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ABSTRACT

A study was conducted to investigate learner control
of instruction in contrast to response sensitive branching algorithms
with respect to two specific types »f instruciional decisions: (1)
whether a student should enter and study a particular instructionail
module given his score on an associated diagnostic pretest; and (2)
when a student should terminate practice on each of the problems
associated with a concept or principle in an instructional module. It
was hyoothesized that students given control over the number of
modules studied would select fewer modules and that niven learner
control over tests, students with learner control in instruction
weuld selact more modules for study than would students under program
controlled instruction. The context of the experiment was a
computer-assisted program in precalculus mathematics calleéd "Math-S%,
Two topics of the proagram: exponents and dimensional analysis, were
covered. The program was run on an I3M Instructional System. Complete
data was collected on 97 college physics students. The complete
experiment constituted a 2 x 2 design: learner control and program
control in diagnostic tests, and learner and program control in the
instructional modules. All subjects were administered a pretest and a
posttest. Pretest score did not interact with the diagnostic test’
variable in either exponents or dimensional analysis. Posttest scores
were found to be insensitive to diagnostic test variable. No
interactions with pretest scores found in either exponents or
dimensional analysis. It is —oncluded that while learner control may
well have a facilitative role in computer assisted instruction,
further research is required to define the characteristics and
limitations of that role. (CK)
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There has been considerable recent interest in possible advantages
of learner contrel in computer-assisted instruction. While the term "“learner
control” has been only vaguely defined, it is generally understood to refgr N
to a situation in which decisions as to a student's route through an instructional
prograu are made by the student himself rather than being predetermined or
made on the basis of a preprogrammed response sensitive a1gorithm. Most
research in the area has concentrated on questions of sequencing and there
has been 1ittle concern with the relative effectiveness of learner control
and response sensitive branching schemes for determining the amount of
instruction which a student receives.

The purpose of this study was to investigete learner control of
Instruction in contrast to response sensitive branching algorithms with respect
to two specific types of instructional decisions: (1) whether a student
should enter and study a particular instructional module given his score
on an associated diagnostic pretest; and (2) when a student should terminate
practice on each of the\prob]ems associaved with & concept or prin;ip]e in

_an instructional modu]e.JﬁThese two instructional techniques were evaluated
fh terms of student performance behaviors during the course of the program,
posttest scores and responses for ah.attitude scale. It was hypothasized

that students given control over the number of modules studied would select
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feier modules than would students under program control and that theit“posttest
scores would be correspondingly lower. It was further hypothesized éﬁét given
learner control over tests,‘students with learner control in instruction would
select more medules for study than would students under progran conirolled
instruction. No other specific hypotheses were made with regard to amount

of practice within modules.

A fairly long instructional sequence was employed since it was
anticipated that students might need to iearn to use learner control options
appropriately. It was also anticipated that student response to learner
control might vary as a function of the student's facility with the subject
matter. Tnerefore, interactions between the experimental treatments -and
pretest score were also investigated. The er eriment was a partial replica-
tion of a previous study uti]izing the same instructional program and learner
control options (Judd, Bunderson, & Bessent, 1970).

Method

Instructional Program
The contékt of the experiment was a computer-assisted instruction
program in precalculus mathematics written by Authella Smith. The program,
" called "MATH1§,“ was a revised version of a previous program, also authored
by Mrs. Smith, entitled "Preskills." For the purposes of this paper, the
revisions of interest were the addition of a variety of learner control >ptions.
The MATH-S control program was altered for this experiment to allow the learner
control options of interest to be replaced with programmed control in the
appropriate experimental treatments. The complete program covers three topics:
-exponents, logarithms, and dimensional analysis. The logarithms section

was 2xcluded from this experiment at the request of the course instructors.
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‘The program was run on an IBM 1500 Instructional System using both
cathode ray tube and typewriter terminals, equal numders of subjects being
assigned to eacn terminal type. Due to the small number of subjects in each
cell of the design and the absence of relevant interactions between terminail
types and the pretest covariable, subjects using the two types of terminals
were grouped together in the data analysis. Both terminal types were supple-
mented with image projectors.

