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ABSTRACT

THE EFFECTS OF IMMEDIATE AND DELAYED FEEDBACK
ON THE RETENTION OF FACTUAL AND RULE LEARNING

By

Arthur S. Tabachneck

The purpose of the present study was to compare the
relative effects of immediate and delayed feedback on the
retention of two categories of learning outcomes, the stat-
ing of facts and the application of rules, in the context of
an actual classroom setting. The study, specifically, was
an attempt to correct for five limitations of previous stud-
ies conducted on the same topic, namely: (1)the possible
confounding of reinforcement and delayed feedback; (2)the
use of dependent measures atypical to most classroom learn-
ing situations; (3)the use of a potentially biased measure
of retention; (4)the use of theoretically inconsistent defi-
nitions of immediate and delayed feedback; and (5)the fail-
ure to consider and/or control for the particular outcomes
of learning desired.

The entire populations from three sections of a
freshman-level college chemistry course served as subjects
in two experiments, one for each of the outcomes of learn-

ing investigated. 1In each study the effects on retention of
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providing informative test feedback immediately (i.e., with-
in two seconds) and delayed (i.e., after approximately 20
minutes) were compared. Actual planned course content and
examinations were used as the stimuli and dependent varia-
bles, respectively, and the manipulations were accomplished
within the normal context of the course.

The results clearly favored delaying the presenta-
tion of informative feedback (as suggested by information
processing theory), rather than presenting it immediately
(as prescribed by the proponents of reinforcement theory).
Students who were given informative feedback approximately
20 minutes after they had responded to a practice quiz,
scored significantly higher on examinations given one week
later on the same content, than students who were given
such feedback immediately. That is, regardless of the
outcome being examined, or whether the test items were new
or familiar, delayed feedback enhanced retention signifi-
cantly more than immediate feedback.

The results were discussed in terms of their limi-
tations and implications for educational theory and prac-
tice, and changes were suggested for improving future re-

search on the topic.
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CHAPTER I

THE PROBLEM

Introduction and Need

A practice suggested by many of the currently popu-
ular textbooks for classroom teacher training (Kulhavy,
1977), and which serves as the basis for most programs for
computer assisted instruction (Sturges, 1978), is that of
providing students with immediate feedback regarding the
correct responses to any questions they attempt to answer.
The practice, which stemmed from the theory of operant psy-
chology (Skinner, 1954, 1968), is based on the assumption
that providing students with immediate feedback can serve to
reinforce such desired behaviors as answering questions cor-
rectly and, thus, should increase the probability of those
responses occurring again in the future (Carlson & Minke,
1975; Keller, 1968; Skinner, 1954, 1968). The notion has
been supported by an abundance of research, has survived the
lag that typically follows any discovery by science (Glass,
1971, 1972; Feyerabend, 1978) and is finally beginning to
pervade most levels of educational practice (Glaser, 1979).

The efficacy of the practice, however, is by no
means clear and has recently been seriously challenged by
some of the proponents of information processing theory,

1
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the perspective that has since replaced the behavioral
school as the predominant force behind most learning re-
search today (Anderson, Kulhavy & Andre, 1971, 1972; English
& Kinzer, 1966; Kulhavy, 1977; Kulhavy & Anderson, 1972;
More, 1969; Phye & Baller, 1970; Sassenrath & Yonge, 1968;
Sturges, 1969, 1972, 1978; Sturges & Crawford, 1964; Suber &
Anderson, 1975). These researchers, assuming that human
learning can most beneficially be viewed in terms of a pro-
cess analagous to the structure and flow of the algorithms
used to solve problems with computers, have argued that
feedback: (1)merely serves as a reference to which learners
can check the adequacy of that which they have stored in
memory (Guthrie, 1970); (2)can only be effective if the in-
dividuals have some base of knowledge to compare the infor-
mation with; and (3)cannot be effective unless its presen-
tation has been delayed until students have been given an
opportunity to cease "perseverating" over their original re-
responses (e.g., Kulhavy, 1977). Their findings, known as
the Delayed Retention Effect, have been quite consistent:

On acquisition, or immediate retention, occasion-

ally immediate feedback is better, but generally,

there is no significant difference between immedi-

ate and delayed informative feedback. Retention

tests 1 to 7 days later show a different picture:

Retention following delay of informative feedback

is generally superior to that following immediate

informative feedback. It is most important to

note that in none of these studies has long-term

retention following immediate informative feed-
back been superior to that with delayed feedback!

(Sturges, 1978; p. 378)
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Such discrepancies between the findings of recent
investigations and the prescriptions which emanated from the
behavioral school, have already led some investigators to
call for a re-evaluation of the effectiveness of providing
immediate feedback (Pound & Bailey, 1975), as well as for
the dismissal of operant notions from the study of school
learning in general (Shulman, 1974). It can, however, be
argued that the question of whether feedback should be given
immediately or delayed has yet to be studied satisfactorily
in the context of typical classroom situations or in rela-
tion to many of the variables that now appear to be poten-
tially relevant under such conditions.

