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Two studies were performed, each of which varied testing

procedures in courses taught by the Personalized System of

Instruction. In the first study, a counterbalanced, within-

subject reversal design was employed to assess the effects of

opportunity to retest on study behaviors and test performance

of students in a nine-unit introductory psychology course.

Students were allowed either two or five test opportunities

on each unit, alternating every two units between the two

conditions. Mean performance scores and mean total study time

for first attempts on all units completed under the two-

attempt condition were higher than when the five-attempt condi¬

tion was in effect. The mean best performance on each unit

was nearly the same for both conditions, although the mean

number of attempts-per-unit was 0.7 less under the two-attempt

phases, which suggests that limiting attempts is a means of

iii



saving student time and instructional resources without a

necessary decrement in performance.

In the second study, a counterbalanced, reversal design

was employed to assess the effects of a contingency designed

to improve performance on the initial attempt on unit tests of

students in an introductory psychology course. The contin¬

gency consisted of a limit placed on the amount that unit

scores could be improved on test retakes above the initial

attempt score. When this contingency was not in effect, the

unit score was determined by the highest score obtained on any

of the three allowable attempts, regardless of the initial

attempt score. After the first unit, students progressed

through the course by changing from one condition to the other

after every two units. Mean first attempt test performance

and mean reported study time were higher and the number of

attempts taken per unit was lower when this contingency was

in effect. Final unit scores were approximately equal regard¬

less of condition. Results are discussed in terms of cost

effectiveness for both students and instructors.
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CHAPTER I
INTRODUCTION

The approach to undergraduate instruction labeled the

Personalized System of Instruction (PSI) was developed by

Keller and Sherman in 1963 (Keller, 1968). The components of

this system of instruction are radically different from the

traditional lecture/discussion methods of instruction. The

components of PSI were selected to combine the benefits of

programmed instruction with a high degree of personal inter¬

action. Keller (1968) described the essential elements of

PSI as follows:

(1) The go-at-your-own-pace feature, which
permits a student to move through the course
at a speed commensurate with his ability and
other demands upon his time.
(2) The unit-perfection requirement for ad¬
vance, which lets the student go ahead to new
material only after demonstrating mastery of
that which preceded.
(3) The use of lectures and demonstrations as
vehicles of motivation, rather than sources of
critical information.
(4) The related stress upon the written word
in teacher-student communication; and, finally,
(5) The use of proctors, which permits re¬
peated testing, immediate scoring, almost un¬
avoidable tutoring, and a marked enhancement
of the personal-social aspect of the educa¬
tional process. [p. 83]

It should be noted that in actual practice, there is a

large degree of variability in how the various components of
PSI are employed. Also, many instructors employ only a few

of the above components in their courses. Due to this
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variability in the implementation of PSI, there has been

considerable debate concerning the degree to which course

procedures can deviate from Keller's original description and

still be properly considered a PSI course (Sherman, 1976). It

is not the intention of this discussion to add to this debate,

but rather to acquaint the reader with the fact that few of

the research studies discussed in the following pages conform

exactly to Keller's original description. The term "PSI,"

therefore, will be used in its broadest generic sense.

Early research concerning PSI focused on experimental

comparisons between classes taught using the PSI approach and

classes taught using more traditional teaching techniques.

Sherman (1976) reported that over 150 such comparisons have

been conducted with almost all comparisons demonstrating

favorable results for the PSI method. Robin (1976) reviewed

thirty-nine comparison studies. Of these thirty-nine studies,

thirty reported significant differences in favor of the groups

exposed to all or some of the elements of PSI. Of the nine
studies in which significant differences in favor of PSI were

not found, only one study reported significant differences in

favor of a more traditionally taught class. Robin reported

that the mean difference on final examinations between students

taught by the PSI method and students taught by more tradi¬
tional techniques was 9%. Hursh (1976) similarly analyzed ten

studies and found that students taught by PSI methods scored

from 7 - 15% better on final examinations than students taught

by traditional techniques. However, these favorable findings
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must be tempered by the fact that almost all of these comparison
studies contained at least one of the following methodological

flaws (Hursh, 1976). The potential confoundings Hursh listed

are differences in instructors, curriculum materials, grading

criteria, testing formats, student selection, and student

expectations. However, the fact that favorable comparisons
have been demonstrated over a large range of institutions,

student abilities, subject matter, and instructors provides

strong evidence that the PSI method or elements of the PSI

method favorably affect students' academic performance. Since
there has been such a great plethora of comparison studies with

most of them containing several methodological flaws, the

following review will concern only those studies which most

closely follow the guidelines listed by Hursh.

One of the first investigations of the effectiveness of

PSI was conducted by McMichael and Corey in 1969. This study

compared the scores on a common objective final exam of intro¬

ductory psychology students enrolled in a class taught by PSI
methods with three classes of students taught by the lecture

method. The results demonstrated that the students enrolled

in the PSI class performed significantly better on the final

exam than the three classes taught by the lecture method

despite the fact that the final contained some test items that
were previously seen by the students in the three control
classes. Also, students in the experimental class rated the

course significantly better than the students in the control
class on a common course evaluation.



The major methodological flaw in this study was the use

of different instructors for each of the four sections. It
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is possible that these significant differences were due to

the particular instructor and not the particular instructional

method used. However, McMichael and Corey point out two

lines of evidence that indicate that it was the method of in¬

struction that produced the favorable results. First, they

argued that this potential confounding was mitigated by the

fact that there were no significant differences between final

exam scores for the three control groups despite the fact that

all three had different instructors. Secondly, examination

of the final exam scores from previous semesters indicated

that there were no differences between the four instructors

on this measure when all four used similar methods of instruc¬

tion. In conclusion, it appears that these two lines of evi¬

dence provide reasonably strong support that it was the PSI

method that significantly improved exam performance.

A second comparison study which controlled for five

of the six potential confoundings mentioned by Hursh (1976) was

performed by Born, Gledhill, and Davis (1972). The experimental

class was taught using the principles enumerated by Keller (1968)

with the exception that restrictions were placed on the degree

to which students could control the pacing of their examination

taking behavior over the term. These restrictions were that

the students were required to finish a certain number of units

before the midterm and the final exam. The results indicated

that students in the lecture class performed significantly



worse than the students taught by the PSI method on both the

midterm and final exam.
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Another comparison study which appears to have met most

of Hursh's criteria was performed by Cole, Martin, and Vin¬

cent (1975). This study controlled for experience of instruc¬

tors, curriculum, student selection, and testing format. The

experimental group in this study was taught by the PSI method,

and the control group was taught by the lecture method. At

the end of the term, the control and experimental groups were

administered a common final. This final constituted one-third

of the course grade for the control group, but did not con¬

tribute to the course grade of the experimental group. Despite

the fact that this exam had no bearing on the experimental

subjects' grades, they performed significantly better on this

exam than the control subjects. Also, students in the course

taught by the PSI method reported that they enjoyed the course

more than the students in the control group.

In summary, it appears that the PSI method produces both

improved test performance and better course evaluations.

Despite the various methodological problems that have attended

most of these studies, the evidence is overwhelming that the

PSI method or some aspects of the PSI method are responsible

for this improvement.

Since the comparison studies have been consistently

favorable, many investigators have turned to analyzing the

individual components of the PSI package. These investigations

have focused on determining whether all of the original PSI
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components are necessary for the effectiveness of the PSI

method» Also, investigators have been interested in deter¬

mining how variations in the parameters of each component

affect academic performance» The following review will analyze

only a few of the large number of studies that concern each of

the PSI components»

Self-pacing

The term "self-pacing15 generally refers to an arrangement

in which the students themselves schedule when they take

course examinations rather than the instructor establishing

test timesc The term "self-pacing” is a misnomer for at

least two reasons» The first reason is that, though students

allowed to set their own testing times usually have a wide

latitude in setting those times, the range of times that is

available to test are limited by practical reasons. Related

to this is the requirement at most colleges that all course

work be completed in a given term. This restriction of course

forces students to schedule their exams so that they finish

all requirements within the specified time period. The

second reason that the term "self-pacing" is a misnomer is

that it implies that the controlling contingencies which dic¬

tate when students test lie inside the individual. Obviously,

external environmental factors determine the pacing of stu¬

dents* pacing of examinations. These environmental factors

may include students' outside employment schedules, other
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course requirements, amount and difficulty of the material in

the PSI course, the television schedule, or other such factors.