The program was divided into 17 modules, 12 in exponents and 5 in
dimensional analysis. Each module was preceded by an embedded diagnostic
test with an averagz of 5 test items per test. In instructional medules,
the rules and concepts and their corresponding examples were presented by
the cathode ray tube (or typewriter) and image projector. Following each
expository segment, the student was given a number of practice problems where
each problem contained one or more questions pertaining to a particular numeric
expression. The numeric values in the expressions were selected or gerierated
so that a student could repeat each problem a number of times with different
values. The program required an average of approximately 15 hours for comple-

tion, about 11 hours for exponents and 4 for dimensional analysis.

Subjects |
The ;nitia] subject sample consisted of approximately 160 students
drawn from University of Texas introductory physics classes over a 2-semester
-period. Of these, 120 began the program. There was some attrition and some
data loss due to experimenter errors. Complete data was available for 97 sub-
jects (Ss) completing exponents and 72 complzting both exponents and dimensional

analysis.

ERIC

Full Tt Provided by ERIC.



Y

Experimental Design

As was previously mentioned, the purpose of the study was to contrast
two learner control options with analogous conventional responsz sensitive
branching algorithms. The first option concerned the action taken following
a diagnostic test with regard to whether or not the subject studied the cor-
responding instructional module. Ss with learner control (LC) on this.variable
were given their score on the test and advised as to whether they had or aad
not met the objective of that module. Meeting the objective required 100%
correct performance on the test. The subject was then free to enter or skip
the module, as he wished. Ss under prcgram control (PC) on this variable
were routed into the module if they demonstrated less than perfact performance
on the test. Otherwise, they were skipped to the .ext test.

The second option investigated concerned the number of times Ss
repeated each practice problem (with different numeric vaiues) within the
ingtructional modules. For Ss with LC on this variable, each practice prublem
was repeated until the subject indicated that he was ready to proceed to
the next problem by typing an "n" while in or at the erd of the problem.
Students under PC were required to make two errorless passes through a problem,
answering all qgestions in the problem correctly, before being routed to
the next probiem.

In addition to the control options discussed above, a number of
options were available to all students. Ss could skip an individual diagnostic
test item (scored as an error), skip a question in a practice problem (scored
as an error), jump out of the diagnostic test into the instructional module,

access a glossary or a set of drill programs on prerequisite skills, and
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enter a comment. The program normally allowed learner control cver the sequence
of modules but sequence was Tixaed in the order considered optionai for purposes
of the experiment.

Tre complete experiment thus constituted a 2 X 2 design: Tearner
control and program control in diagnostic tests, and learner and program control
in the instructional modules. DBue to the fact that many more studehts com-
pleted the exponents topic than both exponents and dimensional analysis,
the two topics were treated separately statistically. The final set of parfor-,
mance and posttest data consisted of 24 to 25 Ss per cell for exponants and
17 to 19 Ss per cell for dimensioral analysis. The performance and posttest
data were analyzed through the use of linear regression models using pretest
scores as a covariable.

Experimental Procedure

A11 Ss were administered a pretest during a regular class period.
This was a 43-item multiple choice test; 30 items on exponents and 13 on
dimensional analysis. Each test itam was keyed to a snecific objective.
Two parallel forms of the test were available and Ss were randomiy assigned
to form A or B. At the time of the posttest, each subject was administered
the a]ternatehof his pretest form. Ss scoring iess than 85% on either the
exponents or dimensional cnalysis pretest were strongly advised to take t.e
program.

