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THE EFFECTS OF ERROR RATE, KNOWLEDGE OF CORRECT

RESULTS AND TEST ANXIETY IN LINEAR PROGRAM

INTRODUCTION

Operant conditioning principle provides the theoretical frame-
work for programmed learning. According to Skinner (1954), an organism
learns a response when he emits that response and is immediately rein-
forced. An optimal learning condition is a situation in which the orga-
nism is guided toward predetermined goals through a series of small steps
of actions and receives immediate reinforcement. These small steps of
actions form a chain of progressive approximations of desired behavior
until the target behavior is performed by the organism. By breaking down
a complex behavior into a series of small actions and reinforcing right
after each successful action, the frequency of reinforcement can be
raised to maximum, while the aversive consequences of failure can be
reduced to minimum or be completely avoided. This "maximum success and
minimum failure" condition provides error-free learning which, according
to Cook and Mechner (1962) is not only simpler, but its effects improve
morale, motivation and retention.

Following this principle, in programmed learning, the programmer
presents a small amount of material followed by a question in frames. The
frames are so simple and interrelated that few of the subjects will miss
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the question. In addition, the most powerful strategy being used in the
programmed learning is to set up a contingency of reinforcement in the
learning process. The contingency is between the response and the rein-
forcer. A common reinforcer in programmed instruction is knowledge of
correct result (KCR) which is the correct answer following right after a
frame. Many psychologists, such as Taber, Glaser, and Schaefer (1965),
believe that KCR is an important variable in human learning. Angell
(1949), Melton (1947), and Pressey (1950) found that KCR significantly
enhanced performance in learning situations. Campeaﬁ (1968), and Ander-
son, Kulhavy, and Andre (1972) found that KCR enhanced learning in pro-
grammed instruction.

Surprisingly, other psychologists (Becker, 1964; Feldhusen &
Birt, 1962; Yough & Revin, 1963; Kulhavy, Vekovich, & Dyer, 1976; Moore
& Smith, 1961, 1964; Ripple, 1963; Travers, Wagenen, Haygood, & McCormick,
1964) reported that no significant difference was found in acquisition or
retention, between KCR and no~KCR conditions. One explanation for these
apparently contradictory results involves the difficulty of the program.
It is believed that when the program is easy, the subject is confident of
his answer, therefore, by-passing KCR. Melching (1966) conducted an ex-
periment which supported this explanation. In his experiment, feedback
was given only when subjects asked for it. He found that low ability
subjects asked 45 percent of the time, whereas, high ability subjects
asked for feedback on only 14 percent of the frames. Errors were made
on only 4 percent of the frames on which subjects did not ask for feed-
back. On the other hand, errors were made on 28 percent of the frames

on which feedback was requested. 1In addition, it is believed that the
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easy program consists of too many copying behaviors, so the subject reacts
to the frames less actively. As a result, the subject learns less well.
Under such conditions, it is argued that KCR shows no effect.

Some psychologists (Cram, 1961; Crowder, 1961; Lumdaine, 1965)
questioned the idea of using "error-free' program to maintain the maximum
success and minimum failure conditions. They believed that the aversive
consequence caused by error in the program may even be an important vari-
able in the learning process. They contended that a learning situation
should produce a slight rise in tension followed by tension reduction
after the response is emitted. Error in programmed instruction can serve
this purpose.

Following this belief, instead of an "error-free" program, an
ideal prograimn should have a moderate error rate to maintain the subject's
motivation. This belief violates Skinner's idea of maximum reinforcement
in the learning situation. Many psychologists (Berglund, 1969; Glaser &
Taber, 1961; Hartley, 1974; Holland, 1965) supported the idea of moderate
error rate in the program. They contended that KCR was more important
when the program had a moderate error rate.

In programmed instruction, the motivational aspect has been de-
fined in terms of experimentally manipulable external conditions. The
internal source of motivation has usually been ignored. Some psycholo-
gists (Taylor, 1951; Taylor & Spencer, 1952) looked at the internal drive
state of the subject and found that there was a relationship between the
performance in the learning situation and the level of total drive. They

developed a drive theory based on Hull's (1943) system. According to this
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theory, total effective drive is determined by a summation of all extant
need states, both primary and secondary. Thus, the higher the drive
level, the greater the response strength.

One operational definition of intermal drive is anxiety as
measured by either the Manifest Anxiety Scale (Taylor, 1953) or the
Achievement Anxiety Test (Alpert & Haber, 1960). Anxiety is assumed to
interact with the number and comparative strengths of correct and incor-
rect tendencies. When the correct response is weaker than other compet-
ing response tendencies, the high drive subject should be inferior in
performance to low drive subject, because the competing responses divide
his strength of response tendency. While in situations where the correct
response is stronger than other response tendencies, the high drive sub-
ject, because of a higher strength of response tendency for a single
response, will be superior in performance than the low drive subject.