The problem has not been that researchers have
failed to conduct comparisons of the relative effects be-
tween immediate and delayed feedback on learning. Quite to
the contrary, the literature has been richly filled with
numerous such studies using both animal (Raymond, 1954;
Renner, 1965) and human subjects (Ryan & Bilodeau, 1962;
Sturges, 1978; Sturgis & Crawford, 1964), motor (Lorge &
Thorndike, 1935; Noble & Alcock, 1958; Saltzman, Kanfer &
Greenspoon, 1955) and verbal learning tasks (Crawford, 1966;
Kulhavy & Anderson, 1972), and such dependent measures as
running speeds, trials to acquisition, achievement and re-
tention.

The manipulations which have been attempted can be
viewed as having been too far divorced from most classroom

learning situations, and the resultant findings too
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inconsistent, to allow the derivation of any unequivocal
conclusions that might be relevant outside of the paradigms
from which the studies were generated. A number of flaws,
in this regard, can be identified. Regarding external va-
lidity (Campbell & Stanley, 1963), for example, most of the
studies on verbal learning used either computer assisted
instruction or programed texts, situations quite well con-
trolled, but nonetheless different from the quiz and testing
environments usually found in the classroom (see Table 1.1).
Since feedback from a computer, or the novelty of using a
programmed text, could have been reinforcing in themselves,
it is still not known whether reinforcement actually could
have been discounted as being the causal variable, or if de-
layed feedback would still be more effective if it were pro-
vided in the form of a printed document as would more likely
be the case in a typical classroom.

A second limitation of the previous research is ob-
vious when one considers the various outcomes that have been
studied. Some researchers considered the time required for
mastery most important, others were concerned with the num-
ber of errors that subjects made before learning their task
to perfection, while still others viewed either immediate or
delayed achievement test scores as being the primary locus
of any effects -- and the results varied dependent upon the
specific tasks and measures used (cf., Crawford, 1966).
Since most classroom learning situations eventually culmi-

nate with tests of retention given a week or more after



Table 1.1.--Studies Comparing the Effects of Various Delays
of Informative Feedback on Verbal Learning

Anderson, Kulhavy & Andre,
Anderson, Kulhavy & Andre,

Brackbill, Adams & Reaney,

English & Kinzer, 1966
Hockman & Lipsitt, 1961
Kulhavy & Anderson, 1972
More, 1969

Noble & Alcock, 1958
Phye & Baller, 1970

Ryan & Bilodeau, 1962
Sassenrath & Yonge, 1968
Sturges, 1969

Sturges, 1972

Sturges, 1978

Suber & Anderson, 1975

Computer
Computer

Marbles

Printed document
Buzzer

Printed document
Trainer-tester card
Teaching machine
Read aloud

Read aloud

Slide projector
Slide projector
Slide projector
Computer

Printed document
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informative feedback is provided, it seems only logical that
the selection of that precise dependent variable would be
necessary in order for the results to be generalizable to
the classroom.

Another problem emerges when one considers the be-
havior that typically has been analyzed in studies of the
Delayed Retention Effect, in relation to how people are cur-
rently thought to process information. Most information
processing theories distinguish between recall and recogni-
tion, assuming that recall involves both processes, but that
recognition entails virtually no retrieval activity (see,
Gagne' & White, 1978; Mueller, 1980). Most studies of the
Delayed Retention Effect utilized a design in which subjects
were administered a limited number of recognition-type items
and given either immediate or delayed feedback and, after a
period of approximately one week had elapsed, were adminis-
tered a posttest on the exact same items (Kulhavy, 1977).

If feedback is presumed to serve merely as a confirming fac-
tor of students' understanding of the topic being tested,
and the mode of retrieval is irrelevant, then the above de-
sign might be considered adequate in this regard. 1If recall
and recognition are qualitatively different behaviors, or if
the cues recognized in a familiar multiple choice question
do not reflect one's ability to recall such information,
then the repeated use of identical multiple choice questions
might not at all reflect that which would be expected in the

