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ABSTRACT .

This thesis»reptosonted a study Qf the issue of Learner
Control (LC) in Computer Based Instruction (CBI). The LC
issue ‘is a complex one and involves a'nénbet of different
aspects. This includeg the problen 6( vho is to have the
povér of control over th® content and direction of
instruction. »notﬁer abpect of the issue is the gquestion of
whether instfuction can be better adapted to individual
differ2nces through the instructor's seleé&ion of parageters
or through the student's s%}ection. A third component of the
issué has to do with the 1nstructional design considerations
of task seguencing, instructional strategies, media
selgction, etc. These lhree major aspects as well as tse

results of past research on LC were brought together in the

foruulatibn of a theoretical framework for LC. £/

This trawmevwork was used as a basis for a study of LC in
the context of a computer-based course to teach the
progral;ing language APL to high school/ and universipy
students. The study provided some students Sith full control
over concept or \topic seguencing, instructional mode, amouht
of °practice, \di ficulty level, and a number of other
features, other students with optional cbﬁtrol, and a third
group with nd control. ’

iv.

& | {



The total completion tiames, aicfage nusber correct, learning
rate, and attitude measures wé:e comparcd among the three LC
gpnditions. Measures of internal/external locus of gontrol
and programeing and mathematical background were also
conbared among the ygroups. The overall result; of the study
suggested that increased degrees of LC as iaplemented had no
beheficial effects on the perfornange op attitudinal
measures in the context of tutorial APi‘ipstruction.~Not vas
any relationship found betveenyihe personality or preskill

aecasures and the use of LC.

The conclusions of the study identif sed inadéquacies in
the theoretical framewvork and discusséd the role of LC .in
the present and future development of CBI. It was suggested
that the=tutq£ial mode of instruction tends to mask the
potential benéfits of LC 'and that these benefits may be more
obvious in a ékoblen solving or socratic type of CBI where
the learner must play a more activé role durinqg instruction.
It was also suggested that LC can‘~ not: be properly
implemente% until CBI systems have the capability to
qualitativély represent the conceptual strtcture of the

student 1in terms of the skills or components of the .task or

subject matter. : .
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1. The 1ssue of Learner Control (LC).

Computer Assisted Instruction (CAI) and Coaputer
Assisted Learning (CAL) are tvo terms coamounly used to
describe the instructional use of ihc computer. Thq
differonce between these two terms is not trivial. Rather,

it reflects quite different (and often antagonistic)

#ducation. Those who advocate the CAL position feel that the

-

vosputer should be a tool of the student -~ a tool wvhich
broadens the scope or depth of learning actiyities. Tﬁus,
the student should learn how to use computers in order to
utilize large data bases, perform calculations, analyze
data, construct simulation models or even create games.
Luehrmann (1972) states this viewpoint as follows:
Computing constitutes a newv and fundamental
intellectual resource. To use that resource as a mere
delivery sysg;n for’ instruction, but not to give a
student 1nstruction in how he might use the resource
hiaself, has been the chief failure of the CAl effort.
¥hat a loss of opportunity if the skill of coﬁputinq
were to be harnessed fér the purpose of turning out
masses of students vho are unable to use computing.
(p. 44)
Other vocal supporters of CAL have been Papert and his
crusade for the use of the computer lanquage LOGO (e.y.,
Papert & Solomon, 1972), Dwyer (1974) and his SOLOworks

project, and Pelee (1974) who has arqgqued for the use of

/

/

4pproaches or orientations to the use of cosputers in/



“glass boxes®™ in teéaching APL.

In cqpttas‘, those vwho kold the CAI  perspective
conceptualize the computer as a tool of the imstructor -- a
tool vhich can increase the offectiveness of teaching by
virtue of controlled and wmonitored delivery. In this
conceptualization, the basic theory associated vith CAI {is
one of control or adaptation; how to optinlzo‘th;\;tudont'-
trhjectory throu¢h a curriculum to produce the best
petfor-ance in the least time. The best examples of this
vievpoint are the drill & practice prograas developed at
stanford ip arithmctic and reading (Atkinson, 1972; Suppes &
H:(ningsta‘, 1972) . As Atkinson (1976) says:
Some have argued that any attespt to devise optinal
strategies is doomed to failure, and that the learner
is the pest judge of appropriate 1instructional
actions. I am not sympathetic to a learner-controlled ’
approach to instructios because I Dbelieve its
advocates are trying to avoid the difficult but
challenging task of developing a theory of
instruction. (p. 106) N

Pask (1975) and Landa (1974) are other vesearchers who have

approached CAI from a control theory or “cyhbernetic®

perspective.

Id

The distinction between CAL and CAI reflects a basic
conflict in beliefs or educational philosophies. In fact the

CAL - CAI conflict is the most recent version of an enduring



pover strugyle ingy educetion over wvho should coamtrol the
course and natuie of learning. Classicel thinkers such _as
Plato, Socrates, Rousseau, and Llocke all took positions oa

this issue. Contesporary statesents of the tvo sides are
yiven by BRogurs (1972) in Preedom Lo Ledrn and by Skinner
(1968) in The Techpology of Iceching, Purthersore, learner

control is a nmajor aspect of aany other oducaf\onnl
controversies or innovations such as Sumsmerhill and ,tho
®free school"™ movement,deschooling society (Illich, 1970) or
dialoyics (Preire, 1972). Thus the issue of learner control
15 not unique to computer-based education but is a general

issue in educational theory.

’hvocates of CAI see the use ot the computer by the
student &o solve problems or search data bases as particular
types ot 1instructional modes, e.4., siaulations, inquiéy,
drill & practice, tutorial, etc., which are matched to the
requirements of the task or subject matter. CAL advocates,
on the other hand, consider CAI as one, soscvhat limited,
use of the computer as a learning tool.d When CAL and [oF ) ¢
are seen  as dichotomous pousitions, there is little hope of
making any useful proyress in resolv;nq difterences. The
di1fference between CAI and CAL 15 the deqrey and type of
learner control permitted. Thus the amount of student
control can range over a number of different pard-vtet;

Y

1. Indeed, Papert & Solomon (1972) suguest CAT as only one
of 20 possible topics in their fitth grade coaputer science
course.,
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involved in learning%< These Parameters ﬁnclude pPacing,
seqlzncing, amount of practice, glfficulty, media selection,
learning styles, and experience vith learper control. The
useful question to agk is what parameters are better left ip

.,

the hands of the student and  which in the hands of the

In othe rgds, the question is not really who is to control

instruction, but vho controls what and how. The present

thesis addre§§\§\this question.

Part of the learner control issue derives fronm the

pejorative connotations of the word "control". It is often
interpreted in the Sense of coercion or Ranipulation.
However, control actually has a generxcally neutral meaning,
i.e, the influence of one System on dnother. In the case of
instruction we Usually think of the influence of a "teacher"
onj a "student". However, a student influences his/her own
learnng, i.e. self-controi. As  Landa (1977, p.8) peints
. out: "the end goal of instructional control is to produce in
the student the ability tfor selt~control, which includes as
its coaponent, the ability for independent goal setting", As
this quote Suggests, teacher and Student control are
Progressive sgtages of the instructiqnal / learning process,
As the student continues with tormal education, the
instruction becomes J%re selt-directed and less teacher
directed. However, the rate of this proyression will depend
upon the age, experience, and Botivation of the learner. 3

further remark by Landa outlines the problem of power



ipvolved in this transition: "“Bach increase in the
development of self-control abilities must be followed by a
corresponding wcakening of the external control and a
handing over ot t?e-corresponding functions of control to
the student himsself”- (p. 8) . In other words, the teacher
must be willing to accept the proposition that students can
learn better on their own than undér the direction of the
‘ A

teacher.

Much of this same problem also has to do with the
evaluation or standards of education. It can be argued that
there are certain subject matters or instructional contexts
in which allowing student control is undesirable in terss of
maintaining necessary educational standards. Thus in the
case of children learning to read, medical students or pilot
training, for example, it is arqued that mastery (or some
minimal level of performance) wmust be guaranteed and that
permitting the student to control the selection or
sequencing ot topics or the amount of practice would
jeopardize this. This argument is basically about who h;;
the power to set the standards or criteria of instruction,

i.e., whether the responsib{}ity will be in the hands of the

student Or instructor.

A second facet of the learner control issue, confounded
with the first, has to do with the individualization of
instruction, i.e., the mechaniss for provding each student

with a unique learning cxperience tailored to their
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particular 1learning styles, preskills, or personality type.
One approach to individuglization (the adaptive approach) is
based upon the idea of usiﬁg thg student's past response
history in a task to alter the course or nature of future
instruction. This approach may involve changing ditficulty
level, mode of instruction, or amount of practice based uan
recent or cuamulative perfornanée. The Stanford drill &
practice\ pPrograms are exaaples of this d‘pe of
individualization. Apother approach to individualization in
CAI involves using aptitude and personality measures (the
trait approach). To use this anggdbh one must be able to
associate individual.“qgggerence measures with particular
instructional parameters. An enormous body of literature on
-
Aptitude Treatment Interaction (ATI) research exists
(reviewed 1in Cronbach ﬁ/ sn8w, 1977) and there have been
specific proposals about how to relate individual
ditferences medasures to instructional pardﬁeters (¢.9.,
Stolurow, 1972). dowever, Merrill (1975) has arqued that:

A given person never has exactly the same

configuration of these wmomentary auptitudes twice in

his life. Consequently, the cearch for the intevraction

of stable trait aptitudes and fixed treatments 1s

never likely to be of instructional value. (p. 221)
Instead Merrill aAargues that individuals should be given a
means of adqp:ing the lcearning materials to theilr aptitudes

and styles and that such learning strategies or tactics

should be changeable during the course of learning. Merrill



is arguingkc:2jynst both the adaptive and the trait theory

approach si the mechanisa tor is put individualization in
the hands of the instructor, rather than the student. Is
Merrill riqﬁt? Is this really the best wvay to individualize
instruction across the entire range of individual
differences related to learning? Or is the adaptiYe or trait
approach the most appropriate way to individualize
instruction? This thesis will also consider this aspect of

the LC issue.

There is yet one more side to the LC issue which has to
do with the task analysis component of CAI. A great deal of
literature exists 1in areas such as curriculun and
instructional design which is concerned with the optimal
arrangement or delivery of instruction. A good example is
the =sequencing of naterial to be learned. On the basis ot
much past rcscarch,! there are pmany recommendations made
tegarding the optimal way to sequence a particular subject
matter or task (e.y., Briggs, 19o8; Posner & Strike, 1476
Tennyson, 1972). According to/ the 1nstructional design

/
verspective, there should be optimal ways to organize and
present a particular subject matter or task and hence
allowing the student to alter these would always result in
suboptimal instruction. Clearly, there is no acknowledyement
ot individual differences here. So the question which arises
is whether , in fact, there can be an optimal instructional
design for all students and what is lost if the student 1is

alloved to modity this. This thesis will explore this aspect



of learner controle.

| A,

A di%%ussioq o} learyer coutrol within the intructional
design petspect;ve BUS L related to the type and level ot
leSXninq involved, the natjure ot the subject lattér or task,
the’capabilities of the \student, and the instructional
strategigs involved. With respect to types and levels of
learning, problem solving will +tend to require learner
control of bne kind whereas learning fucts or terminology
(i.e., knowledye or comprehension) will tend to necessitate
another. Proplenm soIving will require control over the
instructional procedures or ‘modes while the learning of
facts will involve tne sequencing ot concepts. The sane}
contrast is true of instructional strategies. A sigulation
strategy, almost by detinition, involves couplete learner
control while a drill & practice stratugxf provides 1little
room for student <choice. In the simulation strateqgy, the
learner essentially detersines how lnstructionally etfective
the program 1s by the nature ot the input lhe/shne provides.
On the other hana, in drill and practice, control over the
level of difticuity is probably the uost important.
Similarly, ditferent types and ievels ol subject matter onp
tasks will allow for sore or less  learner control alony
Ccertain diwensions by virtue of their inherent structure.
Thus, arithaetic ant topology dre both matnematics but would

involve differvnt structures and control options.

As the preceding discussion suygests, the learner



control issue is a coaplex onc with many Jdifferent inter-
connected strands. The three main strands outlined abovén;xe
(]) the 1ustruction and/or learning ptocessés aspect; (2)
the individualization aspect; ;nd (3) the instructional
design dspeci. Each of the aspects leads to a slightly
different forauiation of the learner control issue which
L] ! .
implies that any theogetical explanation ot learner control
will have to in{égrate the ess;ntial ideas froa three
different research tr.ditio;s (i.e.. 1eatning,'/)ndividual
daif ferences, and instructional theory). The theoretical
signiticance of this study lies in this integyration. fhe
practical importance pertains to the desigyn of instructional
softwvare and hence the'typc of coursesare which is and can
be developed. The ultisate success of computer-based
.insgruction a5 an educatiqnal metéodology may depend upon a
greater understanding ot learner coutrol. It is hoped that

the present study maxes soge contribution to this practital

problen.
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Il. Rreviofs resvarch on LC ain CAIl.

v

Learner Control has become a vwell studied topic in
instructional psychology over ihe last decade. Keviews ot
the 1laiterature (e.gi, Geis, 197v; George, 197¢) have
summarized the reqnlts‘ol'these past stud%es; The following

literature review focuses on LC research ihvolving Calx.

‘
The first study to be discussed dves 'not involve CAI
but is relevant to later studies. Issing & Eckart (1973)
compared 'teacher versus learner Control 1n the context ot a
‘course on Ccomputer fundaumentals. The teacher=controlled.
group heard an audio tape prepared by one of 4 number of
teachers alony ¥ith prepared illustrations whereas the
student-controlled group were given . the illustrations and
allovwed to interrogate a teacher via a téletype. The
sStudents were 5y undergrduu;ies. A pretest wvwas used to
¢liminate unyone who already knew something about computers.
The results of the study were: .
(1) The teacher-controllea sequences as  composed by
ditferent teacne;; vere very similar.
(2) The 1learner cdngcolled seéquences (i.e., types and
patterns of yuestions asked) were very similar.
{3) Tne teachqr-controlled atd learner controlled sequencds
wvere ditterent.,
(4) Students prcfexcdlthe learner controlied method. ?

(5) The teacher-controlled method was Rore c¢flective for

tactual knowledge.

.
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(6) The learner controlled method was more etftective vwhen
transfer ot learning was involved.

Rany o0f the results were based upon hyéotheses generated

trom previous research (e.g., Bagyer & Clark, 19;3; Campbell,

1964) . This study 15 notable becduse most of these findings

serve as starting points for subsequeht rescarch.