The research evidence concerning course arrangements

whereby students are given wide latitude as to the completion

of course examinations reveals that students exhibit behavior

which is best described as a fixed-interval scallop. Students

testing under such course arrangements normally wait until

the end of the term to complete the majority of their assign¬

ments. In cases where the incomplete option is available,

many students do not complete the course until after the term

has ended.

Since student procrastination has been a major problem

with course arrangements that allow students a wide degree of

latitude, investigators have examined several methods to de¬

crease this procrastination. These methods generally fall into

two major categories. These are the establishment of deadline

dates for the completion of course units or point arrangements

which consequate test pacing according to a pacing standard.

The first study to be reviewed is characteristic of the dead¬

line approach to the procrastination problem. This study was

conducted by Miller, Weaver, and Semb (1974). Students during

some portions of the course were required to complete one unit

of material per day and during the other portions of the course

no deadlines were present. The results indicated that the

utilization of deadlines strongly influenced when students

tested. Students completed 1.06 units per day under the
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deadline contingency, but completed only 0.27 units per day

when the contingency was absent.

The use of point systems to reduce procrastination has

been extensively investigated. This review will present only

two studies which are representative of this type of approach

(Bitgood and Segrave, 1975; and Semb, Conyers, Spencer, and

Sanchez-Sosa, 1975). Bitgood and Segrave experimentally com¬

pared three different point systems. The first point system

was a decreasing point system in which students received more

grade points for completing work early in the term than later
in the term. In the second point system, students received

more points for completing work later in the term. For the
third point arrangement, students received the same number of

points for completing assignments regardless of when the as¬

signments were completed.

The results indicated that the various point systems

effectively controlled the pace at which students completed

assignments. Students who were assigned to the group that
received more points for work completed early in the term

completed significantly more units during the first third of
the term than the last third of the term. The group of stu¬

dents who were given more points for completing work during

the last third of the course completed significantly more

units during that time. The third group of students who were

assigned to the fixed point contingency completed more units
during the final third of the semester than in the first
third of the semester. Also, students who completed the
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course under the early completion contingency finished

significantly more units than the other two groups. Thus it

appears that point contingencies that encourage students to

complete units early in the term not only control when a stu¬

dent completes units, but also increase the total amount of

work completed during the term.

Semb, Conyers, Spencer, and Sanchez-Sosa (1975) examined

the effects of four different point arrangements on student

pacing. Students in the first group earned points regardless

of when they completed the units. The second group of students

lost points for each day that they failed to maintain the

experimenter-designed rate of progress.' The third group of

students earned points only if they completed units on or

ahead of the experimenter-suggested rate of progress. For the

last group of students, points could be earned in two different

ways. First, as with the first group, points were earned for

each completed assignment regardless of when that assignment

was due. Secondly, these students earned extra points if they

completed assignments ahead of the experimenter-designated

rate of progress.

The results indicated that students in the last three

groups completed their assignments at a relatively even pace

throughout the term, while students in group one completed the

majority of their work during the last three weeks of the

course. Also, significantly more of the students assigned to

group one withdrew from the course. Since there was relatively

little difference in the rate of completion between groups two,
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three, and four, Semb et al. recommend that instructors

adopt a pacing contingency that reinforces desired rates of

progress rather than one that punishes undesired rates of

progress.

Glick and Semb (1978) concluded that approximately one-

half of students enrolled in a self-paced course will complete

the course at a satisfactory pace. For the remaining stu¬

dents, the establishment of instructor-imposed pacing contin¬

gencies seems to effectively control their behavior. Hursh

(1976) concluded that the evidence favoring pacing contingen¬

cies was overwhelming. It seems apparent that the establish¬

ment of flexible pacing contingencies may be an appropriate

compromise between the desire to allow students as much

freedom as possible to schedule their work and the experimen¬

tal findings that approximately half of all students cannot

adequately handle that freedom.

Mastery Criteria

Most instructors who use the PSI method require that

students achieve a minimum criterion on examinations before

they are permitted to proceed to the next unit of material.

The level of this criterion normally ranges from 80 to 100%.

Several studies have been conducted to determine the effects

of various criteria on academic performance (e.g., Johnston

and O'Neill, 1973? Davis, 1975; and Semb, 1974).

Johnston and O'Neill (1973) demonstrated that student

test performance matched the prevalent criterion present at
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the time. Three different criteria were used in the study,

and three groups of subjects tested under each of the criteria

for at least part of the course. This result in and of itself

is of course not unexpected. It seems obvious that if stu¬

dents are required to meet or exceed a certain mastery cri¬

terion before they are allowed to proceed to the next unit of

material, they will meet that criterion or drop out of the

course. However, the interesting finding in this study was

the fact that the one group of students who were not required

to meet a stated criterion failed to match even the low

criterion used with the other groups. This finding is tem¬

pered by the fact that Johnston and O'Neill used rate correct

and incorrect as their measure of test performance. It is

possible that students in the group that did not meet the

rate specified by the low criterion used with the other groups

did in fact perform as well as the other groups in terms of

accuracy. Rate of responding is a measure that is infre¬

quently used in educational settings, and it is likely that
this was the first occasion that these students had contacted

this measure. Thus, even though the student's performance

was converted into rate measures, the student himself may

have been judging the quality of his performance in terms of

percentage correct.

Kulik, Jaksa, and Kulik (1978) point out that mastery

criteria studies which assess only process variables such as

unit test performance do not reveal how changes in mastery

criteria affect other outcome variables such as final exam
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scores. Several investigators have assessed whether the

effects of different mastery criteria for individual units

affect final examination scores. They have generally found

that students, who were required to meet a relatively high

criterion, perform better on a final than students who were

required to meet a relatively low criterion (Bostow and Blu-

menfeld, 1972; Bostow and O’Connor, 1973; and Semb, 1974).

Kulik et al. (1978) conclude that there is sufficient evidence

that high mastery criteria effectively lead to higher levels of

academic performance. Hursh (1976) in his review of mastery

criterion studies also states that the evidence strongly

supports the function of the mastery criterion in personalized

courses. It appears that instructors would be wise to follow

the suggestion of Johnston and O'Neill (1973). They urged

instructors to begin with a relatively high criterion and to

adopt teaching strategies that would allow that criterion to

be increased.

Lectures

Keller (1968) suggested that lectures should be used to

motivate students and not to impart critical information for

which students would be responsible on a test. However, the

evidence concerning whether lectures do in fact motivate

students has not been favorable. Lloyd, Garlington, Lowry,

Burgess, Euler, and Know!ton (1972) assessed the function of

lectures in a personalized course. Lloyd et al. found that

course attendance dropped to less than 50% if there was no
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benefit to the student for attending. The benefits that Lloyd

et al. manipulated were giving points to attend lectures and

presenting information relevant to course tests that was not

available elsewhere.

Keller (1968) found similar results as Lloyd et al. in a

study in which lectures presented in the course were optional

and were to be attended only by those students who had mas¬

tered the prerequisite units. Keller reported that approxi¬

mately one-half of those students eligible to attend any given

lecture actually attended.

Despite the fact that the evidence concerning lectures

reveals that students do not attend in great numbers unless

attendance is related to their grade, many students complain

about the lack of contact with the instructor. Though the

establishment and maintenance of a Personalized System of

Instruction is extremely time consuming on the part of the

instructor and staff, many students are not aware of this

fact. Instructors should be cognizant of student attitudes

toward personal interaction and adopt strategies that will

increase student-faculty contact time in ways other than

the standard lecture.