typical classroom testing situation.
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One study, namely Sturges (1978), investigated
whether the beneficial effects of delayed feedback would
generalize to either unfamiliar items or familiar questions
posed in a recall-type format, and his results cast doubts
on the adequacy of the design in this regard. Giving imme-
diate, delayed or no feedback to students answering recogni-
tion-type items, he found little or no differential effect
on how well they later answered the same questions measured
with a recall-type format. The generalizability of the
previous studies, thus, might well be limited to just those
situations where students have to recognize the answers to
questions they have previously seen in the same format -- a
situation seemingly not typically confronted by most stu-
dents in the classroom. A more reasonable alternative might
be to use short answer-type items demanding recall which,
for at least a portion of the posttest, are new but measur-
ing the same material, at the same level, as the items on
the pretest. In order to maintain adequate levels of relia-
bility and validity, of course, a content area lending it-
self to such a measure would have to be used (Wesman, 1971).
A fourth problem exists in that the various periods
of delay which have been compared have not always been those
which would allow meaningful comparisons between the two
theory-based prescriptions. Reinforcement theory suggests
that any delay exceeding a span of only a few seconds should
result in some decrement in learning. Information process-

ing theory, on the other hand, suggests that delays of at
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least twenty minutes are essential for enhancing retention
(Sturges, 1978). Many studies have used theoretically con-
flicting definitions of delay, however, with some consider-
ing delays of up to twenty minutes to be immediate, and
others labeling intervals of only ten seconds as delayed
(Sassenrath & Yonge, 1968). Since the question of primary
importance to the present study was whether immediate (ac-
cording to reinforcement theory) or delayed feedback (ac-
cording to information processing theory) is more effective
at enhancing retention in the classroom, only delays of a
few seconds and at least twenty minutes were considered
relevant.

Finally, assuming that the central hypothesis sup-
ported by the above mentioned studies was not merely an ar-
tifact of their designs, there exists the additional problem
that the extent to which learning has been enhanced in pre-
vious studies has varied considerably (Sturges, 1978), with
no explanation given for why. One plausible hypothesis, as
Gagne' (1977) points out, is that while researchers have
been extremely lax in identifying or controlling the spe-
cific outcomes of learning they were studying, differences
are likely to be found on precisely such variables:

A serious consideration of practical knowledge

of learning, I believe, must go beyond the most

general principles of the learning process, such

as contiguity and reinforcement. One must re-

cognize that learning results in retained dispo-

sitions which have different properties, differ-
ent organizations, and which accordingly require

that different conditions be established for
their attainment. I call these learned
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dispositions by the general name of capabilities.

Their five main varieties are called intellectu-

al skills, cognitive strategies, verbal informa-

tion, motor skills, and attitudes. Learning in-

vestigators and theorists often use these cate-

gories (not always by these names) in their ac-

counts of learning -- they are not entirely un-

familiar. Yet these same investigators often do

not choose to make these distinctions explicit.

(p. iv)
Given the corrective role attributed to feedback by the pro-
ponents of information processing theory (e.g., Guthrie,
1970), along with the fact that learning and cognitive the-
oreticians have long felt that initial and complex learning
probably involve different memory structures and processes
(e.g., Gagne', 1977; Piaget, 1952), one might expect to at-
tain less variability and/or differential effects if the
learning outcomes were actually controlled in the study.
Since information processing theory does not account for
situations where an informational base is unavailable for
reference, an obvious hypothesis would be that immediate
feedback might serve better at enhancing the retention of
factual knowledge (where references for comparison might be
minimal), and delayed feedback better at facilitating the
retention of rule applications (which derive meaningfulness
through reference to such facts; Gagne' & White, 1978).

An additional argument in support of the need for
further studies on the present topic is the fact that the
notion of test anxiety (e.g., Spielberger, 1972), while cur-

rently thought to be closely related to both learning and

recall (Mueller, 1980), has been given only cursory
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attention at best within the present debate. Although anxi-
ety has been shown to have differential effects on recogni-
tion versus recall (Eysenck, 1975), as well as short-term
memory versus long-term retention (Levonian, 1972; Uehling,
1972), only one of the studies reviewed even considered it
as a relevant variable and it failed at that to compare im-
mediate versus delayed feedback conditions on that measure

(Sturges, 1978).

Purpose

The purpose of the present study was to compare the
relative effects of immediate and delayed feedback on the
retention of two categories of learning outcomes, the stat-
ing of facts and the application of rules, in the context of
an actual classroom setting. The study, specifically, was
an attempt to correct for five limitations of previous stud-
ies conducted on the same topic, namely: (1)the possible
confounding of reinforcement and delayed feedback; (2)the
use of dependent measures atypical to most classroom learn-
ing situations; (3)the use of a potentially biased measure
of retention; (4)the use of theoretically inconsistent defi-
nitions of immediate and delayed feedback; and (5)the fail-
ure to consider and/or control for the particular outcomes
of learning desired.

Two studies were conducted, one for each of the out-

comes of learning investigated. In each study the effects
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on retention of providing informative feedback immediately
(i.e., within two seconds) and delayed (i.e., after approx-
imately 20 minutes) were compared.

The questions to be answered were: Was there a dif-
ferential performance on the two levels of questions across
the groups? If so, did the evidence solely support a be-
havioral interpretation, an information processing inter-
pretation, or was there evidence of a functional interaction
existing between the two theories? Were there corresponding
differences existing between the groups on a measure of

state anxiety?