Judd, O?'Neil, and Spel£ (1974) provide a review of LC
research whaieh covers both PI (Pr9gra-med Instruction) and
CAI instruction. Table 1 givés a sunamary of nine studies
done with LC in CAIl which dfe discu;sed by Judd et al. (most
ot these studies are unpublished technical reports; the tull
citations are given in Judd et al.). As the Table indicates,
the outcomes o0f LC research have peen wixed with no
consistent positive or nedgative findinys. (However: only one
or the nine studies reports a negative outcome with LC; the
rest are neutral or positive.) Judd et al. suggest that this
lack of consistency may steo trom a nunber ¢of avthodoloyical
problems; failure to account for individual diiterences in
reaction td LC; lacxk ot adequate instruction on the use ot
the LQ teatures; lack of appropriate dependent measures
(c.g. uttective); and iinaily the lack ot conse¢nsus on what
constitutes LC itself. They also point out that studies
which restrict the range of saterial davailabie essentially

elimnates the need for learner control.



12

The study conducted by Judd et al. was an attespt to
lemedy s5ome of these deficieuncies. They attempted to yauyge
the value ot LC by uweasuring 1ts effoct on the use ot a
tdcilizx?iye variable. The subject matter was a 2 hour
course on the identitication ot edible plants and the
subjects were 102 underyraduates. The LC option provided
acceus to a  presumably tacilitative treatment (mnemonic
aids) . The desigyn 1incluued two control groups: one which
received no LC option ét all, and the other which received
the facilitative treatment (mncaonics). They also varied the
degree of 1instruction received on the LC (briet and extended
1instructions) . Their dependent m@measures were number ot
errors, nusber of LC requests, and responses to a state
anxiety acasure. Individual ditterence seasures ot task
sp;ciiic ncaory, locus ot controul, and achievewnent-

indepenuence were dalso ontaiued.

Untortunately, the design was unsuccessiul because the
mnemonics had a denilitating rather than tacilitating ettect
for most suojects. Thus providing access to wneaonlcs via LC
did not have a benericial ertect on either pertormance  or
anxiety measures. Judd et al. attributed this unexpected
result to the heavy memory load necessitated by the
mneaonics  and also  the facilitative effect o visual aids
{not under LC contiol). The cttect ot the extended rather
than briet instructions on LC were to increase the nusber of
LC Leuests 1N the tirst  lostiuctiounal  seyment.  The

relationshilps between the 1ndavadual ditterence varlables
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were unclear due to the taillure of the LC Bunipulation.

However, o stud" o4 Hqite t Smith (1974) tound a
relationship between pcanuality disensions and learner
control. The study involved 192 elementary/sccondary sclence
education students learning about the use and writing of
behavioral objectives. The Ryers-Briggs . Personality Type
Inventory was used to identaty introverted, extroverted,
sensingy, and intuitive personality types. Four learner
control yroups ditfered in their control over:

1, whether or not the objectives vere shown,

ii. comments on preterences and errors were aade,

1ii. recommendations for next module wete made,

1v. the sequence of modules.
one group had control over i,ii,iii,iv; the second ygyroup had
control over 1, 1ii, 11i; the third group had control over
i,1i; und the tourth yroup had no control over these
pdaraseters . The dependent measures were total
correct/incorrect, Lresponse time, total time, and attitudes
towards the subject matter and CAL. The analysis ot the data
vwas made 1n terms ot the tour personality types. The roesults
indicatcd a numbeyr of lnteractions between personalaty types

o

and LC groups. As more control was yiven to the intulitive
types, they became less satisfied with the supject matter
and CAIL whercas the wsensing types becawe mote satistied.
30th the extrovert: and introverts tended to pertorm more
error-tiee when they tollowed a tixed mequence, however the

tendency was strongel 1o0rC extroverts. 7This  study provides
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evidence for the isportance ot personality characterastics

in the eftects ot learncer control.

Atkinson (1972) studied the ettects ot LC with
university 'studcnts in a drill & practice progras for
learning German-English vocabulary. Atkinson cospared the
performance ot the students using tour ditferent strategies
£oél§he sequencing ot word selection: random order, student
selection, optimal strategy based upon an assumption ot
equal itea ditficulty, anu optimal strateqgy based upon an

-

assumption of unegual itea ditficulty. The optimal strateyy
vas based upon the predictions of ; mathematical lcarniné
sodel tor waximizing the number of correctly reseabered
word€. The results ot these tour strategles showed that the
optigal selection rule based upon unequal ites difficulty
was hest in a 2 week d;ldYEG retention test followed by the
student seiection strategy which was better thdn either the
random or optimal based upon equal’® difficuity strategies.
However, in  terws ol the number ot correctly reacabered
words during the learning trials, the random prder and
optimal oruer based upon equal ditficulty strateyies wvere
better than the student selection or optimal based upon
unegual difficulty strategies. Atkioson suggests that in the
Ltuuent selection strateyy, Students tended  to ptactice
items they didu®t knpow anence reducing the number they got
correct whilde learwsang ovut 1isproving their delayed recall of

the woitds. Thly  conjecture :uy explain why the LC group

showed poorer ot slower learning on the basis ot  ismediate

S
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tesitang  but iaproved learning in tasks whach involve longeor

retention.

Fisher et al. (1975) lovestigated the eftects of LC
with 4th and Sta yrade pupils on the Stantord arithmetic
drill & test program. A Yyoked LC-controil group design was
eaployed so that each PuUpil in the control gyroup received
¢ssentlally the same instruction 48 the LC pupils. The LC
options allowed selection ot problems and contiol over the
level ot arfficulty. The dependent aeasures were the degree
ol engagement (measured by benavioral observations ot the
ease of distraction trom the task by toys) and a locus ot
control Measure 1u which contiol was defined as  the
attribution of outcoumes to factors thdat can be changed (as
opposed to fate or luck). Their tindings were that LC
Students showed Slyniticantly greater tasc engdyement and
hore seilt-dirvected dttributiun on the locus of control
Beasures. Ao interesting outcome wds that the yoked control
yroup coapleted substantially wmore problems than the LC
group. Within the LC group tnere were two distinct and
;onsistent choice puiterus; children who consistently chose
_the  easier probleas (thus uwaximizing their pnrfq‘ndnce
Lcores) and children who consistently chose harder probleas
(heuce mininlzing thelr pertorsance Scores) . This result

Leveals  that  sowme  students can deliverately lower their

pertoradnce while using LC.

This last tindiag 1s Supported by r1esearch gone by Faux
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b Scott  (¥472) and extended by PFask  (1976) . In  thuse
studiesi, the subject wmutter was an artiticel zooluyical
taxonmoay ("Cloubbits® and "Gandlemulloers®™). Lndividuals are
provided with airfferent types of intorsation available aod
must learn by selocting certaim types ot intormation. Pd;k
ciassitied leacrners into two broad learning styles,
serialists and holists. Serialists learn by mcans of string-
like concept links; they assimilate lenythy sequences and
are intolerant ot irrelevant intorsation. ilolists learn
material as a whole; they develop an 1nterrelated system ot
principles which contain arrelevant information. Pask
describel; these two learning styles in considerable detaill
as  well aLe theirr operatioanal rutercnt;. Pask & Scott
demonstrated that students who wele aatched on the type of
intormation availuble during their learning task and their
serfialist/nolist Ledarning  styse  leatrned more effectavely

thdu those who were niumatchoede.

Lahey & Crawrord (1976) investigated the etfects ot LC
stiategles 10 the U.S. NMavy basic  electronilc/electracity
curriculuam. Their study 1nvolved TICCLT (Tirmeshared
Interactaive Computer Controiled Instructional Televinaon)
and allowed stuuents to select the mode ot learnling (Lule,
exaaple, or practice) as  well as  changlng  the level of
ditticuaty. They reported the trequency of usce ot each ot
the 16 possible cowmoinations or cule, exaaple, and practice.
The tesults indicated that students had a strony  preloerence

tor a fule-crxaaple-practice strdateyy ftolloved by an exakple-
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practice stieteyy. They als0 ftound no differeace in the
order ol the stratlegiuas used au & tunction ot the lunqth ot
time upent oo the wurse ol chanyus in cunceptual ditficulty
and  hence concluded that fasilarization vith content and
dxltic&lty level nhad no influence on the strategyies
seléctud. ln other words, the results ot this study sugyest
that when students are provided with a4 number of possible
strategies to use, they tend tu rely oo one particular

strateqgy.

A Subsequent study by Laney (1978) wusing the same
curriculus addressed the question ot whether students would
do better 1t they were given advice as to wvhat lesson
content or lesson mode to do next. The periormance ot three
JIoups was compared: a group with coaplete learuner cogttol,'
4 yroup i1n which dn arrov suygested the next content/mode to
select, and a gyroup which receivea the content/mode without
any cholce. There were no  signiticant ditterences in
pertforaance  between the three yroupse. On the basils of the
results of this s tudy as  well as  many  previous studies,
Lahey concluded that LC had po sSigniticant pedagoygical

advantages over adaptive programmed control.

A study by Fredericks (1976) also used the electronics
curriculum with Javdal tralnees. In this s»tudy, pertormance
ot a4 Jroup o©f trainees whuse amount ot prdactice wvas
determined Dy an adaptive brancaning algyoriths was compared

to a giroup who had control over the amount of practice. The
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results indicate that the LC produced large tame savings,
less Varidyility'dnd higher scores. The data supported the
conclusion that a xnowledyeable student can realistically

estimate when he/she has mastered the practice material.

O'Neal (1977) examined the conclusion ot the Yredericks
study. He gave college students varyinyg deyrees of control
over amount of practice and when to take tests in the
learning ot a hierarchically oryganized set ot APL concepts.
Students were given the option to take tests when they
ydnted or taxing the 'tests after certain practice condltions
were met. It was hypothesized that students who had conplete
control over practice wouid not acnieve the same degyree ot
mastery as those Wwho had to acet pre-specitied aastery
conditions. The results showed that there was no ditterence
between the groups. It was also hypothesized that learners
vould become moCe etricient at using LC over time and that
the LC would resuit in more positive attitudes. These
hypotheses were not supported elther. O%Neal conciuded that
students used dlearner control in such a way a5 to celiminate
ditterences between the ulfferent practice groups. This
suggests  that LC can be usea  to conpensate ol poor
inpstructionai design (and hence wouid not be a  tactor upon
which groups could ;e disciimindated when the 1nstiuctional

deslyh 1s optimal) .

The final study to be reportea 1$ a4 Cosprehensive  one

by Seidel et al. (1970) which investigated learner coatrol



of sequencing in a 30 hour course tedachiny the programming
languaygye COBUL. The stuuay investigated four sequenciny
variaubles, three concerned .r{f:j>c0ntrol over Treview and
remedial activity and the other with the sequencing of
topics. They mcasured student entry characteristics
(includinyg ability scores and programking aptitude),
learning strategies 1n terms ol LC usage and circusstances,
and pertormsance measures (times, qulz scores, proyraaming
errors) . They also measured the student's level of
aspiration (LORA) before the quaz tor each topic. They
analyzed the results in terms ot high and low pertormance
(using a discliiplnaot analysis) and tound that high and low
perforuers differed 1n their use ot learner control as well
as  the LUA measure; however, tnese, ditterences vere not
unitorn for any particular individual aCross all
instructional modules. They concluded that expectations play
an 1mpor tant role in perforaance whether indicated by self-

assessaent or by the learuning systea.

These past studles ot LC in CAL suqgyest the tollowing
conclusions:
1) LC muy be Dbetter or woise in teras o1 pertormance
aeasures than optimized or  adaptive plroglanwlng dependlng
upon the dapproplirateness 0Ol the palawetels under control.
2) LC woptions tend to produce more tavorable aitective
Leactions trom students, both towards the subject mattel and
CAIl.

3) When LC options are avallable, students may use them 1n a
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restricted way and’ this ‘1s related to the degree ot
instruction and practice reccvived on LC featurese.

4) LC may cduse sStudents to become more deeply engaged or
luvolved 1n the subject matter and hence lead to increased
learniny (as meusured by delayed retention tests)

5) Individual di f ferences in motivation, achievemunt,
personality types, and learning styles will 1intluence the

N

use and etfects of LC.

Since the ettftects ot LC have been tound to be equivocal
and varlied across previous studies, ii seens lmportant that
subsequent  rescarch  be evaluative in nature, l.€.,
investigate LC as it sSpecilically applies to particular
subject matters and student groups. FYurthermore, such ot the
past [UbedLChyhdS been counducted 1n the abscence ot any
explicit theoretical framework. [t would seew that luture
studies which dare devedoped i1n the context of a  conceptual
t ramework would contribute ore to Lthe upuerstanding of LC.
The next chapter develops a rule-based theoretical basis lor
LC which is used 1n  the design of  an evaluation s tudy

"

dlucussed 1n the reawainder ol thls thesis.
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IXl. A Theoretical psasis tor Learner controul.

1n.concluuing their review ot past rescarch on LC, Judd
et al. (1974) polut out that theré exists no real consensus
on what learner countrol 1s. Learner control may reter to
control over a wide vaLiety ol variaples including content
area, sequencing of instructional upits, pacinyg, review otc
help, level ot detail or difficulty, or mode ol instruction.
The lack ot systematic definition 1is not too su;prising
because almost all learner control research 1is carried out
on an ad-hoc basis and not on the basis ot any theoretical
framevsork. The present chapter attenpts to outline a

, .

t heoretical tramework tor learner control which may provide
4 more Systematlc coptext in which to understand LC. This
framevork incoiporates the idcas ot many educational
prychologyists Luch d4s Ausupel, brunel, Gagne, Scandura, and
others. kPurthermore, it tries Lo inteyrate the traditions ot
learning theory, individual airfterences, and instructional

deslign as they pertain to LC.

Tme basis Lor tne theoreticael framework begins with the
idea that the root of the learner control issue rests wath
cuucational yoals oOr purposes T thosue belonying to the
.htuucnt and the teacher. Those ol the teacher presumubly
rerlect the tequitenents and demands ot parents, DULLINESS,
and society in general. These include goals such as gceneral
literacy, an appteciation ot cultural heritage, certalin

inter-personal ok1ils, etc. 1he yoals ot the student retlect
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personai acﬁieVeuént, Prestige, social recognition, and so
on. While to a ¢great extent the guals of teacher and student
will overiap, there are some yodls which will not be shared -
by both. Differences in educational goals are the basic

level from which the learnper control issue originates.

Goals are wultimately translated into instructional
objectives (aloeit otten very vaguely tormulatea) which
define what is to be taught and how. As usually defipned, an
instructional objective has three main components: (a) the
behavior or action to'be pecrformed by the student, (b) the
conditions under whuicn the behnavior is to be elicited and

evaluated, and (¢) the crateria or standard of behavior to

s

be achieved to uenonstT:Le mastery of the task or skill.