Study Objectives

The fourth principle explicated by Keller is that com¬

munication between students and instructors should be by the

written word. One of the forms of written communication

that instructors provide in most PSI courses is study objectives.
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Study objectives are intended to inform the student of what he

will be responsible for on an examination. Students, therefore,

should be able, with the help of these objectives, to focus

their study time on only that material which the instructor

has designated as important. The type and quality of study

objectives vary widely (Hursh, 1976). Study objectives may be

stated in terms of multiple choice, fill-in-the-blank, or

short essay questions.

Many of the research studies that examined the effective¬

ness of study objectives have used tests partially composed

of the exact study questions provided to the student (Semb,

1975; and Semb, Hopkins, and Hursh, 1973). The results of

these two studies indicated that students performed signifi¬

cantly better on test items that appeared as study questions

than on test items they had not previously seen. These

findings would seem to be predictable and obvious. They

would be of use only if the instructor's objective was to

teach the answers to a given set of questions.

Research concerning study objectives is lacking in as¬

sessing the broader effects of PSI study objectives on such

things as long term retention, student study behavior, and

stimulus control. Kulik, Jaksa, and Kulik (1978) point out

this deficiency in the PSI research in their review of the

literature concerning study objectives. Instructors who are

employing the PSI method should be aware of this lack of
evidence in making decisions about the use of objectives.
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Further research is needed to answer the important questions

concerning study objectives and the PSI method.

Proctoring

Proctors in most courses taught by the PSI method serve

at least three separate functions. These are to evaluate

student answers, to provide tutoring, and to provide social

interactions. The evidence concerning the effectiveness of

proctoring on academic performance has been mixed. Farmer,

Lachter, Blaustein, and Cole (1972) demonstrated that stu¬

dents who received at least some proctoring took signifi¬

cantly fewer unit attempts and scored significantly better on

a final examination than students who received no tutoring at

all. Students who received at least some tutoring were proc-

tored either 25, 50, 75, or 100 percent of the number of times

that they tested. Since there were no significant differences

between students proctored some of the time and students who

were proctored all of the time, it appears that proctoring

can be intermittent and still be effective. Farmer et al.

argue from these results that the social function of proctor¬

ing may have acted to increase student motivation, thereby

producing the improvement in performance. However, they pro¬

vided no independent assessment of student motivation to see

if in fact it increased as a function of contact with proctors.

Many other studies have not found the beneficial effects
of proctoring reported by Farmer et al. Kulik, Jaksa, and
Kulik (1978) reviewed five studies which assessed the effects
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of proctoring on student academic performance. None of these
five studies demonstrated a positive effect on final examina¬

tion performance for proctoring. In fact, one study (Hindman,
1974) found that students who had little interaction with

tutors performed significantly better on a final examination
than students who received more tutor interactions.

Barton and Ascione (1978) compared the academic perfor¬

mance of two groups of students, one of which received proc¬

toring while the other group did not. The nonproctored

group did not receive tutoring, but did receive immediate
feedback on the correctness of their answers. The results

indicated that the nonproctored students outperformed the

proctored students on four different academic performance
measures. These measures included first attempt performance,

number of attempts per unit, number of units completed, and

the number of A's earned. Barton and Ascione state, that the

results of their study indicate that proctors do not need to

engage in rapport building, answering initial questions,

praising, or verbal remediation.

If this finding is generalized to other PSI systems, it

would suggest a great savings in the time and money that is

presently expended in training proctors. However, as Barton
and Ascione point out, there are two reasons why the tutoring

aspect of proctoring should be retained. These reasons include
the fact that many investigators have reported that proctors

benefit from engaging in proctoring and the fact that stu¬

dents in the present study stated that they preferred to
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interact with proctors and receive proctor-provided verbal

feedback.

Kulik, Jaksa, and Kulik (1978) report in their summary

of the literature concerning proctoring that the evidence

does not support the contention that tutoring is beneficial

to the students being tutored. Of the three functions of

tutoring, the only function that has been consistently sup¬

ported is the provision of immediate feedback. Of course,

immediate feedback can be machine-provided, eliminating the

need for a person to perform this task. Kulik, Jaksa, and

Kulik (1978) further point out that most of the studies con¬

cerning proctoring have contained serious methodological flaws.

However, it is possible that investigations which are properly

designed may demonstrate a beneficial effect of proctoring.

Unit Size

The specification that the amount of material contained

in a given unit be relatively small was not one of the ori¬

ginal components described by Keller (1968). However, the

arrangement of the other components of Keller's system make

relatively small units necessary. The use of small units
offers several advantages. One of the advantages of small

units is that instructors can test students over a larger

percentage of study objectives than with larger units. A
second advantage is that frequent testing allows instructors

to pinpoint weaknesses in material, study questions, tests,

etc., while there is still time to correct deficiencies
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during the term. And finally, small units, which normally

contain a smaller number of objectives, allow tutors to

spend more time on each objective that students have trouble

mastering.

The research evidence concerning unit size indicates

that it is a powerful variable. Kulik, Jaksa, and Kulik (1978)

state that small units and frequent quizzes are more effective

in promoting academic achievement than large units and less

frequent quizzing. Hursh (1976), in his review of the re¬

search concerning unit size, states that, while most of the

evidence favors small units, the evidence is not completely

convincing.

For example, Born (1975) compared the performance of

three different groups who were assigned three different sizes

of units. The text material was divided into 27 modules, and

the unit size for the groups was either one, two, or three

modules. The results indicated that there were no differences

between groups on final examination performance, total study

time, or withdrawal rates. However, students who were assigned

small units studied more consistently than students who were

assigned larger units. Also, students who tested over small

units did not spend very long periods of time at any one study

session.

O’Neill, Johnston, Walters, and Rasheed (1975) used a

within-subject design to assess the effects of three different

sizes of units on study behavior and academic performance.

The small units contained 30 pages, the medium units 60 pages,
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and the large units 90 pages of material. Two groups of

students progressed through different sequences of unit size

to control for sequence effects.

The results indicated that performance on the initial

attempt on each unit was an inverse function of the size of

the unit, that students delayed testing on the unit longer

for larger units, and that the larger the unit the more at¬

tempts that were required to achieve mastery. They also

found, not surprisingly, that students spent more total time

studying for larger units than smaller units. The research

evidence and the instructional advantages afforded the use

of small units strongly indicate that instructors should keep

the size of units relatively small.

While the preceding review of the literature concerning

the various components of the PSI method has demonstrated

that many investigators have contributed to a great body of

information concerning these components, there still remain

many unanswered questions. The following two studies address
two such questions. The first study examined the effects on

academic performance and study behavior of the number of op¬

portunities to test. The second study examined the effects
on academic performance and study behavior of a limited im¬

provement contingency placed on the initial test of each unit.



CHAPTER II
EXPERIMENT ONE

One of the major elements of PSI is the employment of a

unit mastery criterion. Students initially failing to demon¬

strate mastery of a given unit of material are given further

opportunities to attain mastery. It is possible that an un¬

limited or high number of opportunities to achieve mastery may

encourage the student to make minimal preparation for each

attempt, hoping that it will be sufficient to meet the mastery

criterion. If the student's preparation is insufficient, the

major consequence is only the necessity of taking an additional

test. In contrast, if the number of opportunities to test is

limited, then the consequence of underpreparing for a final

attempt might be a lower grade.

One of the effects of the contingencies engendered by

multiple retests may be to prompt a disadvantageously low

amount of study preparation for each test attempt, resulting

in a greater number of attempts than is necessary and some¬

times an even greater total study time on each unit than would

have been needed had it been distributed over fewer attempts.

