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Number of Instamces

Agestract
Sevemty—nine rmllege studemts were taugit laws of logarithms
- via the TICCET CAI system. Mest of the s#zmdents were
assigmedt to Jemrner control or yoked tresrtmemt groups..
Students assbmmed to learner controi grumns were 3able tTo
choose how mmry imstances to study. Stuasmts z=stigned =3
yoked groups were randomly yoked to studewrs in <he leazmer
comtrol gromgs in such a way that each studemt Iw the yoked
groups was vegmired to study the same number-of iestances
for the same amoumt of time as studied by hisyhwer —omspanion
in the tearmer ctomtrol groups. No diferemc== Im posttest
performence amd attitude toward the imstruction mxxcurred
betwees zhe Xearmer—control and yoked :groups. Tises. m
evidem= wzs provided that learnmer cemrrol of mmmiper of

instamres wirl accommodate individual differenc=s in lezrniwg

a rule—w-ing task.
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Leainer Control =f Mmmber =< Instances in a Rule-Using Task

In 2 rule-msing task, an instance can be in the form of
an example @r a practice item. An example presents how the
rule (genexrality) is applied to specific information. A
practice item asks the student to apply the rule to given
information.

Five studies have investigated learner control of the
rsmiser of instances in rule-using tasks. In two of these
ssmmiies (Beard, Lorton, Searle, § Atkinson, 1973; O'Neal,
3.7), compeeter programming languages were taught with
cmmputer-assisted instrmction. One of the treatments in
bozch experiments allowest learners to examine as many practice
items as they wished. Most of the remaining treatments
r=gnired learners to carrectly answer a specified number of
p=xxctice items before permitting .them to advance. N§
differences for posttest score and number of imstancses
studied were found between any of the treatments.

Another study (Dean, 1969) supplied elementary school
children with instruction on basic arithmetic rules. There
were two treatments, a learner control and a teacher control
group. Each child assigned to‘the learner control group
decided how many arithmetic problems to work while each
child in the teacher control group was told by the teacher
how many problems to cdmplete. Fourth graders in the learné;

control group practiced more and did better on a delayed
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posttest than fourth graders in the teacher control group.
Fifth graders in'the learner control group practIced and
scored the same as fifth graders in the teacher Tontrol
group. Sixth graders in the learner control gromp practiced
less than, but achieved the same as sixth graders in the
t=acher control group-

In two other studie§ (Walker, Axteli, Fletcher, §
Merrill, 1977; Waiker, & Merrill, 1978), college stadents
were'provided with computer-assisted instuction on laws of
Iogarithms. These two ¢xperiments included a learner
control treatment, in which students cculd view as many
examples and practice items as thgy pleased, and three
machine control treatments, in which students studied a
pre-estabiished mandatory number of instances. One machine
control treatment required students to look at sixteen
instances.for every unit of instruction, another at eight,
and another at four. Learner control students performed
better on the posttest, but spent more time on instruction
and saw more instances than machine control students who
‘'saw four instances per unit of instruction. Learner control
students received similar posttest scofes, devated the same
amount of study time, and observed nearly an equal number of
instances 2as ﬁachine control students who were given eight
instances per unit. Learner control students also scored
the same as machine control students who lonoked at sixteen

instances per instructional unit even though the learner

2
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comiral stmdents spent less time awd Imsswected @ wer
imst=mres.
= -Tesults of the five stuce=s desr—=mer 30%we -indicate
that ==th a rule-using task there =5 am opktimme =T Of
in=tames for a given populatiou = _studemts —o SstdF. As
stme=rrs of this population siudy mmre than thne aoyrmmm
proatieer of imstances, the instructior becomes e sefficient
Brecause more time is spent than Is=wecessary. Sech imeffi-
ci’ency was apparent with the sixth:srade teger Iontrol
sttudewts in the Dean experiment ant the maxine ontrol
‘stwdents who were required to see SIxXteem EStamc=S peT
1it ZIn one of the Walker experimeuts. These tm&#groﬁps of
-odemts studied more instances timmr; yet= scored the same as
.earger control students. Likew==s, as sstmdents uf a given
mgaizrion study fewer than the Tarimum mmber of instances,
tae Instruction becomes less effestvtire. Such ineFfectiveness
was noticeable with the fourth g=v€=fteachef control students
in the Dean experiment and the m=iri=—=e cEmtrol students who
were requmired to see four instamces-->ermmit 3m the other
Walker experiment. These two groups=of studemts not only
stndied -fewwer instances, but scored aserse tham learner -

comtrol students.
The findings of the five studzes -&arther suggest that

Jdearners usually are capable of selectimg the optimum number

~>f instances for a rule-using task shen provision is made
Posttest

For them to choose how many instances: to study.