Satisty these three components must

Instruction designeu t
include certain mdacro or microstrategies 2 to produce the
desired behaviors, tne particuiar content and conteat which
specities the conditions under. which the behavior is
clicited, and suttxci;nt pxactice to achieve the desared
Standard. Differences in qoals between teachers and students
(and also within edch group) will be transmitted in terms of
these three components. Thus, these three aspects of

anstruction-- content, strategies and stundards-- will bpe

. : : L]
the major dimensions over which teacher/learner control ‘can

Z. A Bacrustrategy 1s a glopal type of anstructional method,
l.ea, drill & practice, tutorial, yroup discussion, inquiry,
slauldation, etC., while a HiCclostlateyy 15 the tine grained
techniques such a8 shaplng, cuelny, proapting, chaaininy,
etCe.
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vary. .

Content variables  include those dassociated with
decisaons about what material should be included, excluded
or enphasized and also the inherent sequencing and
organization of this waaterial. InstrLctional strategies
cover the modes (e.g., inductive/deductive) , rates, step and
task sizes or use of various delivery media. The standards
include éhe dmount of learning required to master a subject
or task, the type of e¢valuation, and the trequency ot
reviews. The type of evaluation would include simulation,
multiple choice, etc., as well as considerations of levels
(e-g., according to Blooum's taxonomy) . Many variables (e.g.,
difficulty) witl aftect content, strategies, and standardse.
Because ot this, centrol over one aspect of iustiuction such

as content will also atffect strategies and standards.

e  Ccdn concelve of content, strateygy and standards as
rule-based phenomena.’d The rules inherent 1in  a subject
Batter or task are those that deline basic concepts (e.gqg.,
"things with these attributes are called x") , procedures
(e.y., "™to gyet x, you do this"), and the operatiouas which
define relationships between concepts and procedures (e.qg.,
"y 1s the result ot 4oing this to x"). The rules involved in

strategies way be alyorithews or heuristics designed to

4. Kules  have bpecome a  major explanatory construct  in
cognitive psycholugy. For cxplications, sco SCandura  (1972)
or Seyal & sStacey (197u).
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facilitate the learning of the rule& of a subject maatter or
" task. PFor example, the iicrostrdteqy ot pronpixng is a rule
vhich suygests that when there is a low probabilaty of a
learner making a 'spontdneous correqt response, then some
hint or stinulus should be provided vhich will ensure that
the learner makes a correct response. ¥hile many ot the
rules which coaprise instruciional strategies are content or
task independent (such as prompting), many are strategies
tor a particular content. Por example, there are -aRy
strateyies used in the teaching oL arithmetic with respect

to how to do carryainyg, the furmat of the problems, etc.

L4

The rules which relate to achieving a mastery criterion
are those concerned with assessing whether something has
been understood, i.e., rules which help "debug" knowledge. A
typical rule for ass5es51ng  vhether something has  been
understood 1is to try Lo paraphrase it (in the case ot tact
Or concept) or dgencerate a novel result (in the case of a
procedure) . The Jlearning ot every subject aatter or task
produces chdracteristic errors and a knowledge ot ghese is
an  important aspect of composing successful inutruétiondl

strategies for that subject matter.

.

Learning a4 sunject matter thus consists of le¢arning a

set ot rules and thear inteirelationships<® because of the

)

4. In tact, 1t can ve argued that the lntegration ot ihter-
Celationships between concepts 15 the molLe ultticult\ and
noOst importun; aspecl o1 leatning.
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inherent loyic of a subguct matter, there will almost alvays
be some hierarchical structure whpich demsands that some
concepts or 1rules “bu ledarned before others (Gagne, 196d8) .
Thus, a student must learn to count betore learning
addition, or ledarn the basic vocaﬁulury of a language before
composing seutences in  it.® However, because xndlviuuals
ditfer in their prior chkground of rules and concepts, each
individual is likely to construct a somewhat ditferent set
of relationships for a yiven subject aatter. This is
depicted abstractly in Figure 1. The Pigure shows a graph in
vhich nodes represent congepts Qox: rules and  the arcs
represent inter-relationships between them. The subygraph
shown with dashed lines lcpregpptg the conceptual stracture
of the subject matter for student "A™ while the sucgraph
with the dotted lines indicates the uhderstanding of the
subject matter tor student "a", while they have wmastered .
almost the same set of concepts or rules, they have tormed
many diiferent inter-relationships. Thus, both students have

learned a coxmon subject wmatter but they have constructed

tneir own individual conceptual structures.® rFor example two

5. Actually, the word "ausLt” is too strong heres It woula be
possible, thouyn very arduous, to learn to add wlthout
learning to  codnt (say by memorizing  combinations ot

symbols) of to ledarn coumplete sentences one by one and not
understand thelr individual constituent words.

b. Figure 1 deplicts g ratner extriome Case. 11 two students
have siuwillar pre-centry skills and coucational backyround, 1t
1s likely that there would pe considerable overlap in the

relationships  forxed anong  concepts. In the Cdase ot two
Stuacuts, wiath very diftoerent pre-entry  skilils  and perhaps
socio-cultural backyrounds, difterences in cunceptual

Structuies (in the sense or ditteront, Telationships  boetween
the Lawe coucepty) dre auch wboLe licely.
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students could luTLu the concept of statistical significance
in terms of a strictly numerical comparison rule (i.e., if
higher than critical value, reject), while another student
could learn it 1in terms ot critical regions on a frequency
distribution or a confidence interval. Botﬂ ot these
5tudéut5 vould have a grasp of the concept but they ditfer
in how the concept is 1inter-related to other statistical

concepts they knovw.

This relatively simple point makes a protound
difterence to a theory of instruction, tor it sugygests that
learning depends upon the reconstruction ol the subject

f
matter by the learncr. The constructive nature of learning
15 a major theme of coynitive theory as espoused by Bruner,
Praget, Nelsser, ond most iniormation processing theorists.
The important dimplication ot the constructive view 1s that
lealning must De a COYnitlvedy dctive process on the part ot
Lthe learner and that student 1involvewent is essential  to
building a conceptual stiructure. It tollovs that the student
should be given g means 0l oryanizinyg new xnowleddge 1n 4an
appropridate way. The constructive view provides a
t heoretical rationale tor an instructional  system which

allows the student to directly control the acguisition ot

concepts or rules.

Reconstruction will be  tacilitated 2t the concents/
rules which comprise a subjoect matter are presented  in o«

manner such that they can be  easily reot-janizad by the
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learner. ‘lhe nature ot the instructional process will

obviously eftect the way that this teorganxzaixun takes
place. Thus Pigure 1 could also represent two ditferent
conceptual structures involving the same concepts tor the
same learnerl  whicn could have resulted from difterent
instructional methods.? There acte a nusber of- theoretical
ideas which are relevant here. The tirst is Ausubel?ts (1Ybl)
notion of ®advanced organizers®. Ausubel argues that the
learning ot meaninytul intormation can oniy oe€cur when there
exists some sort ot conceptual scaffolding upon which
subsequent learning can be built. By providing the stuuent
with a concise but rich organizer at the beginning ot a
lesson, the necessaly  coucepts  or tules are dvailgblc to
assimilate the detualls ol new concepts or rules. The seccond
Lelevant  adea is  bruner's  (1966)  proposal  tor ‘Spiral
curricula® 1n whici Successive instruction elaborates or
tetines  previous  asterial.  Thus edcn turn ot the *sparal!
provides turther depth or scope to 4 pLevious concept ov
rule. Similar to biuner's spiral curriculun idea is the "web
teaching®  proposal of  Norman (1Y76). In web tceachiny,
naterial must be presented in a  fashion which allows the
Lstudent to develop some semantlco lramework for relating the
pieces of 1ntormation to each other and then continues to
present material which can be related to thls lrasework. For

erample, in a otatastics curriculus, one might teach the

7. This  pornt  as discussed and docuacvnted by Rayer (191717)
ol the conceptls 0L heyuehclnyg, order and orgyaniZatione.
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general dittorences betwveen barametric and non-parametric
tests  and  then  present  andividual palrs ot tests which
illustrate in detail these dittlerences. Essentially, this
sSuggests a  “top-down® J&proacn to presenting material. The
1splication of the web teaching 1i1dea 1s that the curraculum
Organization,sshoulu be designed 150 that such mdnipulation by

the student 1s tacilitated.

Another relievant idea is Gagne's notion of learning
hicrarchies. Gagne's task analyses of wmany subject areas
(see, for example, Gagne & Brigys, 1974) reveals a
nicrurchical dalrangyedent of supskills which appear to
Leplesent  the optimal  organization of instruction for a
particular tas}. It is possible to think of;these Subskills
ds representing various levels  or types of 1ules.®  The
tirst-order  tules ar¢ those inherent in the subject matter
1tselt, e.qg., daritnmetic rules, Speiling rutes or
yrasmatical rules. At the next level are rules  about
learning the subject aactter as a whole .o At a4 thirud 1pvel arae
rules concerning ledfninq 1n general. Thus, it one Werpes
lcarning 4eograpny, - a tirst-ordern rule wight be:
"temperature generaily declines as  altituge 1ncrednen™; g

second-order rule might be: "diraw Baps to understand the

Spatial  relations™; ana  a third-order fule night bes
d-According to Gayguco, there would be rules tor
disbtlngulsnblng certaln classes of attlivuten (di2scrimination
and concept learning), ruies 1ov tinding sodutions {proolen

s»ulviang) aid  rules  for deduciag/inducing tacte (ptanciple
learning)
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“regular review  leads to leus cramming®™ (this rule is not
specitic to geography). The third level would correspond  to

-

“learning to learn®™.

The three levels ot rules correspond to the three
levels ul\discourse suggested by Pask (1975). Pask proposes
tvo levels of object language, LO tor commands and questioas
used directly 1n the 1instruction, L! tor commands énd
juestions dbsut' learning procedures, explanations, or
overall strategies, and an observation metalanguaye, L* tor
describing the system, setting contacts, or specifying
gJoals. Scanduirdga (1977) has discussed the idea ot lowver and
higher order rules where higher order rules are rules which
act upon other rules (e.9g., generalizations). Por Scandura,
haigher and ltower ordel rules are delined by thelr respective
complexity and context -- 4 hiyher oirder rule could bLe a
lower order rule tOr another higher order rule. Thus, there
HeeRs to be a Jood theotretical basis upon wnich to  arygue
that a subject uwatter/curriculum can be viewed as a set of
hierarchical rules and turther, that the learning  process
luvolves acqulrinyg  and OCyanlizing tules (1.e., strateygiey)

about how to learn these rules,

What about indivaidual difterences? [t 15 suggested that
individuad diftercnces be considered as difterences in rule
systens possessed by individuals. whlle the primary 1nt.rest
15 with cognitive and perceptuadl tules, ¥we can also think ot

dittercence in social rules (how to interact with otners) and
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mRoral rules (criteria tor 4geood and bad) which reluate to
personality diftereaces. Classical personality traits (e.y.,
introversion / extroversion, daunxiety, authoritarianiss,
tield dependence, 9tc.) can also be thought of as
generalized descriptions ot rules tor deaiing with certain
s1tuations or feelinys. There have been a number ot atteapts
recently  to reconcvptuafize ability ditferences in teras of
tules (e.gy., Hunt, Frost b Lun:Lborg, MW74; Carroll, 1976)
and this work has shown the plausibility of this i1dea. To
the extent that students difter in rule systems, they will
tend to oryanize and structute material ult[cle.tly. Thus,
the rules/concepts which comprise the subject matter aust be

arranged to suyit the rule system of the individual.

With this m@minlwal theoretical nDasls, two Rajor
luplications tor 1astruction can be identatiede 'The ftirst is
that curriculum snoulu be o[qanlze$ 50 that comrponent
concepts ol ruke are distinct and  capable of be tny
Leorganiced by the learner. This follows riom the argument
for the constructive nature ot learning. Concept and rule
learning resedrch suggests that  an abundance ol examples
which 1llustrate positive, , neyative and irrelevant
attributes are essential  to the etticient learning  of
cuncepts. bBecause ot individual ditfercoces in abilities and
personality, different i1ndivaiduals will feguire examples of
difteringy compliexity, difticulty or content. TBQ'SUCUnd
1mplication 15 that the instructional desiyn should  1nclude

the tacility tor uwtilizing aittereat level, of rules during
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the coursu ot 1antiuction. Thus dtudeats should be ab#u to
alter modes ot instiuction in relation to uxltateni'erOt
knovledye, difterent learning strategiens, or as their level
of sophistication within the subject daosain changes.
rinally, there should be the capability to assist the
student with ™local®™ debuyyging (i.e., specitic problems or

pisunderstanding) and also with "global® debugging ot

{learning tactacs and strateyies.

The above 1implications suggest that the learner should
have conttol over tne three tunuénental aspects which relate
to an instructional objective, 1.Q., content, Sstrateyies,
and mastery criterion. Tnus the student has control over
content 1t it is poussible to alter the selection ot the
concepts and the level ot difficulty. Coutral over the
instiuctional stiategies means the capability to alter the
sequence ot lnstruction ana the presentation modes (e.ge.,
exploratory versus expository) . alloving the student to
control the amouunt of practice, the mastely levels, or
access to hints or help constitutes control of instructional

standards.

- ,

The TICCIT (Tiaeshared iuterdctive Computer Contirulled
fnostructional Television) CAR sys?en {see bunderson, 1974)
provides the prototype ot a learner control system which
allows control uvver these three major components. TLICCIT as
organized into 4 Levels ol imstruction, the highest level

beindg concerned with course objectives and student proyress,
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and the lowest level beiny the primary instructional
components. The subject matter 15 organized into tive
distinct 1tiles: mups tiles (objectives and pre-requisites),
generalaty files (concepts or ruites), instance files
(examples), test files, and ®fun®™ tiles (options). These
different tiles are accessed via LC. 1In addition, the
student can select an expository or ;nqulsitory soue for
examples and can alter the level ot ditficulty '(easf,
medium, hard) for either the gyeneralities or instances.
Learper control 1s d4n 1intedgrdl and necessary part ot  the
TICCIT system. 1t provides thne weans whereby the student
directs the sequence of concepts or rules and tpe examples
necessary to understand thea. It also provides the mpeans for
maonitoring and manaygying sell-progress. The empirical study
to be reported 1n the next chapter evaluates mont ot the LC
features represented in the TICCIT system. Siuce tane TICCIT
system empodies, the theorcetical 1deas  developed 1n this
Chapter, thLls evdludtlon also ascesses  the  theoretical

{ramework.
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1V. A Learuelx contiolled APL Course.