VThile limiting the number of opportunities to retake unit

quizzes would produce a lower grade for units not mastered

in the requisite number of attempts, the availability of the

consequence does not mean that it will be often encountered;

20



21

in fact, it may have highly desirable effects on academic

performance, study time per unit, total study time in the

course, and number of attempts per unit. The present study

investigated this question by examining the effects on

test performance and study time of two different levels of

maximum test attempts per unit.

Method

Subjects

A total of 62 undergraduate students were subjects in

the present study. The subjects were primarily members of

the freshman and sophomore classes. These students were en¬

rolled in a course entitled "Introduction to Psychology."

Only data from subjects who completed the course are included

in the analysis.

Course Content

The required text was Introduction to Contemporary

Psychology by Fantino and Reynolds (1975). The text was

divided into nine units consisting of 40 to 65 pages each.

The units were adjusted for roughly equal difficulty based on

performance and study data obtained from students who com¬

pleted previous offerings of the course. The course met four

days a week for an academic quarter in a standard lecture

hall, although attendance at lectures was not required.

Testing and Grading Procedures

The students came to a testing room separate from the
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lecture room at a time they had previously arranged and were

given a 20-item written fill-in test. After answering the

items, a student moved to an evaluation room where a proctor

scored the test and tutored the student. Students were per¬

mitted to take only one test per day per unit, and a minimum

of one unit had to be completed each week. The tests, based

solely on text material, were generated from an item pool of

approximately 80 items per unit which were computer-generated

(with replacement) into random samples of unique tests for

each student. Proctors were instructed to grade strictly

according to an answer sheet generated by the computer. Stu¬

dents were allowed to appeal the grading of their tests by

registering a written form which was submitted to the instruc¬

tor of the course.

Raw scores on tests were transformed into unit points,

and, finally, course grades according to the schedule in

Table 1.

Experimental Procedures

Upon completion of Unit 1, students were randomly as¬

signed to one of two groups which determined whether they would

be allowed a maximum of two or five attempts to meet criterion

on different units. Table 2 shows the sequence through which

the two groups progressed through the course. When the two-

attempt condition was in effect, students were allowed two

opportunities to test on each unit. When the five-attempt

condition was in effect, students were allowed five oppor¬

tunities to test on each unit. Students alternated every two
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Table 1. Grading criteria

Number correct Unit points Total unit points Grade

A
B

C
D

E
08-09 5
06-07 4
05 or below 0

18-20 10 88-90
16-17 9 84-87
14-15 8 76-83
12-13 7 67-75
10-11 6 66 or below

Table 2. Sequence of experimental conditions

Units

2 and 3

4 and 5

6 and 7

Number of attempts
Group 1

5

2

Number of attempts
Group 2

2

5

8 and 9 5 2
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units between the two conditions, and Group 2 proceeded through

the course in the opposite order from Group 1. Following the

completion of each unit, students were notified in writing

as to which condition would be in effect for the next unit.

Students were also required to complete a Study Recording

Form adapted from one developed by Johnston, O'Neill, Walters,

and Rasheed (1975). Students were taught how to use the form

to record their study behaviors at the beginning of the term.

They were instructed to record study information immediately

following each study episode, and they turned in a completed

form each time they were tested. The information recorded

included total study time, time spent engaging in various

study activities, and the distribution of these times be¬

tween test dates. The completed Study Recording Forms were

checked for errors and omissions by a graduate student not

otherwise involved with the course, and students were notified

in writing if errors were discovered in the manner in which

they completed the form.

Results

Since the experimental conditions were not imposed until

Unit 2, data from Unit 1 are excluded from the analysis.

Figure 1 shows the mean percent correct for all students in

each group on initial attempts on Units 2 through 9. These

mean scores were higher on all units when the number of

attempts was restricted to two rather than five, the differences
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ranging from 5.3% higher on Unit 8 to 12.9% higher on Unit 7.

The mean difference across all units for both groups between

the two conditions was 8.1%. An analysis of performance by

individual subjects was conducted by separately combining

the scores for the four first attempts taken in each of the

two conditions. Each subject's total initial attempt score

in one condition was then compared with his total for the

other condition. This analysis revealed that 47 subjects

performed better and 13 subjects performed worse on initial

attempts when testing under the two-attempt condition. No

differences were found for the remaining two subjects.

The means for each group of reported total study time

for the first attempt on each unit are depicted in Figure 2.

These means represent the reported first attempt total study

times for 24 students in Group 1 and 23 students in Group 2.

Nineteen subjects were excluded from study behavior analysis

for one or more of the following reasons: an admission by

the student of at least occasional dishonesty in filling out

the Study Recording Form; failure to turn in two or more

forms; or return of forms that consistently contained errors.

The mean reported total study time was higher for both groups

when the two-attempt limit was in effect than when the five-

attempt limit was in effect. The mean difference in reported

study time across all units for both groups between the two

conditions was 69.9 minutes.

Figure 3 depicts the mean number of attempts-per-unit for

each group. The number of attempts taken under the five-attempt
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condition was hi.gh.er than those taken in the two-attempt

condition for all units. The differences ranged from 0,3

attempts in Unit 5 to 1.1 attempts in Unit 7. The mean

difference between the two conditions across both groups

was 0.7 attempts.

A Friedman two-way analysis of variance by ranks for

correlated samples (Friedman1937) was performed on the means

of each of the above three dependent variabDes: initial test

performance, initial test study time, and number of attempts.

The test revealed significant differences for all three

variables (df = p <.01).

Finally, the mean of the best attempts on each unit for

tests taken under the two-attempt condition was 83.3% and

under the five-attempt condition, it was 85.8%. Mean total

reported study time for all attempts on each unit was slightly

higher for units completed under the two-attempt condition

on six of the eight units. The mean reported total study

time for all units taken under the two-attempt condition for

both groups was 472.63 minutes, and under the five-attempt

condition, 445.75 minutes.

Discussion

The present study demonstrated that, when limited in the

number of attempts allowed on each unit, students performed

at a higher level on initial tests than when allowed a larger

number of tests on each unit. Performance on the initial

tests on each unit when limited to two attempts was 8%
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higher than that of the five-attempt condition. Reported mean

time spent studying for the initial attempt on a unit was also

more than an hour more when students were limited to two at¬

tempts rather than five attempts per unit. This supports the

contention that when students are given a practically unlimited

or very high number of test opportunities, they engage in less

preparation for initial tests than when the number of retests

is more limited. As a result, when allowed five attempts,

students took 45% more tests on each unit than when limited

to two tests per unit. However, the greater amount of study

and higher score on first attempts contributed to essentially

the same final level of performance on all units for students

performing under the two-attempt condition compared with the

performance under the five-attempt condition. These con¬

clusions are warranted by the clear and consistent group ef¬

fects generated by the within-subject manipulations.

While the mean reported total study time for all tests

on a unit was higher for the two-attempt condition than the

five-attempt condition, this may be attributed to the composi¬
tion of retests with replacement employed in the course. As

further attempts were taken on a given unit, the percentage

of previously seen questions on a given test obviously in¬
creased. Since students completing units under the five-

attempt condition took many more attempts to complete a given

unit, the test completed on a later attempt was in some sense

an easier test than the initial test. If all tests had been
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constructed with new items, it is likely that the five-attempt

condition would have produced greater total study time than

the two-attempt condition.

This study has shown that the number of opportunities

permitted for retesting on each unit is a variable which has

unambiguous and reliable effects on both study behavior and

academic performance. A high or practically unlimited number

of opportunities for testing on a unit embodies contingencies

which have the effect of producing less initial study on unit

material, resulting in poorer initial performance, and a

greater number of tests on each unit than may be necessary.

When this is the case, it exerts costs on students and in¬

structional resources. In this particular course, if the two-

tests-per-unit condition had been in effect for the entire

term, the data would predict that approximately 405 less tests

would have been taken than if the five-tests-per-unit condition

had been in effect.