Overview

The following chapters of this work describe, in
greater detail, the study as outlined in this chapter. In
Chapter II, a review of the literature relevant to the ef-
fects of test item feedback is presented from the perspec-
tives of behavioral and cognitive theories, as well as those
views which appear to support the possibility of a function-
al interaction between the two. The methodology that was
used is described in Chapter III, including explications of
the sample selections, procedures, instrumentation, design,
statements of the hypotheses in their testable forms and the
statistical model that was used for analyzing the data.
Chapter IV consists of the actual data analyses, results and
interpretations of the findings. Finally, a discussion of

the results, the limitations of the study, recommendations
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for future investigations on the topic, and conclusions are

contained in Chapter V.



CHAPTER II

REVIEW OF RELEVANT LITERATURE

Reviews of educational, experimental and instruc-
tional psychologies reveal rather abundant bodies of litera-
ture on the three individual topics of concern in the pres-
ent study, namely the differential effects of immediate and
delayed informational feedback on learning, and the explana-
tory utilities of both learning hierarchies and anxiety.
Research investigating the effects of those variables in
typical classroom settings, or attempting to study the func-
tional interactions which might exist among them, however,
has been quite noticeable by its absence. The following re-
view will focus on each topic separately, highlighting the

literature most relevant to the present project.

Informative Feedback

There appears to be virtually universal agreement
among those who study learning that informative feedback is
the most fundamental condition in determining performance
(Deese & Hulse, 1967). Some question has been raised over
whether positive or negative feedback, or some combination
of the two is actually most effective (Barringer & Gholson,
1979), but psychologists generally seem to agree that tell-

ing students whether or not their answers to questions are

13
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correct will increase the amount of information they will
later remember (Kulhavy, 1977). Two related issues which
psychologists have not been able to agree upon, though, are
why feedback works and what effects should be expected as a
result of delaying its presentation. Their disagreements

have followed cléarly defined paradigmatic lines.

Why feedback works - behavioral explanation. One

explanation for why informative feedback enhances learning
is that it serves to reinforce the behavior of correctly re-
calling the answers to questions and thus, by definition,
increases the probability of such responses occurring again
in the future (Kling & Schrier, 1971). That explanation,
which developed from the behavioral school of psychology,
was generalized from voluminous numbers of studies conducted
primarily on animals and non-verbal or non-meaningful verbal
stimuli. While proponents of that school have often been
criticized for making such generalizations without first
having put the specific applications through rigid experi-
mental tests (e.g., Kulhavy, 1977), the basic premises of
behaviorism did warrant, even encourage, such practice. The
behaviorist's philosophy was based on three primary tenets:
(1)that the only way psychology could achieve the status of
being an objective science was to limit their study to the
analysis of observable behavior; (2)that the causes of be-
havior lie in the environment and can therefore be manipu-

lated and investigated; and (3)that all behavior is
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comprised of simple elements that are universal to all ani-
mals (Schwartz, 1978).

After a period of refining their ideas, behaviorists
(e.g., Hull, 1943, 1951, 1952; Skinner, 1938, 1948, 1954,
1958; Spence, 1956, 1960; Thorndike, 1898, 1911; Watson,
1913) came to view a reinforcer as being any stimulus whose
contingent presentation increased the likelihood of the oc-
curence of the operant behavior that preceded it, and their
task as attempting to identify the relevant variables and
parameters for which that notion held. Their studies were
limited primarily to just one or a few animals, with inter-
est concentrated on the observation of precise changes over
time, and the relevant questions became: What types of
stimuli were reinforcing?; How long of a delay could exist
between the operant and the reinforcer?; and What were the
effects of various schedules of reinforcement? A few repre-
sentative examples of their studies should help to portray
how they came to deduce the effects they eventually pre-
dicted of feedback.

Greenspoon (1955), in one of the earlier studies
with humans, reinforced his subjects for using plural nouns
in their speech by saying "hm-mmm" anytime they used plu-
rals. The result was a large increase in their usage of
plural nouns. Hidlum and Brown (1956), similarly, used the
word "good" to reinforce people being interviewed on the
telephone when they were responding in certain ways. Sub-

jects who were reinforced when they endorsed the topics of
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the interview shifted toward a more favorable attitude,
while those reinforced for expressing a negative opinion
began to emit significantly greater numbers of those
views., The implications of such studies were seemingly
clear: the behavior of humans, like that of animals, could
be modified by controlling their environment. Skinner in
fact, as Merrill, Kowallis and Wilson (1981) point out,
proclaimed feedback as a reinforcer on precisely such
grounds:
Skinner (1954) is credited with providing the im-
petus needed in applying psychological principles
to the design of instruction. The programmed in-
instruction movement began on this note: "There
is a simple job to be done. The task can be
stated in concrete terms. The necessary tech-
niques are known (Skinner, 1954, p.97)." Confi-
dent that learning principles derived from S-R
research could be applied directly to school
learning, programmed instructional principles
included the following:

1. Instruction should require overt
responses from the student.

2. Instruction should provide immedi-
ate reinforcement to student re-
sponses.

3. Instruction should contain small
steps.

4, Instruction should elicit few or
no errors in student response.