*

This chapter discusses the desagn, implementation, and
evalﬁdtion ot a lkrarner controlled CAl course to teach A
proyrasming Lauguagye (APL) . It should be understood that
this study was conducted from an evaluation rather than
researcn pelspuective. Evaluation studies are characterized
by thelr 'orientdtlon towards prLovialing sufficlent
intormation to make a decision regarding tae usefulness ot
certain Eethous or wcdia im a partacular instructional
s1tuation, whereas research (in the traditional sense) has
poen concerhed witn testing the validity (2.€., truth) oi
hypotheses uhikh aLe intended to De generailzable aClOsS all
situations  (Yophas, 1975) . ‘thus, the study ¥as walnly
intended to assess how a puaber of dillerent LC ieatures
(and ulitterent copditions oOf access to the LC) would attect
the perforeance and attitudes ot tne par ticular ygroups of
Students LoD the puipose ot dutermining the usetulness of LC
in this paLtlculdr inLtiuctional context (l.c., learning
a'l) . 0Of course, it 1: hoped that tne results will also be
useiul 1n feaching COHCAULLIO0N. about the thcor@tical aspects
ot LC and 1ts role 1n  the dovelopment ot computer—hased

instruction.

rFurthernore, the course wab desianead, developed and
evaluated  under  "real® instiuctional conditions with
students  wWho genulnely wanted to learn the subje-Cct matterl

(a5 opposed to "dethipdtlnq 101 coulse  credit®) . Lirors
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vere corrected and poor instiuctional sequences improved as
the course was used and hence the exact content of the
coyrse changed over time. This runs counter to the usual
experimental paradigm where all "subjects™ within the same
®treatment® aust have cxactly the same stimulus conditions.
However, trom an evaluation perspective, such dyndnié
couditions are ihose which vould be found in any legitimate
instructional context (towards which the conclusions are
intended) and hence tepnd to lpprove the ecological validity

ot the study.

This chapter is divided into taree sections. The first
discusses the nature of APL as a subject matter and %u terms
Ol s0uwe Ot the 1deas developeu 1n the pLevious chapter; the
second Jdescribes the design and implementation of the course
AFVLLCS and the thild presents the pethod and resuits ©f the

evdluation ot APLLC.

Arout APL.

APL 18 a very powertul and concise notational system
devised by Iverson (19b.) which ha:; bpeen 1uplesented  as  a
high level progratiwing lauyuaye. ”cu: ale two 84 JOL aspects
ot learning AvL: learning the dc(aiis of the notation itselyg
(T.e., the AL Lywbols and thelr Lyntarx), and ledarning basic
progras.lny concepts LUCh 4L VarClables, data  types,

alyorithas, 1teration, branching and so on. Because APL is
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tundamentally a mathematical systeam and somse ot the
primitive Lunctions have specitic wsathematical content
(e-g., triyonometry, boQlean oOr matrix algebra), the
mathematical sophistication ot the student will play soame
role in his/her learning rate. Similarly, the student®s
previous proyraasming knowledge and experience will also
influence (sometimes negatively) the learning ot APL. Thus
prograuming and pathesatical preskills must Dbe taken into

account in a study of APL instructione.

An important question in the testing of LC using APL 1is
whether or not where is an optimal hierarchical structure
for presenting APL concepts. ObviousLy,‘iL there is one such
structure, allowing the student to alter this via learner
control will tesult in suboptizal instruction. On the basis
of the tneoretical trascwork developed in the preceding
chapter, 1t was sugqvuted. that no su ingie optimal
structure could exist given the dilterent priort conceptual
structures and individual dillrrences ot students and

therctore the learner Should be allowed to reorganize the

subject matter theaselves.

Is  there any such optimal structure tor AvL? Table Z
Lists the cuapter contents as  they ate given  1n three
videly-used APL texts: GLay (W/3), Giiman & Rose (1970) and
the Iu# Independent Study hanual (Ibr, 1970) . By compariny
the columns 1n the table, 1t can  be Seen that there 1s

Ludeed consldelrable ayreement betweaed these three authocs im
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»
the specitication ot concepts in APL and the order in which
they sthould be learned. Thus, all lgutbors introduce the

A
arithmetic prisitives and the concept of variables to begin
vith followed by thne primitives for logical, .relational,
logarithmic, expouentiation, and aaximuns V4 mRiniaunm
functions. Punction definition and moditication tollow these
pflaitives and then vorkspaces and system conmands. Howcever,
dpdart trom this general dagreement, there are many
ditferences. For example, redyction, iunctiou input /
output, matrices, and branching are introduced at different
points with difteirent authors. This sugygests that as tar as
the 1inherent logic or APL is concerned, there are a nuaber
ot concepts whichn stand in a More or less hierdrchical
reldfionship (ndamely, a4 subset o1 primitives, variaples,
tunction detinition, system commands)  and other concepts

wuiCh can he related to these in various ways (and hence are

not part of a strict hierarchy).

Further evideunce on this point was collected as part of
this thesis. O%Neal! (1977) expiorved learner control in  a
task 1nvolving the learniong ot a subset of ApL concepts,
O*'Neal arranged the task structure s® that this subset ot
coucCepts lormed a strict hlerarchy as snown in Figure 2. A
nusber of 1undividuals very taniiliar with APL were given dn
alphabetic list of 11 ot the concepts O'NWeal used
("stulting®™ and "counting® wverc lett out due Lo  awmbiguity)
aud  asked to arranye theas 1n the best tedching structure,

The results ol this exercise are given in  Figure 3. It
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dppears that for this particular subset of AVL concepts, the
hierarchicial structure as perceived by these Subject amatter
experts 1s weake.

-
The preceding disgussion ot orgunizational structure

for teaching APL can be susmmarized by sdaying that there are
a nuaber of basic concepts with strong interdependencies
amony them (and wnica should be organized in a particular
hierarchical sequence) and a set of weakly dependent
concepts which can be related to these Dbasic concepts in
various wvays. These bdslc concepts are variables and
assiynnent, data structures, primitives, detined functions,
and  systex commduds (Workoupaces) . It is Suyygested that a
spirally organized curricuiua which involves successive
¢laboration of tae basic couuncepts in 3 or 4 levels would be
the best way to organize APL teaching. This  suggestion  is
based upon the theoretical ideas discussed in the preceding

Chapter and the organization retlected in major APL texts.

Table 3 shows the concepts Lor such a Hpiral curriculua
with 3 levels. Level L introduces variables  and assignment
for nuampcelrs, numelical and rtelational primitives, coubin;ng
primitives 1nto olgurithas, and error Aes509es. Only
numerical scalars  and vectours are introduced in this tirst
level. Level 11 introuuces literals and Batrices, more
primitives, the operators suw and scun, detined functions,
system Commands, aand  errorg dus0Clated withn delined

functions  and  system coamands. Level X110 1avolves the
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introduction ot the remuaining priwitives, 1nner and outer
pruducts, turther aspects o1 detined [functions, system
variaples, -'‘and pupblic lipraries. Note that at vach
successive level elther a basic concept 1s elaborated (e.g.,
primitives with scalars, vecturs, primitives with matrices)
Oor a new concept is introduced wnich depends upon a previous
one (e.y., defined functions depend upon primitives). This
structure also hdas the property that each levei consititutes
a4 coherent unit; a student coulu quit atter each level and

undetrstand something useful about APL.

The study ot actual APL usaye and errors made 1in APL
proyrassing eaphasizes the human performance capabiliaties
or limitations in the usc¢ ot APL in contrast to the rational
andalysis of its logical structure. Ia etfect, such
intormation freveals what people actudally learn (unu‘tail to
learn) . This type of analysis should play as much a role in
the design of instruction as rational task analysis in teras
ot indicating necessdry and wnnecessdary  preskills  or

appropriate levels ot difficulty.

A study by Saal & Welss (1977) provides deccriptive
data on APL usagye. Thear saample consisted of 32 1BM
application wolkspaces ranginyg over areas such as  plotting,
t;xt editiny, linear prograwming, statistics, and digital
circuit desiyn. Thelr Lindings can be summarized py the
foilowing points:

1) User detlned tunctions tend to be short with the median
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J)

4)

3)

v)

7)

8)

9)
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N
:

length beang 5 lines and 20 percent oir all tunctions
being *1 liners®™.

Internal documentation ot code was rare (about 1 percent
of all 1lines).

Ambiguity due to local / global confusion was relatively
rare.

Recursion was used 1n 6 of 32 workspaces (which may be a
sanpling artitact).

90 percent of all APL operations consist of primitives
and subscripting, anu the use of operators (reduction,
scdan, inner & outer products, catenation) account for
only 4 percent combined.

The sSeven primitives 'plus', ‘and?, ‘or?, *floor?®,
'‘Ceilingt', ‘times', dand ‘uiuus'x account tor Y5 percent
of all reductions while the three primitives, tplus?®,
‘and', *or',, account tor 75 percent.

In terus of subscraipted obpjects, 56 percent were
vectors, 43 peilcent were matrices and  only 1 percent
involved 3 diwmensional arrays.

The coambinations ot 'plus dgot tilaes® and  ‘and dot

¢quals® account tor over 70 percent ot all 1nner

-

products.

Three primitives, ‘branch?', ‘row? (*reshapet),  and
‘ravel?' (*catenate'), account for 79 percent of all
monadic use in APL and the seven prisitives:

tansignment?t, 'plus®, 'compressaont, ‘timest, *eguals e,

‘rank® / ‘reshape®, account tor 75 percent ot all dyadic
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usaye .

This last point leads to the "BU-20% rule, namely that 80
peicent ot the observed usage 1s accounted tor by 20 percent
0i the avdailable tunctions. Suaal & Welss conclude that many
teatures of APL  are used extremely infrequently and hence

could be eliminated from introductory teaching of APL.

There are three levels ol errors which can be made 1n
APL prograwming: (1) tuncLion execution corrors, (i1)
WOLKkSpaCe manayement errors, and (111) logyic errors in
deiined functions. FErrors of type (1) give rise to one ot
the eight APL elror messdages and an indication ot vhere 1in
the expression  the error occurs. kEtroirs ot type (11) arise
from the use ol systew cosmands and varlables and also troms
exceeaing workspace limitations. Type (111) errors involve
errors 1n runction 1teration, branchaing, subroutines  or
input/output and ®may oOr may not resuit in ezplicit error

ressades ot type (i) .

Tab'le 4 provides some data on the freguency of
vccurrencCe ot type (1) and (i1) errors  1n student
plrogyrasasing collected as part ot the precoent stuay. The data
is based upon a sample of 148 partial or complcic listings

ot terminal sessions?® collectea firom the recycling bins of a

Y. 0! the Y4B listings, 52 were of complete sessions. The
average duration ol these sessions was  31.4 minutes  uning
2.0 seconds ot ChPU tine.



terminal room over 4 one wonth perivd. The sawple replesents
a4 crosi-section ot novice and uxperienced APL plroyrammsers
across ditterent application areas; the c¢rror trequencies
would undoubtedly differ in nature with proyraaming
experience and the nature of the uapplication. As Table 4
shows, lunctipn exccution ercors account for over 9116 ot tag
total e¢rrors 1n these scosions with value and syntax errors
accounting for over 508 ot the eXCC%LiOn eITOrlS. WOork:pace
wanagerent e¢rroryu edccount ftor only about X oif the total
errors and about 5U0% ot these are 1pncorrect cosmand  errorse.
The value erroirs stem  gostly troa unassigned variables;
however Some arose tron Sjntactiq silstakes such as misuLing a
Space butween a tunction header enu an argument (e.g., MRSANX
tor MEAN K) . Syntax errocs arise when a tunction 1s  missing
1ts  ploper aryunent(s), e.y., when a dyaairce tunction has
ONLy one argument. SyntaX ¢rrors can also arilse trom indexed
variables  where the  varilable name 15 wlsiinge As  ftor
incoriect command ecrrors, the majority ol thoese wele due to
incorrvctly spelied workspace, tunction, ol varluable names

1n system commands.

The implications ot this data for the design oif APL
1nstruction dare twofold. Pirst, given a «nowleddge ot the
trequency ot certain CLLOrL, additional  emphasis or
attention should be placed on teacning  aspects which  dre
higyhly ec¢rror prone ag well as d1agnostic tasnting to locate
mM1sS1ng pre-reqgulaite skllils ot L RV QU rYor viample, aany

error:s A4l 1 se becadse students do not understand how to use
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srguments in detined functions. Somcetimes  students do not
understand the relationsbhilp between values used an the
header stategent and  the body of the tuuction == this
usually leads to VALUE errors. Figure 4 shows an ¢xaaple ot
SYNTAX errors arising from a wisunderstanding ot tunction
arguments. This example also illustrates the multiple
causality which «can occur in the generation ot error
messages. Error data suggests that the concept of function
arguments, particularly in detined tunctaous, requires extra

dttention.

The second implication ot information about errors in
APL 15 that instruction is ncedea to teach the student how
to correct thew (i.e., debuygging) . Each oir the three error
types will iuvolve ditferent debuyginy strategles (rules).
Type (1t requlires the general understanding ot what  each
eLror message scans and how to use the location intorwation
to 150late the error. Given that execution eCIrors account
tor +tne major plroportion of errots, this clearly should
receive the wost empnasis. Type (11) errors reguire checkling
the names of workspaces, tunctions, Or varliables (1.e¢., via
JPNS, DJDVARS, e¢tc.) or altering the workspace paraacters
(L.e., PWSSIZE, ?STACK, JLRASE, «tc.). Type (iil1) errors
1Lequire the teachiny of techniques such as checkpoints or
tracing in order to isolate logic bugs. The yreater the
detailed understanding ol these thiee types ot errors, the

better the debugying rules taught to the student.



w3

The above discussion suq905t; three levels oL rules
whicn could be involved in the iearning ot APL:
Level 1: Concepts and procuedures ot APL and their inter-

-
relationshipse. These dafFe the fules inherent in the
explanation of concepts and principles (exposirtory pode) and
exapples inductive mode) .
Level 2: procedures for vhat and how to teach or learn APL.
This would include a strategy such as the spiral
organization ot coucepts.‘ [t would also include the
knowledge of APL usage Or errois to enphasize certain
distinctionss This includes minor contusions such as betweel
the negative sign  and tLe ainus operatot or more major
nlsunderstandlngs »uCch as col Lt tupction aryuments oL the
difference Dbetween _sCalars, vectors and matrices. In soae
cases, strategles can be tauyght toO help Qiniklze CLLOIS,Ceye
Jdebuyying strategylese
Level 3: kules about how to learn  a ptochmming lanquaye.
This would include the nc;rssity ot having botn tutorial and
practice sessions, how Lo evuluate‘ aastery ot concepts
(through problen solViH’), atd how tO modaiy the sub)ucth
satter to suit personal styles.
rThese three Jevels of rules should be accounted for an the
design ob an APL course. Morcover, the sstudent should have a
scans ot controiiing ecach fevel ot rules. This 1ncludes the
capabilaty to control the SeleCctlon, Segquenclng, gocye ot

p:csentdtion, level ol ditticuley or smount oi practice in

the context ot AbL.
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The desliyn apd 1mplementation ot APLLC

APLLC was written in the COURSEWRITER Il lanyuage and
isplesented on the 1BM 1500 systea operated by the Divasion
of Educational Research Services at the Unaversity ot
Alberta. The subject matter ot the course s oryanized 1nto
tvo separate tiles; concepts and exaaples., The course
consists of 7 major topics whickh each cowmprise about 3-17
concepts. The concepts are coaposed ot 5-10 1nstructional

units. The topics and concepts are given in Appendix IL.