!’)-‘{ 6
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-performance of the iéa=rner control groups afways matches
or surpassed that o ggroups in which the m=mmbor of Imssamces
was préscribed. Homesver, the findimes prowv=de no eviaeme
that the optimum nummer of instances for =—mrticular —mi:e
usi:g_task varies with individual d=sfesm=mrces in learming
that task and that =ach learner is &&= ofe of selectimg
yﬁﬁﬁislher_own optimum number of instaxs=ss. Fifth grade teacker
” corrzrol students in the Dean study=—=md ¢ ucents who wers
shown eight instances per unit in tie-W¥eiker study performed
as well 4s iearner control studentss

The sense of freedcm which acesmpanies learner co®.rpl
shomld eniiance enjoyment of the inssruct@on. But, no &ixrect
differences were foumd betwsen gromss with learner comzrol
of number of instamces and groups-~=ithout that control.
Affect differerces may not have been sigmificant becamse
learners were allowed to control the amount of time they
spent studying :che imstructicn. Perhaps, if such control
viere removed, control of number of insténces would appreci-
ably influence attitude toward the instruction.

The purpose of this experiment was tc test three
propositions. First, learner conf;ol of number of instanées
will accommodate individual differénces of optimum number of
instances for a rule-using task when time spent studying the
instruction and the number of instances are held constant.

In other words, each learner with control of number of

instances will select the number of instances best suited to

7
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him/her—while each learner without such comtrol probably
will reeeive an inappropriate number of instamces for him/her.
Second.. =ven wheam learners are provided with far more than the
popula=m optimnﬁ number of instances, they will choose to
study m=iy the population optimum number of imstances. Third,
stodents- givenm control of number of instznces will ieel better
toward the instruction than students not given such control
when tawe spent studying the instruction is held constant.
‘Method

Students

Seventy-nine student volunteers (58 males, 21 femzles;
40 freshmen, 25 sophomor ‘3, 6 juniors, 8 seniors) participated
in th¥s study. They were enroliled in an introductory algebra
course at Brigham Young Unifersity. Their mean age was 21.5
years.

Apparatus

The instruction was presented via the Time-Shared

-

Interactive Computer Control Information Television System
("MITRE Corporation,'" 1976). This system often is referred
to as TICCIT.

Materials

A lesson on laws of logarithms was used as the rule-
using task. These léws were:

1. 1log 10* = x

2. log (x°y) = log x + log ¥y

‘3. 1log (xp) = p-log x
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4, log (x/y) = log x - log y
The lesson consisted of five segments. The Istrmctional

objectives of these ségments appear in Figure 1.

Insert Figure 1 about here

Each segment was composed of a rule (genera®ity), examples
of the rule, and practice items of the rule. Tigure 2
shows the rule, one example, and one practire item for

segment three.

Insert Figure 2 about here

A posttest containing twenty logarithm problems which
paralleled the practice prcblems in the instruction was
developed. Also, an affective questionnaire with six five-
point rating scales and one question was constructed.
Characteristics of the instruction that were measured by
the scale included interest, excitemer:, length, organization,
clarity, and overall appeal. The question asked how many of
the maih class modules the student would want to be like the
instructional material in the experiment.

Procedure

‘The experiment was conducted over three consecutive

days. Students signed up for a specific two-hour period

during one of these days. The students who volunteered for

fray 9
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the first day were randomly assigned to two treatment groups:
the learner control more group (LCM) and the learner control
optimum group (LCO). Students in the LCM group could choose
to study up to twenty-four examples and twenty-four practice
problems in every segment. Students in the LCO group could
choose to study up to four examples and four praétice prob-
lems in every segment. Walker and Merrill (1978), who used
the same iogarithm materzil as employed in this study, found

that the population optimum number of instances to study in

each segment was four examples ard four practice problems.

Hence, more than the populatica optimum number of instances
was avaiiable,to students ir the LCM group, while only the
population optimum number of instances was available to
students in the LCO group..

The students_who signed up for the second or third day
of the'expe}iment were randomly assigned to one of five
treatment groups: the yoked many group (YM), the yoked
optimum group (YO), the second learner control many group
(SLCM), the second learmer control optimum group (SLCO), and
t@e coptrol.groﬁp. Students in the YM group were randomly
yoked, one to one, with students in the LCM group in such a
way that each student in the YM group was required to study
the same number of instances in every segment of instruction
as studied by his/her cbmpanion in the LCM group. Similarly,
students in the YO group were randomly yoked to students in

the LCO group. Thﬁs,-students in the yoked groups and first

SO 10
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day learner control groups observed the same total number of
instances. The learnmer control groups only differed from
the yoked groups in that the students in the iearner control
groups were allowed to choose the number of instances they
studied whereas the students in the yoked groups were not
permitted such a choice.