Wine (1971) concluded that the performance difference between
high and low test anxious subjects was largely due to a difference in
the attentional focuses of high and low test anxious subjects during task
performance. When performing a task, the low test anxious subject focuses
on task relevant variables, while the high test anxious subject focuses
on self-evaluative, self-deprecatory thinking, and perception of autonomic
response. As a result, in a difficult learning situation which requires
full attention for adequate performance, the high test anxious subject
might divide his attention between internal cues and task cues. He,
therefore, performs poorly. Taylor's (1951) conditioned eyelid response
experiment and Nicholson's (1958) verbal learning experiment supported

this kind of explanation.
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Sarason and Ganzer (1963) contended that high anxious subjects
were more motivated to receive reinforcement than were low anxious sub-
jects. Campeau (1968) stated that KCR produced superior achievement for
high test anxious subjects for two reasons: 1) providing KCR would con-
stitute a low threat condition, because the test-like aspect of the
learning task is removed, and 2) providing KCR as confirmation will rein-
force task relevant response. In his experiment, he found that high test
anxious female subjects did significantly better under KCR conditions
than under no-KCR conditions, while low test anxious female subjects
showed no significant difference under KCR and no-KCR conditions. But,
under no-KCR conditions, low test anxious female subjects did significant-
ly better than high test anxious female subjects. Kight and Sassenrath
(1966), using a linear program on test construction and evaluation, found
that the high test anxious subjects worked faster and made fewer errors
than the low test anxious subjects. They explained that the high test
anxious subjects might be able to derive greater benefit from KCR and
thereby had a better performance.

Based on these findings, this study attempts to clarify some of
the apparent contradictions and to relate error rate and KCR with test
anxiety.

If, as reinforcement theory stresses, a subject learns from the
consequence of his responding, not from the making of response itself,
then KCR in programmed instruction is the key factor in maintaining the
response tendency. It is, therefore, argued that KCR should facilitate
learning, especially when the material is relatively difficuit. Though

study after study indicates that KCR in low error rate program did not
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show an effect as a reinforcer, and many psychologists hypothesized that
KCR should facilitate learning in a moderate error rate program, very few
studies have been conducted to test this hypothesis. Therefore, this
study will try to find out the effect of KCR in low error rate program
and moderate error rate program.

Traditionally, in programmed instruction, the internal aspect of
motivation has long been ignored, though many psychologists have shown
that drive level as measured by test anxiety affects learning in many
situations, the relationship among error rate, KCR and test anxiety is
not clear.

Since drive level indicates the strength of response potential-
ity, the high test anxious subject will be superior in performance in
these situations: 1) where the stimulus elicits strong task relevant
responses, accompanied by few weak competing task irrelevant responses,
such as in an easy learning situation, 2) where KCR is provided. There-
fore, it is hypothesized that the performance of subjects with high test
anxiety will be superior to that of low test anxiety subjects in low
error rate program, especially with KCR.

Therefore, the following hypotheses will be tested:

1. Providing KCR in the low error rate program will enhance
learning for both high and low test anxiety subjects. The subject work-
ing under KCR condition will be superior in performance than the subject
working under no-KCR condition.

2. Providing KCR in the moderate error rate program will
enhance performance for both high and low test anxiety subjects. The
subject working under KCR will be superior in performance than the sub-

ject working under no-KCR condition.
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3. In a low error rate program, since test anxiety produces
greater response strength in an easy task, the high test anxiety subject
will do significantly better than the low test anxiety subject.

4. 1In addition to task cues, the high test anxiety subject also
focuses on internal cues which are irrelevant to task performance. There-
fore in a moderate error rate program, the high test anxiety subject will
do significantly worse than the low test anxiety subject.

5. 1In the moderate(error rate program, the high test anxiety
subject will do significantly Setter in KCR condition and significantly

worse than the low test anxiety subject under no KCR condition.



METHOD

Subjects

One hundred and forty-four university level undergraduate
students were seiected from introductory psychology classes (70 students)
and educational psychology classes (74 students) in the spring semester
1977. They were required to participate in an experiment for the respec-

tive courses in which they enrolled.

Materials

1. The Achievement Anxiety Test developed by Alpert and Haber
(1960) was used to measure test anxiety. This test consists of two
measures: a l0-item debilitating anxiety scale, and a 9-item facilitat-
ing scale. For the purpose of this study, only the debilitating anxiety
scale was used. The test-retest reliability for a 10-week interval is
.83, over an 8-month period is .76. The debilitating scale consists of
10 items which required the subject to respond to statement on a five-
point scale.

2. Two different error rate lessons were used in this study:
one with error rate of about 5 percent, the other with an error rate of

about 25 percent. The program selected for this study was The Diagnosis

of Myocardial Infarction, originally developed by Mechner, and revised
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by Tobias (1968). This program consists of two parts: the familiar and
the technical, both dealing with various kinds of damage to the heart,
their seriousness and reversibility, and the diagnostic significance of
ECG tracings taken from the fifth precordinal lead. The familiar part
consists of 54 frames, while the technical part consists of 89 frames.
Due to the time limit, only the first 60 items were used. According to
Tobias (1968), program difficulty, determined by the percentage of cor-
rect response to the program, was 96.6 percent and 81.3 percent for the
familiar and technical parts, respectively, a difference significant
beyond the .001 level.

To determine whether the error rate obtained by Tobias held
true for this group of subjects, a pilot study was run to determine the
error rate. Fifteen subjects took the familiar part, and 19 subjects
took the technical part. An error rate of 6.5 percent for the familiar
part, and an error rate of 24.7 percent for the technical part were ob-
tained. An error rate for the familiar part based on 40 subjects in
this study is 5.0 percent, and 22.4 percent for technical part based on
40 subjects.

Four different lessons were constructed as follows:

1. Low error rate lesson with KCR. The low error rate lesson
with KCR contained the 54 frames of familiar information. Each frame
was presented on a 4 x 6 index card. Following each frame containing a
question was a frame contaiiaing the correct responses.

2. Low error rate lesson with no KCR. The low error rate
lesson with no KCR was the same as the low error rate lesson with KCR

except that KCR had been omitted.
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3. Moderate error rate lesson with KCR. The moderate error
rate lesson with KCR contained the first 60 frames of the technical part.
Each frame was presented on a 4 x 6 index card.

