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il
isbstrect

This investigation concerned classroom leerning of
a computer progremming course by Form 2 pupils in New
sealend Intermediate schools. Samples were employed
representing the full renge of &bility levels found in
such schools,

The programming tesk was divided into 2 pre-coding
phase and & coding phese, and the capecity to .erform
the tasks relating to each of the two phases were
postulated as separate abilities. This division was
shown to be Justified, Nevertheless, measures of the
two sbilities were found to be moderately correlated,
end each slso correlated moderetely with & measure of
methematicel attainment. Anelysis of the results showed
that these correlations were not due to general
intelligence zlone, The fine structure underlying the
reletionships was &elso exemined,

In the study, it was further shown that three
measures of ac:demic achievement predicted attainmeant in
the progremming cmrse more effectively than fourteen
personality measures., oome similarities and some
differences were discovered between the results of this
prediction study end similar studies with adults,

Finally, two different teaching sequences were
compaered against each other end with a control group,
It was established that mestery of the pre=coding phase
of pogremming was improved by teeching, but that the
plece in the course where this teaching was given made no
significent difference to end-of-course schievement, On
the other hend, altering the timing of tne instruction
in the elements of the progremming langusge was found to
produce & significent difference in mastery of coding
skills.
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PREFACE

The burgeoning growth of computer studies in
primery end secondary schools mekes reseerch into its
educetionel significance & matter of urgency. The
growth hes been accelerated by the falling cost of
computer herdwere end the incressing number of tesachers,
perticularly of mathematics, who have some computing in
their background end & desire to teech it. GSince the
United Otetes is the world's mejor manufacturer of
computing equipment, it is there that developnents
have been most spectacular: the Survey of Computing
Activities in Secondery Schools (Darby et al., 197C)
gives & detailed eccount of the extent and character
of the growth in that country, Dut the growth hes
elso been described by the Oz(lD CUentre for :ducsational
iesearch and Iaunovation as occurring '

".ee On & hophezerd and rendom bssis. In the main,
the impetus hes come from individuals, meny of
whom were interested in only cne fecet, for
example, the use of computers in the teaching of
mathematics. OUne result of this is that in too
meny schools, couputer education is restricted to
methemetics lessons or even to methematicelly-
gifted pupils. When this happens, meny of the
most velusble rewards of computer educetion &are
lost.” (OuCb, 1971)

Well-founded reseerch will ensble educstors to decide
whether or not computer education in schools reelly
would produce worthwhile outcomes. Certainly,
prograuming enjoys widespreed support as & subject for
study in schools: The quotations that follow are
typicsl of almost deily utterances favouring the
introduction of progremming into the school curriculum:

"In the preperation of & program, logicel thought,
cere, and precision ere required ... The
discipline of systematic thinking and clear
coanunicetion that are &ssociated with the logiceal
sspect of computer work ere themselves of
educetionel value." (Scottish Zd. Dept., undated)
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"The disciplines of problem definition, systems
enalysis end design, flowcherting &nd progromming
heve been shown to significently develop the
child's &bility to epproach situetions in such a
confident, ordered, a&nd creative way."

(ICL/CLs, 1972)

"eeo 1 propose cresting &n environment in which
the child will become highly involved in
experiences of a2 «xind to provide rich soil for
the growth of institutions end concepts for
decling with thinking, playing and so on (tarough
computer programming) ... the empirical evidence
is very strong that we cen do it ..."

(Papert , 1971)

otatements like the above shere a common
characteristic: belief in en undefined "thinking"
skill end &n unspecified mechenism by which computer
programming ectivities stimulete it. Leceuse the
edvocates of programming &s & school subject have so
fer concerned themselves with demonstrating thet
progremming cen be taught &t quite Jjunior grede levels,
little hes been done to investigate the proper place of
programming in the school curriculum. At the sene time,
little is known empiricelly ebout how best to teach
programming, end to whom. Cox (1972) has written:

"In & recent search of the literature it wes
surprising and disconcerting to find 1little on the
effectiveness of teaching progremming. iost studies
congentrated on the tools used rather than on the
problem, though Seckmen et &l. (1968) document what
eny mansger knows: the gulf between the good &nd the
mediocre programmer .... it is high time we found
answers to some of the questions by controlled
experiments with & wide variety of groups.”

4 mein sim of the present study was to provide some of
those &nswers.



sxplanation of Technical Terms

Studies of computer education cross the boundaries
of zducetion and Computer science, &nd therefore draw
on the terminologies of both. Lecesuse computer terms
will be used throughout this &sccount, &nd becsuse they
ere essentisl to the discourse, the following
explenation is provided at this point ratber thsm in an
eppendix:

/i wLECTRONIC DIGITAL CUMPUTER is an essembly of
interconnected devices, msinly electronic but also
electromechenical, cepsble of perforning a wide variety
of functions on inform&eétion that is presented in the
form of CHARACTERS (letters, digits, punctuation
merks)., ‘Qhe business of getting informetion into the
computer is called INPUT, and the seme word is used
witbout ambiguity to denote the ingoing informetion
itself. (The term DATA is strictly equivalent to
"informetion", but is most usuelly encountered in
relation to input.) OUnce information has been input,
the computer cen i ROCLLo it &nd ulticetely CUTIUT the
modified informstion. The processing phase includes
&ll the dsta-menipulstion (e.g. arithmetic), logicsel
tests, »nd management of the computer's memory, or
STURZ, where informetion is held while it is being
worked on. By weans of INSTRUCIIUNS to the computer,
& human cen control the input, processing and output
that occurs.

., set of instructions to perform & specific
function is called & IROGRAM, However, es it can
modify the dete in its mewmory, the computer can also
modify its progrem; it is becuzuse of this distinctive
feeture that modern digitsl computers ere sometizes
called STULLD=IRUGRANM computers. Because the progrsam
is stored, its sequence cén be sltered by specisl LRAICH
instructions incorporated in the program itself. in
important use of branch instructions is to create LUUPS
in programs whereby certsin sequences of instructions
sre opersted repeatedly. Frograms will also be self-
modifying if they contain CONDITIONAL INSIRUCTIONGS
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which the computer only obeys under certain specified
conditions. All non-triviel progrems use conditional,
brench, and conditional brench instructions,

PHOGRANhINGl involves converting & problem into & set of
directions to & computer to solve it. The function is some-
times broken down into several parts, particularly if the
problem is very complex., & specific procedure for solving a
problem is an uLGbalIEkl. The process of writing the deteiled
step=-by-step instructions for the computer to follow is
SquhGl. sfter & progrem is written, it is tested by letting
it perform its function on test detes to which the proper
solution is known., ‘This process is ! .(Gknl CLulii.. or
J.o-Ussiliiy; when it is done using pencil and paper rather than
the computer itself, it is cealled @ Dioon=Jholrn,

Cereful end complete algorithm design and desk-checking
must be carried out in advence if a progrem is to be run on a
YolUHeP U000 ING system = one in which completed programs and
date must be baetched together and input to the computer at one
time. batch-processing, especielly when one batch contains
numerous programs, is cheap and efficient in computer terms
but necesssrily involves some delsy between preparstion of a
progrem and receipt of the resulting output. The delay may
sometimes be ss little a8 an hour (e.g. for & high=-priority
user in & university computer unit), but is commonly a day or
more., In contrast to batcheprocessing, JuliViiou.'lIUNAL
PeoGaaMMING gives the progremmer direct sccess to the "live"
computer system via an intersctive terminal, ensbling him to
get instant results even from incomplete programs,

The programmer will be expected to produce some
descriptions of his progrem end how it operstes so thet others
may understend how it works, This DUCUMaNIATION may include a
FLouChARle a grephic description or diasgram of the various
paths and brunches followed by the progranm.

1 Puis importent term is defined in deteil in Chepter II
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The repertory of instructions sveilable to the
progremmer for & specific computer is that computer's
MACHIN. LiNGUAGL, (Becsuse this use of the word
"lunguage" is somewhst misleading, humsn lungusges
such &8 Znglish ere distinguished es NATURAL LANGUAGLS, )
HIGHO R=[LVal LANGUAGLS have been developed to help the
programmer by simplifying the tedious aspects of
writing machine lengusge; these include FORTRAN end
ALGCL for scientific work, CUBOL for ousiness dsta
processing, end dozens of others each with its own
speciel uses &nd charscteristics. Generslly speaking,
the higher-level languages cen be used on 8 wide renge
of models &nd mskes of computers, provided sppropriate
CONPILLRS ere availsble., A compiler is a mester-
program thet converts & higher-level letaguage into
mechine lengusge; progrums that perform similar
functions et a much simpler level ere ASSLNBLARS,.

OUITWARL is the term used to denote the totsality
of progreams, docuwentation end procedures required in
order to use 8 computer; sometimes it is used more
specifically to mean those programs of generel
usefulness (such ss compilers) that zre aveilable to
ell users. ooftware is contrasted to HalDWilli - the
physicsl machinery itself, which is controlled not by
the programmer but by a CCHFULol Ur.LaATUR, whose Jjob
includes such matters as inputting the computer's
work and collecting the output to be returned to the
user. Though in resl-life computing it is unusual for
en operator to engeage in progreamming, he does meke use
of a mester item of softwere called the UPLRATING
SYSTLM that helps him in sequencing Jjobs, &ccounting,
and calling up other software,



CHAPTER
INTRODUCTION

This study was intended to examine the Justification
for epplying some of the more prevelent items of computer
folk=wisdom to computer education in schools. The beliefs
in question, which enjoy widespresd currency, were

Being & good coder does not imply being good at
developing algorithms, and vice versa,

Atteinment in computer ,rogremming is unrelated
to astteinment in mathematics,

rersonality is just as important in predicting
success tt progremming es is pest sacsadenmic
atteinment,

srogrenning is leetrnt, not tsught; therefore the
stretegy en instructor uses in presenting his
materiel mekes no difference to the student's
atteinment &t the end of the course.

In ten yesrs spent in the compeny of computer.
professionels, the writer heerd sll these beliefs
expounded meny times over. However, enough objections
had been reised to eech one of these 'rules' to show that
they were not universslly eccepted in the industry, even
for professional progremuing which is widely prectised
snd &t leest fairly well documented. 4And even if they
did epply for computer professionels, there could be no
justificetion for spplying them without velidetion to the
school situetion., Velidstion was the msjor eim of this

studye.

The need for such & study stemmed also from the
genersal peucity of information sbout eny aspects of
computer pogremming &8 a school subject in its own
right. The resecrcher was motivated to undertzke the
research when, efter seven years of teeching progreuuing
at ¥Form 2, 3, 6, 7 &nd University Lxtension levels, he wes
unsble to discover either from published research or his



own experience whether the four folk-myths &bove,
whether velid or otherwise for adult progremmers might
be velid for his younger students.

Children at the Form 2 level in liew .ealand inter-
mediate schools pserticularly interested the resesrcher,
a8 this group sppears to be the youngest to whom
progremming can profitably be tuught in & betch=processing
environment. There is some informel evidence of differences
between the performeance of this asge=group end older student: :
en apparently greeter facility in learning the basics of
low=level coding, for example (upence, I974). HLestfield and
Kieren (I972) have conjectured thet the trensition, at
eround 22-13 years, between iaget's stages of concrete and
formel operstions may be involved.

The present study, by concentrating on what seems to
be the low end of the aze spectrum, should yield results
tending either to confirm, or to contresst with, the
existing body of knowledge sbout undergruaduste snd adult
programming. Sucb information would not only lead to
useful insights into the generel psychology of computer
programaing, but elso provide a basis for plenning
computer science curricula tarough the secondery school.

In genersl terms, the aim of this study was to
provide needed research in the field of school computer
studies. Important problems have been posed by vox (X972):

¥Of course there are seversl problems to overcome, the
most severe of which is the length of time it tsakes to
correct and assess programs.”

by lHatfield and Kierem (I972):

"4het is the effect of programming on the develo:ment
of certain mathematicel skills?"

by CeAe. Alspsugh (I972):

".,ee due to the particuler personality fectors that
sppear to influence echievement in computer progreamming,
it would not be realistic to sssume that all students
who ere tclented in methematics will elso be talented
in com uter progreaming.”



end by J.W. Alspeugh (I97I):

"eeo further investigstion should include & number of
variations in the instructionel schemes used ... In
eddition, sample sizes should be increesed to enable
one to investigete trestment by asbility level
interactions ...".

The pogremce of resesrch undertaken in this investige

¢tion was directed towerds answering the questions expressed

or implied in the above quotztions.

I,

2.

3.

4,

Four specific goesls were identified:

to construct objective pencil-snd-pasper tests measuring
the important outcomes scught for progremming courses;

to extmine the relationships between schievement in a
programming course &and concurrent &chievement in
mathematics generelly, &nd in the specific aspects

of Numericeal “elastionships, Spatial Relationships,
Logicel Relationships end Mechenicael Arithmetic;

to predict schievement in & progrsmming course from
pest aschievement in school subjects other than
progremming, end from scores on 8 personslity test;

to compare the effects on end-af-course achievement
on & programming course of teaching

(a) flowcharting before coding, &nd
(b) coding before flowcharting,

elso to comparte the effects obteined by easch of
these strstegies with those of not teaching
programming at alle.

In undertsking such & progremme, nuch work of a

pioneering nature wes required. Ubjective measures of
progremuing achievement had to be developed by the
reseercher -« few existed even for &sdults, none at &ll
for twelve=yesr-olds, Tbherefore a mejor effort wes
needed in designing, testing, revising and finally
standerdizing new tests for use in the study.
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Before the relationship of programming to mathematics
could be investigated, a suitable test of mathemstical
attainment had also to be constructed, though this task
was much simpler as adequate precedents existed.

Finally, the absence of a corps of treined teachers
of pogramming added another constraint. To deal with
this, the researcher undertook to teach &ll the programming
courses usecd in the investigation. In this wsay, the
uniformity of course presentation was assured, as was
adherence to the carefully-designed plans of instruction
used in the comparative study.

The general plan of the research programme is
summarized in Figure I.

START 4

Construct measures of
programming achievemenzij
. Investigate
Investigate . relationships

between
programming
and mathematics

<>

Investigate

prediction
of measures methods for
‘ programming

attainment

-

properties

of programming <>

Compare effects
of selected
. teaching
attainment strategies

@

Report findings
END

Figure I: Diagram showing General Plan of Resesarch
Programme.,



LHeview of the Literature

oince computer programming is so new in the schools,
there is a serious shortege of research literature
directly related to the present investi. stion,

vn the prevalence of computer courses in schools,
the zost serious study for & major country is the Jurvey
of Computing sctivities in cecoundery schools (Larby et
al., ¥Y970), which fouand 3uch courses in 1599 U.S. schools.
For New .Leslsnd, the nuzber of schools offering computing
studies probebly exceeds 200 (opence, 1975).

Apologists for progremnming &s & contributing ectivity
for mathemsestics learning have _ointed to specific eresas of
use in that subject., For exeample:

"The elusive notion of variable becomes more operant
s the student desls with a system in which & symbol
(varisble) denotes any member of a set of replace-~
ments ..." (Hetfield end Kieren, 197I)

"Lstudents will prform the calculations of & progrem
in order to check the vazlidity of the slgorithm,"”
(Hatfield, 1966)

" eeo we must think in teraus of gperstors rather
then operetions in arithmetic, and we can consider
elgebreic expressions as the lsnguasge of
conmunicetiotih, " (Smith and Smith, I97I1)

How contributions like these can be exploited through
extended mathemetics courses is shown in deteil im such

texts &s the Computer sssisted Msthemetics rrogrem series
(Johnson et &l., 1968 -« ) which relies on & real computer,

end Smith + Smith's Computer Age Methematics (I97I) which

uges &n imeginary one,

Studies by Bitter (I97¢), Fielder (I1969), Heaven (I968,
1970), Holoien (I970), Wellace (I968), Hatfield &nd Kierenn
(1972) heve confirmed empiricelly that integrating
programming into school mathemetics ppogremmes cen
significantly improve students' mathematical achievement
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end hence is & useful device for tesching that subject.
(it mey be equeally useful for teaching wznglish cozposition
or modern languéges.) They did not exemine prograuming &s
& school subject in its own right, nor did they revesl
whether the reletionship between progremming end math-
ematics is real or illusory, whether it is special or

pert of some more geunersl relstionship.

~vidence of an iaplicit belief theét computer studies
relete closely end feirly exclusively to methemetics wes

given in the purvey of computing Activities in -econdery

—chools., 1n U.~. schools,

"ipirlicetions of computers to methemetics instruction
dominaeted., slmost three-guarters of zll couputer
eépplicetions were involved with msthemetics
instruction.™ (Jsrby et &l., 1970)

New _eeland secondeary school pupils unexposed to
progreamming courses &lso believed thet computing wes
clocsely related to mathemetics, sccording to & locel
survey.(opence, I97¢). In 1972, when the present study
comnencec, there was still & notable lack of evidence
confirming or denying thst the relationship between
computing &end metbemetics was simply due to

" +ee & nistoricel sccident thot, in the I940's,
the problems with which it was felt thet electronic
computers could particulsrly sssist were laurgely
numericsl in chersecter ..." (Mertin, 1972)

BEefore a retionele for ;rogramming in schools could be
srrived st, objective evidence on these issues wes
required, One aim of this study wes to provide tools
for obteining some of that evidence.,

The mein new tools required were instruments to
megsure programuing proficienecye. G.i. Weinberg (1971)
hes discussed this problem in his penetreting work, Tlhe
rsych f Comput i o s

"The question of what mukes & good progrem is not a

simple one, end mey not even be & proper question,



sach pro rem hes to be considered on its own merits
end in relation to its own surroundings. Some of
the importsut ifectors are:

I. Does the progrem meet specifications? Or reather,
how well does it meet specifications?

2. Is it prouuced on schedule, znd whet is the
veriability in the schedule the&t we cen expect
from particuler approaches?