Students in the SLCM group received a treaiment ident-
ical to that given students in the LCM group; and students
in the SLCO group received a treatment identical to that
given students in the LCO group. Students in the control
group were administered the posttest before they were given
the instruction.

Figures 3 and 4 iIllustrate the sequence of displays
used to present each segment of the instruction. Double
boxes represent timed instruction displays; single boxes,

untimed direction displays; and diamonds, comnuter decisiomns.

Insert Figures 3 and 4 about here

Instruction displays presented rules, examples or
practice problems. More than one instruction display was
needed to present some of the rules and examples. Every
practice‘ifem was composed of three displéys. The first
practice display déﬁé?ibed the problem; The second practice
display still exhibiteé‘fhe p;ob1em and asked the student to
type in his/her answer. The f;hﬁl,p;actice display provided

.\\\
\-

~
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correct answer feedback while continuing to show the problem
and the student's response. -

Each instruction display was assign=c a time limit on
the .basis of data collected from another experiment
(Strickland, Fletcher, & Merfill, Note 1) which employed
the same logarithm lesson as that used in this study. The
number of seconds a particular instruction display appeared
on the terminal screen was indicated in the upper right-hand
corner of that displa;; When this amount of time had eiapsed,
the instruction display was replaced automatically with

another display by means of ccawiter-actuated branching.

in Figures 3 and 4.

Direction displays requested students to press certain
buttons or to raise their hands. As shown in Figure 3, stud-

- ‘ents in learner control groups were given direction displays

which provided them with the optiom of looking_at as many
instances as they pleased within the maximum number of
examples and practice problems. Conversely, Figure 4 shows
that students in yoked groups were given direction displays
that did not allow them tc make any decisions regarding.
which button to push next.

Learner control groups also differed from yoked groups
with reépect to the computer decisions. In learner control

groups, the computer decided whether the maximum number of

examples or practice items had been presented to each

e ?iiuwm”a L e e e s ;Awilia:g e
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student. But, in yoked groups, the computer decided
whether the same number of examples or practice itemé had
been presentéd to each student as had previously been studied
by his/ber companion in one of the learmer control groups.

If a student pressed a button that he/she was not
directed to press, a display would appear asking the student
to raise his/her hand so that one of the experimenters
could remedy the mistake. -

Prior to receiving the lesson material, students were
presented a brief segment containing directions which des-
cribed the characteristics ¢f rules, examples, and practice
problems; the sequence and formaf of the instructional
presentation; and the timre limitations. Upon completing
the lesson material, students responded to the affective
questionnaire and posttest. Both the questionnaire and
posttest were administered off-line and had no time
restrictions.

Resulfs

A one-way ANOVA with planned orthogonal contrasts was
performed on the posttest score data for all the treatments.
A two-way ANOVA was performed on the posttest and question-
naire data of the LCO, LCM, YO, and YM groups. Another two-
way ANOVA was condﬁcted on each dependent measure of the LCO,
LCM, SLCO, and SLCM'Eroups. The means and standard deviations

for each treatment group on each dependent measure are report-

ed in Table 1.

'njléshumj“
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Insert Table 1 about here

Posttest Score

On the posttest, the instruc;ed treatment groups
obviously surpassed the control group whose members did not
answer any test items correctly, F = 116.9 (1,72), p < .0000.
Also, there was a slightly significant day of the experi- '
ment X number of instances interaction for posttest scores,

F=4.13 (1,41), p < .0487. Students in the LCM group scored

‘better than students in the LCO group while students in the

SLCM and SLCO groups scored about the same. There were no

other significant main effects or interactions involving

posttest score.

" Questionnaire

No significant main effects or interactions occurred
for any of the scales of the questionnaire, its question, or-
the tétal questionnaire scbre which was computed by adding
up .the responses df all the scales and the questionmn.

Time Spent on Instruction

Significant main effects and interactions for time
spent on instruction were not observed. However, the time
spent on instruction by students in the groups which could

choose to study more than the optimum number of instances

.(LCM and SLCM) almost'significéntly exceeded the time spent

by students in the groups which could choose to study no more

'§¥£iﬁaﬂ¢ﬂw\”




Number c¢ci Instances

A 13
than the optimum number of instances, F = 3.84 (1,41), 2_¢
.0567. |

Number of Instances

Main effects and interactions for number of instances
studied by the studenté were not found to Be significant.
But, students in the groups which could choose to study
more than the optimum number of instances almost studied

.significgntly more instances than students who could choose
to study no more than the optimum number of instances, F =

3.87 (1,41), p < .0559. .