The LC options were implemented via a  "CONTROL® trame
feature. ‘The CONTROL display is shown in  PFigure 5. It
vrovides six major options; Leview the prosent conceptg
branch to the next detault concept; branch tu the exauples
for the present coucept; branch to the topic index; wake a
cokment; or change the aitticulty level (caster/harder) ot
the presentation. The selection ot exdamples provides a
display of the available exawples tor that concept (Lagygye 2-
5). The selection of the current concept index aliows the
Student to brancn to dany Other concept 1n the current topic.
In addition, the concept inuex allows access to the overall
topic index so  that the student can SULegt another topic.
The comkent option in the CORThOL frame allows  the student
to make coasments to  the course author. The master topic
index allows seicection of two turther options; a4 ylossary
and ostudent projress  1ecolds.  The latter provides the

student with 1nlormation abuut the Cconcepts/ toplcs  which



have or havae nut been Coverued, tho last concept studied, and

4 SuBmary ot pertorsance.

The daffaiculty luvel option caused the Presentation ot
siapler or more ditticule explanations ot €onCepts when they
Yere available, Somctimes, therw pould pe only an easier or
hatder alternatave explanation or only one Jevel. The
distinction betwveen the easy and ditficult levels i"VOIfo
the degree of conciseneus, redundancy, use ot analogyies, and
dalternative instructional strategylies. por example, the ©€dasy

functions used a niladic

example tor intig ucing det
function wnich {rouuccd a the default level 4 sonadic
{unction for computing the ot N; uand tne hard Jjevel
- 1nvolved a dyadic tunction tor text editing. The edasy level
concvntratedg;n the idea ot Sequentilal execution without the
complication ot alJueents  wnereas  the detault and hard

levels intioduced alguments at the same time.

The sell-reported sevel 0l wathematicual and bLOygramming
Knowledye was  also used to select instructionay soquences.
However, unlixe the dllllculty level, wne selection pProcess
¥as5  automatic and not umder the learnerts contfol. Thus an
individual who has RO prograswming experience would get auch
dOore  eleaentary anq coaplete explanations of the concepts.
Similarly, for those vho 1ndicated no kuowledge of  certain
Batheaaticad drfeds, the correspondinyg PLIR1It1IvVes  were
bypassed (e.q., no knoviedgye of lrigonometry would Cause

bypassiing the circelay primitives). In some Cases, there vas
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some overlap betwean the selection of material which was
easier/hacaer d4nd selection  for the mathematical or
programming level. For exaaple, the explanation of matrices
as tables 1s an easiaer mode than one used for those with no

knovledgye of matrices.

The topic 1index and each concept index contained a
turther feature -- the RETUKN option. This feature wvas based
upoi a push-down, pop-up sStack ot label locations which
allowed the student to return to the concept interrupted by
using LC. Bach time the CONTHOUL display was accessed,  the
present concept was loaded into the stack. The =~LTUKN
feature allowed the student to anterrup$ a coucept, move to
another coupcept, and then automatlically return to the
interrupted location. An untortunate limitation of the
particuléc implemecutation ot the RETUKN teature was that the
stack had a cCapacity o1 15 labels per teralnat session aud

overflow resulted 1n overwriting of the .tack.

Testing 1n  the course was ot Wwo  types: esoedded

questions and unit post-tents. Tue embedded Juestions were

one to three guestions which tollowed  the presentation ot
cach nev concept. Thelr purpose  was  to ensure thatl the
. . N
student understood the immediately preceding  anstructional
sequence. Paillure to answer the gquestions correctly renulited s
in either a repeat ot the sequence or remedial seguence to
o
correct a specitilc  mlsunderstandiayg  andicated in the

,
dnsver (s) Lo the question(s) . Poot-tents Caue anﬁimc enda of



every concept in the course (e.y., numerical primitives,
assignaent, error messayes, ¢tc.) and usually consisted of
10 questions covering the entire concept. Learner control
was always purned off during the unit tests to preveut the
Student irom skipping thea. 1t ghe student got less than 50
percent of the post-test questions correct, the concept wvas
repeated. It the score was above the b0 percent level, the
student was braenched to the next concep%. It the score was
in the 50 - 80 percent raanye, the student was given the

option of reviewing the cuncept or goiny on to the next one.

The strateyy 1is a4 pullt-in compromise between yiving
the Student tuell learned control over the amount ot practice
and degree of mastery achivved and allowing no control.
Becduse  APLLC was designed to tiil a genulne instructional
role, 1t was felt that a4 minlaum level of instiuction had to
be guaranteed 1t the course was to  be i1nstructionally
eftective. On the other hand, in Keeplng with the purpose of
allowiny the student to contiol all anstructional
parameters, some Control ol practice and BasStlery level was
necCessary. It 145 - fedit  that  thne Above  Lttategy alliowed
control over evailuation 1L the Clucial Lange or decaslion tor
a learner. It Lnouid De noted that tho design ol AI'LLC f1d
aot allow a coaplete ascessment ol LC wath Cespect to

allowing student: to detine  the awmount  of practice  and

mastery levels.

To oLusmati. ¢, a coul:ie on APL wae lupicwented with the

, ¥,
R
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tollowing LC fteatures (see Figure 5 and Appendix I):

# the capability to select elther a concept or exadples ot
a concept for study (next, exawmple)

* the capability to review a concept or the assoclated
exanples (repeat)

* the «capability to select any concept in a particular
topic (concept 1pdex)

* the capabilaty to select any toplc in the course (topic
index)

* the capability to use a ylossary, study course
periormance or proyress or make coaments to the course
author

* the capabllity to alter the level of difficulty of the
instructional presestation (easier, harder)

* the capability to improve tuhe level of wastery when the
achievement level on a unit post-test talls in the 50 -

80 percent ranye

APLLC was implementea in the Pall of 31976 and used oy
about 60 niygh school  students  who anlongeﬁ to coaputer
science and wath clubs. The LC 1ceatures  were optional and
could be accessed vVia 4 Lpecilal keystioke at the end ot
every complete screen display (cxcept auring  post-tents).
The students rcecei1ved the topiles in a detault sequence (data

Y . ’ )
structures, .ygﬁmltivés, combinations, detined tunctaions,

systea commandg L valldwvies, eICOLL) ubless they uned the

<
learnetr cuq}xQ\ Lo ai1ter the seguence oL mode.
/'\\

D
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£
.

v o



49

buriny this tise the cvurse yas debuyged technically
and instructionally. On the basis of performance records,
student coaments, and cosments of other APL teachers and
experts who went through the ocourse, the course’content was
modified considerably-- terminology wvas chanyged, more
eabeddea questions vere added, and the students were asked

to type APL cexpressions tor answers as often as possible.

The most major change‘uﬁlﬂtyrgsequencing and orgyanization of

v +

the concepts into the f&ﬁiﬂ’structure described  1in the

plevious wsection. At the end of the field testing, the
course was considered instructionally sound and reauy to be
evaluated with respeci to the utility ot iearner control.
Thus, the revised form of the course used 1n the evaluation

not tested out betorehand; furthermore, it underwent

The concean ot the evaluation phase of this rescearch is
.

LU A4SLESS Uesnliols Such adss
1. mhat dre the cetfects ot diifering degrees ot  LC on
pelfolrmnance and attitudinal outcomesn?
2. ¥hich poertormance or daltective measures are sensitive to
LC ettects (11 any) ?
3. What indiviaual dltterence variables predict and  gpetlect

the use ot LC?

u. Can both ftacilaitative and 1inhibitory ettects be

//\//
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deaonstrated tot LC for the same }pdividual in ditferent
parts of the course or tor u1tterént options?

5. What relative proportion ot students snow some deyree of
performance and attitudinal benefit troms LC?; what
proportion show no cttect?; what proportion shov negative
effects?

6. How Eoes the use of LC change with the sophis§1cation of
Lthe student both in terms of differences 1in pre-entry skills
and knowledge as well as learning which occurs durinyg the
course?

7. If LC results in a slower rate ot learning, does this
retlect a “uéepet“ mdst;ry or compreheusion of the subject
matter (i.e., greater retention ot the matierial) or lost

time due to ineiticient course managedent?

In order to address these questions, ApLLC was modit led
to allow tor three possible conditions. The tirst condition
(no-LC) allowed no LC options whatsoeve$  (save for the
capabiliity to make online coaments to the 1nstructor oL
author) . In this conditiovn, the student received the detault
seguence of concepts accuiding to the opiral organization
and /a prb—;pec1tied ¢xample tor each concept. The second
condition, learner controizoptional (LC/V) had the samne
detault sequence and example plesentation; hovever, access
to the ledrner control oprtions was avallablie at the end ot
every coamplete  screen display via a speclal keystroke. In
the third condition, learnet control/tuil (LC/F) the

student was 1eturlaed  to the CONTRUL dasplay at the ena ot
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every concept or example. The selection ot the next concept
Or exadple was up to the student. IL the student selected
the next coﬁcept option, he / she would get the default
sequence as 1a  the no-LC condition. Thus, these three
conditions provided Lor no, optional, or full access to the

learner control tedtures available.

]

An explanation of the LC teatures vas given to the LC/¥
and LC/0 groups. As purt of the explanation, students were
shown the etfects of the various LC options and required to
detonstrate that they could use these options. There was

not, however, extensive practice in the use of the options.

Students from two ditterent Jroups were randomly
assigned to ohe oL  these three conditions. One group
consisted ot high scuool students (8=20) who were learaing
AfL as part of a math c¢lud dactivity. The second group
consisted of graduate students (H-=18) who were learning APL
to be used in  conjunction with 4 coutse in multivariate
5tatlstics. Fhe univelslty group consisted ot about  equal
males and tftemales while the nigh school students consisted
moutly of maies. The high bchu§1 studentls touok the course on
thelr own iniltiative (attendance  was  voiuntary) and were
probaply intrinsically motivated while the univuxuity
situaents took the course as patt Oof theil Class activity and
hence way have had uwore ot an extrinsic wotivation. This
ditterence betwoen  the tvo groups 1n motivation iy a

conjecture, howevel, daud vwas not weasuled 1n any direct way



iu the study. Furthersore, the nigh school students were
learning APL as a programaing languaye, vhereas the
university students wvere ledarming it as a tool tor learniny
Statistics. The ditterences betveen these two groups in  age
and - motivations could be expected to produce ditferences in
their learnimny progress and use ot LC. In particular, it
could be expected thdt‘ the hisyh schcol students would
conpleté the course in lfess time and also would use tne LC
teatures to a yreater exteat due to their greadter interest

in the subject matter.
)

The periormance wmeasures incluued the‘totdl nuaber of
correct Tresponses trom the pouststests for each topic, the
total time on vach topic, and the ratio or total correct /
total tixe. These @weasures rCeoeliect the instiuctional
eftectiveness of  the material and  also  the etfects of
*alteriny the sequence, mode oI  aastery criteria via the
lcarﬂ@:\control. Students who select extra practice  (via
exanples or Lrevievs) will answer more questions and hence
have the possibility ot having a laryer total coLrect.
Similarly the total time can be increased thiouyih the une of
the Jedarner control teatures. The CUQ}GCL / time lratlio 1is a

neasure of learniny rate.

Two independeant aeasures of learning were wade with the
university yroup. ¥hen  most ot the stiadents welwe about
halfway through the course, they vete asked 1n a class

period to wirito a tunction to compute the  average ot a
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vector. The second Reasure consisted oi g Juestion on their
final c¢xam which involvod vriting an ApL tunction to compute
multiple regression weigyhts and aultiple Correlation
coefficents. These two scores were intended to Jauyge the

degree of transtor of learning in the use of ApL.

The attitudinal Reasure consisted of a 10 item
questionnaire whicn ¥as  given near the end 0t the course
conditional on the Student's total time being at Jeast 3
hours. The scale Y4S a5 point ' Likert Lype scale with
“Completely Agree" gt ope eﬁd and "Completely Disagreen at
the other enu. The 10 1tems on the questionnaire are gyiven
in Table 5. The 1tems  were intended to Yydauye various
aftective [eactions  to LC anpu the course. Two of the items
ask specifically about the studepnt,, leelings of control (6,
10) while itens 1,2,4,7,9 dttenpt  to Jauygye the learnors

.
degree of lEUhLLdtlon,,pﬂ[Cvptlon 0l  courge Olgaulza tion,
boredou, iultaiment ot expectutioﬁs, and judgment apout the
completeness ot the Coverage. Itens 3,5,8 peasure general
Feactions to (Al Half ol the items ¥ere neygatively stated
ard hall were positively stated.

Thiea COvariate B2ds Ul es were taken; tyo ¥Yele Concerneg

.

With preskidls and the tniryg with g bersonality discnsion.,
Students were  asked to rate their degree ot PLOYLauwming
CXperlence  as  pone, Some, o1 cxpurlencd&}‘ and their
Bathematicul Lamillarity vith 7 Rathematical  greag:

trigononectry, tactorials, logyaritnm, batrix alyebra,



modular atrithmetic, buvolc¢an airgebra, ana calculus as either
nil, some, or lotsi.?9 The thild covariate maeasure was the
learners scurce on an internal / external locus of countrol
score. The scale consistea ot 23 paired iten: taken tron
Kotter®'s (1Yub) scale with the tiller atems omitted to
abbreviate the test. kottel's scCale has been tound to be a
teliaple measure of an individual's belief an the personal
control they exert over thear lite as well as having
construct validity with other related tests (Rotter, 1Ybb) .
individuals with a high score on the scale panifest a strony
belief in the extelnal control ot tnear lite by tactors such
45 chance, lucxk or fate. indaividuals with a low s5core
wanitest a surony beliet that  thear  expellelces are the
result of their own actions and behaviof. qeseatrch has shown
that anternal / external iocus ot control, as measured by
this scale, relates Lo mRany other personality
characteristics  whica could  be isportant in 1nstruction,
¢eye, achicvvesent wolivation (McGee & Cirandall, 1968) or
expression  of  huwor (Letcourt,  Sordoai b sordont, 1y/74)
wiuich atfects the student®s zotivation Jduring learning . Ot
211  the personallty deasutes which could be aade, thls one

vould seez to have tae most relevance 1o the uLe ot learner

10. 1n addiltion tu  providingy a acaLure ot catheaatical
Level,  thene  scoren webre uned to bypass toplc:s the student

haa no  xnowiedge ol (e, circulat pLibitlives tor
tilgonometr 1€ fuhctions) or provide rewcdial 1us.Lruction tor
othel's (vet] ey patl 31X algenra, Logurcal PIrit1tives) . Ho

foeliability or valiulrty data wain collccted  tor  thisn  sell
Latliny wearule.
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control. It should be noted that the ommission of ti. tiller
items LO abbreviate the (uestionnaire may have attected the
reliability and validity of the scale and  hence any
comp&r;sons ‘between the results obtained usang this
abbreviated tora and rescdrch using the full forma must Dbe

very tentative.