%« Will it be possible to chenge tae progrsm when
conditions change? liow much will it cost to
make the chenge?

4, How efficient is the progrem, and what do we
mean by efficiency? Are we treding efficiency
in one serea for inefficiency in enother?

In the future, end peticulerly in the discussion of
this book, we should refrzin from using the concept
'good progrem' or ‘'good progremmer' &s if it were
sonmething universselly egreed upon, or semething that
even c&n be universally egreed upon, or something
that even should be universsally sgreed upon.”™ (p.c5)

#hile some of Weinberg's criteria do not spply in the
school situstion (end <einberg hes been careful to
distinguish betweeun the working professionel progremmer,
the treinee professionel progremmer and the programaing
smaeteur), his mein point wes eoasidered to apply: thet
opinions on whet is a good progrem or & good programuer
ere likely to vary very widely from instructor to
instructor or from supervisor to supervisor, depending on
which a@spects of programming they choose to emphasize,
This fect limits the generality of eny study that uses &
single score &s & measure of progremuer efficiency or of
echievemeant in & programming course,

In & later cnapter, Weinberg has proposed subdividing
the progremming tssk into stages, each stsge requiring a
different sort of skill:
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"The job of system des=ign cealls for an eye which
never loses sight of the forest, whereess the job of
debugging may require that every tree = even every
brench or lesf = be seen with utmost clezrity. The
Job of codingz often requires squeezing out every
drop of redundency, snd the job of doumentstion may
require that simple sentences be plumped up to
paragraph size." (I971, p.l32)

Ee hasused this view a&as a rationele for the tesm approech
to professionel progremuing, in which different progrsmmers
concentrate on different steges of the programming task,
The same writer has elso pointed out that different
prograanming projects, esp@ielly sm&ll ones, tend to be
dominated by performence on different phases of the work,
snd that this effect slone could account for very great
differences in measured parformance,

Councerned with greuing progrems rather than
progreémmers, clutterhem (I970) has developed a tool which
is importent because of its objectivity and convenience.

It is5 a compiler for student ; rogrems written in & lsngusge
similer to Crill (see Chapter III below); during compile
ation end execution it elso grades e&ch ;rogrem
automatically. The rew grade produced is &n erbitrary
function (but one possessing comnsidereble fece validity)

of

I. the extent to which the progrem meets the
instructor's specificetions of the Jjob it is
supposed to doj

2. the manner in which the execution ended (i.e.
whether through normel exit or because of an
invelid instruction, excessive runtime, etc.);

5, the time it took to execute the program; sand

4, the number of instructions in the progream.

The function measuring and combining these elements
wes to be deternined in form by Clutterhsm, snd in its

perameters by the individusl instructor, the paremeters
being set sfresh for each new task.



The fsct that Clutterhum's scoring function weas
built up from the four veriables listed above showed
that like Weinberg he believed & multiplicity of factors
to be involved in judging the gquoclity of a progrsam,
Ageing, by providing for verietion of the parameters in
the scoring function, Clutterhem has supported Weinterg's
view that judgements sbout the quelity of a pogream depend
on the environment in which it is produced snd the pre=
occupations of the instructor. +here ¥“einberg and
vlutterham seem to have psrted compsny is in Clutterhem's
production of & single number as the finzl score for a
progrem; in this respect, like all tiie other writers here
reviewed, Cclutterhsm has shown himself to be at variance
with weinberg's fundasmentel thesis that the components of
the progrsmming act should be viewed sepsrately rather
than jointly. The present study used & two-dimensional
view of progremming, and followed «cinberg's scheme in
dividing the act into & pre-=coding phsse &nd & coding
ph&se.

L search of the literature for experimental evidcnce
of the effectiveness of streategies for progremning
instruction, proved slmost &s barren e&s Cox's (above, p.ix).
The relationship of grade plscement to programming aptitude
end rortre&n progremning schievement had been investigated
by Jew. Alspaugh (I971), who concluded thet his results

"(e) indicste that & student's progremming aptitude
score (on the 4P:T) increeses with grade level,
end

(b) imply thet the grade pleaceuent of beginning
rortran courses cen be lowered froum grades
IS5 - 16 to gredes II - I2 with comparsble
echievement if the instruction time is
increased,"

The velue of Alspaugh's study wes limited becsuse it
concentrated on acedemically talented, volunteer students,
end becsuse he chenged two of his variebles (grade &nd
teaching method) simulteneously. Whether the younger
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students would heve performed differently under conditions
identicel to those experienced by the older students was
not investiguted,

Unlike tecching, the business of predicting prograamer
performence is economicelly profitetle end therefore well
documented 80 fer «8 &sdults &nd college students sare
concerned., 'The ATPY menusl (IBM, I964b), the Ui~k manusl
(¥elermo, 19672), oceiler (I965) have described prediction
studies using yrofessional cr &p rentice progremners &s
subjects and supervisor ratings of job paformance as
eriteris, reporting predictor/criterion correlations
renzing from U.29 to 0.62, A8 weinberg (I97I) hes pointed
out, performence in pro-r&main;; courses should be more
preuicteble thun job performance, s the following
studies have confirmed:



Table 1t Summary Details of Twelve Prediction Studies of Programming
Performance, deseribing Sample and Criterion Measure Used,
and Correlation Coefficients obtained detwoen Predictor and
Criterion Measure.

Study Semple Criterion Predistor/Criterion
Correlation
ATPP Standardisation Programmer trainees Training oourse 0.45 - 0,64
(1) 1964) grades
CPAB Standardisation Frogrammer trainees Training course 0652 = 0,71
(Palermo, 1967a) gredes
Yolfe (1974) College men College programming
course gredes 0.45
College women College programming
course grades 0.7
Kats (1962) Amy EDP trainees  Training oourse
grades 0.68
Stalnaker (1965) College Students College progremming
course grades 0.81
Beuer et al. (1968) College Students College programming
course grades 0.61
C.te Alspaugh (1972) College 3tudents College prosTmmfiyg
course grades 0.58C» 0,63
Wolte (1971) High Sehool School progreming
Students courve gredes 0.68
Private EDP EDF school
school students programming 0.41
oourse grades
Junior College College prograaming
students course grades 0.%4
Howell et al. (1967) Programmer trainees Robot Test 0.60 = 0.T1
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rowan (I957) experimented with 30 tests of various
eptitudes end treits. lle rejected 28 of them as
predictors of progremzing echievement, leeving the
Thurstone irimery Abilities Test and the Thurstone
Temperament ochadule. 4 multiple regression snslysis
" .o Tresulted in & correletion of 0.54 between criterion
(supervisor retings) and subtests lubelled 'Verbal
Meening', 'Reesoning' end 'cmotionel otebility' +..
The multiple correletion remeined 0,54 when one other
test, involving the perception of spatiasl relations,
wss included."

oubsequent studies by Bauer et al., (1968),
Sere £lspsugh (1972), Howell et &l., (I967) end Morris
end ’erkinson (1971), heve emphasised past scedemic
success as &8 predictor, &nd more specificzlly mathewetical
beckground, w«ithin the methemoticel field, intereat in,
vnu skill at, numericel ressoning were found to be
sipnificent predictors in £11 four studies, DBeuer et el,
(I968) cnd lowell et el. (I967) elso found the ATY
figure series test of spatiel ressoning a significant
preaictor., Verbel skills were mentioned by ilowan alone,

The sub-sections of three published and two widely-
used but unpublished predictive testal of programmer
eptitude were categorised as "directly predictive™ &nd
indirectly predictive". ovirect peedictors were those
considered to sample beheviour closely resembling the
progremuing sctivity itself; others were clessified
indirect.

I These unpublished tests are the property of two major
computer menufscturers (not IBM) who prefer to be
unnazed. The tests ere known in their respstive
compsnies &s the Z=51 end the SIST
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Iable 2: Content of Five Programmer Aptitude Tests, by Test Title
and Type of Item.

ATPP CPAB Volfe  CPST E=51
(I1mM 1964a) (Palermo,1964) (1972)

Translating word Part 2 Part 2
desoriptions into ('reasoning') (*reasoning’)
special (eg

Sathematical

notation

Predicting the whole
outoome of a test
progran vritten in
coaputer-like code

Flowchurting Part 5 Part 5 whole
(*diagramming') ('diagramming') test
RECT |
Numerical Roasonxni Part 3 Part 4 Part 4
‘arithmetical (' numver (*mumber
reasoning') ability') ability')
Letter Series Part 1 Part 3 Part 3
("1etter (*10tter (*10tter
series') series') geries')
Veoabulary Part 1 Fart 1
( *verbal (*verdal
meaning) neaning')
Spatial Reasoning Part 2
(' figure

series')
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Morris end wise (I972), Morris and Parkinson (I97I)
end C.ne Alspeugh (I1972), who have studied the personality
chsracteristics relating to success in ;rogram=ing, use
the following descriptions for treits directly related
to sucn successs

..ocial presence: poised &nd selfconfident
(Morris asnd .ise)

.eflective (#lspaugh)

.chievement vie Independence (Morris end «ise)
rlexiwility (korris end «ise)

while they report the following &8 being inversely
related to programmirn, 8Successs

izpulsive (Alspaugh)

ng@sponsibility: conformity, conscientiousness,
dependebility, slert to morsl and
ethicel velues
(Morris and .ise)

ersuasive (Morris end .'erkinson)

.cciuble (»lspaugh)
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CHAPTER II

Doelidlloho, 4o0UMITIONS LND RY}OTH .5 ES

Definitions of roy remming lerms

The term "progreémming" mesns different things to
different people. I[fo some, it me&ens Jjust codiny;, while
to others like the Loftwsre «riting Group of Ligital
~quipment corp., (I970), it means as wide & renge of
activities es:

"I, Definition of the problem to be solved,

2. Vetermination of the most suitable solution method,

3¢ Design end snalysis of the solution - flowclLerting,

4, Coding the solution in the progrezming lsnguege, and

5. irogram checkout, " (ppe 3=2, 3=3)

In this investigsetion & middle line was tucen, bearing
in mind thet the progremming under considerstion is that
which tekes place in & schoolroom, 1n such circuistances,
problem definition is pert of the teecher's role, end
systematic progrem checkout is sc¢ldom teught or jprectised,

lherefore points I &nd 5 were inap,ropriete for the present
study, ond the following definition wus ado ted:

srogremauing: ithat activity occurring after an explicit
stetement  f the problem nes been obteined

either verbslly or in equations, end including
the determination of the most suitasble solution
method, flowecharting, &nd coding.

(Notet This definition is almot identical to
one used in a I956 study by the RA4ND Corpe.
nowan (I957) )

Although opinion varies on what the word "progremming"
means, it is believed that the following functional
definitions of individual aspects of programming would
meet with genersl spproval:




I6

Algorithm: Unambiguous communication of & finite set of

ections required to perform a desired task in
& finite number of steps, the set of actions
to be a subset of & defined universe of
individuelly definite &nd performeble actious,

(This is & coudensation of & more complete
definition by Knuth (I968 pp 4=6). It is
believed thet the shorter version suffices

for this study, The definition includes
computer source code snd flowcherts (see below)
es examples of medis by which an algorithm maey
be communiceted, A speciel type of algorithm
is the segquential slgorithm in which the set of
ections is presented serially - in contrast,

say to structured slgorithms which sre arrsanged
hiererchicelly., )

Flowchart: vequentisl elgorithm in which the sequence of

cod

I

ections is shown by writing the actions within
geometricelly shered boxes such as

(

) |

and linking the boxes with &arrows to show the
order.

the act of converting sn aslgorithm into & form
that can be input to the computer end recognized
by the compiler.

(The required form will necesserily be charscter-
strings, which to be recognized by the compiler
must obey the speciel rules of the progremming
lenguage being used, In this maenner the
progremmer produces source code which the
compiler converts into object code for execution,
In this study, the word "code® will imply source
code. )

Progremming error, of either of two kinds:
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syntex Bug: Violation of the formal rules of
the programming language being used.

Logic Bug: Fsilure of a program to perform the
required task, even when the syntex
is correct.

(uyntex bugs make the progrem incomprehensible
to the compiler &nd prevent it from running at
all. oyntex rules sre lsnguege-depcndent:
perfectly syntecticel r. Ri.tnl ﬁrograms would
be nonsense to & CubOL compiler. )

The Classroom Progremming snvironment

oince programs and programmers must be examined in
relstion to the environment in which they operate,
consideration was given to the situation of the pupil
underteking an elementary programming course in a typical
liew .eglend classroom, Urganizationelly, he belongs to a
class group numering between 20 &nd 40, and therefore has
to rely meinly upon his own insights or discussion with
skill peers (other pupils) rether then with & skill model
(the teacher) in developing his progrems. LHe elmost
certainly mekes use of a batch=processing computer system,
in which progrems &end dete asrec prepsered awey from the
computer; completed jobs are fed into the computer at one
go (& bateh) end the student weits snything from some hours
to seversal days to see what results he has. Other
progremning systems exist, notsbly conversational
progremming, which ere educationslly superior but require
more expensive hardwere thaen is likely to appear in meny
New <ealend schools.

The echievement of the student leerning programming is
affected by the content of his course end the preoccupations
of his tescher, which are in turn influenced by preveiling
attitudes to programming &s s school subject, Thus the
kind of projeet in which the pupil is most often involved
is & Jjob capable of being accomplished with a relatively
short progrem thet will probebly be abanmioned after one or
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two runs. The task is normelly set by the teacher, by
whom the solution is &also judged. The criterion for
Judgement is ususlly "correctness®, i.e., freecdom from
bugsy progrem efficiency is not ususlly considered in
elementsary courses. It is also unlikely that systematic
debugging techniques or eids are avsilsble to him, other
then the diagnostic facility of the compiler which cean
identify syntex errors though not logic ones,

~ince many teachers are concerned with the more genersl
espects of progremming, there is often some pressure on the
student to document his elgorithm in some uncoded form
(often a flowchart) before proceeding to the coding phase,
Under these circumstences, the following wes assumed to be
& velid deacription of progremming ectivity by students in
en elementary progremming course for 8 bastech-processing
system, in &n ordinary liew sealand clessroom environment:
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It was 8lso assumed that the following sbilities
exist in the population &and can be measured by suitable
pencil-gnd~paper testss

Algorithmic okill: Ability to develop &n elgorithm in
uncoded form for a given tesk, using elements
chosen from & given universe of individuslly
definite and performable sctions.

(Notes the "uncoded form" may be a flowchsart)

coding snowledge: Ability to traenslate en algorithm
eccuretely into syntecticelly correct computer

instructions in e given programming lenguage.

liypotheses Investigeted in this otudy

The hypotheses for this study arose from the four
items of folke~wisdom with which the Introduction opened,

okill st coding is not relsted to skill st developing
elgorithms, and vice versa. To investigate the validity

of this statement at the superficisl level, all that would
be required would be & test of significence for a zerothe
order correlation between measures of the two skills. But
this correlation would tend to be inflated by general
intelligence and testwiseness, both of which affect scores
on any pencilesnd-paper test, There was greater interest,
then, in the question of whether & relation still existed
between scores on tests of elgorithmic skill end coding
knowledge &fter removing the effect of performence on &
test of generel intelligence.

Personalit st tent dai success at

rogremuing as are past etteinments, This stetement raises
the whole question of prediction of programming performance,
In this study, the tests of algorithmic skill end coding
knowledge would be used &s criterion messures end therefore
would become the dependent variables in the prediction
procedure. The linear regression model had been used in
previous prediction studies (e.ge Ceho Alspaugh, I1972) emnd
was therefore Judged most ap ropriste for this one§ by




including personslity variebles with attsinment veriatles
es predictors, the reletive contribution of each type
would be exemined,

Atteinment in methematics end attainment in progremming
ere unrelsted to esch other. Like the first ststement
ebove, this could be exemined &t the superficiel level,
but &lso like it, could be better studied when the effect
of _erformsnce on & test of genersl intelligence wss

removed, .ven more suggestive would be & study of the

two iieasures of rogrem ing achievement g, einst individuel
components of mathemsticel attsinment, to see if patterns
enmeryed that would lead to more deteiled understending of
the relstionship between the two subject areas.

ihe instructor's stretegy mekes no difference to the
student's stteinment. oUne of the more persistent arguments

vmong teachers of progreamuing ie whether coding should be
teuyht before the teciniques of developing uncoded
vlgorithzs, or vice versa., This question could be tested
experiaentelly by exposing one semple group to one method,
end enother to the other, At the end of the process the
two groups could be compared to see whether there was &any
significent difference in performence on the programming
ettsinment tests end if so, in which direction, A control
group, which would receive no .rogremazing instruction
whatever, could furthermore be used to see whether
programming instruction haed &ctuslly improved the performe
ence of the two taught groups on the test of algorithmie
skillsy or whethermaturity end environmental factors
eélone would account for atteinment in the teat.

bLxpressed in null form, the hypotheses to be tested
were thus

I. Thet there is no reletion between performence on a
test of elgorithic skill &nd & test of coding
knowledge, when the effect of performence on s
teat of genersl intelligence is eliminated,

21 Theat there is no relation between performance on a
test of methematical etteinment and & test of
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3.1

3.2
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elgorithmic skill, when the effect of performence on
& test of generel intelligence is eliminated,

That there is no relation between performance on &
test of wmathemetical sttainment &nd & test of coding
knowledge, when the efiect of performsnce on & test
of senerel intel.igence is eliminstede.

T'hat & regression model will not significantly predict
performence on & test of &l.orithmic skill from past
ucademic performence &nd & range of personality
mecsures,

That & regression model will not significantly predict
performance on & test of coding knowledge from past
scedemic performsnce and s renge of personeality
measures.