4. Moderate error rate lesson with 10 KCR. The moderate error
rate lesson with no KCR was the same as the moderate error rate lesson
with KCR except KCR had been omitted.

Two tests developed by Tobias (1968) were used. One test con-
sisting of 17 completion items, with 27 possible points, assessed acqui-
sition on the familiar part. A second test consisting of 6 completion
items with 61 possible points, assessed acquisition on the technical
part. The test for familiar part has an alpha reliability of .66, while
the test for technical part has an alpha reliability of .85. The relia-
bility data was based on a total number of 114 subjects. A scoring key

is also provided by Tobias.

Procedures

This study required two sessions. In the first session, sub-
jects were given the Achievement Anxiety Test. Subjects' scores on the
test were ranked. The upper one~third were considered as high test
anxious, while the lower one-third were considered as low test anxious.
The high test anxious group had a range of 31-47 and a mean score of
35.9 (total possible score was 50), while the low test anxious group had
a range of 17-27, and a mean score of 23.8. The high and low test anxi-
ety subjects were randomly assigned to one of the following learning
tasks: 1) low error rate lesson with KCR, 2) low error rate lesson with
no KCR, 3) moderate error rate lesson with KCR, and 4) moderate error

rate lesson with no KCR.
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In each learning task, there were 10 low test anxiety subjects
and 10 high test anxiety subjects. They were required to respond actively
to the program by giving a response to the frame. A booklet was pro-
vided for them to record their responses. At the end of the program,

subjects were given a test.



RESULTS

Since two different error rate programs and two different tests
were used in this study, data were analyzed separately for each program.

For the low error rate program, the means and standard deviations
are reported in Table I. The mean score for the high test anxiety sub-
jects was 20.6 under KCR condition, and 19.5 under no~KCR condition. The
mean score for low test anxiety subjects was 20.8 under KCR condition and
20.8 under no-KCR condition. A 2 x 2 analysis of variance with two levels
of treatment (KCR and no-KCR) and two levels of anxiety (high and low) was
performed. The results are reported in Table II. No significant dif-
ference was found between the performance of the high test anxiety subject
and the performance of the low test anxiety subject under KCR and no-KCR
conditions (F = 0.369 and 0.502, respectively). The interaction effect
between KCR and test anxiety was not significant. Figure 1 presents this
interaction.

For the moderate error rate program, the same analysis was
performed. The means and standard deviations are reported in Table III.
For the high test anxiety subjects, the mean score under KCR condition
was 44.7 (total possible score was 61) and 41.1 under no~-KCR condition.
The mean score for the low test anxiety subjects was 36.8 under KCR con-
dition and 43.4 under no-KCR condition. A two-way ANOVA was performed.

12
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The results are reported in Table IV. Neither of the F values for main
effects was significant (F = 0.108 and 0.376, respectively). The inter-
action effect between KCR and test anxiety was not significant (F = 1.247,

p = 0.271). Figure 2 presents this interaction. Therefore, all hypothe-

ses were rejected.
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TABLE I

MEANS AND STANDARD DEVIATIONS FOR LOW ERROR RATE PROGRAM

KCR NO-KCR
Test Anxiety Level M SDh M SD
High Anxious 20.7 3.4 19.5 3.7

(N = 10) (N = 10)
Low Anxious 20.8 1.3 20.8 3.4

(N

10) (N = 10)
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TABLE II

ANALYSTS OF VARIANCE FOR LOW ERROR RATE PROGRAM

Source SS df F P
Treatment 3.602 1 0.369 0.554
Anxiety 4.902 1 0.502 0.510
Treatment x Anxiety 3.598 1 0.368 0.555
Error 351.801 36
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TABLE IIIX

MEANS AND STANDARD DEVIATIONS FOR MODERATE ERROR RATE PROGRAM

KCR NO-KCR
Test Anxiety Level M SD M S
High Anxious 44,7 10.5 41.1 13.3
(N = 10) (N = 10)
Low Anxious 36.8 14.8 43.4 18.1

(N = 10) (N = 10)




ANALYSIS OF VARIANCE FOR MODERATE ERROR RATE PROGRAM
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TABLE IV

Source SS daf F P
Treatment 22.500 1 0.108 0.743
Anxiety 78.375 1 0.376 0.551
Treatment x Anxiety 260.125 1 1.247 0.271
Error 7511.000 36
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Figure 1. 1Interaction between Anxiety and Treatment on

the Low Error Rate Program.
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Figure 2. Interaction between Anxiety and Treatment on the

Moderate Error Rate Program.



DISCUSSION

The results of this study are in agreement with the results
reported by Hall (1969) in that no significant difference was found
between test anxiety levels and task difficulty levels under KCR
conditions and no-KCR conditions. Hypothesis l--that providing KCR in
the low error rate program will enhance learning for both high and low
test anxiety subjects~-~is not supported. Both subjects working under
no-KCR conditions did as well as subjects working under KCR conditions.
Hypothesis 2--that in a moderate error rate program, providing KCR will
enhance learning~--is not supported. This study indicates that providing
KCR does not enhance learning not only in the low error rate program,
but also in the moderate error rate program. Hypothesis 3--that high
test anxiety subjects will be superior in performance in the low error
rate program to the low test anxiety subjects--is not supported. Hy-
pothesis 4--that high test anxiety subjects will be inferior in perform-
ance in the moderate error rate program--is not supported. In this study,
test anxiety levels do not affect learning under either KCR or no-KCR
conditions in either low error rate program or moderate error rate
program.