To suanarize, two altferent groups of studeats thigh
school and univérsity) wore assigned to one ot three LC
conditions: no learner control (no-LC), optional LC (LC/U),
and tull LC (LC/F) . Dependent weasuies wele total correct,
total time, currect / time per topic and attitudes at the
end 0t the course. Mdathematlical and projrawuming Kinowledye

and internal / external tocus of control score were the

conconitant varilables.

First we oill considel the use of the  learner control
featlules tor the student:s who had learnet control capability
(pboth LC/O0  and  LO/¥) . e totual use and percentagye ot use
tor the LC teatures 1o giaven 1hn Table 6. Lookiny at the
CONTLUL options, the "gext®™ and "1udux" teatures account tor
the largest proportion  of  LC use. The datticulty levels
(Cany/hard)  conotituted 25.1 perceat ol the  une. The

example, Trepoat, and comBent ieatures wetd: used rclatavely



56

intrequently. Tha LC use in the TopacC 1inadex 1ndilcates  that
the Pirogress ltoeport lLeatures were heavily used and that
students used the Topic index to select another topic about
15 percent of all LC reyuests. Siuce only 15 percent ot the
256 total LC selections from the CONTHRUL trame were for
topic changesy, Wwe Can conclude that only 4% of all LC
selections were ior change or  topic overall and  that 79
percent ot accesses to the concept index vere to select
another concept within the sdame topic. As tar as the
proyress report options ate concerned, the options ot
coucuy}s done, concepts not done and performance summary

were about equaliy popular.

The use of LC ootions via the CUN1XOL trame copbined
ACTr0us both student groups 1s shown  1n tigure o6. As the
grdaph shows, therfe were ditferences between the total number
of accessew between the LC/0 and LE/P for the next, i1ndex,
and difticulty level teatures. Tac LC/P group had “‘a  higher
total number of accesses Lor tne next and difiticulty level

e
features anu ltewer inaex selections than the LC/O group. In
terms oOf  Cnange  over time, the avelage number ol uccelses
4
uc’uccu the two qgroups tor eaca topic 1o the dqetault
sequence 1s ogiven an Figure 7. Tuils tigute shows that there
is 4 considerable ditfereace 1in use ot LC to begin with, but
that the ditfetence essentially  disappedrs by  the tourth
topic. A One way anulysils ot variance with the topics as

repeated measures 1ndicates that the diricrences betweeun

topics  is silgniticant gt p=.01 (P [b,00] =5.4). Letailed
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dnalysis ot the use of  the CONTROL fcatures over topics
indicates  that the nusber ot accesses to the CONTROL
features was greatest tor the LC/P group ftor aill features,
©XCept tor the index teature which was mOst used by the LC/p
yLoup to begin with, but wmore heavily usoed by the LC/0 group

later.

These results suggest that the Capability to aouve to
another concept in the same topic 1s  important to the
student while the Capabllity to move to another topic is
RUCh less 50. The Capabllity to alter the diftxcuLt} level
also abpeuxs to be an 1mportant LC feature to the student.
Un the other hand, the exanples were not . used --
perhdaps  because  the  illustrative eXamples 1n the concept

explanations were sulticient.

As Lar as the ditterence between the optiovnal and tull
LC  ygroups iy concetrned, 1t 1s unclear why the LC/0 grLoup
Used the lndex option wore ogten or  why the LC/¥  group
changea the ditfaiculty  levels gore orten (Figure 6) . The
trend tor the two Jroups to code toyether 1n their aevuiat of
LU dse us the coulrse Progyrlensed may represent an optimal or
asymtoplc  Llevel ot LC uLe  that Loth gLoups reached. The
lLCTedse un the 1ndex teature by the LC/u Jrodap over tiae
Bay rerlect the erlects ol lhCreased pructace with the LC.

N

Th1s data Luggests that there arfe ditferences 1n the eltects
ot LC over time, or witn practice. In general, the Average

number ot ACCLLG S to the dritoerent fteatures wag
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proportiondk ACIOSH all topilcs (declinanyg overall),
sugyestang that no ditterential change in the use ot

particular LC leaturese.
£

The averayje nuabel ot accesses to the CONTKROL display
for e«ach topic torf the two stuaent groups and LC conditaions
ale ¢given 1in Table 7. As Cal be seen, <the hignh school
students ih the LC/FP condition used the LC options sore
often than those 10 the LC/0 copaltion in almost all the
topics. For toe university students, however, the LC/O
condition had wmore averayge accCesses to the coutxo# trame in
the tirst 3 toplces put less than the LC/P conagltion 1n the
last 4 topics. Thus, tne high school students used the L
pore than the university students under the full access
condition wherleds the universlity otudents used 1t poire under
the optional dccess conuitions (at least initially). This
data suygests that there vweie difterences 1in the way the LC
was utilized between the two student group.s and this  may
have been due to motivataonal ditferencus, howeverl, Lhese 

ditferences del e not statistically signiticant.

Looking nov at the efttects ot LC on the ﬁhree
pertiorazance Eeasures, consider faicst the wltects ol ﬁoﬂuF,
LC/0 and LC/F on aveidge total completion tibes. As ¥y o
shows, tofl poth niyn school and  uplverssity btudentsf ; the
groups witn LU took longer to complete the mdgjf{el.

oo
yowever, for the university students, the LU/0O conditéun Kad
T "er
the lonyest tises whereas tor the high school students, at
negp
. 4B
-.V'

%
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vas the LC/P condition. The daverage total couapletion times
by topic are $hown iu Pigure 94 (unaversity students) and
Pigure 9b (high school students). 1In the case of the
university stuaents, the no-LC group takes less time 1in
every topic than the two LC groups except tor topic 4 wvhere
the no-LC group touk longer than the LC-P, but slaghtly
less than LC/0. 1n the case ot high school students, there
dppears to be a reversal of the times for the 3 groups
between the tirst 3 topics and the last 4. In the first part
ot the course, the no-LC yroup takes the greatest average
time witn the LUC/0O Lufing the least; 1n the last part of the
course, the LC/0 group takes the greatest average time with
tne‘ no-LC condition tuking the most tiae. when these tiases
are averaged, the no-LC yroup takes less timse than the two
LC conditions. These results  suygygest that in general, LC

L
options cause tue student to take LopJﬁr 1in  completing the

Wtateridl. This time is probably spent in the organization ot
N e

learning rather than 1n learniny 1tsedt. The present study
does not allow the scparation ot thesSe two aspects obf  time

atilization.

coaparison ol rijure 9a and 9b (as well as Table 8)
indicates that the nigh sehool students took less  time
overall to coaplete the course. In terms ot datficulty level
and pre-sxills, it Wwould pe expuected that the high school
students would take loanyer, not less tise. The most lik‘y
explanation ot this result 35 that the unaversity ygroup were

motivated to learn APL more thoioughly than the hign school

Y,
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studgets buecause they needed it to coaplete course worx. The
high school students, on the other hand, were taking it "for
fun* and vwvere perhaps less diligent. Untortunately, no
independent muasures ot perforsance were made with the high
school students so contirmation ot tnis-nypothesis trom the

present data Js not possible.

¥igure 10 shows the average nuaber correct across all
post-tests for students in each of the three LC conditions.
It 1is clear that students in the no-LC group score more
correct that the LC groups and tnat the LC/0 condition
results in more correct than the LC/FP condition. This
suggests that with the gieater degree of LC allowed, the
student is more lixely to wake o larger number of errors.
This is in spite ot the fact that LC allows  more practice,
reviewv, and mole exaapies. Table b shows the avelayge number
COrrect across edch toplic 1or each LC condiélon. yote that
the ceils in Table 8 do not represent the saue ¥ because not
all the students in each group coapleteu every topic. Also

-

note that the average totdai correct (last coluan) 1s the
average of ghu total correct scores ot all the student in
that group and vas calculated separate trom the scoies for
each topic. It can be sSeen Lroa the Tabie thut the
ditferences between the scores ate essentially the same
across “tme thiee LC group. (-xcept for LC/P an topic Jd)
suggestin: the overall ditference in DubLel COCTeCt was  not

"related to particular topics.
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Figure 11 spows the ratio o the averdgye number correct
to awerdge total time aCcross ail subjects ftol the turee LC
conditious. This retio is 4q MedSuLe Of ledrning rate, l.a.,

the nuabér correct per time spent learnj ror both student

groups, the ratio 1is higher tor t LC conditions than
the LC conditions suygesting tnat® “the no-LC condition
Fesulted in a higher learmang rate. For the university
students, the LC/P group had lowest learning Late»uhllc for
the hign school students, the LL/0 had the lowest rate. This

difference between the two stuwent gyroups retlects the

ditferences 1n total times discussed above.

To suumarize the results of the periormance medsures,
it seexs that in general the asount of tiwe requared
inCreases with the awmount ot LC available and the number  of
correct and learningy rate decreases with the asount of LC
available. In other words, 1incieased use of iearner control
appears to cause the learner to takc lonyer, séore t evwer
correct anu achlieve a lower leairninyg rate. 1lhe analysis ot
Variance ot the tnice pertorwance measutes which is shown in
Table 9 andicates that none of the ettects described avove
15 strong enouygh to be signiticant at p=.U5 except for the

ditterences between topics.

What about the etfecty ol LC on attitudes? jhe average
wcores tor the 10 1teas 1n the attitude suLvey (sec Table 9H)

1or the two student groups and three LC yroups is  given 1in
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Table 10.11% ®Completely dgree' was assigyned nbsigncd a valuo
ot 1 while "Coumpletely dlsdglee“ vas q“’value of 5. The

conposxte sCore  repiesents thc sum ot the scores on the 10

1%
items with the negative items transior-ed to the positive

direction (i.s., they were subtracted trom 5) . It provides a

acasure of overall positive attitude towards LC and CAIl.
Analysis ot variance on the items Hetveen the three LC
conditions and the two student groups indicates that there
were no signiticant ditferences. Thus, “there does not appear
to be any general attitude differences betwecen the three LC
groups for the items 4s a whole and the composite score is
essentially the saae for the three conditions. The responses
of the university students in the LC/0 and LC/F¥ conditions
relative to the ;o-LC condition tend to be in the same
direction with the exception of item 2. Thus the university
’
students in both LG conditions andicated that they telt less
tfrustrated (item. V1), less bored (item 4), agreed that CAI
had disadvantages (i1teas 5), felt that they axd nOL'uced ROLC
LC (item o), that thney learned asﬁxnuch as they expected
(1tem 7), that they wounld like to have d‘!.theil instruction
vialcnl (item 8), d;d that CAl uid not allow as much freedom
as they wished (1tem 10), 1n Ccompallson vith the no-LC

conuition. The high Lchool students in both LC conditions

indicated thdt they tound the material well organized, telt

11. Because ot probplems in the recording ot data and
students  pot  completing the segaent in wnich the
guestionnalle  wdas locatea, attituae data was availabple tor
only about halt of the stuuchts an the Lo yloupse.
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that they would have learned wore via traditional Classrooa
instruction, that CAI has disudvangdgcs, that more student
control was needed, and that they would not want to'iake all
ot their instiuction via CAI. On the lesdining  iteas, the

LC/F and LC/O groups\went ditterent ways in relationm to the

no-LC groupe.

Iteas o and 1v specitlcally asked about the control ot
iustrucgionw For item o ("the course should allow more
student controd and seliection”), we see that the LC groups
Leacteu 1n difterent directions relative to the no-LC yroup.
The high school students in both LC/0 and LC/FP telt that
Rore LC was not pneeded relative to the no-LC yroup; the
score ;as the sase for both LC conditions. Both university
LC groups dageed that more LC was needed, however, the LC/P
group agreed more than tne LC/0 group. Por itea 10, ("CAI
pProvides a iot ot freedom in learning®), the LC/F yroup
disagreed with this statemcent more than the LC/0 group torx
both high scuool and university groups. in  general, the
attitude data sShows no systemdtic ditterences between the LC

conditions.

In order to adentity any significant eftects of the
covariate wedsures on the attitudes, ‘the mean score tor each
BedSure was used to divide the studynﬁs into high and low
LCOor1ny 4yroups on the mcasurel{rof proyramming presxills,
this divided the groups into those with no programiing

experience and those with sose experjunce. The average

N +
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'scoreg'lor the hign and lov prograssing skills groups a:;oss
hoth student groups for the 10 items and composite score is
yiven ih the top of Table 11. 1n general, the low
prograssing skill group disagreed more with all iteas than
the high skill' group except for itea 5 (®CAL has lots ot
disadyantages") and item & (*shbuid Dbe Rore learner
control®) ,i.e., they agreed that CAl has lots of
disadvantayges And more learner control vas necded.
doteliings T test on the 10 items and the composite medssure

ingdicated that there vere no significant ditterences be tween

nigh and low groups.

The’middlgApdrtion ot Table 11 shows the scores for the
high and low ;athendtlcal skills groups. only 1tems 5 and 8
were signiticantly different (t-tests, p=.05, 2-tailed) . The
low math gyroup disagreea more with tone statement that
Luarnigg via computelrs has lots of disadvantages and ayreed
more ¥ith tbe statcuent that they vould like to take all ot
their instruction viu Cal. Thus, the low math s&11ls  ygroup
cxpressed Rmore  tavorable attitudes towards CAI on itews 5

and 8.