Of course, restricting the number of retakes may increase

the number of students who fail to reach a desired mastery

level. Obviously, the number of opportunities for retest

interacts with such variables as the difficulty of materials

and tests, unit size, grading criteria, academic skills of the

students, etc. Instructional technologists should consider

the demonstrated effects of opportunity for retest in relation

to the above variables when designing instructional procedures.



CHAPTER III
EXPERIMENT TWO

The previous study demonstrated that the opportunity for

retest is clearly a major variable affecting student perfor¬

mance. Students, when restricted to only one retake, scored

higher on their first test on a unit than when they were

allowed up to four retakes. The problem with restricting

retakes is that it makes the use of a mastery requirement

impossible. However, other course arrangements might also

produce an equivalent improvement in study time and initial

test performance without significantly decreasing the num¬

ber of final unit scores that are at a mastery level.

Marholin (1976) assessed the effects of one such possible

arrangement by implementing a minimal grade penalty on the

initial test on a unit. When this minimal grade penalty was

in effect, a student's unit score was determined by a com¬

bination of the student's scores on two attempts. The first

attempt contributed 30% and the second attempt contributed

70% toward the final unit score. Student performance on

initial tests was higher on units in which this minimal grade

penalty was in effect, and the total number of tests taken

under the minimal grade penalty condition was lower. However,

the generality of these findings is limited by the testing

arrangement employed in the course in that the second test on

32



33

each unit consisted solely of items that the student had not

passed on the first test. Since the second test consisted

solely of questions drawn from the first test, this arrange¬

ment would seem to encourage minimal study effort for the

first test on a unit. Therefore, studying for the second

test might be restricted to the learning of material specific

to the answering of missed questions. The minimal grade

penalty should have decreased this strategy, but Marholin

did not measure study behavior in order to see if this was

the case. It appears that testing contingencies such as

Marholin employed would produce different patterns of study

and performance than a testing arrangement in which the cor¬

relation between initial tests and subsequent tests of' iden¬

tical questions was less than one.

The present study examined the effects of a contingency

designed to increase performance on the first attempt at

each unit test. Students were limited in the amount that

they could increase their unit scores on specified units

above their initial test performance in an effort to deter¬

mine if such a contingency would increase study time and thus

generate higher initial test scores.

Method

Subjects

A total of 74 undergraduate students enrolled in an in¬

troductory psychology class were subjects in this study. The

subjects were primarily members of the freshman and sophomore
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classes. Only data from subjects who completed the course

are included in the analysis.

Course Content

The required test was Introduction to Contemporary

Psychology by Fantino and Reynolds (1975). The text was

divided into nine units consisting of 40 to 65 pages each.

The units were adjusted for roughly equal difficulty based on

performance and study data obtained from students who had

completed previous offerings of the course. The course met

four days a week for an academic quarter in a standard lec¬

ture hall, although attendance at lectures was not required.

Testing and Grading Procedures

The students came to the testing room, which was in a

different location than the lecture room, at a time they

had previously arranged and were given a 20-item fill-in test.

After answering the items, they moved to an evaluation room

where a proctor scored the test and tutored the student. Stu¬

dents were permitted to take only one test per day per unit,

and a minimum of one unit had to be completed each week. The

20-item fill-in-the-blank tests of text material were generated

from an item pool of approximately 80 items per unit, which

were computer-generated (with replacement) into random samples

of unique tests for each individual. Proctors were instructed
to grade strictly according to an answer sheet generated by

the computer. Students were allowed to appeal the grading of
their tests by registering a written form which was submitted
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to the instructor of the course. Raw scores on tests were

transformed into unit points, and finally, grades according

to the schedule in Table 3.

Experimental Procedures

Upon completion of Unit 1, students were randomly assigned

to one of two groups. Table 4 shows the sequence through

which the two groups progressed through the course. Under the

limited improvement condition, students were allowed through

retesting to increase their final unit score by only two

points over that obtained on the initial test for that unit.

Therefore, in order to be able to obtain the maximum number

of unit points (10), a student had to achieve a minimum of

eight unit points (70% correct) on the initial test on that

unit. When this contingency was not in effect, the student's

unit score was determined by the highest score on any attempt

regardless of the performance on the initial attempt. This

condition is referred to as the highest score condition in

Table 4.

Students were allowed a maximum of three attempts on

each unit regardless of condition. Analysis of student per¬

formance in previous offerings of the course indicated that a

maximum of three tests per unit was adequate to achieve a

score of 90% or better if the initial test score was at or

above 70%. Upon completion of each unit, students were

notified in writing as to which condition would be in effect

for the next unit.
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Table 3. Grading criteria

Number correct Unit points

18-20 10
16-17 9
14-15 8
12-13 7
10-11 6
08-09 5
06-07 4
05 or below 0

Total unit points Grade

88-90 A
84-87 B
76-83 C
67-75 D
66 or below E

Table 4. Sequence of experimental conditions

Units
Contingency

Group 1
Contingency

Group 2

2 and 3 Highest
Score

Limited
Improvement

4 and 5 Limited

Improvement
Highest
Score

6 and 7 Highest
Score

Limited

Improvement

8 and 9 Limited

Improvement
Highest
Score
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Students were required to complete a Study Recording Form

adapted from one developed by Johnston, O'Neill, Walters, and

Rasheed (1975). Students were instructed to record their study

behaviors on the form immediately following each study episode,

and they turned in the completed form each time they were

tested,. Information recorded included total study time, time

spent engaging in various study activities, and the distribu¬

tion of these times between tests. The completed Study Re¬

cording Forms were checked for errors and omissions by a

graduate student not otherwise involved with the course. Stu¬

dents were notified in writing if errors were discovered on

their completed forms.

Results

Since the experimental conditions were not imposed until

Unit 2, data from Unit 1 are excluded from analysis. Figure 4

depicts the mean percent correct for the first attempt on

Units 2 through 9 for both groups and shows that the initial

test scores were consistently higher when the limited improve¬

ment condition was in effect. A Friedman two-way analysis of

variance by ranks for correlated samples (Friedman, 1937) was

performed on the means of the initial test performance. The

test revealed that initial test performance was significantly

better under the limited improvement condition (df = 1, p< .01).

The mean of the differences between the two conditions for

initial attempts on all units was 9.6%. The differences ranged

from 4.0% on Unit 4 to 13.9% on Unit 3. The percentage of
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initial attempts at or above 70% was 84.8% when the limited

improvement condition was in effect and 62.2% when the highest

score was in effect. An analysis of performance by individual

subjects was conducted by separately combining the scores for

the four first attempts taken in each of the two conditions.

Each subject's total initial attempt score in one condition

was then compared with his total for the other condition.

This analysis revealed that 58 subjects performed better and

fourteen subjects performed worse on initial attempts when

testing under the limited improvement condition. No dif¬

ferences were found for the remaining two subjects.

Figure 5 presents the mean reported total study time for

the first test on each of the eight units. These means repre¬

sent the study time for 28 students in Group 1 and 29 students

in Group 2. Seventeen subjects were excluded from study be¬

havior analysis for one or more of the following reasons: an

admission by the student of at least occasional dishonesty in

filling out the Study Recording Forms; failure to turn in two

or more forms; or submitting forms that consistently contained

errors. The mean reported study times were higher for initial

tests taken under the limited improvement condition on all

units except Unit 4. A Friedman two-way analysis of variance

by ranks for correlated samples (Friedman, 1937) on the means

revealed that reported study time for initial tests under the

limited improvement condition was significantly greater than

when this condition was not in effect (df = 1, p< .05). The

mean difference between the two conditions in reported study

time for initial attempts on all units was 79.46 minutes.
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The mean number of attempts per unit by each group is

reported in Figure 6. The number of attempts per unit taken

under the limited improvement condition was consistently

fewer than those taken in the absence of that condition. The

mean difference between the two conditions for all units

was 0.3 attempts per unit. The means of the two conditions

were compared using the Friedman two-way analysis of variance

by ranks for correlated samples (Friedman, 1937) test. This

analysis revealed that the total number of attempts per unit

taken under the limited improvement condition was signifi¬

cantly fewer than when this condition was not in effect

(df = 1, p < . 01) .