Thet there is no difference in - erformsnce on either
¢ test of elgorithmic skill or of coding knowledge
between children teucht

(e2) flowcherting before coding,
(b) ccuing before flowcherting,

(¢c) no prosrremming whatever,
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GHAPTER III

METHODo AND MATERIALS

Of the hypotheses to be examined, four (mos I to
2.3 on pp 21,22 above) required concurrent measurement
of attainment in methemstics, algorithmic skill end
coding knowledge at the conclusion of & progremming
course, so0 that the relationships smong these messures
might be investigsted., The remaining bhypotheses concern
the prediction of achievement in menipulating elgorithams
énd in coding on the one hend, &and post hoc comperison of
different tesching stretegies on the other.

The common elements in all these investigations were
Algorithmic okill end Coding Knowledge. Because suitable
instruments were not aveilable for measuring these, new
ones had to be constructed for the purpose; their develop-
ment and eveluation is described in detsil in the next
chepter,

It wes ©lso decided that another common element in
the investigations should be the content of the course
presented to the students. oJomments by J.W. Alspaugh
(1971), veinberg (I971) end others, &s well as common
experience suggest that course content &nd particularly
the programming lenguege taught, is a significaent varisble
in evaluative studies. BEeczuse the present study was not
concerned with the effect of this varieble, it wes decided
to control for it by holding it constant. The choice of
instructional materials was thus relevant to the present
research, but as no theoretical resson wes found for
preferring one set of meterials over esnother, the choice
wes mede on prectical grounds,

Choice of & Progremming Course

Since betch-processing systems were considered to be
the type most likely to be implemented in New Zealand
schools, &and since the widest applicebility wes sought
for the study, internationelly-~distributed courses on
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elementary Fortren progremming,
elementary COBOL progremming,
Cooll progremming, and
batch=processing BALIC programming

were considered, Of these, the Computer rducation in
schools course, computer Studies I (ICL/Civ, I97I1) wes
selected becsuse its materiels ere suitsble for ¥2-year=
olds, its textbook end teaching eids are internstionsally
distributed &nd computing fecilities capable of supporting
the course &re readily obteinsesble anywhere in New <iealand,
Only one programming lenguege is used in Computer Studies 1
- the Jomputer rcducetion in Schools Instructionsl Lenguege
(CzoIl)e. Used solely for educationsl, not professionel,
programming, Chuli resembles the well=known LANOU, 8lso
BrL which was used by C.h. alspeugh in her prediction
study (see sbove, p.1l1 ) and the code hsndled by
Clutterham's compiler (sbove, pe 8 )e¢ <LUIL i8 &8 low=
level code for progremuing @ simuleted single—sccumulator
computer by measns of instructions teking the form

(1ebel) (operator) (operand)

the rules for which are described in detsil in the next
chapter,

As well ss discussing how to code progrems in CLull,
Computer -tudies I also treats the development of uncoded
elgorithms in some deteil, expressing them in flowchert
forme There is elso materisl on computer herdwere &and
tpplications, which for present purposes is of peripherel
interest only,

For the studies of concurrent achievement, the course
teaching followed Computer Studies I exactly. This wes
done during I973. In 1974, when the comparative study of
teaching sequences wes undertaken, the seme materiel was
reorganized and slightly augmented to create the necessary
peir of elternative courses. In these courses, which are
detailed in Appendix A, one has the sections om CESIL
coding before the sections on flowcharting, and the other
has the identicel sections in reverse order. In &8ll cases,
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& four-week period of undirected practicsl work was
included between the conclusion of formel instruction

and the commencement of the testing programme, lest the
tests reflect merely shortstera recell of the most recent
learning.,

Like course content, teacher style was a variable
which though not a subject c¢f this investigstion, was
considered to be significent to the outcomes of &
pro,ramuing course., 48 with course content, it was
decided to control for this varisble by holding it
constent: the same teacher (who was also the researcher)
taught &ll the courses.

Uther sttributes that were recognized ss intervening
verisbles were genercl intelligence, ege, and (possibly)
sex, woince these were not controlled for, their
distribution in the research ssmples wes examined &nd
coapered with nationel norms. The selection &and
characteristics of those samples were &s follows.

The Semples Used in the Study

The universe of interest for the present study weas
all Form 2 children in lNew lealend intermediete schools.
A8 the research design required weekly contact between a
single teacher &nd &ll sections of the ssample, it was
necessary for the population sampled to be contained
within one geogrephicsl esreeé the ares selected was the
Hewkes Bay province,

The populetion thus being identified s the Form 2
pupils of Hawkes Bsy intermediate schools, 8ll five such
schools were invited to participate in the research
progremme, Of these five, three elected to Join the
programme: the other two declined on the grounds that
they woere already involved in other experimentel
progremmes. As a& check ageinst bies resulting from the
omission of these two schools, the opinion of the District
Senior Inspector of Primery Schools for Hawkes Bay,

Mre. Ae. Lawrence, wes sought; he stated in a formal



memorandum thet in his opinion, the pupils of the
participating schools were indeed representative of all
intermediate school pupils in Hawkes Bey. cech of the
participating schools hed, within its normel timetable,
periodes when Form 2 pupils were in "unstreamed" groups
of the required size (20 = 40),

After careful enquiry, it wes decided thet one of
these groups in eech school could be regarded as & random
semple of the Form 2 children attending that school. 1In
this way @ sample of 96 subjects was obteined, in three
subgroups. 7This was the sample used in 1973 to examine
the relationship among Algorithmic .kill, Coding Knowledge
snd mathematicel etteinment. Ages, Ctis Iy scores froa
the schools' records, &nd sex ratios were distributed as
shown in Teble 3:

Teble 3: 1973 Vescriptive Statistics from semple of 96
wubjects Used in Correletional study and for All lew
~eglend Form 2 Pupils: Age, Otis I, (Means end stendard
veviations) and sex Ratios.

Sample All Form 2 Iupils, 1
Mean s.d lean 8.4
Age in yesrs ) a _ a
at Jan, 1 2.4 OettS 12.4 0,57
Utis I 101 15 100° 15°
Boy:Girl Retio 54346 51149

Cne of the three subgroups of this sample wes used in
late 1973 to examine the test-retest performance ofthe
Coding Knowledge Test, The characteristics of this
sub-semple ere shown in Table 4:

& Sources N<& Department of iZducetion, rrivate memorandum
b Source: PMenuel for the Otis Intermediete Test (NZCER, 1969
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lable 43 Descriptive Statistics for Semple of 36 Subjects
Used in Test-Retest Study of Coding Knowledge Test: Age,
Otis I, (Mesns and standerd Deviestions) end Sex Hatio,

Meen 8,4
Age in Yesrs at Jan, 1 12.4 Ue 36
Utis I, 101 14
Boy:Girl itatio 70330

For the 1974 study of different teaching stratezies,
it weés required to control for the group of variables,
"school environment”, snd therefore it is necessery to
carry out that experiment within a single school. Of the
three schools participeting in the experiment, wycliffe
Intermediate Lchool was arbitrarily chosen to provide the
experimental ssemples. 7Three unstresmed groups were
provided by the ['rincipsls these numbered 36 (group AC),
31 (group vis) &nd 32 (group CUNTRUL)e Characteristics of
the groups were &s shown in Tsable 5i

Teble 5: Descriptive otetistics for sample Groups of
-ubjects Uscd in otudy of Different Tesching-Stratogles:
ige, vtis I (Mesns &nd Standard Deviations) snd Sex Ratios.

Group AC Group Ci Group CUNIiL

Meen 3.4 HMeen s.d Hesn 8.4
ige in Yeers
et Jen. 1 12,4 0,59 12.4 0.40 12,5 0.43
Otis IQ 100 11 98 12 99 11
BoysGirl Ratio 49:51 45355 47.53

For the 1974 prediction study, groups AC and CA
sbove (i.e. the two groups who esctuslly received
instruction in progremming) were combined into one
sample of 67 subjects, Table 6 shows the charecteristics
of the semple so produced:
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Teble 6: 1974 Descriptive Stetistics for Sample of 67
subjects Used in Prediction Study and for ell New Zesleand
Form 2 Pupils: 4ge, Otie I{ (Meens end :Stendard Devietions)
end Sex Ratios.

Semple All Form 2 Pupils, 1974
Meen 8. Meen 8.4
Age in Yeers at ) a a
Jan, 1 12.4 0.51 12.4 Oe56
Ctis I, 100 15 100° 15°
BoyiGirl ratio 47353 ' 51149

The same scmple was also used to determine the parellel-
form reliebility of the Coding Knowledge Test.

In 1975, a special project was undertaeken to determine
the reliability of the Algorithmic Skill Test. The semple
chosen for the purpose wes selected by the seme method es
the 1973 one (see above, p.26), conteined 93 subjects, and
had the chareacteristics shown in Teble 7:

Teble 7: Descriptive Statistics for Sample of 93 Gubjects
Used in Determinstion of Reliability of Algorithmic ukill
Test: ige, Otis ] (Means ond Gtanderd Devietions) and
vex Ratio.

lieen 8.4
ige in Years et Jan. 1 12.4 0.45
Otis IQ 98 15
Boy:Girl ratio 40360

®source: Nu Department of Lducstion., Private memorandum

Psources Menusl for the Otis Intermediate Test (NZCER,1969)



Tests Chosen for the Study

The study of the relationship between mathematics
etteinment and attainments in slgorithmic skill and
progrsmming knowledge required a2 mathemstics teat whigh
not only provided a measure of oversll attasinment but
also reveecled en infrestructure of subscores in particular
espects of the subject, No such test existed in 1973 when
the study wes undertsaken, snd it wes therefore decided to
construct & speciel bettery from aveilable materisls. The
sections chosen were

Arithmetic

Numericel Relationships
opatial Relationships
Logicel Relatiénships

For the erithmetic section, the ACLR Arithmetic Tests

(4CLHy undeted) were chosen, &s they are the standard

tests of srithmetical skills in this country. 4ihere ere
four tests (eddition, subtrasction, multiplicetion, division),
~tendardized by Fieldhouse (1956) for New ~eelasnd conditions.
From rieldhouse norms, raw scores on each psrt were

converted to decile scores, which in turn were subjected

to & stenderd normelizing trsnsformastion. The mesn of the
four normalized scores = the "Meesn Normalized /irithmetic
ocore™ was used as &n overall measure of aerithmeticsl skill.

lo cover the other sections, items were selected from
Multiple Choice lests in Methemstics for Junior Forms
(upence, 1973), This series of tests hed been designed
for Form 5 studeuts, but in view of the integrated nature
of the methematics syllabus for Forms 1 - &4, it wes
considered that the essier items from the Form 3 test
would be suitable for Form 2 childrem, The advantages of
using items from this source were that they had been
developed for New Jealand conditions, were errenged in
topic groupings, end had been tested for difficulty amd
discriminstion within those groupings. (Though the
indices of difficulty and discrimination have not been
rublished, they were deteruined by the researcher when
the Form 3 tests were constructed.) The items selected
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for the Form 2 test were those within the required topic
groupings that had the lowest difficulty indices. In this
wey the Mathematics Atteinment Test was constructed,
yielding sub-scores in Humerical Relationships (items

1l - 10), Spatiel Relationships (items 21 - 30) end Logicel
Relationships (items 11 - 20). This test is shown in
~ppendix B,

The compsrative study of different teesching strategies
required no instrument not already mentioned, but the
prediction study needed measures of verious personality
fectors and of relevant academic atteinment., Treating
the latter question first, it is unclear whet atteinments,
other than methematical, may be relevent. In this study,
vocabuleary skills were investigated as possible predictors,
particulerly of coding knowled;e which demends the under=
standing of specisl symbols in a very exact way.
Furthermore, when the programming lenguagse involves
context=free statements &s does J.oll, & test messuring
comprehension of words out of context was considered to
be most suiteble. For this reasson, the Progressive
Atteinment Test in Vocebulery (Eilley end Reid, 1969), was
used, For methematics the officislly-endorsed ’rogressive
stteinnent Test in Mathematics (Reid and Hughes, 1974) was
selected to messure personality variables, the widely-used
High Lchool rersonelity .uestiommaire (Cettell and Cattell,
1968) was adopted. This test yiélds fourteen factor
scores, the factors heving the labels:

A Reserved/Jarmhearted

Less Intelligent/More Intelligent
iffected by Feelings/Emotionelly Steble
Undemonstrative/Excitable
Cbedient/Assertive

Sober/kunthusiastic

Disregerds Rules/Conscientious
shy/idventurous
Tough-minded/Tender-minded

sestful /Circumspect Individualisam
Self=-assured/Apprehensive

Sociably Group-dependent/Self-sufficient
Uncontrolled/Controlled

Releaxed/Tense

O ¢4 HE®@ wmw b G W

o OO
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Ihe Structureof the Study

The present investigation concerned some of the
properties of the asbilities called Algorithmic Skill
end Coding Knowledge. In considering these abilities,
ettention was given both to their internsl poperties as
they relate to each other and contribute to programmuing
echievement, &nd to such relationships as might be found
with phenomene beyond the sphere of programming,

lnvestigation of the internsl (mperties first
required means whereby the sbilities might be measured,
Chapter IV contains a detsiled esccount of the wey in
which tests of Algorithmic 5kill and Coding Knowledge
were constructed end tested to determine their character-
istics. With these tests, 8 correlstional experiment wes
mounted to investigate the validity of the assertion that
rre=coding skills sre independent of coding skills.

To exemine relationships between the two sbilities
#¢nd external phenomena, detsiled considerstion was given
to the relationship with attuinment in the subject
mathematics, by meesns of & concurrent correlastionel survey
between slgorithmic _okill, Joding Knowledge and a range of
espects of mathematiceal attainment. FMathematicel
etteinment was &lso used &s one of the predictors in &
regression enalysis designed to test the capacity of
academic and personality verisbles to predict end-of-course
etteinment in & progremming course. The full set of
predictors consisted of raw scores on tests of mathematics
etteinment, etteinment in -nglish vocabulsry, personality
fectors, atteinment in mechenical erithmetic skills and =
dichotomous verieble indicating which of two course
presentetions the subject hed been exposed to., These
veriesbles were coambined linearly to meximslly predict
eech of Rlgorithmic Skill end Progremming Knowledge.

fnother external phenomenon that might or might not
effect Algorithmic 3kill end Coding Knowledge wes
investigeted: different stretegies used by the instructor
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in presenting & progremming course., Three saumple groups
were selected, one to learn flowcharting before coding,
one to learn codin; before flowcharting, and & third - g
control isroup = to receive no instruction in programming
whatevers, By compsring the achievements of these groups
tt the enc¢ of the period of instruction, it was possible
to determine first whether instruction zenuinely iamproved
performence, &nd second whetber the choice of strategy
mede any difference, A one-way anelysis of verience was
recformed on end-af-course scores in Algorithmic okill &nd
voding rknowled e, to test differences &mong the two taught
énd one untaught groups. 45 elsewkere throughout this
investi_stion, the level of significence wes set at 0,05,

Eow the .tudy beveloped

The entire investigation wes carried out during the
four yeers 1972 - 1975, 1972 weas devoted to development
end triels of methods and materiasls. LBy the end of that
year, the gomputer otudies 1 course had been tested, &and
the instruments me&suring &lgorithmic skill &nd coding

knowledge nad been coustructed, enelysed &nd revised.
During 1973 -« 5, opportunities were teken to determine
the empiricel cherscteristics of these new tests, 7The
speciel test of methemetic:l atteinment wes &slso prepsred
in 1972 for use in 1973,

At the end of 1973, after the standerd Computer
otudies 1 course haed been teught, the testing programuoe
for the concurrent study of relationships between
progremmning snd mathematicel attainment was undertaken,
These daete were subsequently anelysed by correlational
nethods, using zero-und firste-order partisl correlation
coefficients between the reslevant variables,

Two projects, running in parsllel, were undertaken
in 1974, The first of these was the prediction study,
for which some data on previous acedemic echievement
were obteined from school records, To gather the
remaining date needed for the study, further atteinment
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tests and the personality test were administered, all
before the course of instruction commenced. These datsa
provided the informestion from which it was hoped to
predict scores on the progremming tests at the
conclusion of the course, At the seme time and with
the swwe pupils, & second investigation was undertaken,
com.aring the effecte of two different orders of
prescntetion of the course materiel., une semple group
was taught coding first, then the development of
¢lyorithms in uncoded formi the other group w&s taught
in the opposite sequence, At the end of the process,
both groups and & control semple that had hed no
vrogremuing, instruction whatever, were tested to
mesesure glizorithmic skill. it the seme time, the

two groups thet had had oro rem:iing instruction were
tested for coding knowledpge., Comperison of the scores
so0 obteined would permit eveluation of the two tesching
stretesies.

The flow diegrem on the next page shows the
developaent of the investigstion, except for the 1975
project to determine the reliebility of the ..lgorithmic
oxill Test = this wes ooitted for greater clarity.
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Figure 3: Flow Diagram showing Chronological Development of Study.
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HAPT..R 1V

THi DoVELOPMANT GF 1-3To UF JUDIING BilUN_slgn AND

ALGURITHMNIV SKILL

It hes elready been noted (above, p.1ll) that of the
studies enumerated in the literature survey, only one
used an obJjective test as the criterion of progremaing
achiev-ment, iiowell et al., who undertook that study,
used the U,Y, Lepsrtment of _er-us :iobot iest, which,

they sy

"prov. .es 8 semple of progremming ectivity ansalogous
to problem solving on & large-scele digitel coamputer.
lhe problems in the iobot Test require an individuel to
write instructions in & symbolic languege for & 'iobot
vlerk's.. the test, though in its eighth revision, is
still im e developmentsl stage &nd is no. .ell
standsrdized."