A subject who elected to take the program on one or both topics
was randomly assigned to one of the experimental treatments when he came
to the laboratory for his first study session. He was then given instruction

on the operation of the terminal and in the learner control options and/or
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program control characteristics of his treatment. 'Ss worked through the
program on an ad 1ib basis in one or two hour blocks. Proctors were avaiigbie
in the terminal room at all times. Approximately 12 weeks were allowed for
all Ss to complete the program. Wnen a subject completed his last work session,
he was asked to fill out an attitude questionnaire. Group posttests were
scneduled just prior to the end of each semester.
Rasults

Even though the experiment constituted a 2 x 2 design, the conventional
analysis of such a design, tests of main effects and interacticns was not
considered to be apprepriate for the within-program performance data. In
general, only the main effect was examined for the pertinent variable. One

simple effect was examined on the basis of a prior hypothesis. Both main

effects and their interaction were examined for pcsttest scores. The assump-

/,.

tion of parallel slopas for the dependent variables' regression on pretest
score was tested in all cases prior to a test for mean differences. This
provided a check for any interactions between subject entry behavior and
the independent variables of interest. Only main effects were examirned for

the attitude scale data.

Learner vs. Prggggm Control in Diagnostic Tests

| The dependent variable selected tc evaluate within-program performance
for the diagnostic test option was the number of modules wnich each subject
studied. It will be recalled that this would be equal to the number of diag-
nostic tests failed for PC Ss and at least correlated with the number of

tests failed for LC Ss.

Pretest score did not interact with the diagnostic test variable

in either exponents or dimensional anaiysis. LC w.nd PC Ss did not differ
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tests vailed by the o groups were contrasted. Again, there was no iateraccion

with sretest score in either axponents or cimensicnal analysi LC Ss Tailed
s ightly more tests than Gia PC Ss (3.66 as opposad to 3.45) but the dify

aiysis, Tolicwing more exparience wita
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was not significant. In dimansional a
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the program aand with the control ontions, LC Ss elacted to study significant.y
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Tever mcdules {F = 22.30, df = 1/6S, p < .00G1) than were assigned th
(1.67 &as opposad to 2.86). Tnis was despite tae fact that the LC Ss continued
to fail more diagnostic tests (3.45 &s opposad to 2.92), & difference which
approached significance (F = 2.31, d¢f = 1/88, p = .13). Looking at both
analyses in bsoth sections of the program, we may conciuce that tnere was &
tendency for LC Ss to select fewer Tailed modules for study and that, althcugh
slight at Tirst, this tendencv iacreased with their experience with the program.
Posttest scores were found to te inseasitive to the diagnostic tast
variacle. There was no intearaction with nretest score nor any main eff:ict
in either e pcnents (21.79 ‘or LC and 22.29 for PC) or dimensional analysis
(9.13 for LC and 8.95 Tor PC).
t will be vecalled that it had beer nypothesized that giver LC
in diagnostic tests, Ss wno aiso had LC in instructicn woula select more
modules Tor study tnan wouid Ss who rad PC in instruction due to the reiative
avarsiveness of program centrollad instruction. Analysis of this simple
etect found small differences betwean these two groups in the anticipated

direction in both exponents (4.04 for LC and 3.08 for PC) and dimensiona’

analysis (1.79 for LC and 1.53 for PC) but in neither case were the differencsas

ey
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significant. These small apparsnt differences can se most parsemcnicusiy
atiributed to tha FTact that the LC Ss feitzd more tests than did the PC Ss.
In dimensional analysiz, tnhe mean numder of fajled tests was 3.7¢ 7Tor LC
and 3.06 for PC. This difference was significant (F = 4.33, df = 1/33, p = .045).
The exponents data presented the only instance in which pretest score inter-
acted with a treatment variable (F = 3.58, df - 1/44, p = .065). Unile aumber
of failures was inversaly ralated to pretest score for both groups and whiie
LZ Ss had consistently nigher failure rates thaa the PC Ss, there was relativeiy.
little difference between groups for Ss with nigh pretest scores and a rela-
tively larce dif’erence between groups for Ss with low pretest scores.

In summary, it must be concludad that the assuned aversiveness
of program controlled instruction did nct result in PC Ss selacting fewer
modules for study than their LC counterparts.