In view of the results, KCR does not affect learning either in
the low error rate program or in the moderate error rate program. The
function of KCR in programmed instruction is not clear.

20
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Hypothesis 5--that in the moderate error rate program, the high
test anxiety subjects will be superior in performance under KCR condition
while being inferior in performance under no-KCR condition--is not sup-
ported in this study. The interaction effect among KCR, test anxiety
and error rate is not found.

There are several limitations in this study. One possible
reason that this study did not yield a significant difference might be
due to the selection of the subjects. Since subjects were required to
participate in the experiment for their respective courses, it was their
intention to participate in this study in order to obtain credit. They
understood that participation was the only thing required and their per-
formance in the program was irrelevant. Under such condition, anxiety
might not be actually aroused. As a result, the relationship between
KCR and test anxiety does not appear. For anxiety to be meaningfully
aroused, the task condition should be stressful and evaluative, so that
the subject will internalize his poor performance which causes feelings
of negative self-regard. Since this study did not present this kind of
stressful and evaluative situation, it is argued that the effect of test
anxiety may not fully operate in this study. Also, subjects came from
two different courses. Though they were randomly assigned to the learn-
ing tasks, there might be some variances which were not controlled.

Another limitation is the program and tests used in this study.
The program and tests have not been standardized, though the error rates
of both parts were found constant. But, the reliabilities of the tests
were relatively low (.66 for the familiar part and .85 for the technical

part).



SUMMARY

One hundred and forty-four undergraduates were administered the
Achievement Anxiety Test. Based on the scores on the Debilitating Anxi-
ety Scale, 40 subjects in the upper one~third were considered as high
test anxious, while 40 subjects in the lower one-third were considered
as low test anxious. The high test anxiety subjects were randomly divided
into four groups, each group consisting of 10 subjects. The low test
anxiety subjects were divided in the same manner. Then, the four groups
were randomly assigned to one of the following learning conditions: 1)
low error rate lesson with KCR, 2) low error rate lesson without KCR,

3) moderate error rate lesson with KCR, and 4) moderate error rate lesson
without KCR. Therefore, in each condition, there are 10 high test anxi-
ety and 10 low test anxiety subjects.

The Diagnosis of Myocardial Infarction was used as the program.

The familiar part of this program was used as low error rate lesson,
while the technical part was used as moderate error rate lesson. In the
no-KCR conditions, the frames remained the same as in .” ¢ KCR condition,
except KCR is omitted. In the learning task, subjects were required to
respond actively to the program, by recording their responses to the

frames in the booklet. After the learning task, subjects were given a

test. This study took two sessions and each session took about an hour.
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Two 2-way ANOVA were performed. No significant difference was
found in either main effects or interaction between treatments (KCR and
no-KCR) and anxiety levels (high and low) in both low and moderate error
rate programs. This study indicates that providing KCR does not enhance
learning in either low error rate program or moderate error rate program,
and that subjects' anxiety level does not affect their performance in
the low error rate program anc the moderate error rate program under KCR
and no-KCR conditions. The hypothesis that high test anxiety subjects
will be superior in performance in the low error rate program, while
being inferior in performance in the moderate error rate program is not

supported by this study.
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APPENDIX: PROSPECTUS



INTRODUCTION

Since Skinner's (1954) article on teaching, programmed instruc-
tion, in the forms of teaching machines and textbooks, has attracted very
much attention. The ideas that educational practices should not be aver-
sive and that contingency of reinforcement should be arranged into the
learning process provide fresh guidelines for teaching methods.

According to operant conditioning principle, an ideal learning
situation is a process whereby the subject is guided to behave toward
predetermined goals through a series of small steps of actions and con-~
sequent reinforcement. These small steps of actions form a chain of pro-
gressive approximation of behavior until the target behavior is performed
by the subject. It is believed that the subject learns a response, when
he emits that response and is immediately reinforced. The breaking down
of a complex response into a series of actions and reinforcing right
after each successful action, provide maximum reinforcement for the sub-
ject. It is obvious that the subject learning under such a condition will
experience maximum success and minimum failure.

Following this principle, in programmed instruction, the pro-
grammer presents a small amount of material followed by a question in
frames. The frames are so simple and interrelated that few of the sub-
jects will miss the questions. In addition, immediately after the subject
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makes a response, he can read the correct response. Therefore, he receives
knowledge of correct result (KCR) immediately after responding so that a
contingency between the question and response is established. This con-
tingency, according to Skinner, provides an optimal learning situation for
the subject.

To achieve a goal of optimal learning, the program is constructed
as "error-free" as possible. The purposes for this practice are based on
two assumptions:

1. Tc most human beings, to know that they have acted correctly
is reinforcing. 1In addition, to progress in a series of actions without
making a mistake,which has aversive consequence, has strong motivational
effect. As Taber, Glaser, and Schaefer (1965) said:

. . . Being able to move on, to get into and discover the fine
details of subject matter without being incorrect, frustrated or
punished for being wrong may be the most potent reinforcing conse-
quence in a programmed instructional sequence. (p. 10)

2. Though making a wrong response is aversive, once a wrong
response occurs, it will be strengthened. It is not desirable to practice
a wrong response and then to unlearn it because an opportunity to rein-
force a correct response has not been utilized. Though KCR can serve as
a corrective device, the tendency for the error to recur may not be com-
pletely eliminated. In fact, making a wrong response, even though the
consequences are aversive, may actually increase the probability that it
will reappear.