+n importent eim of the present study wes to prepare
objective tests of . oding knowledge snd ilgorithmic
-kill. since Jomputer _tudies ] uses only Jn.lL 88 a

programming lenguege end flowcherts for expressing
uncoded algorithms, the tests were of C..IL and of
flowchsrting.

vonstruction of the Joding nnowledgze lest

To conatruct the test of C-LIL coding knowledge,
the lengusge wes surveyed in the light of the model of
programming bebaviour (aebove, p.19). The task in the
coding phese wes seen to be two-fold:

l. to trenslate the uncoded slgorithm into code.
2. to ensure thet the syntex of the code was velid.

Treating the second part of the messurement problem first,
it was required to construct test items that would measure
a subject's ebility to distinguish between valid and
invelid code. First, a survey of C.3IL syntax wes under-
taken so that & universe of all possible items might be
conceived. The items esctuslly chosen were seen &s a
semple of this universe.
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Beceuse of the simplicity of CESIL syntax, & complete
analysis wes possible. The form of each instruction is
(lebel) (operator) (operand)
end the rules for constructing velid instructions are:

l. The label may or mey not be used in & given statement.
If used, it must obey the rules for &n identifier
(see Computer Studies 1, p.l7).

2. An operator must sppeer in the second positior of the
stetement, nd must be one of the twelve C.olL verbs
(see Computer Studies 1, pp.275=6).

3. The operend must be one of : an identifier
a space

& numeric litersl (see
Computer Studies p.71
for the rules for
literels. )

4, The operand must be of & type compatible with the
operator. The only permitted combinations are

Uperator Permitted CUpereands
BEaoiDyIN,CUT Space
ICAD g abu g UULTRAST . ULLIPLY g DIVIDE Identifier or literel
STC iy JULP g JINLG o JILLRO Identifier

It was decided to test subjects' knowledge of the syntex
rules of CcSIL by measuring their ability to discriminate
between valid &snd invalid instructions. Items were
constructed in multiple-choice form with four optiomns, of
which three would be syntectically invalid end one valid,
The subject would receive one point for correctly identi-
fying the velid statement in the set, but suffer no pensalty
for incorrect choices.

Lebel syntax would not be tested directly, as identifiers
(the only velid type of lebel) could be covered through
operands.
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For each of the tests six sets of four unlabelled
statements were generated, having these characteristics:

Form A Form B

Velid statements : 6 6
Ltaetements violating rule 2 1l 1l
Statements violeting rule 3 : 5 4
Statements violating rule & 10 10

Statements violeting both
rules 5 and &4 H 2 3
24 L

The resulting six multiple-choice items chosen for
forms A and B of the Cs:iIL syntax part of the Coding
Knowledge Test mey be examined in Appendix C,

Turning to the problem of testing the ability to
translate uncoded algorithms into CiSIL code, it was
again necessary to examine the features of this
particular progremming lenguage. A feature of CcSIL
is the fact that the meesning of each instruction is
entirely context-free: it does not depend on
statements in other parts of the progrem. In this,
CESIL differs from, say, COBOL in which instructions
of the PLRFOHRM veriety cean only be interpreted by
referring. to other perts of the progrem.
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Because of the context-freedom of the meeanings of
CLSIL instructions, a subject's ebility to tremslete
from flowchart to CitlL code would depend solely on his
knowledge of each seperate type of CLSIL instructionl.
As already noted, there is & finite list of velid CLESIL
ingtructions:

Operator Operand
BALT, IN, COUT Space

LOAD4ADD ,SUBTRACT ,*ULTIPLY,DIVID: Indentifier or label
STURE, JUMP, JIN:=G, JILZRO Identifier

The presence of & syntacticelly velid lebel does not
affect the meaning of en instruction, so it was
concluded that the universe of measnings for CuiSIL
ingtructions conteins

3 +42x5 + 4 = 17 classes.

In the J.SIL Coding Knowledge test, subjects were ‘
required to demonstrate comprehension of CrsSIL code by
predicting the effect on given date of instructions
drawn from each of the 17 classes. It was decided to
imbed ecach instruction in & program of minimel length;
input dsta were provided eand subjects were required to
predict the resulting output, If & subject predicted
the same characters, in the same order, &as the computer
itself would heve output, he wes deemed to have
demonstreted understending of that type of instruction.

1 The Justification for this statement relies upon
the assumption thet the flowchart in gquestion is of
the type referred to in Computer Studies 1 es a
"computer flowchart" (p.96). In terms of the
definitions on p. 16 above, & computer flowchart
mey be described es an elgorithm in flowchart
form for which the defined gniverse of actions

is those sctions cepeble of being executed in a
single step by the (simulated) computer.
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Such & "behavioural”™ viewpoint nevertheless created
difficulties. Lvery one of the progrems used as a test
item must have input, output and progrem terminstion
instructions - IN, OUT and HALT, To make the items
work, it wes ecsential that every subject understand
the exact significance of these three instructions,
which in turn implied that such understending could not
be tested. Further, to create programs containing
certain instructions of the type

(operator) (identifier)
it was necessary to include a

STOR: (identifier)
instruction preceding it, even if the program was to be
*of minimsl length", and it is debatable whether this
requirement placed too great an emphesis on mastery of
the STORL type instruction.

The first (Mark 1) version of the test contained
one item of the type described for ecach of the 17 classes
of instruction except IN, OUUT &nd HALT, which were
carefully expleined in the introduction to the test (see
Appendix C), It was considered, however, that equal
sampling from all 14 remeining classes tended to
over=value mastery of the LUAD, ADD, SUBTKACT, .ULTIrLY
and DIVIui type instructions, esch of which was twice
represented, once in its form with an identifier as
operand, and once with a literal. For the Hark 2
version, used for all work after 1972, the items having
literals as operands were combined into & single item.
The effect on test homogeneity of this condensation was
tested by exemining correlations between item scores and
test total:



Teble 8: Correlation Coefficients between ltem Gcores
eénd Test Totels for Coding Knowledge Test lerks 1 and 2,
end Chenges Introduced between larks, by Item,

Item ikl Item - test Chenges introduced Lecame Item—test
correlation in constructing Item correlation
Merk 1,1972 Mark 2 test Mk 2 Mk 2, 1973
booklet
1 (psB) +0.66 iione 1 (p.3)
2 (pe&t) +0.54 lione 2 (Pew)
3 (pp 5=6) +0.54 lione 3 (p.5)
4 (p.7) +0.49 lione 4 (p6)
S5 (p.8) +0.,07 llone 5 (pe7)

(p.9) +0.43 lione 6 (p.8)

6
7 (pp 10=13) +0.74 pplu=12,involving 7 (p.9) +0.68
ADD ¢ SUBTRACT ¢ MULTI=
PLY,combined into a
single program. Dl3
(0IVIDE) dropped
entirely. Score for
item changed from &4
points to 1 point.

8 (p.l4) +0.,56 lione 8 (p.1C)
9 (ppl5-16) +0,67 lione 9 (p.ll1)
1C (p.18) +0.80 hone 10 (p.13)
liotes:

l. Pesrson product-moment correlstien coefficients
reported,

2. The procedure of asdministration end cscoring remained
unchenged from lerk 1 to Mark 2,

Velidit f the O ng Know Tes

It was not possible to congider the construct velidity
of the Coding Knowledge Test, because relisble information
sbout the construct wes lecking, Weinberg's (1971) general
discussion, for example, weas based on informal observation
rather then empirical research. Content validity, therefore,
was ell that could be established; the evidence for content
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validity was in fect the method of the test's
construction, as described sbove (ppe 35 = 39)., Inesmuch
es the Coding Knowledge Test represents an unbiessed
sample from the universe of relevant behaviours, the test
possesses substenticl content velidity. '

Reliebility of the Joding inowledge Test

The test-retest behaviour of tne Coding rno.ledge Tost
wes investigeted at the end of 1973, using the smell
semple of 30 subjects (see sbove, p. 27 ). (n the firat
adainistrution of the test, immediately et the end of the
teaching pro.rezme, the meen score was 8.L, while on the
second &dminigstration three weeks later it was 7.8. This
demonstrated that no significent overell change in perfore-
ence level had occurred between the two edministratiomns,
end therefore the teast-retest relisbility could with
Justificetion be determined by the correleation between
corresponding pairs of scores.

Pearson product-moment correlation coefficients
between scores on test and retest were taken, yielding the
following vslues for 31 cases

Cs8SIL Functions 0.87
Test Total e.81
Compering Forms A and B of the test et the end of 1974,

using the sample of 66 subjects (see above, p. 28 ),
produced the following meens and standard deviations:

Form A Form B
Mean 8.0 8.4
Std.dev. 4,0 4,3

It was thus demonstreted that taken overall, the two forms
of the test could be regerded ss equivalent, and that the
parsallel-form reliebility could velidly be determined by
the correlation betwoen‘lcoros on the two forms.
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The Pearson product-moment correlation coefficients
between scores on Part A snd Ifart L took the following
velues: '

CLSIL Functions 0.90
CuolIL Syntax .77
Test Totsal 0.93

These velues, when teken together with the above values for
tlie mesns end standerd deviations of scores on the two
forms, show not only that the reliubility of the Coding
Knowledge lest is high, but zlso that the two forms mey be
regerded &8 interchgngeable.

¥Finally, for completeness, & Fesrson correlation
coefficient waes computed for the intercorrelation between
CESIL Functiong score and CiSIL Syntex score. For the 1973
semple of 96 subjects (see sbove, p.26), this coefficient
hed a velue of ©.68,

Construction of the Algorithmic Skill Test

Freparation of & test of Algorithmic G5kill was helped
by the fect that flowcharting tests are used in mecasuring
prograarer gptitude, Three of the five tests listed on
P.13 &bove contaein subtests on flowcharting, the best
documented beinz the "diegramming" pert of the Computer

FProgremmer Aptitude Battery (CPiB) (Pelermo, 1964),

It was decided to comstruct & Jjunior version of the
CPAB diegremming test. Like the CPAB, the Algorithmic
Skills Test would be speeded. /ilthough Wol’'e {(1971) has
contended thet speeded tests of skills relsted to programme
ing ere ineppropriate, it wes considered thet s%ronger
erguments existed for retaining the element of speed. It
was believed that the subject who laboured through an item
step=by=-step was demonstrating en inferior level of skill
to the one who achieved globel perception of the algorithm
énd thereby described its effect more repidly. The
imposition of & time limit ensured & higher score for the
more sophisticated subject.
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In the originel 1972 version of the test, the time
linit was set at 15 minutes, but for those subjects who
finished more quickly, & record wes xept of their
completion times. Deteiled examination of this recorad
led to & decision to reduce the time limit to 12 minutes,
which would prevent nearly &ll subjects from completing
the test. This wes considered to be consistent with the
eims of the test, and wes applied in e€ll edrministretions
during the mezin neriod of the investigstion (197> and
1974).

In the writing of the test items, the specisl nsture
of the tsrget populestion wes borne in mind., =»irst, it
was considered useful to have items thet could be graded
right/pertly-right/wrong, rether than siaply risht/wrong,
end this required & format revealing the process by which
the subject reeched his conclusion. Jecond, items were
sought that would permit the languege used on the flow=
cherts to be extremely brief but unembiguous to twelve-
ye&r-olds, some of whom would be dissdventaged resders,
in the same wey, problems wcre sought thet would not meke
demends upon the subject's level of numerscy. 7The result
wes & set of items in which eech flowchert referred to
the construction of a geometric pattern (see ippendix D),

Three types of item were used in the /llgorithaic
3kill Test. Cne type (items 1, 2, 6) involved simple
sequences of operetions without conditionel trcnches or
variasble elements. Loops and varisbles were reserved for
the second cetegory (items 3,4,5,7,9). Both these types
of item required the subject to interpret & flowchart
ond perform the tesk it specified; o third type of iter
required him to build psrts of & flowchart by completing
missing portions in & wey thet ensured thet & prescribed
pettern would emerge. The items in this ceategory (nos.
8,10) were presented in multiple-choice formet, aBd most
closely resembled the exact items of the CPrAE disgremming
test.
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Between 1972 end 1973, the scoring procedure for two
test items wes revised to improve their objectivity., The
effect on test homozeneity wes tested by exeanining
correlstions between item scores end test totel, reported
in Teble 9 below.

Teble 9: <Jorreletion Coefficients between Item Lcores and
Test iotel for iAlgorithmic ckill Test in end cfter 197¢,
end Jchr .ses Introduced in revision of Procedure, by Item,

-

item Iltem - test stienges in grocedure itex = test
No. correletion introduced &fter 197< correletion
1972 1975
1 *U.lu uone
2 +U.43 one
3 +Ue 52 iequirement for 2 +Ul. 01
oints made aore
rigorous
4 +U,71 lequirements for 2 +U 47
points m¢tde more
risorous
5 +U 68 ..one
6 +\-028 ..one
7 +U.63% llone
8 +0, 32 i.one
9 +C.54 one
1v +C:22 l.one
fnotes

l. Pearson product-moment correletion coefficients
reported.,

2. The content of the items remeined uneltered (i.e. the
llerk 1 version of the test booklet was used throughout).

5« ie&ch item is scored O, 1 or 2 points, &8s described in
the marking scheme in Appendix 0.
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Velidity of the Algorithmic Skill Test

vince the universe of behaviours relevant to
hAlgorithmic “kill is so far ill-defined, it was not
possible to estsblish the content velidity of this test
on the grounds of sampling es was done for the Coding
Knowledge Test. Rather, it was necessary to relate the
Algorithmic skills Test to its pettern, the JVAB
disgremming test, which has teen shown (Felormo, 1967)
to have predictive validity ageinst the criterion of
supervisor ratings. some meesure of validity - actually
8 mixture of content &and construct vslidity wes cleaimed
on the grounds thet the items of two tests require the
sare kind of performence at different levels of skill.

Heliebility of the Algorithmic Skill Test

Among the 96 subjects tested in 1973, totel scores
on the Algorithmic _kills test were &lmost normelly
distributed:

Mean 9.6
utd.dev. 5.5
Kurtosis =0,21

Skewness =0,10

Inssouch &s the iAlgorithmic skills test is speeded,
split-helf methods were inappropriate for estimating the
test's reliebility, but inaesmuch &s it was & mestery
test, neither would test-retest met:ods yield a useful
measure. In a study specielly mounted in 1975, the test
was sdministered to & sample of 93 subjects (see pP.28),
but without the time-limit. The resulting scores were
enalysed by the generslized Kuder-iichsrdson method,
(see, for exeample, rbel (1970), Mehrens and Lehmenn
(1973) ) yielding & relisbility coefficient of 0,75,

The tests of selgorithmic skill and coding kndwledge
were reedy in their finel form by esrly 1973 when the
first of the three mein studies begean, and remained
unchanged throughout the rest of the investigation.
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Composite Mathematics Attainment Score Defined

Four measures of mathematicel attainment (see &bove,
PpP.29-30) were used in this study, and it was necessary
for the purposes of the investigation that they be
combined into a single overall measure. In an endeavour
to find & suitable combination, The FAT Kethematics
lest (Reid and hLughes, 1974a), then under constructionm,
was considered. This test occupies a special position
in maethematics instruction in lew <4eeland, having been
built up on the opinions of mathematics teachers
throughout the country. DBecause of the breadth of its
base in tecacher opinion, the AT Mathematics Test can
be regaerded as the eauthoritative instrument for me&suring
mathematical etteinment zmong New <esland children. but =
beceuse the PAT test was not eveilable in 1973, end
beceuse the study of the relationships between
programming &and mathemeticel achievements required
subscores on particulsr sspects of mathemstics (which
. 4T rath does not provide), the test actually used was
the one shown in Appendix B end discussed in Chapter 111
(pp.29=-30) above., After careful consideration of the
item description contsined in the PiT Test's lManuel
(Reid and Hughes, 1974b), it was decided that s
"Composite lathematics Atteinment Score" roughly
equivalent to the vPAT Msth score could be arrived et
by & linear combination of subscores, with these
weighting coefficients:

Humericel Relstionships Gcore 4
Spatiel Helationships Score 12
Logical Relstionships Score 8

Mean Normelized Arithmetic Score 10
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It was this combin&tion th,.t wes used es the measure of
mathematics atteinment in the 1973 correlationeal study.

Algorithmic O5kill vs Coding <nowledge

To test the null hypothesis that there is no relation
between performence on the ilgorithmic Skill Test end on
the Coding Knowledge Test when the effect or performance
on tehe Otis Iy Test is removed, the pertiel correlation
coefficient between the first two scores, factored by the
third, wes computed. The value obtasined was U.46 for 95
cases (pS O.CUl)e At the level of significance chosen for
this study = 0.05 - this value justifies rejection of the
null hypothesis under a two-tail test, if the three
populetion distributions are &ssumed normal.

The zero-order correlation matrix, from which the
above result and slso those which follow in the next
paragraph were derived, was &s shown in Table 10 :

Teble 10: FMatrix of Simple Correlation Coefficients
Obtained in 1973 Correlation Study: (athematics
Atteinzent Subscores by Programming Attainment Lubscores
and Otis Ig.

otis Iy Algekill JodgZ,Knowe

A Sk G.60

Gogg,Know. 0056 0,64
Comn'hﬂgho 0.72 0.70 0075

(95 cases)




ves Methematic

Atteinment

First-order partiel correlation coefficients
(factored by Ctis 1y) were extrscted to exemine the
relationship of Composite riathematics Atteinment Score
to Algoritimic $kill end Coding Knowledge. The values
obtained were:

4lg. S5kill vs Comp. lath, 0.48 (95 cases, p{ 0.001)
Codg. Kknow. vs Comp.Meth, 0.6C (95 cases, p{ 0.001)

Because these coefficients were neither very high nor
very low, tbte fine structure of the relationships was
also exemined to see whether particular correlations
might exist that were markedly different from the
general level, A matrix of first-order partiel
correlations factored by Utis IQ weas obteined for
subscores of the three messures, eand is shown in
Teble 11 ;

lTeble 11: Fetrix of Pertial Correlstion Coefficients
Fectored by (tis Iy, Ubtained in 197% Correlation Study:
Meathematics Attainment Subscores by Prograzming
Atteinment Subscores.

cuSIL Functions vwSlL Syntax Alg, Skill

iumber 0.48™"* 0.38"** 0.39™**

Spece 0.38#** 0.31“’* 0.39*55*

Logic O.46""" 0.40"** 0.26""

Arithmetic ©.43" ™" 0.22" G
(95 ceases)

*¥¥pg 0,000 **p ¢ 0.01 *p £ 0.05

411l the coefficients took values in the same general
renge, except those for Arithmetic ve CoSIL Syntax and
Logic vs Algorithmic Skill, which, though significent at
the 0,05 level chosen for the investigation, were
markedly lower than the other coefficients in the matrix.
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The pertiel correlation coefficients were derived
from tne zero-order correlation marix shown in Table 12:

Teble : liatrix of Gimple Correlation Coefficients

Cbtained in 1573 Correlation Study:
rathematics Attainment Subscores snd Progremming
Atteinment Subscores.