The mean of the best attempts was 86% correct under the

limited improvement condition and 86.2% when this condition

was not in effect. There was also little difference between

the two conditions in the total amount of study time for all

attempts. The mean total reported study time for all units

taken under the limited improvement condition was 523.6

minutes per student per unit and 501.6 minutes per student

under the highest score condition.

Discussion

The present study clearly demonstrated that the limited

improvement contingency produced consistently higher first

test performance. This finding confirms the results reported

by Marholin (1976) and greatly extends their generality. Mean

reported time spent studying for initial tests was also higher
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when students completed tests under the limited improvement

contingency than in the absence of that contingency (with the

exception of Unit 4, for which the difference in initial test

performance between the two conditions was also the smallest

of all the units).

The absence of a difference in mean best test scores be¬

tween the two conditions is not surprising considering the

powerful effects on performance of a specified high criterion

for final grades (Johnston and O'Neill, 1973). The criterion

for a grade of "A" employed in this study corresponded closely

to a mean percentage of 90% for all units, and it is highly

probable that the effects of the "A" criterion minimized any

difference on final test performance that the two conditions

might have otherwise prompted due to differences in first

attempt study and performance. A second explanation of this

lack of a best score difference is that variation in study

times for first attempt tests was compensated by study times

for subsequent tests on each unit (mean total study times for

all units being quite similar for both conditions). Third,

if the test composition procedure had not employed replacement,

a difference between final test scores might have emerged.

Because each additional test on a unit included a great pro¬

portion of items already seen, the larger number of attempts

taken when the highest score contingency was in effect resulted

in a greater number of "easier" tests, thereby probably in¬

flating the final unit scores in this condition.
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Similarly, testing with replacement may have contributed

to the absence of large differences in total study time for

all attempts between the two conditions. By taking more

second and third attempts, students testing in the highest

score condition were preparing for "easier" tests. If the

level of difficulty was equivalent for all attempts, it is

likely that study time would have had to be increased above

the obtained amount. Therefore, if all attempts were equal

in difficulty, it would be hypothesized that total study time

for a given unit would be lower when a limited improvement

contingency was in effect.

While the mean difference between the number of tests

taken under the limited improvement and unlimited improvement

conditions may seem relatively small (0.3), it does have

considerable practical significance. If this difference was

projected to two classes, the students in the class not em¬

ploying the limited improvement condition would take approxi¬

mately 18% more tests than students in a class employing a

limited improvement condition. Students in our courses fre¬

quently state on course evaluations that they feel that they
take too many tests. This feeling is likely to be evident in

courses which use the PSI method of instruction. Adoption of

a limited improvement contingency, which should lower the

number of tests taken, would maintain many of the benefits

of PSI while somewhat decreasing this negative feeling.

In order for students to be eligible to earn the maximum

number of unit points when testing under the limited improvement
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condition, they were required to achieve at least eight unit

points (70%) on the initial test on a unit. In the present

study, less than 15% of the total number of initial tests

taken under this condition fell below 70%. Almost all of

these scores below 70% were made by students who received

a "C" or less in the course. Also, over one-half of these

initial test scores below 70% were made on the last day that

testing was allowed on a unit. Students, by waiting until the

final day available to test on a unit, had therefore for¬

feited their opportunities for retests. There were only nine

instances where students scored higher on subsequent retakes

than the two point limit on improvement would allow. Thus,

it appears that a limited improvement contingency empirically

established can produce higher initial test scores while not

artificially limiting final test performance.

Many, if not most, PSI courses allow multiple test op¬

portunities for each unit of material. In many PSI offerings,

the number of retakes allowed is either limitless or func¬

tionally limitless. Subsequent retakes in courses that offer

large numbers of attempts almost necessarily contain ques¬

tions that appeared on earlier tests. This is particularly

true when the ratio of the item pool size to the number of

questions on each test is relatively small. Many students

confronted by such a testing arrangement may adopt a strategy

of attempting to "beat the system." Such a strategy would

involve the attempt to learn as many of the specific test

items as possible and therefore expending minimal effort
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studying. The utilization of a limited improvement contingency

should greatly reduce the degree that students would employ

such a strategy.

It must be emphasized that any limited improvement con¬

tingency should be empirically established. The level of the

limited improvement contingency used in the present study

was established by examining study and test performance records

of students who had completed previous offerings of the course.

The level of such a contingency might vary depending upon

several other components of a course. These components would

include the desired level of mastery, the number of available

retakes, the difficulty of the materials, the type and dif¬

ficulty of the test items, the size of the units, and the

educational history of the students, among others.

In Experiment One, approximately 25% of the students did

not perform as predicted on initial attempts. These students

scored higher on initial attempts when they were allowed four

retakes rather than when restricted to one retake. In Ex¬

periment Two, approximately 22% of the students also did not

perform as predicted on the same measure. An important ques¬

tion to consider is whether these students differ in some

important way from the students who did perform as predicted.

One possible difference is that the groups may differ in

academic ability. In order to test this possibility, means

were calculated for all initial attempts separately for those

who performed according to the experimental hypothesis and

those who did not. This analysis revealed for both experiments
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that students who did not perform in the predicted direction

scored higher on initial attempts than those who did. These

differences were approximately 13% in Experiment One and 6%

in Experiment Two.

This finding suggests that students who normally per¬

form at a high level may not be affected by offering them

multiple retests or placing a limit on the amount that they

can improve their unit scores. Of course, this finding is

tempered by the fact that no other measures of student

abilities were obtained in these studies and the fact that

many students who also performed at the same high level did

behave on initial unit tests as predicted. Further research

should be conducted which examines students' entering skills

in relation to variables similar to those in the present

studies.

This finding also leads one to question whether the

results of these studies are wholly generalizadle to all PSI-

taught classes. In many courses taught by the PSI method,

students usually demonstrate mastery of a particular unit of

material in one or two attempts. Once students learn that

they can demonstrate mastery by studying at a moderate level,

contingencies such as those employed in the present studies

may not be as effective. In the present studies, mean per¬

formance on initial attempts rarely exceeded 80% even when

the contingencies which encouraged maximum performance were

in effect. Students also reported that they spent a consi¬

derable amount of time studying for these attempts. It is
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possible that students enrolled in a class where "A" level

performance is rarely achieved on first attempts even after

considerable study may be more susceptible to the contingencies

employed in the present studies than students enrolled in classes

where "A" level performance is more readily achieved on first

attempts. Therefore, future studies should be directed toward

this possibility by examining various unit difficulty levels

in conjunction with contingencies similar to those employed in
these studies.

A limitation on number of retakes or on the amount that

a score can be improved over a first attempt score makes the

employment of a mastery criterion impossible. Since mastery

criteria have been demonstrated to be a valuable component

in PSI systems, other contingencies may be employed in con¬

junction with those investigated in the present studies which
maintain mastery as a course component. For example, instead

of placing a limit on the number of attempts that a student

may take on a given unit, the limit could be placed on the
number of attempts that would count toward the student's grade.