Only one of the eleven items on the attitude scale differentiated
Eetween diagnostic test LC and PC Ss. Item number 7 noted that ditferent
Ss had been given different degrees of control over the program and also
pointed out that increased control vequired the subject to make riore decisions
himself. The subject was asked iT he would rather have nad more or less
control. Ss responded by selecting one of five ordered statements. The
scale was collapsed to three levels for analysis. A chi square test for
the 84 Ss who completed the questicnnaire indicated signitTicantly more LC
Ss than PC Ss wanted more control over the program (p < .10).

Learner vs. Program Control in Iastruction

- The selection of a dependent vari.ole to evaluate within-program

performance in the instructiona® modules posed particular diifticulties.
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The cbvious measure would be the number of times practice prehlens were repeated

but LC Ss could jump froam the middle of a practice orcbiem to tﬁé next orcbiem
Without compieding the Tirst probiem. Prodblems were therelore consiaered

tc be too gross a unit Tor evaluation purposes and the measura sclectad was

a subjecc's total number of responses divided by the number o7 cuestions

he encountered. There werea five Ss in exponents and six in dimensional analysis
who studied no modules at all. Since these Ss encounterad zero questions,

they were deleted from the instructional variable analysis, leaving 52 Ss in
exponents and 67 in dimensional analysis.

No interactions with pretest scores were found in either exponents

or dimensional anaiysis. LC Ss were found to have somewhat higher number

of responses per question (9.07) than the PC Ss (5.78) in exponents. This
difference was marginally significant (F = 2.88, df = 1/89, p = .093). The
trend was much more pronounced ir dimensional analysis with LC Ss having

a m2an of 10.75 responses per question as contrasted with a mean of 5.31
" for the PC Ss (F = 18.31, df = 1/63, p = .0001). Again, posttest scores

were insensitive to these periormance differences. There viere no interactions
with pretest scores and only the smallest posttest score differences between
groups: 21.19 for LC and 22.88 for PC in exponents; .03 vor LC and 9.06

for PC in dimensional analysis.

- Only one item on the attitude scale differentiated between instructional

LC and PC Ss. Item 5 pointed out that the computer could "understand® the
subject's answers only if they were entered in the correct form and asked

if the subject found the program to be too vestrictive. The subject selected

his answer from a four-level scale, collapsed to thres levels for analysis.




A C.i sQuare test incicated that more LC Ss than PC Ss found the progran
t0 ba too restrictive (p < .02).
Conclusions and Implicetions

‘}n the context of this particular program, learner contrcl would
Jappéar to be a mixed blessing. After some experience with the program, Sub-
jects' decisions appeared to be more etficient than decisions made by the
branching algorithm with respect to whethar or not to study instructionai
modules. Learner controi subjects studied significantly fewer modules in
dimensional analysis than were assigned thz progran control students but
posttiast scores did not differ between the twu groups. Contrary to expacta-
ylon, the prospect of being under program control in an instructional sequence
apparently did not dissuade subjects from selecting as many moduies for study
as were selecved by subjects with learner control in instructicn. With respect
to decisions regarding the amount of practice in instructional modules, however,
students were apparently less efficient than the corresponding algorithm.
Learner control subjects expended significantly more effort in practice than
did program control subjects but positest scores did not differ betwesen groups.
None of the presumed affective advantages of learner con: ol were indicated
by subject responses to the attitude scale.

Wnile learner control may well have a facilitative role in computer-
assisted instruction, further research is definitely required to define the
characteristics and 1imitations of that role. A consistent problem with
the “ype of research described in this paper concerns the limitations in
seneralizing to other instructicnal programs. While learner control may

prove to be more efficient than a particular branchi.: ‘.orithm, the basis
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for this diiierence ma, "o in the use of an invaiid algorithm ratner then

aay intrinsic advantage o7 leirner control. lhile acknowieaging That STUGEATS
may have to learn the efficient use of some types o learner coatroi throuyn
practice, it is suggested that sma.i, wali-ccniroiied laboratory studies

of relevant control options in wnich specific performance and afTective

measures are examined, are required prior to any gensralizations concerning

the utility of learner control in practical instructional programs.
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