Ctis C,Funct. C.Synt. A%E. Number Space iogic
ok .

Cefunct. 0.55

Ceynt. O.48 V.68

AlR . 0.60 0,61 Ce56

Number Ue70 0.67 0.57 C.65

QEECQ 0053 0056 O.48 0058 0,61

Logic 0.60 0.63 Ue57 0«53 Ce63 0C.65
Arith.  0.56 0,61 0,43 0,57 0.65 0452 0.57

consideration of the sbove zero-order matrix casts
further light on the two lowest of the pertial
coefficients of Table 11 « The weak partiasl correlation
between Arithmetic and CoGIL Syntex cleearly results from
& wesk simple correlation., For an explanation of the
low partisl correlation between Logic and ilgorithamic
Skill, however, it is necessary to note not just the
feirly low simple correlation coefficient between the two,
but elso the relatively high correlation of each of them
with Otis IQ which was the factoring veariable.

Prediction of rrogrsmming Attesinments

The regression study wes designed to investigate the
relative importance of escedemic sttainment and
personality factors in predicting the two dimensions of
progremming atteinment., The method used was that of
stepwise multiple regression, on three acsdemic
predictors (PAT Mathematics Test score, PAT Vocabulary
Tegt score and Meen Normalised Arithmetic Score) &nd
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fourteen personality predictors (the 14 fector scores
of the iuPye The 66 subjects of the 1974 sample were
used for the study. To start with, the dependent
varieble was the Algorithxic S5kill Test score.

In the stepwise regression procedure, varisbles cre
introduced one et & time into the equetion. The 550
progrem permits the user to force certein variebles in
before others; this option was used to perform the
regrescion anelysis twice over, once with the acedemic
predictor variebles forced in before the personelity
ones, end once with the personslity veriebles before
the acedemic. Lecause the semple was made up of two
gubsemple groups which had received different
instruction, & dummy "treatment" varieble was also
introduced among the predictors, and was given the
value +1 for easch member of one group, -1 for the
other. By introducing this verisble after ell the
other predictors, a check was kept on the proportion
of the verience of the dependent verieble that was
expluinable by treatment effects.

Teble 13 summarizes the results of the regression
enelysis when the scedemic predictors were forced into
the equetion before the personslity variebles. Two
steges sre shown: first, when only the three scedemic
predictors hed beeun introduced, and second, &t the end
of the process when &ll vearisbles were in the equation.
To show the proportion of the veriance of the dependent
vaerieble explsined at each stexe, the square of the
nultiple correlastion coefficient corresponding to eech
set is recorded, and elso the velues of the bete
coefficients. Table 14 shows the corresponding results
obtained when the personality variables were introduced
before the acedewic ones,
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Stepwise Multiple Regression Anelysis Using
tlgorithmic 5kill Test Score as Vependent Variable,
Introducing Acedemic Atteinment Verisbles before

FPersonslity Veriables:

end with All Verisbles in .quation;

and ultiple R'.

with Academic Predictors Unly,

Verisbles in the .gustion

eta coefficients

set lieme of Verisble Beta lultiple R’
hcedemic PAT Vocsebulsry Ge53
Predictors | I'AT lethematics Ce23
Cnly reen Norm. arithmetic 0.04 Ue5l
A11 PAT Vocebulery V.39
P’redictors | PAT iiathemetics V.28

Meen Norm. Arithmetic V.03

tioPy Factor & -0 o2V

HoPy Factor J Ue25

horQ Factor D -U.1l

hob., factor 4 =L+ U9

hopPy Fector 3 0,04

HopPl Fector I =L 411

H3ry Factor C -U.U7

nory Fector O =0 U7

Hspy Factor B -Cel2

hsPg Fector A -LeU3

H3P(, Fector G C.00

hsoky Factor Q2 -Co06

LHEF. Factor F -Uel0

Treatment Cel?

HoPy Fector H -0 ol2 Ce65
lotes: 1. N = 66

2

HSPQ Fector O wes not brought into the
equation becsuse its F-level fell below
0.01, the level prescribed by the SPSS
program (see Nie, Bent &nd Hull, 197Q,
pp. 174 - 195).
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The low velue of bete associated with
15l Fector B (intelligence) is
explained by the presence in the
equation of the acedemic predictors, ell
of which ere heavily loeded on
intelligence.
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stepwise Multiple regression Analysis

Using slgorithmic 5kill Test Score as Dependent
varisble, Introducing Personelity Verisbles before

Acaedenic istteinwent Veriebles:

with Personslity

Predictors nly, &nd with 4All Veriebles in .quation;

Bete Coefficients end iiultiple R‘.

Varigbles in the ..guation

vet lieme of Vgrisble beta iultiple R*
Hoi' rector & Cel9
Personslity | iLor., Feetor 3 (.19
ool rector J Ce33
iredictors LolQ Fector © - e1C
26y rsctor C -0.10
tnly Hok, Factor & -C.24
Hoi Factor J -Ue27
iuwi, Fector D -{.18
Lol Fector G CelU
Lo, Factor -U.13
Lol Fector 2 .09
Hopy Fector A CeL7
lis:, rector L =L 4L9
fHo:., Fector (4 =L .U5 Ue38
a1l iLoi'y fector b - oL
lior, ractor 3 ez
rredictors | HsPl rector J CGe25
Hory Factor © =Ll L7
oy ~actor ¢ 0,07
ol Factor u =0,20
hoi ., vactor 1 -Uell
Iy . ractor U =Cell
HS51', rector G CelU
ol rector z -{eslU
HSPy fector 2 -0 .C6
HoP Fector A -0,03
HSPy ractor kL VY 9=
HoP( rector 4 -0.09
PAT Vocabulary 0.39
PAT athemetics G.28
llean Norm. Arithmetic U.03
Treetment 0.18 Ce65
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ihese results show the three ecademic achievement
messures to be superior to the fourteen fector scores
of the Hi: | in predicting ilgorithmic Skill scores.
They confirz C..e. Alspaugh's (1972) finding with older
students, that acsdemic background wes & stronger
predictor than personality vearicbles.

+ne whole process wes repeated using Joding
tnowledge score &s the dependent verieble, using the
same predictor verisbles organized and treated in the
seme wey. vnce &gein, the ascadenic test scores were
found to be the superior set of predictors. (see
Tebles 15 and 16):
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Teble 15: Stepwise [lultiple Regression Analysis
Using voding hnowledge Test ocore as Dependent Verisble,
Introducing icedemic ittainment Veriebles before

Fersonality Variables:

end with 41l Veriebles in wguation;

end rultiple %,

Variebles in the .guation

witu icademic rredictors unly,

bete Coeflficients

set ieme of Verisble bete, lwultiple R
scedenic 41 rethematics Uel9
Predictors| liean Norm. srithmetic Ce.l3
Cnly I'AT Vocebulary Cel3 Uelt3
A1l i 4T i.athemetics Uolt2
Iredictors| [ean liorm. arithmetic V.22

v£7 Vocabulary VLS

ko, Factor D Ce2l

uspPy Feector d -Ce13

iy Factor ¢ Lel5

Hory raector O -u.2l

tius,, rector b -C.08

ol Factor 3 Cel6

1Gln, Fector 2 -Ul L4

lisi, Factor Fk Gel?

cos, ractor 4 CeUS

hGr, Factor (4 C.C5S

lol'y rector G -UJ02

ESGY . Fector 1 -0.01

ireatment -0,.18

H5PQ Factor L =0,0C Ce03

liotes: 1, N = 66

2. Hur, Yector U was not brought into the
equation because its F-level fell below
U.CUl, the level prescribed by the Srss
progran (see !iie, Bent and Hull, 1970,

PP. 174 - 195).
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Stepwise lMultiple Regression Anslysis Using

voding kKnowledge Test Ucore ss Dependent Veriseble,

Introducing rersonslity Variasbles before Academic

itteinment Variesbles:
Unly, and with All Verisbles in cquation;

Coefficients eand Multiple i‘,

Veriables in the _gusation

with lPersonality i’redictors
seta

rultiple R*

wet leme of Varisble sete
rersonality | Hsry Fector J Cel5
iredictors Lhor, ractor T -l e 27
unly sy, rector O Cel4
HSP Fector Q3 Cel6
Lop rector B Uell
Lol rector (4 .8
HSi Fector I -Uoll
Hoi ractor G UVeUS
Mor . ractor A LelD
H3P, Factor H -U.UB
liobP, rFasctor -U .Ul
Hory Fasctor 2 -U.C3
ns¥ rector 4 =Uel2

\J.56

wote: nho. Fector U was forced out of the equation by

L s

15th stepe.

..athemetics, end only ceme in gsein &t the

hll
:redictors

nor fesctor J
HSLl , Fector C
oy ractor D
Hob ractor 3
HoP, rFector B
HSPQ Fector 4
HSPL Fector
Lopr, rector
HSD, Factor

&

HOP, Factor i
oy Fector ¥
SPy Factor (2

© AT 1athematics

SPy rFactor U

ieen liorm., arithmetie
[reatment

i »I Vocebulary

Veld
-Ce2l
C.21
LelO
-Ul.0U8
C.C5
Vel
=Co,02
Ce05
-Uel?
C.17
-0 404
=0 06
Q.42
-0 00
Ce22
-U,.18
U.05

V.63
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Table 17: Regression Analyses: Regression Coefficients and their Standard
Errors, by Predictor Variable

Algori thmic Skill as Coding Knowledge eas
Dependent Variable Dependent Variable

1

B Std. Errorsof B B Std. Errors of B'

PAT Mathematics 0.09 0.0630.,06 0.18 0.,0730.08
PAT Vocabulary 0.10 0.,0430.,04 0,017 0.0530.,06
Arithmetic 0,08 043330433 0668  04430.46
BSPQ Factor A =0,03 0e1130.11 0.07 0.1530.15
HSPQ Factor B =0.,04 042630426 =0,22 043630436
BSPQ Factor C =0,07 041330613 =0,28 0.1830.18
HSPQ Factor D =0.10 001130411 0.25 041530415
HSPQ Factor B =0.19 0.1330.14 0,08 0.1930.19
HSPQ Factor F -0,08 0.1230413 0.18 0.1730.17
HSPQ Factor G 0,003 O0.1130.11 =0,02 0.1530.16
HSPQ Factor H =002 00133013 =0.14 0.1830.18
HSPQ Factor I 0,06 0.0930.09 0,01 0.1230.12
HSPQ Factor J 023 0.1230.12 0.30 0.1630.16
H3PQ Factor O =0,06 0.1330413 0,002 30.18
HSPY Factor Q2 =0 4,06 061330413 =0,05 0.1730.17
HSPQ Factor 3 0.04 0.1230,12 0.20 0.1630.16
HSPQ Factor Q4 =0,10 0.1430.14 0.07 0.1830.19
Treatment 0e55 0.3730.37 =074 0.5030.51

L In each case, the first-named standard error is that obtained when the

academic predictors were forced into the regression equation first (as
in Tables 13, 15). The second-named standard error is that obtained
wht)m the personality variables were forced in first (as in Tables 14,
16).



Though esnelysis of the regression coefficients
cannot be rigorously epplied to this situstion, some
observations egbout them may be useful in pointing the
way to later reseerch. Cf the Hol'y factor scores,
only one hoad a regression coefficient that was more
than 1.6 times its standard error in eny of the
regression equations. The fector that ued this
property - in every equetion, in fect - was factor J.
hHow the LoP. i enusl describes this end other fectors
is shown in 1&ble 18 below.
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Table 18: Brief Description Cf The
Personslity ractors, by factor.

29

Fourteen liuiy

ALPHABETIC
DB IGNATICN

LOW ST SCORE
DESCRIFTION (l=3)

HIGH OTEN SCORE
DESCRIPTION (8=10)

A boy or girl with E;giuﬁ L boy or girl with
low gcore is: ) hizh score is:
eserved,Detached, A #varmhearted,vutgoing

vriticel,Aloof,5tift

;asygoing,rarticipating

Less Intelligent,concrete-
Thinking,Cf Lower ocholes- B
tic Fental Capacity

rore Intelligent,ibstract-
Thinking,Bright,Gf Higher
Scholestic iiental Capacity

Affected by reelings, mot-
ionally Less oteble,
~asily Upset,chsngeeble,
of lLower ngo Strength

[

~motionsglly iteable,iiature,
Feces Reelity,Celm, of
Higher cgo strength (not
the seme &8s "egotisticel")

Undemonstrative,leliberate,
Inective,ctodgy,’hlegnatic

~xciteble,lmpatient,Demand-
ing,Cversctive,Unrestrained

(Cbedient,iild,casily led,

Assertive,competitive,

hccoumodating,submissive - Lzgressive ,stubborn
sober,laciturn,serious F wnthusiastic,lieedless,
Heppy-go=Lucky
Disregerds Rules,_.xpedient, vonscientious,’ersistent,
lies Weaker sSuperego G lloralistic, teid,Hes |
otrength otronger uurego Strength |
ohy,Timid,Threat- M ~dventurous,"ihick-ckinned",
Sensitive ooclelly bold
Tough-i.inded,itejects I Tender-iiinded ,censitive,
illusions vlinging,uver-:rotected
~estful,Likes Group sircumspect,Individuslism,
Action J Heflective,Internally
Restrained

velf-Assured,’lacid,Secure,
Complecent,Untroubled

Apprehensive,celf-lieproach-
ing,Insecure,Worrying,
Guilt Prone

Sociably Group-lependent,
A "Joiner®" snd Sound Qe
Follower

Self-Sufficient,refers
Own Decisions,Resourceful

Uncontrolled,lax, ollows
Uwn Urges,Careless of Social

Rules,lHas Low Integration »

Controlled,Socially-FPre-
cise,oelf-Disciplined,
compulsive,lias High Celf-
concept Control

Relexed,Tranquil ,Torpid, Qy Tense,Jriven,CUverwrought,
Unfrustrated,Composed Ffrustrated,iretful
Source: Cattell and Cettell (1968b, p.l2)



Uther fectors showirg somewhat weeker positive
regression coefficients in both sets of equations are
factors 2 end (3, while coefficients of similer
megnitude but negative sign in both sets sere those
for ractors ¢ end I,

Uf particuler interest is the factor D, with all
veriables in the resression equation on Coding Knowledge
score, its rezrcssion coefficient (B) was +0.25 with &
stenderd error of U.15; when slgorithmic w£ill wes the
dependent veriesble, it had b = «U,1C, with U.,11 for the
stemnderd error.

Jomperison of Teeching otretegies

iLe differential effects of the two teaching
strategies (flowcherting-then-coding, coding-then-
flowchsrting) were tested by sn aneslysis of veriance
procedure, The same procedure weg also usged to éield
¢dditionel information &bout whether teaching esctuelly
mekes vny significent difference to the level of
schievecient, or whether masturation elone would so &s
ouch. . one-way 4iiCV.: was performed on three groups:
one ygroup taught by each of the two methods mentioned
tbove, end & third control group thet hed hed no
instruction in progremming at ell. 4As cen be seen in
Teble 19, the velue of ¥ obteined for comperiscn emong
these three sroups wes significently different ifroa
zero, st the U.C5 level. 4ince the difference between
the two tetught groups was clearly not significant (see
Table 20), Junnett's (19%5) method wes employed to
compere the two taught groups with the control. The
values of Dunnett's t statistic, &lso shown in iable 20,
were both significant under & two-tail test at the 0,05
level.
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Table 19: +lgorithmic okill Test Lcores, 1974
oemple, Summsry of inelysis of Variance.

oource of Jegrees of osum of lleen i natio
Veristion I'reedon Squares oqueres
Eetween groups 2 315.5 157.7
16.9
sithin groups 26 86,6 9.3
(p ¢ V.LLL)
Totel 98 1212.1
lfable 2U: algorithmic Skill Test Lcores, 1974 Jample,

Differences uvetween Teught Groups snd Control.