Then if a student failed to demonstrate mastery during those

limited attempts, he would be required to continue testing

until he did. A similar sort of course arrangement could also

be used with a limited improvement contingency. If such a

contingency was established judiciously, most students would
seldom find themselves in the situation of taking tests which,

do not count toward their grades. Of course, if a student

was required to take tests which did not count toward his
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grade on several occasions, he may develop a negative attitude

toward the course. It is strongly recommended that course

designers take into account student ability levels, unit

difficulty levels, and student performance before establishing

such contingencies.
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APPENDIX A
EXPERIMENT ONE

PERCENT CORRECT ON FIRST ATTEMPTS ON EACH UNIT BY STUDENT

Group 1

Unit
Student 2 3 4 5 6 7 8 9

1 45 75 80 40 70 90 45 65
2 95 90 90 60 80 70 25 30
3 80 60 70 40 70 70 45 45
4 75 85 100 90 65 90 70 70
5 80 80 75 90 85 90 65 70
6 50 80 35 35 85 60 80 70
7 75 85 70 85 60 90 55 80
8 90 100 90 80 90 95 100 75
9 45 30 30 40 10 40 0 0

10 50 55 75 50 75 60 40 55
11 75 70 80 70 80 95 60 85
12 100 95 75 75 90 95 90 75
13 90 80 65 70 90 100 85 80
14 80 70 60 80 60 65 40 45
15 45 95 90 90 95 90 90 70
16 30 80 70 80 50 90 55 40
17 65 80 75 95 80 90 75 75
18 90 95 90 90 85 70 95 80
19 50 70 60 30 05 55 15 0
20 65 80 80 55 60 90 65 90
21 65 85 70 50 95 85 65 60
22 75 95 90 90 95 95 90 70
23 90 75 80 90 65 65 40 70
24 55 75 45 40 20 80 25 50
25 50 75 45 55 65 30 45 40
26 65 35 15 45 30 60 50 30
27 80 95 70 70 65 100 80 90
28 70 55 85 75 60 85 80 70
29 45 50 35 65 75 60 60 50
30 45 90 70 75 90 95 80 65
31 100 85 35 90 95 80 45 80
32 40 95 40 50 70 90 55 80

X = 67 .34 77.03 66.88 66.88 69.06 78.75 59.69 61.09
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APPENDIX B
EXPERIMENT TWO

PERCENT CORRECT ON FIRST ATTEMPTS ON EACH UNIT BY STUDENT

Group 1

Unit
Student 2 3 4 5 6 7 8 9

1 35 50 90 80 15 50 85 65
2 55 80 80 80 50 90 55 70
3 50 65 60 60 70 70 40 50
4 70 65 65 70 50 85 70 65
5 70 90 90 70 80 70 70 75
6 70 50 65 50 40 65 40 40
7 90 85 90 75 80 100 80 85
8 75 95 85 80 80 90 95 85
9 65 45 70 85 80 95 70 80

10 40 80 55 65 25 45 35 70
11 55 90 95 90 75 65 90 90
12 80 70 80 70 55 85 90 85
13 80 95 75 90 95 80 90 90
14 95 95 75 75 90 85 95 95
15 50 40 70 55 85 85 80 65
16 65 85 90 80 45 75 70 80
17 75 80 95 95 95 80 75 70
18 70 80 75 70 85 95 85 80
19 60 70 85 95 95 95 90 75
20 100 90 95 85 70 85 85 90
21 55 25 90 90 95 35 90 70
22 85 75 100 90 75 95 85 90
23 80 75 80 70 60 85 70 70
24 60 90 55 70 50 80 70 85
25 80 65 90 90 55 65 95 90
26 75 55 80 80 60 90 80 75
27 80 85 85 90 95 80 85 85
28 40 70 75 85 65 70 65 65
29 85 80 90 80 80 90 90 90
30 70 90 95 85 90 85 80 85
31 35 0 65 55 60 45 45 75
32 80 75 95 75 70 50 85 85
33 75 45 60 85 80 85 70 80
34 50 60 90 75 70 40 90 90
35 40 80 70 75 70 80 60 70
36 15 35 80 70 55 70 50 80
37 75 35 45 75 60 50 85 70
38 65 50 70 50 65 70 75 95

X = 65 .66 68.16 78.95 76.58 68.82 75.13 75.26 77.76
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APPENDIX C
EXPERIMENT ONE

NUMBER OF TESTS TAKEN ON EACH UNIT BY STUDENT

Student 2 3

12 2
2 11
3 2 2
4 2 2
5 2 2
6 2 1
7 2 2
8 11
9 2 1

10 2 2
11 2 1
12 11
13 1 2
14 1 2
15 2 1
16 2 2
17 2 2
18 1 1
19 1 1
20 2 2
212 2
22 2 1
23 1 2
24 2 1
25 2 1
26 2 2
27 2 1
28 2 2
29 2 2
30 2 1
31 1 2
32 2 1

X = 1.72 1.53

Group 1

Unit
4 5 6

3 3 2
12 2
5 4 2
112
2 12
3 2 2
2 3 2
12 1
112
2 2 2
3 2 2
2 2 1
2 3 1
3 3 2
111
4 2 2
3 12
112
13 2
2 3 2
2 3 1
111
3 12
5 11
2 2 1
2 2 2
2 3 2
12 2
3 2 2
3 3 1
2 11
2 4 2

2.22 2.09 1.69

7 8 9

2
2
1
1
2
12 1
111
2 4 2
2 2 1
12 3
112
12 3
2 3 3
111
14 2
13 2
2 11
2 3 4
14 1
2 2 2
111
2 2 2
14 4
2 13
2 3 4
12 1
111
2 3 3
112
2 2 1
15 2

1.44 2.25 2.00
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APPENDIX D
EXPERIMENT TWO

NUMBER OF TESTS TAKEN ON EACH UNIT BY STUDENT

Group 1

Unit
Student 23456789

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

3
1
2
3
2
2
1
2
3
2
2
1
2
1
3
1
3
2
2
1
2
1
2
2
2
2
1
3
2
2
3
3
1
3
2
3
2
2

2
1
3
2
1
3
2
1
2
2
1
1
1
1
3
2
2
2
2
1
2
2
2
1
3
3
1
2
3
1
2
2
2
2
2
3
2
2

1
1
2
3
1
2
1
2
1
2
1
2
1
1
3
1
1
2
2
1
1
1
3
2
1
2
2
3
1
1
2
1
2
1
2
1
2
2

1
1
3
3
2
1
2
2
2
2
1
3
1
1
2
2
1
2
1
2
1
1
2
2
1
2
1
2
2
2
1
3
1
2
3
1
2
2

2
1
3
3
2
2
2
2
2
2
1
2
1
1
3
2
1
1
1
1
1
1
2
3
2
2
1
3
3
1
3
2
1
2
3
1
3
2

3
1
2
3
2
1
1
1
1
2
2
3
2
1
3
2
2
1
1
2
2
1
2
2
2
1
2
2
1
2
2
3
1
2
3
1
2
2

1
1
2
3
1
1
3
1
3
2
1
1
1
1
2
2
2
2
1
2
1
1
2
2
1
2
2
2
1
2
1
2
2
1
2
1
2
2

1
1
1
1
2
2
1
1
3
1
1
3
1
1
2
1
2
2
1
1
1
1
2
2
1
2
2
1
1
1
2
1
1
1
3
1
1
1

X = 2.03 1.92 1.61 1.74 1.87 1.82 1.63 1.42
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Student 2

1 2
2 2
3 1
4 2
5 1
6 1
7 2
8 2
9 1

10 2
11 2
12 2
13 1
14 1
15 1
16 3
17 1
18 2
19 1
20 2
21 3
22 1
23 2
24 3
25 1
26 2
27 1
28 2
29 1
30 2
31 1
32 1
33 1
34 2
35 2
36 2