5. Instruction should be self-paced.
(pp. 302-303)
The debilitating effects of delaying reinforcement,
similarly, have been studied primarily with animals. Grice

(1948), for example, showed that rats could not learn to
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select a white rather than a black alley if the food they
received at the end of the white alley was delayed for much
longer than five seconds. Actually, they had to select be-
tween a white or black alley, then run through a gray por-
tion and, finally, into a gray goal box that contaiqed food
if the beginning of the alley was white. 1In order to elim-
inate proprioceptive cues as an explanation, the white and
black entrances were shifted from left to right randomly.
The reason for the complexity of Grice's design was the same
reason why it was believed that humans could not be used as
subjects. If the study had been conducted keeping both al=-
leys entirely white or black, without gray sections in the
middle or gray goal boxes, the debilitating effects of de-
laying reinforcement would have decreased substantially, as
the alleys themselves would have acquired conditioned rein-
forcing properties (Deese & Hulse, 1967). As Kling and
Schrier (1971) point out:
Where language or other differential responses do
not continue through the delay period, acquisi-
tion is greatly impaired by even slight delays of
reinforcement. As might be expected, young chil-
dren can tolerate longer delays than completely
nonverbal organisms, but children are signifi-
cantly hindered by delay intervals (such as 30
seconds) which adults would probably find quite
inconsequential (Hockman & Lipsitt, 1961).
(p. 688)
Other animals have shown similar abilities to persevere
through relatively long delays between response and rein-

forcement if conditioned reinforcers were present (e.g.,

Kelleher, 1956), but the results have been quite conclusive:
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any delay, even with conditioned reinforcers present, will

result in some decrement in learning.

Why feedback works -information processing inter-

pretation. While behaviorists did not study humans in
investigating the effects of delaying reinforcement because
they felt that language would serve as a secondary reinfor-
cer and present a confounding to the results of their stud-
ies, other investigators, interested primarily in human
processing of language and information, did study that pre-
cise phenomenon and their results were the opposite of what
one would expect from the behavioral interpretation.
Brackbill and her associates (Brackbill, Adams & Reaney,
1967), for example, had children learn concepts by selecting
the correct one of two pictures in a series of paired pres-
entations. Informative feedback was either given immediate-
ly (i.e., within two seconds) or delayed by 30 seconds. In
measuring the number of errors made during learning, no sig-
nificant differences were found between the groups. In sub-
sequent tests requiring the students to relearn the same in-
formation, however, it was found that initially delaying the
feedback had actually served to enhance later performance.
While Brackbill has been criticized for not ade-
quately controlling the amount of time that subjects were
exposed to informative feedback (e.g., Crawford, 1966), re-
searchers studying the effect in the area of computer as-

sisted instruction have adequately controlled such
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conditions and their results have remained quite consistent
(Kulhavy & Anderson, 1972; Phye & Baller, 1970; Sturges,
1969, 1972, 1978; Surber & Anderson, 1975; Sturges &
Crawford, 1964). Sturges (1978), in a fairly representative
study, gave students a computer assisted test covering their
regular class material, during which informative feedback
was either not given, or was delayed for a period of two
seconds, 20 minutes or 24 hours. No differences were found
on the computer assisted test but, on a measure of retention
given one week later, those students whose feedback was ini-
tially delayed by either 20 minutes or 24 hours scored sig-
nificantly higher than either of the other groups.

Information processing theorists account for learn-
ing by assuming that people maintain an internal reference
level that serves as the basis for the self-regulation of
behavioral sequences. As Guthrie (1970) points out:

Given that a stimulus context is sufficient to

elicit a relatively appropriate response, the re-

sponse is modified by an error-nulling process.