Group number of Group tiesn Junnett's ¢
subjects
flowcharting
-then- 2 11.3
voding

S.U (p €C.ll)
Lo srogreuming

(Control) e 7.6
5.1 (p €L.01)
Coding
-then- 31 11.5
Flowcherting

The Jvoding irnowledge Test was cdministered only to
the two taught groups, &s the form of the test rendered
it incomprehensible to anyone who h&ad nrot underteken e
course in CuSIL, 4 t-rstio was therefor: used to
compere these two groups, with the result shown in
Teble 21.
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Table 21: <Coding Knowledge Test ocores, 1974 GSemple,
Jifferences between Taught Groups.

uroup rlowci: ~ting voding
then then
coding slowcherting
uroup
Jeon: 9.u 683
Stenderd
vevietion: 3.7 4,2
l'umber of
Lubjects: %6 3u
Student's t: 2,2 ; ©64 degrees of freedom (p ¢C.05)

This velue was significant under & two-tsil test at the
vel5 level, &nd the hypothesis of no difference weas
therefore rejected,

In sum, it sy be said thet those subjects who
received instruction did perform significently better
on the 4Alzgorithmic okill Test then those who did not,
but thet whetter the instruction in flowcherting
preceded or followed instruction in coding made no
significent difference. n the other nend, end-of-
course scores on the Coding Knowledze Test were
significeantly higher under the flowcherting=-then-
coding strutegy then under the coding-then=
flowcharting strategy.
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SHAPTER VI

1 1 11 TANG
wwiliwiVoldvivw

oummary of tine Hesults

The most important individual statistics to camerge
fron this study were the first-order partial correlation
coefficients, fectored by ctis I., of Algorithmic o5kill
vs Loding hnowledse (u.46), Algorithmic okill vs
Composite Nathezatics Attsinment Ucore (0.48) wsad
voding rnowledge vs Jomposite Methematics ittainment
~core (U.6U), .imong the subscores of this set, the
508t revesling relationships were the weak correlations
between JuoIL syntex and Arithmetic, &nd between
slgorithmic o5kill and Logic.

~t.empts to predict success in the _Jomputer otudies 1 |

course by & regression model showed that pest scademic
etteinnments were the most powerful predictors of both ‘
~lgorithmic .kill snd Joding <nowledge at the end of the

course, In generel, results of other studies with ‘
edults were confirmed with the younger subjects studied

in the present investizsation; however, some suggestive
differences were &lso found.

voding khnowledge, &8 measured &t the end of tce
programming course, was shown to be significently higher
if instruction in coding followed instruction in
flowcharting rather than vice versa. For Aljjorithaic
wkill, no corresponding difference was found, but it was
shown thet pupils who hed been instructed in programming
did significently tetter on the test then th 3e who hed
not.

interpretation of the Results

The evidence obtained in this investigation was
considered to support the view that Algorithmic Skill
and Coding knowledge ere two distinct sbilities,
exhibiting feetures thuat differ in important ways.



Beliefs sbout the statisticel independence of CiSIL
soding xnowledge &nd Algorithmic okill were nevertheless
shown to be untenzble. The two tests used employed tasks
which could herdly have teen mede more dissimilar without
losing content validity, but tkbe zero-order correlation
coefficient obtained wes high enough to justify rejecting
tae null hypothesis of no correlation. iior could *ie effect
be expleined awey &s a phenomenon of generzl intelligence
or testwiseness, &s wes shown when the first-order
coefficient fectored by Otis 1) was &lso found to be high
enouzh to Jjustify rejecting thke null hypothesis.

This evidence strongly su;; ests thet a sizeeble genersl
prosremming ¢bility exists, perveding both tests, and that
this genersl progrecuing ability mey differ in importent
ways from genersl intelligence. There was 2lso very
considereble correlation with masthemeticel sttainment,
which &gein was shown to be due not only to zeneral
intelligence but slso to other mutuelly contributing
¢bilities, It should be remembered, however, thst the
Computer Studies ] course is concerned entirely with
numeric processing, znd thet courses enc lengueges for

non-nuiieric processing mey reveel significently different
relstionships with methematical sttainment.

conclusions drewn from the more detsiled correlestional
survey of the relstionship between mathemstical sttainment
end propremring attainuents must necessarily be treated
with caution, beceuse of the lower reliecbilities cof the
subscores. uowvever, the two lowest partial correlstion
coerficients (fectored by Utis I.) merit some coument.
The first of these, Arithmetic vs C.oIl: oyntex, results
from & low zero-order coefficient between the two
verictbtles, &nd comes 2s no surprise since the .wo kinds
of tesk asre very dissiumiler. The second, that between
Algorithmic Skill and Logic, mey be expleined pertly inm
terms of the reletively high correlation of each with
otis iy, but elso sugzests that there is some conceptual
difference between the dynamic logic of flowcuarting
(concerned with procedures) &nd the propositionsl logic
of mathematics (concerned with reletionships). Agein,
part of the explenation may lie in the lenguage-related



neture of the questions in the logic subtest, and the
comperatively nonverbal character of the tesks in the
algorithmic oikills lest.

sue regression study cleerly demonstrated thet for
this se&aple, ecedemic ettainments were the most
efficient predictcrs of success in the projgremming course,
‘his finding sccords with thst of C.A. alspsugh, who, '
working with college undergredustes, concluded (1972, that

"..othe methematicel backzround of & computer
progremming student sppesred to be the major
influencing component for achievement

in BiL  wes" (pe97)

sl Hethematics, AT Vocgbulary and ACzi .rithmetic
predicted 514 of the verisnce in .lgorithmic Gkill Test
score, L, scores, in adding only enother 148 would,

in any oreacticeal situation, provide so little extra
precision that the effort of g&sthering thea would be
unjustified. ‘“Where Coding :nowledge was the dependent
veritble, however, personelity varisebles, though stilil
the wesker predictors, contributed relatively more: the
percentages corresponding to the two sbove were 43% &and
g, (In fect, wn intermediete calculetion in the
stepwise regression procedure revecled th&t the three
acedemic predictors together with Hil. factors D,ii,J and
C predicted 59% of the verisnce in Coding tnowledge
score.)

Turning to the individual perscnelity predictors
used in the present study, the stremgth of Lol ractor J
(Circumspect individualism, Reflective, lnternally
restrained) confirms both /dspeugh's finding with older
students and the popular sterectype of the computer
programmer. 1het Factor B, which is & genersl intelligence
score, stould be weighted hesvily is no surprise, snd
neither sre the indications froz Fectors 43 and I that
the higk achiever tends to be "controlled","socislly
precise", "tough-minded". It is surprising, though, to
find the negstive weighting for Pector ¢, indicating
that the superior programmer is "affected by feelings,
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emotionally less stsble, eesily upset, changeeble, of
lower ego strength"., Such & result conflicts with the
findings of slspeugh end lMorris snd Wise (see sbove,

Pe 14 ) for olaer students, end if truly significent,
would indicete & chenge in the nature of the pro ramming
tesk (or possibly the lesrning processes involved, with
aze. It is not eesy to see what such & change would be,

ilso difficult to explein is the vearistion in ractor
Dy from & negetive weighting (“"deliberete, stodgy,
phlezmatic™) with ilgorithmic okill to & positive one
("excitsble, impetient, demending, overactive,
unrestrained”™) with Joding knowledge. both this result
¢nd the previous one merit further investigstion.

The study conparing the effects of different teaching
sequences demongtreted thest even when the zateriel
presented 16 the seme, the lessons used gre tie seae,
the school environment is the sszme end the tesching
style is the sere, veristions in the sequence of
lessons céeén produce siznificant differences in the
soding rnowled. e scores obtained by students ¢t tre end
of the course. Jince both teeching plens used in this
experi.cnt provided for a month of prascticul work
between the conclusion of instruction &nd the beginning
of testing, tne difference ce&nnot merely h&ve beeun the
result of short-term memory, sud must therefore be
rearded 3 educationally e&s well &s statisticelly
significant.

Un the other hgnd, the same effect was not found
with aAlgorithmic <kill. To the contrary: the group
meens for the groups teught in the two different
sequences showed & close correspondence, Hed the
study demonstrated no more tham that, the possibility
would still heve remeined that in the metter of
Alzerithmic .okill, both strategies nad feiled equally
to produce eny incre&ses in score thet would not have
resulted from maturetion or other factors beyond the
prozremming course entirely. But this possibility
ves elimineted when the differences in performsice
between the teught groups snd the untaught control were
found to be significant.
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7o sum up, evidence was found that tesching for
Algorithmic Skill does improve scores, but the timing
of the instruction may not be important; for Coding
Knowledge, timing does metter. If both Algorithmic
Ckill end Coding Knowledge are seen to be importent
outcomes of a programming course, it would appear that
better ell-round results sre to be obtained by teaching
flowcherting before coding then by using the opposite
sequence.,

The tests used in this investigation may be
considered to be outcomes of the project, since they are
appliceable to e renge of situations beyond the present
one. rurther developuent of the cJoding Knowledge Test
for C.LIL is probably unjustified, as its reliability
is high &nd could even be increesed by using both forms
» 8nd B of the test. ind of course its usefulness is
limitied to that minority of situetions in which CiolIL is
employed &8s the programming languege.

but the Zlgorithmic okilles iest is sppliceble to
ell progremming environments in which flowcherts are
used - &t this ste,.e the great majority. Although the
test is feirly relisble, & satisfectory rstionale for
constructing such tests is still lacking, &nd therefore
construct validity cannot be esteblished., whether such
& rationsle will ever be found is & matter for conjecture,
but it is believed thet the fece velidity of the test is
high, &nd furthermore it cen be seen to be a2lmost
language-independent -~ whether one is thinking of
programming lenguages or of naturel languege, Therefore
further development of this test is justified, in
perticuler to refine the process of meesuring s subject's
ebility to perceive &end menipulate algorithms at & global
level.



Suggestions for Further Reseearch

This study hes examined phenomens associasted with
a particular sge-group of students learning how to progranm
in a particular langusge. Imnediate, and importent,
questions erise about the effects of changing the langusage
end using older or even younger learners.

Jealing first with the question of studying different
lenjzuszes, some serious difficulties present themselves:
for exumple, bhow to construct & test of coding knowledge
for & high-level lsnguzge with & wide range of ecceptsble
syntacticel forms like CCblL or & structured language
like »lgol? <1the most eifective wey of deeling with these
major difficulties might be & "bootstrepping" approech,
consdtructing &nd proving coding knowledge tests for
progressively eugmented subsets of, s&y, Zortren.
careful enelysis of the diasgnostic routines incorporsated
in the compiler would be necessary, but perhaps not
sufficient, tc develop achievement tests of bhigh content
velidity.

ihot only would there be problezs in constructing &
test of coding knowledge; mwneasuring slgorithnic skill
in other environaments would present difficulties thsat
wvere circumvented in the present investigation. In the
present state of the progremming ert, the lasngusage in
which &n elgorithm is ultimately to be coded does exert
subtle influences on the kind of slgorithm the progreammer
develops. oometimes the influence is less subtle: Algol
progruus ere often difficult to envisage in flowchart
form, «nd an alternative kind of pictoricl representation
- the structure disgram - has been developed to be used
with /Algol and similer structured lsanguages. ls there
one kind of elgorithmic skill relating to flowcherts,
end enother for structure diasgrems? This reseercher is
inclined to believe so. It could be that the proper
course is to develop &n omnibus Algorithmic OCkills Test
conteining two sections, one on sequenced elgorithms &nd
one on structured algorithus., Certainly both kinds of
8kill ere needed by & CCEBCL programuer, who mey employ
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both structured snd unstructured strategies in e
8ingle pro ram.

lhe outcome of ell trois effort in test construction
would be & generalized construct or linked set of
constructs defining slgorithmic skill, snd a wnole
renge of coding knowledge constructs, one for eech
mejor progyremming lenguege. The resesrcher sugsests
thet if instruments to uessure these constructs were
evailcble, the empiricelly-determined correlstion
between algorithmic skill end the sppropriate kind of
coding knowledge would be & festure of & progremming
langusie useful in compsring it with other lansusages.
This is not to sey that a high correletion between
coding knowledge &nd elgorithmic skill woulkd
necess&arily be regerded &s highly desireble. In the
ecademic environment, where the person who designs en
elgoritbm also codes it, &nd where unsuccessful
progremmers have the option of doing other things,
such & high correlstion mey well be desirsble; in
the commercial environment, where progreamaing is often
& team effort, & lower correlation may be advantagzeous.
be that as it mey, studies of the kind proposed would
peruit the very considerable theory of programmning
langugges to be linked with practical psychologye.

In & similer wey, studiesrelating programi:ing skills
to attsinments in other sress of study may revesl
useful relationships between perticulsr progremming
lengusges (or courses) and particuler fields of
ectivity. The study of CxSIL progremning sand methemstics
in this investigation wss such a study, and the results
obteined from it lead the researcher to c~iject that
considerable trensfer of leerning might be found between
the Computer Studies ]l course eand & stendard llew Zesland
mathematics course. In & utopian vision, Le sees
programming lengueges being subjected to "aptitude
testa" to determine their suitsbility for use in
various ereas of application.
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The other mejor variable requiring further gtudy
is tnet of sge. The present investigsation Las shown
thet thte psychology of computer progremming for twelve-
yecr-olds is not identicul with thet for college
students. it is sugzested thst replications of the
present study et different levels in the secondeary
school system would provide vslusble dets on
vaerietions in the leerning processes witi: int:llectusl
end emotionel amasturetion. ror example, the resesrcher
hypothesiseas that seventh-form students learn C_oIL
more slowly vhan second-formers; if true, this would
be useful inforuation for curriculum designers in
deciding the proper plece for computer progremaming in
the school curriculum,

Summarx

In this investigation, the Computer Studies 1
course was taught to representative groups of Form 2
children in liew sealend Intermediste schools. At the
end of each course of instruction, achievement on
Llgorithmic Skill Test and the Coding Knowledge Test
was measured. '

ocores on these two tests were considered to
measure two distinct abilities, &and considersble
evidence for this view was found. It waes also found
that the two scores were moderstely correlated, &and
that eech correlated moderately with the Composite
Methematics Attainment Score. iHactoring the
correlations by utis I{ showed that they were not due
to general intelligence &lone, and & matrix of
correlations between subscores on the various tests
permitted examination of the fine structure of the
relationships involved.

It was further shown that taken together, scores
from the PAT lathematics and Vocabulary Tests &and the
ACER Arithmetic Tests predicted attainment in the
programuning course more effectively than the fourteen
factor scores of the High School Personality
wuestionnaire. oome similerities and some differences
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were discovered between the results of this
prediction study and similer studies with adults,

finelly, the effects of teaching flowcharting
before coding were compaered with those of t:eching
coding before flowcharting, snd of teaching no
prograemming whatever, It was esteblished that
algorithmic skill wes improved by instruction, but
neither teaching stratesy was found to be superior
to the other in this respect. On the other hand,
Coding Knowledge Test scores were found to be
significantly higher in the ;roup which bed been
teught flowcherting before coding.
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4ppendix A: Qutlines of the Courses Used for the 1974
Comparison of Instructionsl oStrategies

The individuel lessons used in the teaching progreammes
ere listed below, together with the textbook material
on which each lesson was based. In the description,
the sbbrevistion CES is used for Computer Studies 1
(IcL/cz=s (1971) ), SUF for The Shepe of Methematics

- 2A (Reed lethemetics Group (197C) ), and UF for
Units in lethematics. 1I7: Formulese (Reed Mathematics
Group (1973) ).

Lessons sbout computer systems in general

Gl: Perts of & computer system (Cis, 3 - 4)

G2: How the parts of & computer system combine
(CJ-"SQ 5 - 8)

G3: Computer Herdwere (.3, Chapter 4)

iessons sbout flowcherting

il: bpasic flowchart concept (CiL, 79 = 81)

42t Flowcherting a jourmey (C=5, 83 - 86)

433 Zrenching decisions (un3, 87 - 91)

Al: Constructing flowcharts (.CH, 82 - 84)

AS5: 1terstive processes (.UM, 84 - 86)

46: lMathemeticsl formulae (UF, 1 - 7)

A7: Larder formulse (UF, 9 - 16; <J°=3, 95 - 100)

Lessons ebout coding

Cl: Notion of storage; I. (CiS, 11 - 15)

C2p STURL (CESy 15 - 17)

C3: 104D, OUT, HALT, in the context of & cless-
generated program for printing & telephone
directory. :

C4: Coding conventions (CiS, 17 - 23). Semple
program from Cts P, 28 prep&red for processing.

C5: JDiscussion of output resulting from semple
program. Arithmetic in C.SIL (Cus, 27)

C6: Further srithmetic in CoGIL (CZi, 35 - 36)



C7: Programs for problems (C2u, 37 - 42). OSample
program from Ctb pp. 35 = © prepared for
processing.

C8: Branching instructions (Ci3, chapter 7)

Free-pley experientisl sessions

nly w2y &5, n4: Pupils design and code their own
progrems to be batched, run on the computer znd

returned bvefore the next session.

~ach lesson occupied one school period of 4C minutes.
They were given once & week, ncormelly on Wednesdey
morning. 7“he order in which the lessons were
presented to the three groups wes as follows:

Group AC3
Gl,G2,AlG3,A3,A2,A4,A5,A6,4A7,C1,C2,03%,C4,C5,C06,C7,
Blyly s34,

GI‘OI&E CA
G1,G24C1,G3,C2,03,04,05,C6,C7,4L,h2, A3, Ak, AS, A6, A7,
£1,E2, 53, 2k,

Group Control

Al.

(It was decided that totsl unfamiliarity with
flowcharts prior to testing might ceuse "symbol
shock" in the control group and so invelidete the
conparison between this untaught group &ad the two
taught groups. lLesson Al was therefore presented
to Group Control, one week before testing.)
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Append Bs

Project PEACE

Stenderdization of the Test

MATHEMATICAL ATTAINMENT FORM II

4uddi llni lufJ’.l.Li..{s'I IUI‘

children require nencils, erusers snd answer
sheets for recording snswers to multiple-choice
questions. seating should be arrenged so that
co=operative work is impossible. Conditions must
be such as to sllow every child to complete the test
without interruption, i.e. for sbout 45 minutes.

Test booklets are distributed. The teecher says:
Keep your booklet closed, write your nsme on the
enswer sheet, Also write your group number end
persounel number.

The teacher then expleins the method of recording
enswers to multiple-choice questions on the enswer
sheet., (The &nswer sheets used in the FPziCc project
have specisl dummy "S" boxes which mey be used for
this purpose.)

After dealing with questions, the teacher says:
1o &bou a8

tuere's no aectual time limit so you don't have to

rush, I want to be sure that everybody does every
guestion liow is there &anything at @a 'Ou wan

know ebout the test before we stert? Ask now, becsuse
it's your least ghaggg.