Senter's law (Seeman, 1964) states that it is impossible to write
an item so simple that no subject will miss it. Usually, a 5 to 10 per-
cent error rate is regarded as acceptable. Error rate is calculated by

dividing incorrect responses by total responses. However, not all
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psychologists feel that an incorrect response will impair learning, es-~
pecially by those who believe in Configurationist theory. According to
this theory, in some instances, error may actually be beneficial to the
learning process.

Crowder (1961) considered error to be important with respect to
motivation. He said:

+ « +» in connection with the motivational function served by

the questions in the material, that I have never been an advocate
of questions so easy that the learner rarely, if ever, makes an
error. 1 believe that the questions should be of sufficient level
of difficulty that the student has the feeling of earning the satis-
faction that he receives from getting an answer correct and I think
experience is accumulating that shows that if the questions asked
are too easy, the student loses motivation after a while. (p. 25)
Lumdaine (1965) also held the belief that too low an error rate might
impair performance.

On the other hand, Cram (1961) argued that error in programmed
instruction really did not affect achievement much because of:

1. The law of frequency. The subject may sometimes get a wrong
answer, but in each frame, he ultimately gets a correct answer. By chance,
he will get more right than wrong answers.

2. The law of recency. No matter how many wrong answers a sub-
ject may try in response to a frame, the right answer 1s always the last
one and is more likely to be remembered because it comes closest to KCR.

Theoretically, in programmed instruction, KCR should facilitate
learning. But, as Schram (1964) pointed out, study after study has shown
that programs teach as well when KCR is omitted. 1In order to have an
"error-free" program, cues or prompts are used to reduce the difficulty

level of the frame. As a result, the subject can get required information

from the frame rather than from KCR. "Error-free" programs may involve
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little more than copying behavior. The subject, working in the well-cued
program, acts less actively than in the program with higher error rate
and, as a result, may learn less well.

Here the contradiction arises. 1In order to have an "error-free"
program so that the subject may experience a maximum reinforcement, frames
are constructed to be as easy as possible. But, if the program is too
easy, the subject may not pay attention to KCR because he is confident of
his response. Therefore, KCR may not have a chance to show its effective-
ness as a reinforcer. Thus, the idea of maximum reinforcement is debata-
ble. Even Skinner's own experiment on schedule of reinforcement with
animals indicates that variable-ratio schedule of reinforcement is a bet-
ter method in the maintenance of a behavior. The variable-ratio schedule
of reinforcement violates the idea of maximum success and minimum failure.

Many psychologists (Glaser and Taber, 1961; Hartley, 1974; and
Holland, 1965) argued that KCR was doubtlessly more important when the
probability of error was kept low, as in a typical linear proéram, it be-
came less important to have KCR. According to this view, a moderate dif-
ficulty level should be maintained so that KCR can function as a reinforcer.

One of the problems in applying operant conditioning principle
to programmed instruction is the motivational effect. In experiments with
animals, the motivational effect is well controlled by depriving the ani-
mal of food for a period of time. With humans, this kind of manipulation
is impossible. Although it is impossible to manipulate the level of moti-
vation with humans as successfully as with animals, it is possible to look
at the level of anxiety of humans which is one indirect measure of moti-

vation. A theory of test anxiety advanced by Mandler and Sarason (1952),
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has been used to relate drive levels of the subject to the learning tasks
of different difficulty levels. This theory is based on Hull's (1943) the-~
ory which states that the total effective drive is determined by the sum-
mation of all extant need states, both primary and secondary. Therefore,
according to this theory, the higher the drive, the greater the response
strength.

Based on this theory, Mandler and Sarason (1952) developed a
theory relating the level of test anxiety to the degree of task difficulty.
According to this theory, whenthe task is presented to the subject, it
elicits anxiety. Since anxiety is an uncomfortable state, the subject
tries to reduce it by performing some responses. Thus, anxiety, in this
case, works as a drive to increase the response tendency. However, the
effect of an<iety as a drive depends on the degree of complexity of the
learning situation. In an easy learning task, such as classical condition-~
ing, the task elicits a strong task relevant response and few weak task
irrelevant responses. Under such condition, increasing anxiety increases
the strength of the response tendency and, thereby, facilitates perfor-
mance. In a difficult learning task, such as verbal iezrning, the task
may elicit a weak task relevant response and numerous strong task irrele-
vant responses. Under such condition, increasing anxiety will impair
performance.

Since test anxiety 1s a specific anxiety, elicited by some charac-
teristics of the learning task, KCR has an effect on the performance
because providing KCR removes the test-like characteristics of the task,
which is assumed to elicit anxiety. This would especially facilitate

learning for the high anxiety subject.



PURPOSES

Since KCR has been shown to be a powerful device in many learning
situations, the effect of KCR under different conditions should be ex-
plored. As many research results indicate, incorporating KCR into the
learning process may not facilitate performance under all conditions.
There may be an interaction of KCR with other wvariables. Since research
results have indicated that the omission of KCR does not affect perfor-
mance in low error rate programs, it is the purpose of this study to find
out whether there is a relationship between KCR and error rate.