That is, the response is compared to the internal

reference level, any error in the response is de-

tected, and successive responses are corrected on

the basis of the information resulting from the

comparison. In this system, learning is produced

by the acquisition of a memory trace and a per-

ceptual trace. The memory trace is basically the

S-R associative strength for given stimuli and

responses. The perceptual trace, however, is the

internal representation of stimuli which provides

a basis for recognition of all kinds, including

the recognition of responses as correct or

incorrect. (p.2)

Obviously, unlike the behaviorists, information processing

theorists have been willing to assume a number of internal



20
functions. Specifically, these theorists have assumed that
a human being is, among other things, a processor of infor-
mation whose behavior can be simulated with algorithms 1ike
the ones used to solve problems with computers (Mayer,
1977). Once developed, such algorithms can be studied as
models of human learning (e.g., Lindsay & Norman, 1972;
Mayer, 1977; Miller, Galanter & Pribram, 1960; Newell &
Simon, 1972), serve as formal statements of the learning
theory, and are readily manipulatable and testable. The
principal areas of interest of researchers of this school
have been in the capacities and parameters of human memory,
how information is encoded, stored and retrieved, and the
nature of feedback (Gagne', 1977). Feedback in such a sys-
tem, as Gagne' points out, is seen as the final step in the
learning process:
Learning is a process which appears to require
the closing of a "loop" which begins with stimu-
lation from the external environment. The final
link of this loop is an event which also has its
origin outside the learner, in his environment.
Feedback is provided by the learner's observation
of the effects of his performance. This is the
event that provides the learner with the confir-
mation (or verification) that his learning has
accomplished its purpose. ... Although feedback
usually requires a check which is external to the
learner, its major effects are obviously internal
ones, which serve to fix the learning, to make it
permanently available. (p.57)
Informative test feedback, accordingly, is viewed by re-
searchers in this area as having one of two effects. It

can, on the one hand, serve to inform students when they

have responded correctly. This role is seen as a necessary
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function in terms of the model, but superfluous as students
are believed to know when they comprehend material and do
not need feedback regarding correct responding (Kulhavy,
1977). Supposedly more importantly, however, is the role
that feedback is believed to have in eliminating errors and
substituting correct information in their place.

Kulhavy and Anderson (1972) have hypothesized that
students tend to perseverate over their responses and, as a
result, need to be given an opportunity to forget their in-
correct answers before feedback can successfully identify
such errors and act to replace the faulty information.
Kulhavy (1977), in an extensive review of the Delayed Re-
tention Effect, concluded that their notion has been well
supported and, as a result, that practitioners should: (1)
insure that students will be able to comprehend the materi-
al and identify errors in their cognitive structure; (2)
provide feedback regarding any mistakes the learners make;
and (3)insure that any feedback is given after a period of

delay rather than immediately.

Why feedback works - analysis. Both the behavioral

and information processing school's explanations for why
feedback works, as well as their subsequent research, are
limited in a number of respects with regard to their appli-
cability to educational practice. The major problem in the
behaviorist's applications, as Glaser (1976) points out,

probably lies in their failure to identify the parameters of
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reinforcement that are relative to school learning:

Contingencies of reinforcement pervade the acqui-
sition of competence. However, with the strong
emergence of cognitive psychology, and with
awareness of the fact that the bulk of our knowl-
edge about reinforcement is derived from animal
studies in simple task situations and from human
experimental contexts in which conditions con-
strain subjects to employ limited behavioral pro-
cesses, we are in some danger of ignoring the po-
tential influence of reinforcement on complex
performance. There is, on the one hand, a strong
suggestion of discontinuity in the operation of
reinforcement when moving from simple to higher-
order behaviors. On the other hand, the view
that seems best supported at the moment is that
the mechanisms of reinforcement are similar at
all levels of development, but variations in re-
sponse organization result in different pheno-
typic manifestations (Estes, 1971). As individu-
als mature, human behavior is organized into
higher-order routines and strategies, and it is
these large cognitive organizations whose proba-
bilities of occurence are modified by reinforcing
contingencies. It is the nature of the unit of
response that may distinguish the mature human
learner, whereas the operation of the principles
of reinforcement may be similar for different
species and different levels of development and
competence. (p. 20)

While the behaviorists have been criticized for having as-
sumed too much (e.g., Kulhavy, 1977), probably more impor-
tant has been their failure to consider enough. They can

be criticized mostly for having overgeneralized the effects
to be expected from feedback, not having adequately speci-
fied the behavior they were attempting to modify in the
classroom, not having considered adequate dependent measures
of classroom learning and for ignoring too many of the con-
structs thought by a majority of psychologists to be rele-
vant to complex human learning (e.g., the capacities of

memory, learning hierarchies and developmental stages).
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Proponents of information processing theory, while
having focused on many of the complexities of human learning
that the behaviorists failed to consider, have also been
guilty of a number of experimental and logical shortcomings
with respect to their suggested use of feedback in educa-
tional practice. The problems in their methodology, de-
scribed earlier in the present paper, served as the prin-
cipal justification for the research described herein -- the
Delayed Retention Effect simply has not yet received ade-
quate investigation within the context of typical classroom
situations. Such problems are easily remedied, however, and
documenting the effects on retention of delaying the presen-
tation of informative feedback in the classroom is a task
that is constrained only by time. If Brackbill and Kulhavy
and their respective associates are correct, and delaying
feedback not only fails to hinder students' retention in the
classroom, but actually enhances it, serious question will
have to be brought on the practices that psychologists have
already recommended for school learning.