= 1.64

APPENDIX D - Continued

Group 2

Unit
3 4 5 6 7

1
1
1
1
1
1
1
2
1
1
2
1
2
2
1
3
2
2
1
2
2
1
2
2
1
1
1
2
1
2
1
1
2
1
1
1

1.42

1
2
1
2
3
2
2
2
2
3
3
2
2
1
1
1
2
2
1
3
1
2
3
2
2
2
1
1
3
3
2
2
2
2
2
1

1.92

1
2
1
1
2
1
3
2
2
2
3
2
1
1
1
3
2
3
1
3
2
1
2
2
1
2
1
1
3
2
3
2
2
3
2
1

1.86

2
3
2
1
1
2
2
2
2
2
2
1
1
2
2
1
2
3
1
2
1
1
2
3
1
2
3
1
2
3
2
3
2
1
1
2

1.83

1
2
1
2
1
1
2
1
2
1
1
2
1
2
1
2
1
2
1
1
1
1
1
2
1
1
1
1
2
3
1
3
1
1
2
2

1.44

8

1
2
2
2
1
1
3
1
1
3
2
2
3
1
1
3
2
3
1
3
1
2
2
1
1
2
1
2
3
3
3
1
2
3
1
2

1.89

9

1
3
2
2
1
3
2
1
2
1
3
1
2
1
1
2
1
2
1
3
1
2
2
2
1
1
1
2
1
2
2
3
1
2
1
2

X 1.69



APPENDIX E
EXPERIMENT ONE

PERCENT CORRECT ON BEST ATTEMPT ON EACH UNIT BY STUDENT

Group 1

Unit
Student 2 3 4 5 6 7 8 9

1 60 80 90 60 90 90 80 65

2 95 90 90 90 100 85 95 80

3 80 95 100 80 85 70 75 45

4 80 100 100 90 80 90 90 90

5 90 80 90 90 90 90 100 85

6 65 80 95 90 85 75 80 80

7 90 90 100 95 80 90 90 80

8 90 100 100 90 90 95 100 75

9 55 30 30 40 35 65 65 35

10 65 80 80 80 80 85 70 55

11 95 70 90 90 95 95 90 90

12 100 95 95 95 90 95 90 80

13 90 95 75 95 90 10 0 90 100

14 80 70 90 90 65 85 90 60

15 100 95 90 90 95 90 90 70

16 75 85 95 90 75 90 95 80

17 80 90 100 95 85 90 95 90

18 90 95 90 90 90 100 95 80

19 50 70 60 85 60 80 60 80

20 70 90 90 100 90 90 85 90
21 70 90 90 95 95 85 90 95

22 95 95 90 90 95 95 90 70

23 90 90 95 90 90 95 85 90

24 55 75 75 40 20 80 90 55

25 60 75 80 80 65 95 45 55

26 90 90 80 85 85 95 75 95

27 80 95 90 85 90 100 95 90

28 85 70 85 80 80 85 80 70

29 85 95 95 90 80 80 90 75

30 65 90 100 80 90 95 80 85

31 100 100 95 90 95 100 95 80

32 80 95 90 85 90 90 95 90

X = 79.84 Í35.63 137.34 135.16 82.03 ¡38.91 85.47 76.88
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APPENDIX E - Continued

Group 2

Unit
Student 2 3 4 5 6 7 8 9

1 55 80 60 90 90 90 80 75

2 70 80 55 80 90 70 55 85
3 90 100 90 85 90 90 90 100
4 90 95 95 100 90 95 80 80
5 80 95 95 90 100 95 90 80

6 90 60 65 75 85 85 50 65
7 95 90 90 80 90 90 90 90
8 90 90 90 85 95 90 75 80
9 30 75 65 75 70 75 35 80

10 90 90 90 85 100 95 90 90
11 90 90 95 95 95 95 90 80

12 90 90 90 90 90 90 85 95
13 90 90 90 70 95 90 90 80
14 90 90 80 80 85 90 85 95
15 60 65 40 70 65 60 70 65
16 95 100 90 90 95 90 90 70
17 90 95 100 90 90 95 80 95
18 60 90 75 80 90 90 70 65
19 90 95 90 80 95 95 85 75
20 90 95 90 100 95 100 80 85
21 85 95 90 80 90 90 80 65
22 90 85 80 80 80 90 70 90
23 90 90 95 100 95 90 90 85
24 80 90 90 90 85 90 65 80
25 90 90 90 95 90 90 75 90
26 100 90 90 95 90 95 75 90
27 75 70 80 85 90 90 75 80
28 90 90 90 90 85 90 65 80
29 95 90 90 90 95 100 95 90
30 90 90 90 90 100 100 80 90

X = 83.67 87.83 84.00 86.17 89.83 89.83 77.67 82.33



APPENDIX F
EXPERIMENT TWO

PERCENT CORRECT ON BEST ATTEMPT PER UNIT BY STUDENT

Group 1

Unit
Student 2 3 4 5 6 7 8 9

1 90 90 90 80 80 85 85 65
2 55 80 80 80 50 90 55 70
3 80 100 90 75 90 95 85 50
4 85 90 80 80 85 85 70 65
5 90 90 90 95 90 95 70 85
6 70 90 70 50 80 65 40 65
7 90 95 90 95 100 100 90 85

8 90 95 95 90 90 90 95 85
9 90 90 70 85 95 95 90 100

10 75 80 85 65 65 85 65 70
11 90 90 95 90 75 100 90 90
12 80 95 90 90 95 90 90 90
13 90 95 75 90 95 95 90 90
14 95 95 75 75 90 85 95 95

15 85 90 95 70 95 85 90 85
16 65 85 90 80 85 90 80 80
17 95 95 95 95 95 100 85 95

18 85 95 100 90 85 95 85 80
19 90 90 90 95 95 95 90 75

20 100 90 95 90 70 95 95 90

21 90 90 90 90 95 90 90 70
22 85 90 100 90 75 95 85 90

23 80 80 95 80 75 90 90 95

24 95 90 85 85 85 100 85 85

25 100 100 90 90 85 95 95 90

26 95 85 95 90 95 90 95 90

27 80 85 90 90 95 90 90 85

28 95 90 95 85 90 70 65 65
29 90 90 90 100 90 90 90 90

30 80 90 95 90 90 100 95 85
31 75 70 90 55 85 70 45 75

32 95 95 95 95 90 85 90 85
33 75 90 80 85 80 85 70 80
34 90 95 90 90 95 95 90 90

35 65 95 90 90 95 95 85 85

36 85 90 80 70 55 70 50 80

37 80 90 75 75 75 80 95 70

38 90 75 80 70 100 90 95 95

X = 84.61 89.74 88.03 83.68 85.66 89.34 82.50 81.97
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APPENDIX F - Continued

Group 2

Unit
Student 2 3 4 5 6 7 8 9

1 90 100 90 90 95 100 80 95

2 95 65 90 90 85 80 90 80
3 85 75 95 85 95 95 95 80

4 90 90 90 95 90 100 75 80

5 65 85 70 85 70 65 50 45

6 65 75 80 70 90 90 55 100
7 85 75 90 85 90 75 70 65

8 85 90 65 80 80 70 60 70

9 65 75 90 95 90 85 70 90

10 90 90 80 90 90 90 85 90
11 65 45 85 75 75 80 70 70
12 95 90 100 85 90 95 95 80

13 95 90 95 95 95 80 100 100

14 90 100 95 90 90 95 85 80

15 95 90 100 95 100 100 95 95

16 75 85 90 75 80 90 65 70

17 65 75 80 100 90 70 80 65

18 95 90 90 90 95 90 70 90

19 70 95 95 80 85 90 90 85

20 80 85 95 90 95 90 80 90

21 95 100 90 95 90 100 80 85

22 95 100 100 90 80 100 95 90

23 85 90 80 90 100 95 80 85

24 95 95 90 90 85 95 90 95

25 90 85 95 70 80 95 60 75

26 95 95 90 95 95 100 90 70

27 100 95 90 90 100 95 90 75

28 85 75 65 80 90 90 60 80

29 90 90 95 75 100 95 90 95

30 85 90 95 90 90 85 85 70

31 80 95 100 100 85 95 90 90

32 80 75 90 90 90 90 90 80

33 90 90 100 80 90 90 95 80

34 90 90 90 85 90 90 85 95

35 95 95 95 90 95 90 90 85

36 100 95 95 80 90 95 100 80

X = 85.56 86.67 89.58 86.94 89.92 89.44 81.94 81.94
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