Th

9

sottom ot Tapie 11 gives the scores ior  the high
and low score groups on Kotters® scale. The high scores
indicate external iocus ot COALLOI, the low scores  1ndicate
internal locus of contxoi. There das no dilfelence petween
the COmpoOslte £COres OL the hiyh and Jow (¢roup and no

systesatic ditferences uetween Lthe Adtem scores for the

v
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yroups. The low (internal) yroup agreed more with 1tea 6
that there vwas not enough learner cuntrol thdan the ﬁiqh
(external) yroup. The low group also telt that they had
learned less than they expectued 1n comparison with the high
group. Thes¢ two responses are in  line with expectations
about internal controlled stuuents preferrainy more control
over learning ama not achieving their own expectations.
Hovever, 1in general there was no signiticant ditference
(dotellinys t, ¥,10,10=0.93, n.s.) betwcven the deyree of
internal/external l1ocus of oontrol as aeasurec Dy Rotter's

scale or the attitude itees for the high.and low yroups.

The final results to be presented pertain to the 2

. ] .
PLOYLrdmB1INg quizzes given to the university group as

pedsules ot lnaepenuent lcgzulng. The first guiz (midtecrm)
asked students to wrlte a function to compute the average of
4 vector; the second gquiz (final exam) asked students to
write a function to compute regression coetficients. both
quizzes were scoled ocut ot 5. Table 12 gives the means and
s{anudrd. deviations of the scores for  the three LC
conditions. As can be seen irom the Table, the scores tor
poth quizzes were the highest.t‘r the students who did  not
have learner contirol. The students wno had LC did not show a
higher degrée ot transier in an independent measure of
learning. Table 13 dispﬁhys the correlations ot the scores
on the tvo quizzes with 3 pertorsance measures and the

composite attitude measute tiom aplLCc. rhe data indicates

that higher scores on the qUJzzezégﬁrc assol ith less
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total tinme an? a higher learninyg rdte in APLLC as well as  a
somevhat negative attitude towards CAI/LC. *y neyative
correlation petveen the quiz scores and the total tine on
APLLC could be due wo the fact that the students who alrecady
knev soae APLﬁg;hld have speni less time on APLLC but done
betterﬂin the quizzes. M
In addition to these quantitative results, a fev
qualitative ovservations are pertinent. From casual
copversations with students, and their comaents aade via the
combhent feature, it was clear that tor soBme stuaents, LC was
valuable and for others it was contusing. The tormer group
of students scemed to be able to distinguish the content of
the course froa the instructional logic aund as a congequence
were able to wake appropriate use ot the LC teatures.
Students who could pot do this tenaed to be contused about
the use of LC. It also scemed tO be 1sportant that the
student grasp the overall structure of the course (in teras
of topics and concepts) in order to use the LGS many
students who became contused using the kc scemed to lack
this knowledgye ot the topics and concepts. An elaporate  map
syster as used in TICCIT woula be helplul g@rC these
students. There were also a nuaber of students who vwere
frustrated because they dia not have e€nouygh LC;, they

)
requested turther {tfeatures such as backup one 1 rame,

help/hint mode, and altexn¢”ve explanations.
e '
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The results or thas study n

1) 1in terms of the value or e
context of a computer-based APL
2) 1in teras of the Lelationships
of CAIX systelé and,

3) in terwms of the theoretic

Chapter 3.

Each of these considerations
learner  control at difterent
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psychologyy.
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L€ was no strony eitect of
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o7

’10115 ot the Study

ged to be considered:

1fects of LC in the specitic
course,

the

between LC and desliyn

al framework tof LC developed in

leads to conclusions about
levels of discourse and
aspects ot instructional
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yreater total
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iearning transter. la teras

the

elthel negative or positive. Nor do

progyramminyg preskills or

locus ot control secen to

ahy Bajor erlect on the use of LC or attitudes towards
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to LC. Taken together, these results suygest that  in this
particular 1nstructional context, LC does not scem have any

beneficial etfects on performance and attitude measures.

On the otuner hand, some vt the LC teatures were heavily
used, suggesting that they were indeed 1mportant to cettain
students. Thé’CdpdDiLity Lo Dranch to other concepts vwithin
the sase topic, to alter the ditticulty level, and to
eXamine proyress were popular options. Thus, even though the
results suggest what LC 1s gnot beweficidl to learning
progress in generai, it is clear that tpe LC Lledtures were
used considerably by some students (and nence were useful in
$3O0RE way to these students). yualitutive observations during
student sessions also support tnis conclusion. Some students
used LC to review and Cross-check new matelial with that
already learned.?? Given these Cliuintances, 1t seeas best
tu comprosise and allow the LC features to be used
optionally, but piovide a detault seqguence and structute to
maximize pertormance. It would not be a gyood idea to pirovide
students with tull LC, at least a5 far as the present  type

ot LC 135 concerned.

Because  this study was  designed  specitically as an
¢valuation study, the above conciusion regarding LC 15 only

televant to the partacular lustructional ‘dontoxt

12. Thls suygents a major lizitation ol the design of  the
study, 1ece, the lack Of a4 witnin i1naividuals comparison tor
the eltects oL leatner control.
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investlgated here (i.c. the particular student  glroups and
subject wmatter). Most of the students taking APLLC (in both
st}nent groups) did not know any AtL betorehand and most had
no proyramming experience. students who already Kknev sowe
APL or were .experienced prograsmers  may have produced
ditferent results witn the LC since they could be expected
to adalready possess a conceptual structure oif APL to build
upon. Even thouygh o (selt) rating was made of the students
mathematical  and programuing experience, this  single
quantitative medsule 1s likely too crude to be usetul. What
15 readalily needed 15 a qualitative measure of the student s
conceptual network 1in terwms ol programming OC natheaatical

Knowvwledge.

The course was tutorlal 10 nature aud this probably
stfected the value and usage ot LC. The tutorial mode ot
instruction provides a tairly strony instructional structure
(lee2a, prvsentdtiun, queptlnu/problcu, lesponse, [eSpofse
analysis, teedback, branching) . A subject matter or -task’ in
which the concepts ana procedures are less hicrarchical 1in
nature (e.y., psycholoyy, english, jeoyraphy, etc.) may
henetit wore siynirpicantly trom LC. It seems likely that a
prtoblea solving ol inquiry otrateyy would have 1lead to
different elftects since the learner control would have been
more crucial to these types ot strategles. Finally, because
of the inherent hierarchical nature ot APL, 1t may not be a

subjoct matter which s enhanced by LC.
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The results also cover only one particular vay of
implementing LC. Alternative metnods of provicing LC might
produce ditferent results. For oxasple, in the TICCIT
system, the LC options dre implemented as special keys on
the keyboard. This may tacilitate the use of LC by making it
nore physically accessible. A mor e yeneral way ot
impleaenting LC would be to provide tne student with a
control langudge which allows the specltication ot
1nstructional parameters i1n a form such as:

SHOW HARD (Elt) EXIAMPLE

BACKUP ONpEk CONCEPT

PROVIDE ALTEMNATE ZXPLANATION

SKIP CONCEPT

SUGGEST STKATEGY (I1n{/HELP)
such a  control languaygye would allow the student to have a
tiner deyree oi control over the instructional variables. Of
coulse whether such a gencvralized LC 1s ‘Dcneiicidl to

learning still remains to pe aunsessed.

A tinal consideration is that although students werpe
required to demonstrate thelr understandilng ot the LC
options, they did not have an opportunity to explore the
consvyuences 0ot trying out ditferent learning mtrateglus.
Taus, 1t 1s possible to intn;pxct the results ot this study
in teli&s o the ettects ot ditterent degrees ol learning how
to use LC rather the actual ettects of usaing LC to  learn.

Because  students nave had Little experience with a learner

control mode ot learning in traditional 1nstruction, a major
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problem ypith any LC study 15 ensuring that the results  are
not due malnly to the amount ot practice achiceved with the

LC.

LC and the design ot CAL systeegs.

These rewarks bring us to a discussion ot the second
Rajor consideration, namely, how LC relates to the
aevelopment ot CAI. The intioductoly chapter discussed hov
the perspectives on the role ot studentlcuntrul in learning
difters between CAL  and CAL  advocates. The type of LC
investigated 1n thls study 1s within the tradition ot frase-
oriented CALl 1in which lessons are constructed on a trase by
frame pasis. Hovever, there dre a tew "intelilygyent®™ CAIL
systems 13 such as the basic lostructional Project (Barr et
al., 1976) or SOPHIE (Brown & burton, 1975) and SCHOLAR
(Collins et al., 1975) in which LC is an integral part ot
the 1instructiopal process. Bly 1s a progLaamine 1a:oratory
which consists of a4 curriculum network that i1s  mapped onto

the prograaming skills mastered by the student. The systea

13. Tue term ™Mantelligent”™ CAIL reters to the adea that the
system 1telt shoula possess an understanding ot what  the
student  is  doing and _ the etlects of certain anstruction
actions on  studest learning.  Ekxasples  of "Minteiligent”
Cdapabd ties would bDe Lhe abillity to compare two paldphiases
0! the ywe 1dea and cutrectdy 1dentily LhE® a4y Lhe Salie, to
be aple Yo deduce o1 inter why a Ltudent has aunsvered
1incorrectlyN and  thes  coastiuct a4 tedchlly  Sequence to
currect the nsuhderstanding, or to cheoX Lor irnadeqguacles
OL 1naccurlacled 1n the subJect matter provided.,
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automatically selocts probleas which involve wkills the

student 15 ready to learn. The student ditects the actual

,
learning process by comwands whicn control instruction, the.

BASIC interpreter, or  elicit;  intormation and  problea
so0lving/ debugyging a1ds. Thus, BIP involves a highly
organized task dowain with well detined concept inter-
ruldtiunsﬁips'but the student tully controls the major

parameters obf learning.

SCHOLAKR and SOPHLIE are prototype socratic systeas which
engaje  tne  student 1n 4n 1nstructionar dialogue in natural
language. The system incorporates heuristic  strategies  tor
teaching certain concepts and  helps students test their
Understanding ot the subject matter. lowever, the student
controls the course ot itearning via the specific 1ntormation
elicited and yuestions asked. The major distinction between
traditional trase-oriented CAL and these "intelligent™ CAI
systems  1s that  the latter are orgauwized as knowledye
Networks which  represent an understanding ot a  subject
adtter. by providing the student with a hiyh level
interaction Capability (either a powertul command language
or natural Jlanguage), the student can learn trom this
nEeLYWOrk 1n dany wanner acsired with intchcntiou, when the
student needs help or guidance. Adding LC to traditional CAIL
(a5  in the present  study) 1s really an attempt to move
trame-ociented organization towairds an "intelligent™ petwork

oLyanization.

.
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Huwever 1or LC to r'*;lly bacona"an inteyral and
‘ [
- siyniticant part o;_cunputer;bdsed instruction, it will be
pecessacry to develop methods of yqualitatively representing
vhat tne studaeat prescutly knows about a subjogt (i.e., the
studentl's conceptual structuca) in teras ot the detailed
facts, concepts, procedures, otc. when such a model of the
student%s Xnowledge exists, it will then be possible to
comparo the task/subject matter structure with the
conceptual structure ot the student and determine exactly
what skills the studeant bas already mastered and what is
needed nexte. Thi;‘vould perait the‘systen to determine what

t
xand and how much LC i¥s appropriate to optimize she learning
. X ®
environwent. The task selection algoritha of BIP and the
n;tudent mModals™ developed by Self (1974) are steps in the

direction of qualitataive teplesentation of student proyress.

Theoretigal lpplicationse.

The ;hird and final consideration relates to the
theoretical tramework tor LC. The data suggest that the
capability to ‘branch to concepts vwithin the same topic is
more important thdn the Capability to branch to other
topics, 1i.e., that the moOt€ important type of sequence
control 1s locul rdather than glonal. In other words, 10

- .
developing a conceptual -structure ot APL, 1t was moOre
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i-po;tJnt to be able to link concepts closely rclated (1.e.,
at the sase leGQL ot , discourse) than those  waore
vgietaréhically related  ( at ditfferent strata) . In teias of
‘ mnode, students did not make much use of examples suggesting
that an inductive mode was not important and that exposition
of concepts was sufficient. The heavy use ot the progress
features sugéests that selt-evaluation of proyress was
ivportant in terms of what had been covered and performance
level. This provides evidence that seli-sonitoring and the

torsulation of rules about how to learn a subject matter was

attempted.

The failure of the wueasures of knowledge level in
mathematics and programming aad 1inper/external locus ot
control to aifect pecrforaance or attitude =measures is
puzzling since these characteristics . shouald pake a
ai1fference to the learning ot APL anu the use ot LC. It 1;
pussible that the selt —report ot aathepatical and
ér09rduning knowledge did not proauce accurdate or aetailed
‘enough -CASQLeneuL. It 1s also possible that the ditferences
in the two groups studied were not very yreat and hence not
strong enough to produce any effects. 1t could also be that
the particular tuatoriai structure ot the progyram was too
narrow to allow such dixfercﬂces to manifest any signiticant
ettects. It is well xnown that individual ditfterences tend

to be minimized when the tasx or sltuational demands are

strong.



75

” .-
i"% "The failure ot the LC gioups to score higher in the
ptqifanning quizzes casts doubt on the idea that decreases
in pertoraance. during learning are due to a greater
organizational effort which ;ill result in better permanant
learning and retention. In terms of the theoretical ideas
developed in Chapter 3, allowing yreater freedos to the
student in the recomstruction of the subject matter should
facilitate learning. However, it 1s also possible that this
freedom can interfere with learninyg 12f an optimal s@rdtegé
is already inherent in the subject amatter tor t..he M}pri’%‘ '
of students. 1t 1s possible that the organization of APLfC~
represented am optimal presentation for these particular
students and that the LC reduced the e&fect; of this

organization.

