t  that t��D::..1_ 
�Ol} _ _ lJ._l?§_cr"!.tn].}_� __ ::·:1c }xi_,_-L _l'·2S)�} t_1e sq ' are�_.:md circles? 

'Ihe �each cr g.:.ves m.:c:1 3. -: s i s ·l;ar.c e  n s  i ;:; reqt:.i rc<i to ensure that al l 

chil cl::-er. 1.1.ndc:rs t.J.:c.d hc�v -'·.:: c.o pr oblGm 00 . P ages 6 and 7 are then di s cus s e d  

ir. clct�il ·eo 8r.sure th . ..J.t the3r a:'e unders too d "  The teacher s ays : 

Dq:1 ' t_t�:r::!_2i:Qr .-r-�"t�-- �? __ the�"§-a.!l.Y:.:t'l:!.ing you're no t c lear about? ( deals vli th 
queri%) . _I_rt _ _ Q._£l:i.'P�-rce l... v�h.�I! I tel l__you to s tar t .  you 'frl l l  have twelve 

nj_l1·!d.t�� t_Q_ __ _9.,o_as .�ru•y_ <Dl�fl tiqp_� a? yot'. can . Don 1 t  l eave any ques ti ons ou t 

Tne tes -� p ro -.:. e ec .s fc :- exac tly ; 2 minu tes o �uring thi s  time the o�ly h elp 

tile teac�e r  c an  �ve p lpj ls i s  in nat ters re lating to p o s s ible misprin ts in 

�he tes t o c o�le t �  e tc , i�ilen 1 2  ninutes have elaps ed , the teacher s ays : 



1 • 

2 . 

3 .  

4 . 

5 o  

6 . 

7 .  

9 .  

NO TES ON SCORING -HALGORI THTH C  SKILL IlK 1 "  

For 2 -p oints 

Exac tly as per mo del . Rec tangl e mus t be corre c t  
si z e , shar e and p os i tion.  

Exac tly ns per model 

As per model . LA.£ t s troke mus t be ho ri zontal , · 

finish at top l ef t-hand c o rner . 

As p e r  model . La3 t  s troke mus t  b e  ho ri zontal , 
finish a t  top l rJ f t-hand c o rner . 

( i ) Ans 1ve r i denti c al to Hhatever 1'{2.8 offered for 4 .  
Th e  point h e  e i s  that the respondent perceives that 
thi s al go ri thw is e quiva l ent to tho p revious one . 
Al ternati vely (ii ) as p o r  m o del . 

As per r1ode l .  

(i )  Ans;vor i d en tical t o  that off ered f o r  6 . 
Ll terna tivo ly ( i i ) as p<:r model . 

f,_s p e r  nodel 

Fo r 1 point 

No t possible to ob tain 1 point on this i tem 

No t p o s sible to ob tain 1 poi n t  on thi s  i tem 

C orre c t  s tairc ase f o rM ed but n o t  finished 
c o rro c tly . 

( i ) Correc t Spi ral fo rm ed bu t no t finished 
c o r rec tly . A l te rnatively , ( ii ) sone s pi ral 
s imi lar to the c o rrec t one , but inc orre c t  as 
th e resu l t  of a sing l e  mis take ; sus t be 
c o rrec tly fini shed to s c oro . 

- ic.s for 4 -

( i )  Final s troke wrong o r  missin:; bu t o ther-
1·Ti s e  c o rrec t .  :.iJ. tcrnative ly ( ii ) any one s troke 
o f  inco rrec t l ength bu t c o rrec t d i rec ti on . 

- l�s fo r 6 -

One s quare c onpl oted \Jurrec tly bu t rer.w.inder 
0i tho r i•rrona- or oi s siri 

8 & 1 0 . -Bo th i tens ans\·rered c o rre c t ly . One i ten anmve red c o rrec tly . 