A second purpose of this study is to propose and investigate a
reason for the relationship between KCR and error rate. This difference
exists because different levels of error rate affect the subject's anxiety
state. Thus, a high error rate program would produce relatively high
anxiety. The presence of KCR would reduce the anxiety, while KCR would be
less important in a low error rate program because the program would gen-

erate less anxiety.
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REVIEW OF LITERATURE

KCR

As Porter (1957) points out, almost all tasks require some sort
of sensory feedback from the environment. KCR in programmed instruction
serves that kind of function. In the experimental situation, the group
that receives KCR can learn more rapidly, and reach a higher level of pro-
ficiency, than the group that does not receive KCR. This effect has been
demonstrated for widely different tasks, from the range-finding experiment
to college quiz situations (Pressey, 1950; Angell, 1949). The subject can
correct his performance on the basis of information about the direction
and the amount of error. For example, in Melton's (1947) training experi-
ments with gunners using the B-29 Pedestal Sight Manipulation test, the
gunners who received KCR could do much better than those gunners who
received no KCR.

KCR also has a motivational effect. Ammons (1956) believed that
the most common effect of KCR was to increase motivation. Elwell and
Grindley (1938), in a two-hand coordination test, reported that the sub-
jects who received KCR were more alert and reported enjoying themselves,
while those subjects who were deprived of KCR were bored, more often late
to experimental sessions, and less careful. However, the relationship
between KCR and motivation is not linear. Ammons (1956) said:
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In general, the more a subject knows about what and how he is
doing, the more highly motivated he is likely to be. However, moti-
vation does not always increase with increasing knowledge. There is
probably little affect when the subject is already performing at a
high level of proficiency, and increasing knowledge may actually
lead to a decrease in motivation when he is doing poorly. (p. 286)

Under what conditions can KCR facilitate learning? Thorndike
(Hartley, 1974) contended that KCR led to better learning when: 1) the
learner is motivated, 2) KCR is informative, and 3) the learner knows or
is told what to do to correct the error.

Mann, Fernald Jr., and Fernald (1969) argued that the improved
performance associated with KCR may be attributed to the following cir-
cumstances: 1) repetition of responses known to be successful, 2) at-
tempts to correct responses known to be inadequate, and 3) enhances moti-

vation, in the sense that subjects working with KCR find the task more

interesting and try harder to improve their performance.

Error Rate

Error rate has been considered as the factor which influences
the effect of KCR in programmed instruction. According to Amsel (1960),
elimination of errors in performance might not always promote the most
efficient learning. He argued that in a situation where a stimulus elic-
ited several weak responses, making an error might confuse the subject
further.

In his review of programmed instruction, Holland (1964) found
that six experiments which reported no significant difference between the
group receiving KCR and the group receiving no KCR had in common the use
of programs with low error rate. He explained that in low error rate

programs, the subjects had little doubt of the correctness of their
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answers, so KCR is unimportant. He further pointed out that most studies
showing an advantage used multiple-choice items with high error rate. He
contended that the relationship between item difficulty and KCR might be
indicative of the nature of the reinforcer in the program. With difficult,
high error rate programs, KCR might be important. Hartley (1974), after
reviewing programmed instruction over a period of 20 years (1954-1974),
reported the same finding.

There are two studies reporting significant difference between
the group recieving KCR and the group receiving no KCR using moderate
error rate programs. Anderson, Kulhavy, and Andre (1972), using a lesson
on diagnosis of Myocardial infarction, reported that the subjects receiv-
ing KCR showed greater learning than those subjects receiving no KCR.
Another study reporting significant difference between the group receiving
KCR and the group receiving no KCR was conducted by Meyer (1960). She
used a program which built vocabulary by using prefixes and suffixes.
This program has an error rate of 14 percent.

On the other hand, there are many studies reporting no signifi-
cant difference between the group receiving KCR and the group receiving
no KCR using low error rate programs. Ripple (1963) compared teaching
material in a variety of forms, including a standard programmed test with
or without KCR. He reported that KCR did not contribute to increased
learning.

Moore and Smith (1964), using Holland-Skinner's psychology pro-
gram (Holland and Skinner, 1961), reported that there was no significant
difference between the subjects who received KCR and the subjects who

received no KCR. They explained that this was due to two reasons:
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1. The group receiving no KCR might have received feedback from
succeeding frames or from the frames being studied, since low error rate
programs are usually well-prompted.

2. The group receiving no KCR might have been forced to respond
more actively to the program. As a result, they learned as well as the
group receiving KCR.

Feldhusen and Birt (1962) presented a short program with an error
rate of 14 percent to college students under nine different conditions.
They concluded that the subjects receiving no KCR did not learn signifi-
cantly different from the subjects receiving KCR.

Hough and Revsin's (1963) study provided a test of Holland's
conclusion. They used a program with an error rate of 2 percent on three
different pr.osentation modes. They contended that in low error rate
programs, when the students knew that their responses were right, KCR was
redundent. This finding supports Holland's conclusion.

Kulhavy, Vekovich, and Dyer (1976) provided a model which assumed
that confidence in a response was at least as important as its correctness
in determining how KCR was used. When the subject selects a right re-
sponse that he is sure of, the chances are good that he does little more
than briefly check to see that it matches KCR before continuing instruc-
tion. However, when the subject is confident of the response, and dis-
covers it is wrong, in this case, KCR should have its greatest corrective
effect because the subject understands the material and is likely to
spend additional time trying to locate and correct the mistake. Travers,
Van Wagenen, Haygood, McCormick (1964) found no difference between saying
"right" and giving no comment, when the subject was correct. When he

was wrong, there was a great advantage in giving him the right response
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in addition to telling him that he was wrong. This finding seems to sup-
port Kulhavy's assumption.

Becker (1964) stated that the subject, using a program in which
the steps were kept small and the program was well-prompted, would learn
without KCR. He used a program on Time Credit Loans, with 180 frames,
and reported that the group that received KCR did not learn significantly

differently from the group that recs~ived no KCR.