An equally significant problem exists, though, re-
garding what such results would allow one to conclude.
Phillips (1980) recently issued apparently necessary re-
minders to the field that deducing applied prescriptions
from, or support for, educational and psychological theories
is quite bound to adequate use of logic, and that psycholo-
gists have often failed in this regard. Considering the

following rationale, offered by Kulhavy (1977) as support



24
for the argument that reinforcement ought to be discounted
as a viable explanation for the Delayed Retention Effect,
critical reviews of the nature suggested by Phillips are
obviously sorely needed:

The problem, of course, is that behaviorists were
a bit hasty in assigning functionally reinforcing
properties to feedback. 1In the laboratory a re-
inforcer is defined as some stimulus that in-
creases the future probability of the response
which it follows. For example, suppose that a
laboratory rat or pigeon is deprived of food,

and then required to perform some target response
in order to eat. When the animal responds cor-
rectly he receives a pellet of food, and to the
degree that he will emit the same response again
under similar conditions, the pellet assumes re-
inforcing properties. There is no good reason to
believe that this same sequence of events will
occur in (say) a programmed text -- unless one
contends that students hunger for knowledge!
Obviously, classroom learners rarely perform un-
der potent contingencies such as physical depri-
vation, and the stimulus-response environment of
the program is constantly undergoing change, a
condition at odds with the typical laboratory
setting. Of course no one is trying to say that
some program stimuli may not be functionally re-
inforcing for some students. But to assume that
the instructional behavior of most pupils is sub-
ject to the control of feedback statements is to
violate the operant manifesto: only that which
reinforces is a reinforcer. (p.213)

First, while Kulhavy has apparently accepted the premise
that "students do not hunger for knowledge," regardless of
the validity of that premise (which is quite questionable),
it could not have been made by proponents of reinforcement
theory since they have explicitly avoided such concepts as
motivation (McKeachie, 1974). Second, he presumes that
"classroom learners rarely perform under potent contin-

gencies such as physical deprivation," yet offers no support
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for that statement (and likely could not). Finally, while
he concludes that "to assume that the instructional behavior
of most pupils is subject to the control of feedback state-
ments is to violate the operant manifesto: only that which
reinforces is a reinforcer," not only is his only premise
regarding reinforcement the definitional one, but his own
data suggests that student retention is subject to the
control of precisely such stimuli.

Critical experiments have seldom represented more
than the wishful hoping of scientists and little has been
offered in the present debate to suggest that it will be any
different. The question is not whether student behavior is
controlled entirely by reinforcement or information but,
rather, what variables and in which combinations can best
lead to a more useful theory of school learning. Both
schools have offered much promising guidance to educational
psychology and to fail to consider their potential func-
tional interactions at this point would seemingly be naive

indeed.

Educational Taxonomies

Educators and educational researchers have proposed
a number of taxonomies of educational objectives (e.g.,
Bloom, 1956; Ebel, 1965; Gagne', 1977; Merrill, 1971;
Walbesser, 1965), designed to enhance both teaching and
research., Their obvious utility has long been professed by

educational researchers (Gagne', 1977), and applied in
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instructional designs (Seddon, 1978), but seldom have they
actually been incorporated into the designs of educational
research (Barker & Hapkiewicz, 1979). Not only have re=-
searchers failed to analyze the differential effects of the
variables they were studying on various levels of learning,
but even the levels of the stimuli used in learning studies
has seldom been specified. Yet while such omissions have
already received an abundance of criticism (e.g., Barker &
Hapkiewicz, 1979; Gagne', 1977) which need not be reiterated
here, the question of which of the taxonomies or levels
thereof should be used in educational research is not one
for which a consensus of opinion is likely to be immediately
found.

Each taxonomy suggests a number of levels that a
course's content might actually entail, but the concordance
between their various delineations is as yet unknown
(Seddon, 1978) and in itself is a topic for future inves-
tigation. Their main weakness, namely that they have not
been closely related to learning theories in general
(Merrill, Kowallis & Wilson, 1981), has prompted the recent
development of hierarchies that are theoretically based
(e.g., Gagne' & Briggs, 1974, 1979; Gagne' & White, 1978;
Merrill, Olsen & Coldeway, 1976) and which appear to be more
promising as controlling factors for research. The model
proposed by Gagne' and White (1978) was utilized for the
present study primarily because of its simplicity, concor-