(N . B . ) l.ny !:w thod of indi c •.1. tin:; r·.n -::cnr-:wGr i s  'l.c cop te d i f  i t  i n  unanbiguous )' 
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MASSEY UNI�SITY 

Project PEACE 

ALGORITHMIC SKILL 

Geome tric Patterns 

Mark 1 c  

Wri te your name here--------------------------------

Group number 

Personnel number 

-1 -

1 1 4  



HOJ'i TO DO THIS TEST 

. \ .  

In this t est you will find a lot of flowcharts . Mos t times , the 
flowchart is on the left hand page (like this o ne ) , and on the 
right hand page there is a grid. You follow the flowchart , marking 
out a pat tern on the grid with your pencil. This one has been 
done already : follow i t  yourself. 

Start at 

point A 

t_ 
The number 

N 

, is 1 

i' 
Go 2 places 

� 
_'l'_ 

Go N places 

1' 
'i' 

Increase N 

by 1 

'+' 
Go 2 places 

7 
� 

Go N places 

1' 
i_ 

Turn over to 

the nex t page 

-2-
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Now here is one for you to do yourself. I t  is a little bit 
different ,  but see if you can do i t .  

Start at 

point A 

t 

0 is i 
·r 

D is � 

� 
Go 4 places 

0 
..J, 

Go 3 places 

D 
"' 

Reverse 

D 
v 

Reverse 

0 
--!-

Go 2 places 

0 
"' 

Go 3 places 

0 
+ 

Turn over to 

the next page 

-4-
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If you did that right, you should have made a shape like this 

Sometimes you will meet 

and D 

which is just a neater way of showing 

Reverse 

0 

DO YOU UNDERSTAND ALL THAT ? 

IF YOU DON ' T ,  ASK YOUR TEACHER NOW. 

-6-



A 

There are a few questions where you have a choice of answers , like this : 

Which of these means exactly the same 

Reverse 

0 

Reverse 

0 + 
ReverDe 

0 
B 

Reverse 

10 and 

as 

c 
Reverse 

D u 
Your choice : ABC 

Wel l ,  the answer is 1!, so cros s  out the A and the C so the ¥9wer 
looks like th is : 

Your choice : tBt 

00 YOU UNDERSTAND IT ALL NOW? IF YOU OON ' T ,  ASK YOUR TEACHER NOW 

You can' t ask questions once the tes t has started. 

DON ' T  TURN THIS PAGE UNTIL YOU ARE TOLD TO 

-7-



• 

S ta rt a t  

point A 

+ 
Go 5 places 

� } 
V' 

Go 2 places 

I t 
Go 5 places 

........ ' 

+ 
Go 2 places 

Turn over to 

the next page 



( 0 
i I 

l l 
! I J r J 1 
I l r I I I 

' i � I : 1 
I 

i 

!:\ 

I 
i 

! 
I i i 

I 

: ..-9""' I -



NO 

Go 3 places 

1 
+ 

Turn ove r t o  

the nex t  page 

S tart at 

point A 

Go 5 places 

1 
Go 2 · places 

-1 0.. 

Go 2 p laces 

i 
t 

Turn over to 

the nex t p age 
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The flowchart on the opposi te page is supposed to give the same 

result as number 9 But · there are two empty boxes which 

need to be filled to finish the flowchart off .  

Your job is t o  decide which o f  the boxes below should go in 

the places X and j . 'so that this. flowchart does do the same 

j ob as number @. 
The box X. should be 

A B c 

The number The mnnber The number 

N N N 
is zero is 1 is 2' 

The number The number 

N N 
is 4 is 5 

D E Your Cho ice :: 
ABCDE 

The diamond should be 

Your Choice : PQRST 
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l r 

A 

Reverse 

The flowchart on the opposite page is supposed to give a 
result l ike this : 

Point A 

�.T 
Your job is to decide which of the bozes below should go in the 

places 5 and t so that this flowchart does give this pattern. 

The boz s should be 

B c 

0 Reverse 0 
Your Choice : ABC 

The diamond should be 

Your Choice : PQRST 
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