After dealing with questions:
Upen your booklet and stert the test.

If a pupil wents help during the test, the teacher may
essist by repeating the substence of the instructions
given at the beginning. lio other help can be given.

As children complete the test, they should be encoureasged
to spend some time in checking, perticulerly that they
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haeve &nswered every question. 7This done, their answer
sheete and test booklets should be collected as they
finish. The teacher should check each znswer sheet to
see that every question has been &answered; if not,
booklet &nd answer sheet should be returned to the
pupil for completion.

SCURING

ror every item, one point is scored if the correct
enswer is selected, none for incorrect or multiple
enswers. I1f the test has been correctly eadministered,
there should be no ceses of missing or invslid
responses,

Iteas are srouped according to content:

Numericel itelationships Items 1 = 10
Logicsl _telstionstips Items 11 - 20
opatial .telationships Items 21 - 30

end separate subscores for these categories may be
extracted.

A computer progrem written in B6700 Fortrun is available
for scoring tnis test,
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Mathematical Attainment

FORM 1II

Do not write on tnis booklet

Use your answer sheet to record your answers.

DO NOT OP&ll UNTIL YOU ARE TOLD




Only one of these statements is true
ot (A) There is a last whole number
(B) There is no first whole number
(C) When one whole number is added to another, the answer /s not necessarily
a whole number
(D) When one whole number is subtracted from another, the answer /s not

necessarily a whole number

2. (28-20)~- (7 + 1) equals
(A)14 (B)O (C)16 (D)2 (E)2

3, 2+ '5 equals
(A)7 (B)3 (C) 3 (D) 7

Questions &, §¢

i - O A -
Here is a string of numbers: 5 4 8 i6
4., The next number in the sequence would be

A ' m® L © X (0 16 () 32

18 32 20
De The seventh number in the sequence would be
1 1 1 1 1
(A) 76 (B) 39 (C) 64 (D) 28 (E) 556

Use this 'ciock' for questions 6, 7.

tn this type of “clock” arithmetic,

(A) 3 (B) O (C)1 (D) 3 (E) S
(A) 4 (B)12 (C) 6 (D) 3 (E) O

6o 1 - 4
70.3X4

. S .
8. . Asimpler numeral for -2 s
— a’ b?

A) @ a (g a’
(A) a (B)a (C)ab (D)b (E)b

9. A simpler numeral for 16+8 iS

_— 32+12
17 o) 1 5 6
(A) 16 (B) 6 (C) > (D) 7 (E) 11

A) 32 55 (c)3b (p) 5a
(A) 82 © 2 (o
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12.

In this Venn Diagram we see that Do

>

(A) ACB (B) ADB (C) An B (D) AuB (E) A=B

In Question 14

“(A) An B =A (B An B =8B (C) An B =2 (D) AN B =29
(E) An B =B’

Questions 13-20 refer to these sets:

(24
P
Q

R
13,

14,
—(A) ¢ (B) R (C) {5,6,7,8...20} (D){6, 12, 18} (E) 2¢
15,
“(A)¢ (B) R (C){5,6 7,8...20}) (D){6, 12, 18} (E) 2¢
16,

(A) > Q u L1 e =1 () u
: @ C R P

17.

18,

i,

20,

={45 6...20}
= (6,18 10...20)
={(517 9...19)

{6,9 12, 15 18}

Which of the following statements is true?

“(A) P=Q (B) P> Q (C) P> Q (D) Rc Q ([E) PCcee
P n Q is the set

P N R is the set

The Venn diagram for these sets is

Cx

(D) b (E) [Q =

O[2 QR
P u Q is the set

(A)¢ (B)R (C){5 6,7 8...20} (D){6, 12, 18} (E) 2¢
P’ is the set '

(A)ze (B)P (C)QuU {4} (DR (E){4,6 8...20)

P N P is the set

(A)g (Blze (C)VP (DP (E)QuU {4}

(P U Q) N R is the set

“(A)¢ (B){6,12,18) (C)R (D){6 7,B...20). (E)z¢




21, A! The area of this shape is about
(A) 30 square units (B) 44 square units

/ (C) 50 square units (D) 56 square units

(E) 64 square units

A
|

22. Which of these shapes has the greatest volume?

N / A
//
L R
2L L2 7
2 (K W o o0 o i v e |
3] 4
-— )‘/ E
/ u"; 1cm
o
1cm 2cm
Figure 1 Figure 2
g AL LT T
EAAAA AL LI TILTET
2cm '

/4//§//// A

e

0.25 cmr ]

2cm 2cm

Figure 3 Figure 4

(A) Figure 1  (B) Figure 2  (C) Figure 3 (D) Figure 4

(E) None of them—they all have the same volume

23.
p‘ 50

In this diagram, the size of angle & must be
(A) 50° (B) 130° (C) 150° (D) 230° (E) 310’



24. In this diagram:

il

thesize of angle « must be
(A) 40" (B) 70° (C)90° (D) 0" (E)30°

n o
25. i I\ |
5 ) | // f
| | . |
| | Vd |
| | / |
| ! 4 i
' : // |
e o — e . -
’ +-p /7( |p
| s i
| / [ \
| | 4 | |
[ Y | ]
I P4 | |
Y / Y v

To map P onto P’ by reflection, you would use
(A) mirror linek  (B) mirror linel  (C) mirror linem (D) mirror linen

(E) mirror line o

26. In the diagram, figure XY Z has been rotated
50° about O to X' Y'Z'. Angle XYZ = 40°

The size of angle X'Y'Z" is
(A) 40° (B) 50 (C) 10° (D) 90°
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A 2Te  How many axes of symmetry does this figure have?
/ ' (A) None (B)1 (C)5 (D) 10 (E) an indefinite number

28, How many axes of symmetry does this figure have?
“=— (A)0 (B)1 (C)3 (D)6 (E)an indefinite number

(a) (b)
- - Figure 2

29+ In Figure 2 (a), you could map EF onto E’ F' by
(A) rotation, but not by reflection
(B) reflection, but not by rotation
(C) either reflection or rotation
(D) neither reflection nor rotation
30 In Figure 2 (b), you could map GH onto G’ H'
_ _ (A) rotation, but not by reflection
(B) reflection, but not by rotation
(C) either reflection or rotation

(D) neither reflection nor rotation
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Project PEACE

Standardisation of the Test

PROGR.MMING KNOWLEDGE Mark 2

ADMINISTRATION

Children require pencils and erasers. They must be placed so that
co-operative work is impossible. Conditions must be such as to allow every
child to comwlete the test without interruption, i.e. for 45 minutes.

Test booklets are distributed. The teachers says:

Keep your booklet closed. Write your name on the front, Also write your
group number and personnel number., When everyone has done that, we'll open
the booklets.

This done, the teacher says:

Now open your booklet and look at page 1. You will see some CESIL programs
written on coding sheets. Let's look at the top one. The program itself
is written in columns 1, 2 and 3 as usual, and on the effects side there are
columns for store locations called A, B and C. There is also a column for
writing down the output,

The teacher then makes a copy of the program on the blackboasd and works

the EFFECTS section through, producing a result as shown in the lower part
of p.1, then says:

Did you see where the output goes? Ve didn't actually need the store locations
A, B and C that time did we? Some of the other progrems will, though. Is
there anything you want to ask now?

After dealing with questions, he says:

Now turn to »ace 2, and you'll find one that you have to do. Pry Ot snoWs

After the children have attempted this in silence,

How did you get on with that one? Did you zet the same as me?

The Teacher works example on blackboard. After dealing with question:

You have about half an hour to do this test, but there's no actual time limit
so_you don't have to rush. I want to make sure that everybody does every

question.

Before we start, there are some other things I want to show you. Turn to
page 11. On this page there are two programs to work out, so make sure you
do them both. There are one or two other places where that hapvpens, so
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2.

watch out for them. The other thing I want to show vou is on page 12, There
are some questions at the end like this. There's a group of four CESIL comuands,
but only one of them is written correctly.

Teacher discusses criteria for selecting correct answer in sample, then says:

Now is there anything at all you want to knowsbout the test before we start?
Adcnow, because it's vour last chance.

After dealing with questions:

Then turn to pagze 3 and stzart the test.

If a pupil wants help during the test, the teacher may assist by repeating the
substance of the instructions given at the beginning. No other help can be
given (this applies particularly to p.7!

As children complete the test, they should be encouraged to spend some
time in checking, particularly that they have answered evervy question. This
done, their booklets should be collected as they finish.

SCORING

For every program in pp 3-11 there is a row or column of key entries
which the scorer notes. (Entries in other rows or columns are ignored.)
These key entries are marked in red in the scoring key.

A given program scores 1 if its key entries correspond to those of
the scoring key in these respects;
(1) The correct numbers are shown

(2) They are in the correct order

NOTES:

I4 is common for a child to write a number one space too high or too low
in the output column. If this does not affect the order of the key
entries, it is not ~enalised.

Positive numbers may be written with or without the '+' sign. Thus
5 and *5 are equivalent. 5 and *5 ar: not, however. Any of O, +O,
~0 are treated as equivalent symbols for zero.

For pp. 5 and 11, the page score may be O, 1 or 2.
For p.13, each correctly placed tick scores 1 provided only one option

is ticked. Incorrect or multiple choices score O. The page score will
lie between O and 6.
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Programming Skills Test

CODING KNOWLEDGE

(Fonnerly called
Programming Knowledge)

Mark 2c

Write your name here:

84

FORM A

Group Number:

Personnel Number:



This is a test to see how much you know about the computer language CESIL.

First of all there are 14 programs which have been written out for you, like

thiss¢ '
EFFECT
T
COLUMN 1 COLUMN 2 COLUMN 3 Acc. | A C ‘?‘UT
v 'N v
v @UT
v/ @UT v
v HHLT v
v v
A/ v
v v
Data + 5 *7
You have to fill in the EFFECT side, like this:
EFFECT
duT
COLUMN 1 COLUMN 2 coLuMN3 | Acc. | A C PUT
TN 5
Jl@ur I 5 S
lgur I 5 5
| HALT |v
v v
v
v v
\v v
Data "'5. +7

Did you see where the output goes?

TURN OVER




Noﬁ here is one for you to try:

EFFECT

COLUMN 1

COLUMN 2

COLUMN 3

ACC.

A

ouT
PUT.

IN

IN

N

QUT

HALT

Data

i2

ASK YOUR TEACHER NOW if there is anything you do not understand. You cannot

ask once the test has started.

When you are told, turn this page and start the test.

DO NOT TURN OVER UNTIL YOU ARE TOLD TO START

2.




CEDIL LUUlIsis ODHEED

4/20118. /01

PROGRAM |S T | [R|E I EFFECT oy
guT
COLUMN 1 COLUMN 2 COLUMN 3 Acc. | A PUT
7| - IM_ v
V| STORE A
VI N .
vl STeRE 1| B
V| STORE | C
vSTRE [ A 1
VIHALT S | —
7 . v
v v _
v EE A e
\v4 7 -
< v
v v
7 v -
v v -
v VA o :
Av4 v
T - |
v v ‘ ‘
7 v ‘
AV v
< v -
\v/ v B
v v
'?“_ ;’
v v
Y; 7 - ~ B
v v
¢ i "
LV 4 \v —“(_‘;"33
Data +_§- +q

Functicn ¢ Prociom



CESIL CODING SHEET .

4/361(8.70)

PROGRAM

LIQ R [D

EFFECT

COLUMN 1 COLUMN 2 COLUMN3 | AcC. A %317_—
v | h& v
vISTQRE 7| A
v \ N \%
Ut I
leoany Pl A
v mw v L
YIHALT 3 i
v v s
v v B
v v -
v
v v
v v
v v B
v v N
v v
v v o
v v -
v v
v v
v
- —
v v -
v v
v
v v
v v
v v
v v
. v J0e-17)

Data + 5 : q

Function of Program



PROGRAM 'p‘ ID ™ EFFECT

COLUMN 1 COLUMN 2 corumna || acc. | fr ?“3;
v lN v
YSTORE | A ]
i 1M 2 )
Add 7] A
L@yt |
SHALT |9 —
7 - [ 1 (‘9.' "“)

Data + é._. + 1

THERE ARE TWO QUESTIONS ON THIS PAGE !!t
PROGRAM M [y L [T e LY EFFECT
COLUMN 1 COLUMN 2 coruMn3 || acc. | A OJ’T
. PUT
vl 1N -
V| STERE &)
v N
IMULTIPLY A .
Vi HUT
vl HALT
7 Ll
: | (e
| Data - 8 +3




CESIL CODING SHEET

4/361(8.70)

PROGRAM IS |y B [T|R|A KT EFFECT
COLUMN 1 COLUMN 2 COLUMN 3 acc. [ A %S—Tr
v |N v
viISTERE V| A
i { M v
7|SVBTRACT |V] A
v (DUT v
I HALT |v
v
v v
v v
\%4 W
v v
v v
v Ay
v \v4
A v
v v
v v
\v v
v v
v v
\v4
v
v v
v v
7 v
v
v v
v \v)
v v
v v kas-as)
Data + A +/2

Function of Program

6o



CESIL CODING SHEET

4/361(8.70)

PROGRAM D (| |V || D |E EFFECT
COLUMN 1 COLUMN 2 coLumns | acc. | A (33;1:

v iN , v

v|SToR E

v “\( v

" DINIdE]] A

v @UT v

v HALT .
A\

\ ) A\

A\ \
- ~

\ \

v \v

A\ \v

A\ A\

v v

v A\

A\

A\ A\ B

v _ \

\ \
>
\

v A\ .
4

A\ \

v A\

v A\

\ \

\v v

v v (26-~2%3)

Data + 13 +3

Function of Program

Te



CESIL CODING SHEET

4/361(8.70)

PROGRAM |l [n 1D | C @INeT EFFECT
COLUMN 1 COLUMN 2 COLUMN 3 ACC. A ?)31-{
v l N v
JLgAd || +5
v @)u"r v
[ HaLT
v v
v
v
v v
v v
v
< |v
v
v v
v
v v
\v) v
3 : \
- - — \
v v
v v
v
v
v v
v v
. v
v v
v v
v v
v v
e - (29-31)
Data +3

Function of Program

8.



CESIL CODING SHEET

4/361(8.70)

PROGRAM |C &3 N | S s | EFFECT
COLUMN 1 COLUMN 2 COLUMN 3 ACC. P‘ %3‘:'
v | N v
"|SToRE 3
M 2
QU |7
\v/ IN \v/
VISURTRACTIV] + 7
QUT ¥
IN 2
"l MULTIPGYPl +S°
| GUT 7
vl HALT |v
v v
\v) \v)
v
v v
) v v
\v v P
v \v)
\v/
v \v4
v \v4
\v4
v
\v v
\v4
v v
v v Sy
\v/ \v/
v v
" L B (32 -42)
Data + q ="1 + 2 ol

Function of Program

9.



CESIL CODING SHEET

4/361(8.70)

PROGRAM

) UM ¢ EFFECT
@ ur
COLUMN 1 COLUMN 2 COLUMN 3 ACC. A C PUT
v ‘N v
vWJume [v| B3
N[
B3 - PlouT I
| HALT [
v
\% v
v v
v v
v v
v v
v v _ -
v v
v v
v v
v v
v v
A\ v
v \%
v
v
\ v
v %
v v
v v
v v
v v
v v
& - 4?(#3'1‘5')
Data + 5 ‘i'ﬁ

Function of Program

10,



ODING SHEET

COLUMN 1

-COLUMN 2

COLUMN 3

“ACC.

QuT
puT

4

[N

<

G uUT

JIZERD

B 4

IN

d|Q i< |q

O LT

By

"|J) ZERp
v

I8

4|49 |49 (|4Q4]|Q]|4d

GUT

JZERQ

B

1N

OUT

4]|/a |44 |49

JIZERD

d4|< Q|9 ]|d

IN

GUT
JIZERQ

Bl

[N

QUT
NZERD

B

by

HALT

Q|43 |[d ] ]|<]|aqa]aq

l( 46-56)

Data

4 d|d|Q|Qq9|Q]|]a |44

2

5
O

+3

+

~

PROGRAM

Jl IN[E

EFFECT

COLUMN 1

COLUMN 2

COLUMN 3

ACC.

ﬂ

q

IN

q

JINEC,

B6

IN

JINE &

XA

IN

JINE G

4|49 |4d|Q ||«

s

QuT

4|Q9]|4Q]|qaq|4d]|d

BG

HALT

q

4

(57-59)

Data

.3

ll.



On the next page you will find six groups of four CESIL instructions, like this:

v

COLUMN 2 COLUMN 3
BUT PQ !
Pa QYT 2

o @ U T vd )
of UT 9 + 5 4

In each group, only one instruction is written correctly. Put a tick beside

the one that is correct, like this:

v QDiJ"r v l’(Q 1
1 PQ vl @uUT BE
v @UT’ v 3
v QUT |v +5 4

v -

: (Z)LJ1— b is

it gets the tick. All the others are wrong.

the only one that is right, so

Now turn over and do 6 more over the page.



CESIL CODING SHEET

4/361(8.70)

PROGRAM

sly IN[TTalx]
COLUMN 1 COLUMN 2 COLUMN 3

v/ lN \v/ 1
v IN ABC 2
I iN 5 __ 3
°| iN 15 :
[L@®AD 1

+5 LOAD 2
VILAAD 5 3
v i@ AD +5 4
YADD 1
I ADD 5 2
v| ADd B4D 3
v| ADD 1B4D &
" [HALT - 1
VIHALT "] XYZ &
Y HALT - F| & 3
V| HALT +5 4
v|ST @RE 1
VISTORE 5 2
V| STQRE +5 3
V| STPRE A 4
v JUMP :
| JUMP & 2
v JUMPp t5 3
v|JUMP B4 4

THIS IS THE END OF THE TEST

(to-¢s)

13



= MASSEY UNIVERSITY

Project PEACE

Programming Skills Test

CODING KNOWLEDGE

Mark 2c

Write your name here:

98

Group Number:

Personnel Number:



This is a test to see how much you know about the computer language CESIL.