In cgonclusion, the study attempted to investigate the

effects o1 differing aspects of learner control in the

.. s R

context ot t.eachiri" APL. The avegall outcome was that t.hev
y A ~ ]

learner control, a4as inpleménted, did not produce more
ettective learning and made no signiticant ditterence in
student attitudes. This outcome is llkely duce to a number of

tactors which ‘'were not accouunted for in the theoretical
framework developed 1in Chapter IIl. Introducing learner
control to a tutorial course is not likely to make wmuch of
an impact, particularly 1t the task or subject matter
involves an 21nherently hierarchical structute or reygulires °

the development ot probliem solvinyg skills. what is more

likely to have an impact is an  entirely disterent
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instructional approach in which LC 1s un integral part,
e.g.,. the probles solving laboratory style of BIP or the
socratic style ot SCHOLAR ‘or SUPHIE. Individualization
should be based upon a dynamically constructed model ot the
‘“eacners' $k11ls and knovledge 1n teras of the subject
satter. In other words, to exert a truly important effect on
instruction, " learmer control implies a ditferent type of
interaction between the student and éo-puter. The overall
conclusion of this study, then, is that the potential
benetits ot learner control vene'i?xely overshadowed by the

<

“pisndtcn between the characteristics ot the subject patter
and learners and the general instructional approach.
However, this conclusion can not be made directly from the
results ot this study and hence is a nyp&thesis 1or further

resedrch.

sugygestions for turther research
/7

Further evaluation of the value 01:;;:jn the teaching
of” APL shpuld be conducted 1iny the cdntext ot a more
appropriate instructional strategy, i.e., a problem solving
laporatory. LC should be an 1integral component of the
instructional process, 1.e., 1n the torm ol 4 command
languaye used to direct the course ot ledrnimg or as part of
an intereactive dialogue with a socratic tutor. Hased upon
inferenﬁes about the student's learninyg styles and cutrent
APL knowiedge (in terms of APL skills/tacts) as well as
interences | about aisunderstandings based upobh typical

student errors, the systeama should attespt ~ to yuide the
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student to amastery of ApL skills and marimize performance.
In doing this, the systea would encoutage p;ttetné of LC
vhich achieve this goal. However, since eqch student c’h be
¢Xpected to make use ot LC in different vajs and to
different degrees ot effectiveness, this Pattern of LC will
be highly individual, Taus, sowme students may do best with
control over a tew instructional parameters vhile others may
do best with a wide range of options. Furthermore, it may be
ROSt eftectinﬁ‘:to provide the student with certain options

iR one part ot the course (e.g., the beginning) and other

options in another Part of the course.

&
In essence this Istion amounts to 4 recompendation

for the study of how, to properly batance Student and
coliputer conteol ig an individualized Banner. Atter a iairly

=

compJg}ﬁd/IEViev of LC Tesearch, Stelnpery (19727) a£§0
LeCommended this direction tor future LC Studies. It is
ciedk at this point that LC is not an instructdéonal variable
in itseltf, puat rather a description ot the 1nteraction of

other anstructional variables (a higyher order variable?) and

needs to be studied 4S such.

e}



TABLE L

Studies of Laarmer Control in CAL frow Judd ec al. (1974),

Jem (1769)
davark (1970}

Barceas (1370)

Olivier 71971)

Judd o2 al. (1970)

Judd ec al. (1977)

Gallager et al.
’ (1970)

“clann ae al. (1972)

Sublesty

30 I3M trataees

¢

129 »=4ch graders -

26 uaiv. scudeacs

216 3=1J gracers

176 univ. scudeacs

yaniv. studancts

univ. studeccs

itadusce 3cudsnls

U.5. Yavy trainees

Curriculum

oh-n::z‘
scacls

v
‘

arithmacic

L 3

co‘.‘. prog.

>y #

ulelp llgu {on

"Xenograde

syscame
astheascics

asthenacics

sleccronics

LC Man [4

sequeaca 3{ chaptars
(wichia & bectveen)

contral of amounc
of praceics

conzrol 2f saqueancs

and paciag

selection ';robh-
type B
sequence of segmancs

sequance of segaencs

amowmt 3¢ practice
sequence 3l segmeacy

sequance of 3odules

Resulcts

LC gp (vichin)
scored dectar ca
Poscast

LC gp scored

dectear oa poscest

LG {p showad deccte
recencion, cook .as8 @
tioe

20 JLffarences

LC zp <id poorer
chan coatrol

s
ao dL%nuus \
% |/
‘L gp orkad ncre i
proolems than couttols \

LC gp showmd lowver L

stace anxiely .svels

10 d1ffernnces on
serforeanca, LJ 32
nad 30Te *ve 1cticudes

18



Comparison
L

IBH (197¢0)

V.Using terminal
2.Arithmetic fns
3.Variables
4.Expressions
S.Farentheses
o.List operations
7.List indexingy
8.min/nax §
9.xeduction

10.Tabvles (a[rays)/lO.Conbxnations
o 1 N

11.rns degpnita
12.Fns editing
14.Local/gional
W8.brancning/loops
15.Fnc 1/0 -
16.Catuvnation
17.5ys5t vars

Table 2.

9

of Concept Sequencing from Three APL Texts,

Gidman & Rose
! (1970)
[

1.Using terainal
Z2.Ar3thmeric tns
J.Ekxpouncutials
u.Logq;Atnms
S.Min/max
v.Residue
7.Relations
8.Variables
9.Reduction

«AdUum
12.Fus

13.Pns

4

15.Sy e J
16.

17 rank

19.Encode/decode
20.urancn1ng/100ph
21.Arrays

22 .Transpose
23.Inner/outer opr
24.Fnc 1/0

Gray (1973)

Y.Using terminal
2.Variables
3.Arit:ut;t in
4.Logari 4Tc t
S.Exp

12.¥ns editing
13.1local/qglobal
14.branchiu9/100ps
15 .Reduc tion
Tv.lnner /outer opr
13.50rtiuy tns
18.Permuting ins
19.Set tns
20.FEncode/aecode
2V.Fnc 1,0
22.krrors

23.5yst Cnds

-

-+



Tablc 3.

'Spiral Sequencing tor Teaching APL.

Level 1 .
Variables and ussSignment (nunmerical)
pata structules (scdiars and vectors)
Primitives (numericual, reldtions)
Combinations (aXgorithams)
Liror messages

Level 11
Variables and assigumeat (literals, matrices)
Data stiuctures (matrices) ‘L
briwitives (loyical, selection, stLuc:‘Lal)

**YN. Operdtors (sum/scal) -

Def 1ned Punctious (defanition, editxn’
Systoea coamands - N
Britovs (vorkspuce, derined tns)

Level 111

Prisitaves (circularc, format, execute)
Operators (jupner/outer producty)

Detined Pu ons (branching, ioops, 1/0)
fysten varidbles

P

60
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APL Prror Frequencies,

X

Table 4.

Total Eriors

Punction EBrxecution

LOE .
ATAR

DEPN

ENTRY

DOMAIN

LENG14d

KANK

INpEX

Workspace Manayement

INCORRECT COUMMAND
¥S NOT FOUND

NOT SaAvVYD

NOT FOUND

WS PULL

STACK FULL

NOT COFKIED

SYMBOL TAbLE FeLL

19
317
I
217
137
50
34
28

106
52

NN WUvmoen
[od

Percentage

91.8
25.06
25.4
17.5
1.1
4.0

NN
*
CNu

NeEa
[

[
- NNV

Cooo0oco
.

)

]

¢

81
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Table L.

Attitude puestionhaltre

. .
I often feel trustrated while tuking this course.

0y
The materidd in this course 14 well organized. >

1t vould ,Mwn better Lo learn this materiel in the
usual claSgioom Tagpel than vida computer instiuction.
A

v

I never taind this course boring or dull.
Learning btﬁiﬁe cosputer has a lot of disadvantages

o
1 think thqfé‘nrse should allow more student control and
selectiond

[

I am noty learning as much trom this coursce as 1 hoped I would.

1 would like to taxe all of my 1nstruction through the
cabputer.

There are soke aspects os APL tnat 1 would have liked to
explore turther 2f I had been apie to.
¢

10. Using the co-ynté[ to learn allows you a lot of

freedom 1in ledarning. »
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Tabloe 6.

Use of LC Peatures.

Total Acgcenses

CONTRUL FLLHME
tasy
Raid
Corment
Index
Lxauples
Next
kKepcat

TOPIC 1NLLX
All ropics
Progress
Glossaty
Return

PROGRESS FRAME
Last concept
Topics done
Toplcs not done
Pertormance

82
48
29
2506
55
267
4s

54
195
41
69

30
72
W7
91

Fercentaye

9.3
16.8
3.3
29.0
6.2
30.3
5.1

15.0
S54.4
1.4
19.2

10.0
24.0
35%.7
30.4

b3



Table 7.
Averdaqe Nuaber ot Accesses to the CONTHUL Frame According to Course
Seymoents .

Segmoent
1 2 3 4 5 6 7 Avy.
H.5. " 0.2 0.4 3.4 Gﬁ.b 3.0 3.6 1.0 2.2
(n=6)
LC/0
Univ. 0.7 1.4 9.4 1.6 3.3 1.9 0.6 2.7
(5=0)
H.S. 4.2 1.0 9.6 3.8 4.0 4.6 3.8 4.7
=T\
LC/y
Univ, 4oy 7.0 7.0 V.7 1.3 1.y 0.7 3l

(N=3)



Table ©.

Total Average Correct Accordiny to LC conditions toul Each segmant of

APLLC.
Seydents
1 2 3 4 5 6 7 Total
Ro-LC 11.2 12.6 83,0 8.5 12,0 7.7 1.0 21
(N=%)
pniv LCs0 1.2 17.0 2.6 9.5 10.7 12.5 6.3 120
(N-06)
LC/t 8.6 67-8 bu,c 13.0 N0 .0 8.0 81.4
(N=5)
No-LC 15,1 204 74.3 1.9 9,3 6.0 -- 122
(N=7)
H.5- LC, U 12.5 17.0 S9.0 6.4 7.8 1.0 5.0 91
(N=06)
Le A .y 22.0 78.8 1.3 7.7 V1.0 4.5 87
(N=5) ' ‘s



Hesults of ANOVA foln Paeitolmance Beasu

rerfolrsanCe Beasures

Completion tises
Topica
Interaction

Total coirect
Topics
Interactsun

vinesCortect ralge
Topics ¢
luteraction

Table Y.

Unive.

0.10
32.1
0.32

0.b3
32.43
0.85

0.%8
22.6
1.63

[es8 .

1.3
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' table V0.
Average Matiny ot Attitude lteas Accopuing to LC Conditions (1=agree;
Sndinaeylee) .

Iteas
1 2 3 L] S 6 7 8 9 10 Ccoap.

l
Univ. L3 3.3 3.7 Y. 3.0 3.3 2.3 8.3 24
(¥=3) (u .o) a.2)©.6) (- ﬂ (1 2\ (r.0) (1.5) (o..) (\.5)(0.0)(\.\\
No-LC
H.S. .0 3.3
(n=4) (0 b)(o o\ (0 o) (\ o) u 57 c\ z) (1 u\ (z o) (1.01 (. 5)\_4 6\

Univ. 2.5 2 3.5 2.5 . 2.8 .

(N=b) (1.3) (1 2\ (o u) (1 3) a.0) Q.49 (\ s) (ve ) (1. (1 o) (z o\
LC/0

/u.s. 3.3 2.7 3.0 1.3 3.7 3.3 25

4.3
(N=3) (0.6) (0.6) Q.0) ©.6) (1. %) (\ z) (0.2) (1.1) n.o) (2.1)(5.3)

L1 2.9

univ. é 2.0 2.3 4.0 33
(n=3) (1 z\ (1.5) ) (1 5) ) 0.0 (0D (\ o) 6.5 1.0) (5.0
LC/P

M.S. 3 3.7 3.3 3.0 3.7 3.3 2.3 1.9 5.0

(u=3) (o 6) (1.5) (2- 1)(2.0) (1.5\ .9 .y (0.6) (o.o)(:::) (i?s)

pote: standard deviations are in brackets below means.
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. Table 11.

Average Attitude katings tor high and Lovw Scores on Mathematical and
Prograsaing Heas*[ub'dhd Interndal/kxternal Locus of Countrol Scule
(1=agree; bH=disaylree) o

Iteas
. 1 2 3 4 5 [ 7 8 9 10 Comp o
Programsing Level . '
#igh (N:-8) 3.0 4.0 3.6 3.0 3.4 2.5 3.5 2.7 2.9 4.1 3100
(0.7) (1.0 (0.9) (o) (ho3) (A1) (109) (1.6) (1.4) (0.6)( 3.6)
Low (N-13) 2.5 3.2 3.2 Y. 3.5 2.8 L.d 1.9 .9 3.4 29.0

(1.7) (1-2) (1.e) (1.0) (1.2) (.z) (Vog (0.9) (1.9) ('I.b)(u.b\)

Mathematical Level

High (N=Y) 2.8 3.4 3.6 3.1 2.7 3.5 Z.v s.6 3.8 30.0
(0.7 (1.2) (6.9 (1 7) 1.1) (.0 (101 e 2) (4.9 (0.8) (.01
Low (M=12) 2.6 1.7 3.0 Z.b 3.8 2.7 <5 1.6 3.0 3.5 JO 0
(.9) (1.4 (1.e) (o) (o (aes) ey (0.8) (Vaw) (1w (90

Internal/kxternal Locus of Control

High (N=Y) (-8 3.9 3.6 2.9 3.7 2.4 2.8 .7 3.2 3.6 3u.0
(0.9) (1.2)(0.8) (1.5%) 0.9 (1.0 (Ao (do2)cvor) (o) (s
Low (N=12) j.0 3. < 3 2.1 3.2 3.u 3.4 2.7 2.o 3.7 jv.u
(1.0) (1.2) (1.2) (1.3) 3y (1) O1.w) (1.3) (1.5)(1.35(5.0)

Note: Standard deviations are in brackets belovw means.
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: Table 12.

i i )
neaus a?d Standard Deviation:s of the Scules on the Prograsing Qulzies
. tor the Univelsity Liudents.

Quiz 1 puiz 2

’ h Mean S.b. Rean S.Dh. N
\,
No-LC 3.8 2.5 4.5 0.6 !
(a-4) , '
LC/0 1.8 + 2.0 1.9 1.7 .
(N=4)
LC/¥ 2.5 2.0 3.5 1.3

(W=4)
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, Table V3.
Celxﬂlatlonn petveen Scoles ob Qulezes and perforsance ot Attatudinal
peasurces lrous APLLC. (N=1b)

Quiz 1 puiz 2
Total time - .60 -.69
Total Colrkcte . b .09
Total correct/time .61 . 40
CAL/LC attitude -.22 -.ub

(co-posltc)
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3 CONCEPTS

Q} ‘
. Assigninent to variables
Comparative signs

Compression

Exponentiation

. Max/Min

" Parentheses

Right to Left Ruled

Res i due . \
Take & Drop

Vector Arithmetic

. Vector Indexing

o

—- D D ONIINWN

.:\Q"

\
\

Figure 2. Tausk Si;g;}Nrc for 1l APL Q@ﬂiﬁpts from 0'Neal (1977)
. -
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Task structuraes Jenarated by 4 ApL exXpPerts,

Figure 3.



_Figure 4,

VR<A FIB N

[1]) R+R/A
(2] v

AO : )

SYNTAX ERKOR w
Al1]) R+B/A
LA -

FIB 0O
SYNTAX FERROR
FIB 0

A ! F

. A1234 567
SYNTAX EKFOR
Al1] R<B/A
A

An example of a misunderstanding of functjén
arguments in APL.
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VII. AFPINDIX X

The following photograpus ot screen displays illustrate
the coucept indicies for the 72 topics in APLLC, the topic
index, the bPLOYyLeLs  recold  senu, and  the nature ot the

pertorsance sumsary available. -
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