Test Anxiety

Test anxiety has been considered as a drive and a stimulus.
According to Hull (1943), test anxiety adds to the total drive present
and increases the reaction potential of all responses being evoked in the
situation. Since reaction potential is a multiplicative function of habit
strength and drive, an increase in drive would result in a relatively
greater augmentation of reaction potential for those responses with strong
habit strength than those which are weaker.

Mandler and Sarason (1952) held an alternative position. Accord-
ing to them, test anxiety can serve as drive-stimulus which may elicit
competing responses, facilitating responses or both. Competing responses
are those responses which are task irrelevant. According to this posi-
tion, when the material is presented to the subject, it elicits anxiety.
Since test anxiety can work as a drive to increase the reaction potential,
the subject with high test anxiety has higher reaction potential and has
better performance in the learning task.

Taylor (1951) maintained that anxiety could produce a total
effective drive state, and that this value was a determiner of the strength

of the conditioned response. Using MMPI to measure anxiety levels of her
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subjects in a conditioned eyelid response experiment, she demonstrated
that anxious group was consistently superior in degree of conditioning
throughout the course of the conditioning trials. Mandler and Sarason
(1952) stated that anxiety interfered with the perfrrmance only of those
subjects who have a habitual class of self-oriented interfering responses.
For those subjects who do not have a habitual class of interfering re-
sponses, anxiety may facilitate response which is task relevant. Since
eyelid response is a classical conditioning response with few competing
responses, high anxious subjects have a higher drive level. As a result,
they performed better in Taylor's experiment.

Wine (1971) contended that the difference between high and low
test anxiety subjects was largely due to the attentional focus difference
during the task performance. The low test anxiety subject is internally
focused on self-evaluative, self~deprecatory thinking, and perception of
his autonomic responses. Thus, he has a disadvantage in a difficult task
or evaluative situation. Since he has to divide his attention between
internal cues and task cues, he can not pay full attention to the task and
perform the task adequately.

Nicholson (1958) argued that difficult tasks were more likely to
increase the anxiety level of high test anxiety subjects than easy tasks.
The difficulty of the hard task would cause an evaluation on the part of
the high test anxiety subject that he was a failure because of his ineffi-
cient learning. This feeling of inadequacy will be a threat to his self-
esteem and raise the level of anxiety. Consequently, the subject will
have a disadvantage in performance with difficult tasks as opposed to

easy tasks. In his experiment, he compared the verbal learning of his
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high and low test anxiety subjects under task-orienting and ego-orienting
instruction. He reported a significant difference between anxiety levels
and performance under ego-orienting task, but not under task-orienting
tasks.

Mandler and Sarason (1958) investigated the influence of test
anxiety on the performance of typical intelligence test items. They re-
ported the following findings:

1. As the learning process proceeded, the scores of high test
anxiety subjects tend to improve.

2. A progress report (success or failure) elicited improved per-
formance for the low anxiety group but depressed performance for the high
test anxiety group.

3. The optimal conditions for a high test anxiety group are
those in which no further reference is made to the testing situation, and
the optimal conditions for a low anxiety group are those in which the sub-
jects are given a failure report.

Meunier and Rule (1967) conducted an experiment to assess the
role of judgmental confidence in determining differential conformity for
high and low test anxiety subjects. They found that following a success,
failure, or no feedback experience on matching lengths of lines, high
and low test anxiety subjects interpreted the lack of feedback on perfor-
mance differently. The confidence level of high test anxiety subjects
receiving no feedback on performance coincided with their confidence fol-
lowing failure, whereas, the confidence level of low test anxiety subjects

receiving no feedback on performance coincided with their confidence level

following success.
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Montague (1953), using three different values of association
(25.5%, 42.7% and 90%) in 21 paired associated learning task involving
nonsense syllables, tested the hypothesis that the effect of test anxiety
as a drive in a learning situation depends on the degree of complexity of
the learning task. He reported that high test anxiety subjects performed
less well than low test anxiety subjects on the high association value
items and showed greater improvement of performance as the learning task
became easier, and surpassed low test anxiety subjects on the task with
the least number of incorrect tendencies.

Campeau (1968) contended that this negative effect happens only
in the test-like situation. When the threat of evaluation is removed from
the situation, task irrelevant response may be reduced and thereby facil-
itate performance. He assumed that KCR produced superior achievement for
high test anxiety subjects because of two reasons:

1. Providing KCR would constitute a low threat condition which
would minimize task-irrelevant responses to anxiety by reducing that
anxiety.

2. Task-relevant responses would be reinforced by providing KCR
as confirmation. Under KCR learning situation, since KCR is expected to
reduce test-like aspects of the task, subjects with high test anxiety
would perform better than subjects with low test anxiety. Under no KCR
condition, since withholding KCR is expected to accentuate the test-like
aspects of the task, anxiety produced by this condition would increase
the arousal of task-irrelevant responses, thereby impairing performance.
In his experiment, he found: 1) high test anxiety female subjects did

significantly better under KCR condition than under no-KCR condition;
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2) low test anxiety female subjects did significantly better than high
test anxiety female subjects under no-KCR condition; 3) low test anxiety
female subjects did as well under KCR condition as they did under no-KCR
condition; and 4) these differences cannot be found in male subjects.
Therefore, he concluded that programmed procedure should be adapted to
individual differences in test anxiety level and sex.