First of all there are 14 programs which have been written out for you, like

thiss
EFFECT
COLUMN t CGLLIMN 2 COLUMN 3 ACC. H C ?g;
v ‘N v
Y mu 5 il v
|\ puUT I
s HALT v
v \v
v v
v v
v v
Data Ee i +"7 .
You have to fill in the EFFECT side, like this:
EFFECT
COLUMN 1 COLUMN 2 coLumn3 | acc. | A C g;z:;_‘
TN 5
ol Qur | 5 S
Teputr I G 5
PLHALT P
[ v
v A
. -
]v v
Data +5 ";7

Did you see where the output goes?

TURN OVER




Now here is one for you to try:

EFFECT

COLUMN 1

COLUMN 2

COLUMN 3

ACC.

A

@guUT
VT

I N

IN

IN

QuUT

HALT

7

Data

T2

ASK YOUR TZACHER NOW if there is anything you do not understand.

a.:k once the test has started,

Vhen you are told, turn this page and start the test.

PO NOT TURN OVER UNTIL YOU ARE TOLD TO START

You cannot

2.




CESIL CODING SHCET

4/261(8.70)

PROGRAM |SS T |y | |EE EFFECT M @ (3
[ PUT
COLUMN 1 COLUMN 2 COLUMN 3 Acc. | A FUT
i Bl S . [ S— .
vl SToee Y] A
7 'N_ A"
Y Steee Vi I
VI STORE | (&
v|STQRE A
WIHALT 7 . B
V) . <
'U- v -
v 24 e
7 A%
Av v
v v Jpe— o
v} v/ -
v v -
v el o ]
v v N
v ] v ‘ .
¥4 ¥4
v v a
v
v
v v 1 _
v ¥4 _
7 v
v v e —
v v
v hv4 |
9 <o i
v v (4-~13)
Data +8 +4 =

Function of Procrem




CESIL CODING SHEET

4/361(8.70)

PROGRAM || Ja [ EFFECT
COLUMN 1 COLUMN 2 COLUMN 3 ACC. A % ‘\J}
v I N v
V|IST@QRE |¥ A
— __._Tﬁ_& e e B
QOUT v
VILOAD Y A
Yl eODUT " S
YIHALT o B
v 7
v Av o
v v o
\vd A%
v b7 _ - o
Av 74
A4 A% B _
4 : o
7 v
ol " it
v v N
V‘ v
v J 1 1 1 1 | | °
7 v
<7 v o
hv v i -
= S
v @ -
7 7
v v -
LV AV o - B
Avs v -
¥ v (”d-'l'f
Data +6 +77

Function of Program



PROGRAM [A [~ Ty EFFECT

COLUMN 1 COLUMN 2 coumna | acc. | A ‘f\tﬂ;

7 IN ki
. USTeRE Fp A -
I IN . .
_FLadd ol A

| @uT |
CIHAL T |7 —
v ol . (1%-19)

Data + 5 =2

THERE ARE TWO QUESTIONS ON THIS PAGE !!!
PROGRAM (M [y [L [T\ [e b EFFECT

COLUMN 1 COLUMN 2 coLumn3 || acc. | A : QJ":
TP ‘ N = 3 \
W STORE 0] R [
o N v
“IMULTIPLY |v A
v (b JT v
Vi HALT |9
v V) S
z i (20-22)

Data + 5 +_6




CESIL CODING SHEET

4/351(8.70)

Ny

PROGRAM |5 1 I | T (R EFFECT
COLUMN 1 COLUMN 2 COLUMN 3 acc. | A %311-—

v | N v
ISTORE |V A
vl (N v B
ISVBTRACT Y] A N
v} @ urt v
i HALT |7 -
v v
Lv) §

AU v
by v
: =
h% A7 -
v? - -
7 v -
A" v
v ¢
" e -
AV
W v
v .
L \v4 ‘
v v .
Av4 v ______—‘
v v
% v
.V A4
5 v
v \vs B
\V) v
v v (23-2¢5

Data = 2 + [ 0

Function of Program

6o



EUIL CODING SHEET

£8

4/351(8.70)

PROGRAM LV L DE EFFECT
COLUMN 1 COLUMN 2 coLumn3 | acc. | A 98 STE

v IN ‘ v

viSTeRE 7] RA

o] (N i

o DIVIdE Y] A

v @UT v

I HALT v :

L) \v)

\v/ v )

A4 v

\v) v

v v I

v v

\v4 v o

v v

o

v A"}

v A"

v v |

\v) A\ . |
v

pvJ VM .
V4
<7

7 v

\v) v

o 2 |

7 v

" »  (26-20)

Data S +é"

Functicn of Procrom

Te



EFFECT

b

|

PROGRAM

olplplcloheT

[ : 1 :
L o _ - |
Pl _ i
Qe _ |
! _ i i
i _ | _ i __ m
|
“ ; —
| “ H
| T
+ L
| |
i T +
M _
s _.
| _
" 1 f —
o ! _ f
O “ _ |
< _ m _ |
l | i
] | _"
™ _ _.
2 i |
= _ _
2| e |
o &N m
“f it ot |
: + 1 - HISAP IR S M S (I I : )
E 2 D | bio b Ry =1 SEIESE
i 1 i N B TR AN 1L A
2 | _
= i |
3 _
-
(@]
O

. A5 1 E———

| Lp D

v

Y
A
i

COLUMN 1

R .2 I . .

-

T HeLT

L5
<

e i

l§
|

ST .|..4_+.r, G et

o .,..ul..TiW ,Alln. J... .\lﬁAi..ull.

| |
|

|

|
ﬁ_
L

SR T

L3IHS TNICTD TS3AT

'
i
icyll
I .
H i

i e e ey

~
e Osroui v

+8

Jm

-

Data

fFunction of Prc:




CESIL CCDINCG SHEET

4/36118.72)

PROGRAM |C [(F N |S T[S EFFECT
DT
COLUMN 1 COLUMN 2 COLUMN3 || AcC. | fA PUT
v | N‘ v
Y STORE B
V1 ADD vi_Fi2.
vl @UT Y - .
YIIN B
VISUBTRACTIY] +2
i o X0 Jx A o N U TN N (NN S N — -
v IN v
°| MULTIeY o] + A
v au T v
v| HALT M=
Tl AV -
V_“ 4 (e S Y | S I U S -
< \v
v v PR
\vj v
\v) v
v v
WA 7 —— e,
v
ivj v S
A\ v
v v R
v v
v \v]
2 v (3'1-&.2.)
Data -+ é += 4: + 5 + /12

Function of Progrom

9.



PROGRAM '} [{) | M| P EFFECT _
COLUMN 1 COLUMN 2 coLumMn3 || acc. | A “3“,’2

7l | M v
vl Jume v| B3
N

B3 llouT _[r
I HaLT [f
v v
\ \Y o
v v
v v
o) * v -
v v
@ v
v v
v v S
v v
v v
v v
v v
v v
v v
v v
v | _
v v
- .
v v
v v
v v
v v
v v
v v 1[14'—3‘#5)

Data -+ 8 + 2 —

Function of Progrom

10.



ODING SHEET

Qu'!

COLUMN 1 COLUMN 2 COLUMN3 [ acc. | & R PuT
v/ ] IN v
I DUT ¥
YIJIZER® V] B
v [M A7
v (D U'r v .
IV ZERp | BLy ——
I } -
NHVT P
MNZERQ 7] 8L
v/ ] N v
LOVT ud |
vl Ji Z&&@ 5 B{i—
v [N v » R
00175 S o
vzeeo 7| By
v| | N v :
v_h_Q uT v _
WIZERD 7] Bir
By 7| HALT I
I v | (4.6-56)
Data + & * 7 2 + O o2 + 8
PROGRAM Jll N =G EFFECT
COLUMN 1 zCOL‘:.lMN;‘ —COLUMN3 ACC A | DT
: R PUT
v l k\\ v
"[dINECL 7| BG
1 NP —
"WJINEG ¥ B6
v l M v/
J JMINEG Y] B6
26 "l Qur_|¥
"l T 7
" o (s7-59)
Data +8 =g 7

1I.




On the next page you will find six groups of four CESIL instructions, like this:

r COLUMN 2 COLUMN 3
o UT " PQ

—

| P& PLOUE
U

ol GUT |7 + 5

In each group, only one instruction is written correctly. Put a tick beside
the one that is correct, like this:

o B v @uUT
°l_@uT |0 v'
] @QUT |v +5

v

v @g'r v

it gets the tick. All the others are wrong.

~

is the only one that is right, so

Now turn over and do 6 more over the page.

; 12.



PROGRAM

S| Y;it\l TIAIX
COLUMN 1 COLUMN 2 COLUMN3
| IN vl J1IM
AN B
v AN v| +€
v} JN \vj
JJHALT v peTE
I AAE : 7Y Ve N i S
"ITHALT - |V| B8
| HALT v 48
vsTere |7 PETE
VISTORE V| + 8
__cisTERE 7] 8 |
_ JIST@RE ¥ ]
e rduMe 1 8 ]
loume | +8
PrldUme  v] B8R
[ JUMP [v] +88
YILaAD YT IM
vl JIM |L@OAD
YILAAD vl JIiM
: LDAY Y
“IJADD vl PETE
_ADD siteeTE ).
[ ADD v 8
v ADD v

(60-¢5)



Appendix D

Project PEACE 111

Standardisation of the test
ALGORITHIITC SKILL Mark 1

ADNMTNISTRATION

Each child nceds a pencil anG an eraser. Pupils maust be so placed c..
t0 make ccoperative work impossible., The whole testing procedure takes
hz1lf en hour, so ensure Tha’ weou ave free of interruptions for this

veriod of wime. It ig ashsolutely essential that the children are not

digsurbed during the test itself.

Test becoklets are dlistrituted, The teacher says:

Xeep_your booklet closed. rite your neme on the front., Also write
Jour groun numper and persornel number. When_everyone has done that,
we:ll oven the booklels,

Tis dorec. thne uveacier gayse

Now open youu booklet and lock ot page 2. You will see a flowchart therxe,

and on the opposif: page there is a grid of lines. The flowchart tells

Il

vou whal you have %o do_on ihe grid. In this one, it goes like this.

Tae teacher woxlis the problca on the hlackboard, taking care to emphasize
uhat haprens Lo tne zumbesr "¥¥ in the process. Trhis should produce the

74

saile result as 1s mosinted in page 7, The teacher then says:

Bach time you dc_cne of thess questions, you get a pattern on the right-

hand vace. | Mow ture_over aud you ury the next one.
When the cpildren asve dene zo. whe teacher says:

Did you turn over o the next page as the flowchart told ycu to?  Tou

can see trere the kind cf pabttern you should have got thaet time, Dud

aT e e o v o amrasam

you urnderstand e bit about the squares and circles?

Tre teacher glves such assistance as is required to ensure that all
children understand hew “c do problem 00, Pages 6 and 7 are then discussed

ir deteil o ersure that they are understood. The teacher says:

Don't_turn _over yat. Ts there anything you're not clear about? (deals with

quor;cs)n In a minute, when I tell you to start. you will have twelve

minutes to dec as many auestions as you can. Donft leave any guestions out

= G0 everv one you come to, Ready? _ Go.

The tes?s prozeeds for exactly 12 minutes. During this time the only help
the teacner can give papils is in nmatters relating to possible misprints in

the test tcokxlet; eic, When 12 minutes have elapsed, the teacher says:

Stop. _Pencils down.,  Close your booklets.




NOTES ON SCORING

YALGORITHMIC

SEILL K 1"

For 2 points

For 1 point

1 g Bxactly as per mcdel., Rectangle must be correct Not poszible to obtain 1 point on this item

size, shape and position.

2o Exactly as per model Not possible to obtain 1 point on this item

Fe Ag per nmodel. Last stroke nmust be horizontal, Correct staircase formed but not finished

finish at top left-hand corner. corrcetly.

44 Ls per model. Last stroke must be horizontal, (i) Correct Spiral formed but not finished

finish at top left-hand corner. correctly. Alternatively, (ii) sorie gpiral
similar to the correct one, but incorrect as
the result of a single mistake; must be
correctly finished to score.

5 (i) Answer identiczl to vhatever was offered for 4. - is for 4 -

The point he e is that the respondent perceives that
this algorithn is eguivalent to the previous one.
alternatively (ii) as per nodel.

6. A4S per nodel, (1) Final stroke wrong or missinz but other-
wise correct. =lternatively (ii) any one stroke
c¢f incorrect length but correct direction.

Te (1) Ainswer identical to that offered for 6. - 4s for 6 -

Lslternatively (ii) es per model.

O As per nmodel One gquare completed correctly but reriainder

21 ther wrong or missirnw
8 & 1C. Both items answered ccrrectly. Cne item answered correctly.

(§.B.) Ainy methoed of indicating an snswer is accepted if it is u anbiguous)







MASSEY UNIVERSITY

Project PEACE

ALGORITHMIC SKILL

Geome tric Patterms
Mark 1c

Write your name here

Group number

Personnel number

-1-
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HOW TO_ DO THIS TEST

’

In this test you will find a lot of flowcharts. Most times, the
flowchart is on the left hand page (like this one), and on the

right hand page there is a grid. You follow the flowchart, marking
out a pattern on the grid with your pencil. This one has been

done already : follow it yourself.

Start at

. point A

¥

The number
N
= is 1

;P

Go 2 places

Increase N
by 1

Y

Go 2 places

¥
Go N places

Y

Turn over to
the next page
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Now here is one for you to do yourself,
different, but see if you can do it.

Start at
point A

Q: ]

ijg o

¥

Go 4 places

O

h

Go 3 places

-

Y

Reverse

40

Reverse

Go aces

1Oz O

Go 3 places

L]

Y

Turn over to

the next page

=1

It is a little bit




o

L5




If you did that right, you should have made a shape like this :

Sometimes you will meet

Reverse

and

which is just a neater way of showing

Reverse

Y

Reverse

DO YOU UNDERSTAND ALL THAT ?

IF YOU DON'T, ASK YOUR TEACHER NOW.

P



There are a few questions where you have a choice of answers, like this:

Which of these means exactly the same as

Reverse

O

Y

Reverce

Reverse Reverse Reverse

Your choice: ABC

Well, the answer is B, so cross out the A and the C so the answer
looks like this:

Your choice: /B¢

DO YOU UNDERSTAND IT ALL NOW? IF YOU DON'T, ASK YOUR TEACHER NOW

You can't ask questions once the test has started.

DON'T TURN THIS PAGE UNTIL YOU ARE TOLD TO

—
e —

7=




Start at
point A

Go 2 places

Go 5 nvplaces

N

t

Go 2 places

1

¥

Turn over to

the next page







Start: at

point A
Y

Go 5 places
Y
Y

Go 2 ©places

H yo

4o eached a

YES

N2

AN

Turm over to Turn over to

the next page the next page

-10=-
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Start at
point A

N

Go 1 place

Go 1 place

YES

Turn over to

the next page

-] 2=




Ly

2
|

134

[V
b




Start at
point A

!

The number
N
is 0

Y

\/

Increase

+

by 1
Go N places

1\

Go N places

AN\

Go N places
L

Go N places

Increase N
by 1

Turn over to

the next page
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N
N
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Turn over
to next

page

-16-



L
4

I

|
i

e

4
A

S,
1

4
|

1

)
i

; i ; :

+
i

T
L

+ ___‘F:.h_,.'_.
il
1

L
-+

:

sl
13

i

T
T
S
A S
o W

m
M S A e 8 S
T T o
+4+ 4t + e | .
Fr
+++.ﬂ..ﬁ+ =+ B S — ) (-
Frbtdtet |t
=+ o+ +._. " S S . o
.m.. .*_. <k ‘w.l_*...val.. N 1.7 .
.w.. x“- .T.”ﬁy L L‘!a- i Il
e+
+oa L
s
P A U R I T I
.

1
i
23
|

_._L_J;___.




Start at
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Go 2 places
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Start at
point A

4
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Go 2 places

O
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Y

Go 3 vplaces

Go 3 places

v

Reverse

Turn over to
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The flowchart on the opposite page is supposed to give the same

result as number @ But there are two empty boxes which

need to be filled to finish the flowchart off.

Your job is to decide which of the boxes below should go in

the places X and :j ‘80 that this. flowchart does do the same

job as number @

|

The box x|/ _ should be

A B C
The number The number | The number
N N N
is zero is 1 is 2
The number The number
N N
is 4 is 5
D E Your Choice:
ABCDE
The diamond should be
P Is Q Is
N N
even odd
2 2

Your Choice: PQRST
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Start at
point A

1

<

WV

Go N places

||

4

Go N places

J

v

Reverse

|4

Increase
number N
by 1

What should go
in this box?

What should go
in this diamond?

Turn over to

the next page
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Start at
Point A

v

The number

Y

N

Go 2 places

O

Y

Go 2 places

C

NO

the number

N

Reverse

0O =0f

N even

Turn over to

the next page
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The flowchart on the opposite page is supposed to give a
result like this:

i ; ‘I :
Point A _ /i

Your job is to decide which of the boxes below should go in the
places S and t so that this flowchart does give this pattern.

The box 6 should be

Reverse

[
Reverse Reverse O and O

Your Choice: ABC

The diamond 't' should be
Q * S
Is Is Does
N N N = 6
even odd
L 2 2

Your Choice: PQRST
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Start at
point A

\

The number
X

is 1

Y

The number

N
is 2

y

N

Go N places

Go 2 places

Increase the .

nunber X
by 1

What should go
in this box?

Increase the
number N

Turn over to

the next page
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THIS IS THE END OF THE TEST
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