Unequal Variances

Bartlett tests were conducted for eaéﬁ two-waylANOVA.
Unequal variances were noted in three of the analyses. For
both time spent on instruction and number of instances, the

~availability of more than the optimum number of instances
for students to study produced greater variation than the
.availability of only the optimum number of instances. These
variance differences remained significant even when the
logarithm to the base ten transfofmation was applied to
each of the time and number of instances measurements. For
posttesf scoré, the LCO, LCM, SLCO, #nd SLCM groups each
exhibited a unique variance. When compared with their
respective means, these unequal variances séem to indicate
thaf the students were topping out on the posttest because
the largest variation was associated with the lowest posttest

performance while the smallest variation was associated -

—~
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with the highest posttest performance.
Discussion

The SLCO and SLCM groups were included in the study to
test whether students who participated on the first day of
the experiment differed from those who participated on the
second or third day. The unequal posttest score variances
of the LCO, LCM, SLCO, and SLCM grohps and the posttest
score interaction among theée groups indicate that the first
day students did differ somewhat from the second and third

day students. This, of course, would cast doubt upon the

-validity of posttest score differences between the first

day learner control groups and the yoked groups. However,
no such differénces were observed. Because the LCO, LCM, YO,
and YM group% all scored about the same, the hypothesis that
learner control of number‘of instances will accommodate indi-
vidual differences of optimum number of instances for a rule-
using task when time spent studying the instruction and the
number of instances are hedd constant was not supported. |
The:hypothesis that even when learners are provided with
far mdre_than the population optimum number of instances,
they will choose to study omly the populaticn optimum number
of instances received tenuasms suppart. The LCM and SLCM
groups almost viewed signiffcantly more instances than the

LCO and SLCO groups. Furthermore, there was more variation

.0of the number of instances studied by students in the LCM

and SLCM groups than by thoese in the LCO and SLCO groups.
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Finally, there was no support for the hypothesis that
students given control of number of»instances will Zeel
better toward the instruction than students not given such
control. Students responded to the questionnaire in a simi-
lar fashion regardless of the treatments to which they were
assigned.

Apart from the near differences in time spent studying
the instruction and in number of instances studied between
students wifh the 6ption of studying more than the population
optimum number of instances and students with the choice
of studying no more than the population optimﬁm number of
instances, the findings of this experiment par?llel those
of the other experimeﬁts investigating learner control of
number pf instances. These findings suggest that learmners
are capable of selecting the optimum number of instances for
a rule-using task when provision is made for them to choose
how many instances to study. However, there is no evidence
that the dp;imqm number of instances for a paricmlar rule-
using task varies with individual differences ix learning
that task and that each learner is capable of sefecting his/
her own optimnm‘number of instances. Also,lleainer control
of number of instances doés ot seem to promote a greater

liking toward the instruction.

17
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| “Eable 1
Means and Standard:Deviations for Each Treatment
Groupson Each:Dependent Measure
Trestment Group Posttest Score Total Question- Time:Spent On Number of
naire Score® Instraction Instances
M SD M SD M SD M SD
Leammer Control 15.31 3.83 26.62 3.77 3173 877 36.56 17.33
many<{m=16)
Learner Control 16.50 219 26.17 424 2684 5.15 27.33 7.16
optimum-(n-12) .
Yoked 15.19 3.69 27.31 384 3173 8.77 3656 17.33
-many (n=16) .
Yoked 1392 3.87 2725 283 2 2B84 5.15 733 7.16
optimumr{n=Tt2y
Second:l:earner . 1725 158 2612 33m 3311 113 3662 15.07
= 8)
Second:Learner 1433° 474 28.56 255 .2879 263 3022 3.80
Control -
_optimum {n=g)
- Control (n=6) 000 - 000

~ “S7he grester theztotal questionnsire:scors-the mors positive the sffect.
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Figure Captions
Figure 1. Instructional objectives of each segment of instzmction,
'Figure 2. Therulezone example, and one practice item fozsegment three.

Figure 3. Sequence=of comaputer displays for learner contzol treatment
‘groups.

Figure 4. Sequence:of compester displays for yoked treatment groups.

21




Segment

Segment

Compute common logarifhms'By
using the Laws of Common
Logarithms.

Given log m and log n, find

log m/n.

Given log b, find log bP <or

any real exponent p.

Given log x and log y, find
log iy.

Given a power of 10, find its
common logarithm. Also, given
the common logarithm of a
number a, write a as a power

of lq‘.

22 -



RULE Logarithm of u Power

If x and b are real numbers, and b > 0,
then log p* = x ° log b.

The proof is as follows:

If log b =p
then b = 10P
p* = (107 *
= 10%P
log 10

= Xp .
X log b

so log b*

EXAMPLE

What is log 24372
Given: 243 = 3° log 3 = .4771

log 3° = 5 log 3
= 5(.4771)
log 243 = 2.3855

PRACTICE

What is log 3437
3

Given: 343 = 7 log 7 .8451

Feedback

What is log 3437
Given: 343 = 73 log 7 = .8451

log 7° = 3 log 7

= 3(.8451) _

—
. ~—

].og 343 = 2.5353 -

23
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