Programmed instruction has been considered as one valuable tech-
nique to test the hypothesis of the effect of test anxiety on performance
because the subject's rate of performance can be easily recorded and the
error rate is kept intentionally low. As Grimes and Allinsmith (1961)
pointed out, high test anxiety children work best in highly structured
situations. Since programmed instruction does represent a fairly well-
structured, uon-stressful situation, it would seem plausible to expect
the high test anxiety subjects to do better. Kight and Sassenrath (1966),
using a linear program on test construction and evaluation, reported that
high test anxiety subjects worked faster and made fewer errors than low
test anxiety subjects. They explained that the high test anxiety subjects
were able to derive greater benefit from KCR and thereby had a better

performance.



HYPOTHESES

Based on these findings, this study attempts to clarify some of
the apparent contradictions by relating error rate and KCR with test
anxiety. Five hypotheses will be tested:

1. Providing KCR in the low error rate program will enhance
learning for both high and low test anxiety subjects. The subject working
under KCR condition will be superior in learning to the subject working
under no-KCR condition.

2., Providing KCR in the moderate error rate program will enhance
learning for both high and low test anxiety subjects. Subjects working
under KCR will be superior in learning to subjects working under no-KCR.

3. In a low error rate program, since test anxiety produces
greater response strength in an easy task, the high test anxiety subjects
will do significantly better than the low test anxiety subjects.

4. 1In addition to task cues, the high test anxiety subjects
also focus on internal cues which are irrelevant to task performance.
Therefore, in a moderate program, high test anxiety subjects will do sig-
nificantly worse than low test anxiety subjects.

5. In the moderate error rate program, the high test anxiety
subject will do significantly better under KCR condition and significantly
worse under no-KCR condition than the low test anxiety subject.
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METHOD

Subjects

One hundred and fifty university level undergraduate students
will be selected from introductory psychology and educational psychology

classes.

Materials

1. The Achievement Anxiety Test developed by Alpert and Haber
(1960) wili be used to measure test anxiety. This test consists of two
measures: a l0-item debilitating anxiety scale and a 9-item facilitating
scale. As test anxiety has been defined by the score on the debilitating
scale, only the debilitating anxiety scale will be used. The test-retest
reliability for a 10-week period is .83. The test-retest reliability
over an 8-month period is .75. The item in the scale is a statement fol-
lowed by a 5-point scale. One item is given as an example as follows:

""Nervousness while taking an exam or test hinders me from doing
well."

5 4 3 2 1

1 1 \J A
always often never

-

2. Two learning lessons are needed in this study: one with
error rate of about 5 percent and other with moderate error rate of about
25 percent. The program selected for this study will be the Diagnosis
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of Myocardial Infarction originally developed by Mechner and revised by

Tobias (1968). This program consists of two parts: familiar and techni-
cal. Both deal with various kinds of damage t= the heart, their serious-
ness and reversibility, and the diagnostic significance of ECG tracings
from the fifth precordinal lead. The familiar part consists of 54 frames,
while the technical part consists of 89 frames. According to Tobias
(1968), program difficulty, determined by the percentage of correct re-
sponse to the program, was 96.6 percent and 81.3 percent for the familiar
and technical parts, respectively.

The familiar part will be used as the low error rate program in
this study. The technical part will be used as the moderate error rate
program. Because of time limit, only the first 60 frames out of 89
frames of the technical part will be used. Both parts will be given in a

pilot study to subjects similar to the subjects who will be used in this

study.
One item for each part is given as an example as follows:
Familiar part: Heart disease causes more than half of all
deaths in the U.S. Consequently, less than of all deaths are

due to other causes. (half)

Technical part: Risk factors increase the probability of
developing a variety of heart impairments. One such impairment is Myo-
_cardial infarction which refers to damage of the heart muscle, or myo-
cardium.

Which part of the word "myocardium" means heart?

Which part means muscle? . (cardium, myo)
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Each part will be used both in KCR and no-KCR conditions except in the
no-KCR conditions, KCR is omitted. Each frame is put on a separate 6 x 4
index card.

3. There are two tests developed by Tobias to measure the ac-
quisition of the material covered by the program. The test for the famil-
iar part has an alpha reliability of .66, while the test for the technical
part has an alpha reliability of .85. The test for the familiar part con-
sists of 17 completion items with 27 possible points. The test for the

technical part consists of 6 completion items with 61 possible points.

Procedures

This study requires two sessions. In the first session, subjects
will be given the Achievement Anxiety Test. Subjects' scores on the de-~
bilitating anxiety scale will be ranked. The upper one-third will be con-
sidered as high test anxious, while the lower one-third will be considered
as low test anxious. Only the high and low test anxious subjects will be
requested to come back for the second session.

In the second session, high and low test anxious subjects will be
randomly assigned to one of the following tasks: 1) low error rate lesson
with KCR, 2) low error rate lesson with no-KCR, 3) moderate error rate
lesson with KCR, or 4) moderate error rate lesson with no-KCR. Each task
group will consist of 10 high test anxious subjects and 10 low test anxious

subjects.

Statistical Analysis

Since two different error rate lessons and two different tests

will be used in this study, statistical analysis will be performed



48
separately for the moderate error rate lesson and the low error rate
lesson.

Hypotheses 1 and 3 will be tested by a 2 x 2 analysis of variance
with two levels of treatment: KCR and no-KCR, and two levels of anxiety:
high and low. Scores obtained from the low error rate lesson test will
be used for this analysis.

Hypotheses 2, 4, and 5 will be tested by a 2 x 2 analysis of
variance with two levels of treatment: KCR and no-KCR, and two levels of
anxiety: high and low. Scores obtained from the moderate error rate
program will be used for this analysis.

The Conversational Statistical Package will be used.
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