dance with previous taxonomies, close relation to
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information processing theory and agreement with the taxono-
mies currently used for teaching chemistry (Heller, 1979;
Smith, 1972).
The approach taken by Gagne' and White, basically,
is one in which memory structure is merely interposed as a
mediating variable between instruction and performance:
.+« memory structures are to be related to two
different domains of learning outcomes, knowledge
stating and rule application. These two categor-
ies of outcome are usually viewed as distinguish-
able classes of human performance (Gagne', 1972;
Olson & Bruner, 1974) and are readily identifia-
ble as classes of objectives in many forms of
school learning (Gagne' & Briggs, 1974). For
both categories, it is possible to define reten-
tion as a dependent variable and to specify a set
of operations applicable to its assessment.
Likewise, it appears that for both these cate-
gories one or more meanings may be assigned to
learning transfer which suggest the design of
measures for that outcome. (p.189)
Smith (1972), similarly, concluded that the same two types
of outcomes as proposed by Gagne' and White are those which
are needed to enable a student to complete any given chem-
istry task: (1)gaining a knowledge of chemistry concepts and
their relations and (2) learning the psychological proce-
dures that allow one to manipulate various concepts and
principles in order to produce the required solutions. The
model was used in the present study both for specifying the
outcomes being investigated, and to enable the study of the

possible functional interaction between the theories.
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State Anxiety

Test anxiety, the supposed classically conditioned
arousal of tension and apprehension that people are thought
to experience in typical classroom testing situations
(Sieber, 1980), has long been considered by many to be
central to both learning and performance (Mueller, 1980).
Theoretically, the notion has been explained in terms of
both behaviorism (Hull, 1943; Spence & Spence, 1966) and
information processing theory (Mueller, 1980), as well as
Freudian psychoanalysis (Sarason, 1980), and its attractive-
ness as a construct for explaining what would otherwise be
residual variance in experimental designs, has always been
high.

Behaviorists' interest in anxiety, in general,
stemmed primarily from Hull's (1943) theory of learning, in
which the strength or tendency of occurence of an organism's
responses was viewed as being the multiplicative result of
its habit strengths and drives. If anxiety is a drive then
an increase in that drive, according to Hull, should result
in a concurrent increase in response strength. Such in-
creases could facilitate learning if properly directed, but
more likely would cause students to spend time attending to
task-irrelevant events if too high (Mandler & Sarason,
1952). Interest in the notion clearly waned under Skinner's
redirection (cf., Spielberger, 1972), but was so appealing
that Taylor's Manifest Anxiety Scale (1951, 1953), even

today the most widely used measure of anxiety, was
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specifically constructed as a measure of Hull's postulated
Drive (Sarason, 1980).

Interest in the construct again flourished after
Spielberger (1966) differentiated between two types of
anxiety that people might experience in testing situations,
namely the relatively stable personality characteristic of
trait anxiety and the transitory condition of state anxiety
in which people are thought to be responding to perceived
threatening situations (Sieber, 1980). 1In a recent review
by Mueller (1980), however, it was readily apparent that
while test anxiety has been theorized as having numerous
roles in memory and information processing, little research
has yet been accomplished to substantiate those notions.
Its inclusion in the present study was for exploratory
purposes since many of the theoretical views suggest effects
with respect to short-term memory as opposed to retention
(e.g., Walker, 1958), recognition as opposed to recall, and
the depth and breadth of processing involved (Mueller,
1980), all closely related to the variables which were

investigated in the present study.



CHAPTER III

METHODOLOGY

This chapter describes the methodology that was
employed in the present study, including the sampling me-
thod, characteristics of the sample, instrumentation, proce-
dures, hypotheses and statistical design used. Rationales
for the specific sampling method, instrumentation, proce-
dures and statistical methods selected are presented within

each of those respective sections.

Selection of the Sample

The students who served as subjects for the present
study comprised the entire populations of three sections of
a freshman-level introductory chemistry course taught by the
same instructor at a mid-western community college with an
annual enrollment of 10,500 students. Based upon the char-
acteristics of the college's student body, in general, the
average subject was a first year student, more likely to be
female rather than male, 27 1/2 years old, caucasian and en-
rolled for slightly less than eight credit hours. Each stu-
dent, as described in the section on procedures to follow,
was randomly assigned, independently for each of the two
studies that were conducted, to one of two experimental con-
ditions on the first day of each study. The students, as

30
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such, had a probability of 0.50 of being assigned to either
of the treatment groups. Three points explain why the spe-
cific populations and sampling methods selected were chosen.

First, as Berliner (1975) pointed out, studies on
school learning are not likely to be very believable unless
they are conducted in natural classroom settings. For this
reason the present study was designed so that: (1)students
in regularly scheduled classes could be used as the subjects
of the investigations and (2)actually planned course content
and examinations could be used as the stimuli and dependent
variables, respectively.

Second, in order to enhance both the testability of
the manipulations, as well as the subsequent power of the
analyses, random assignment to the treatment conditions was
accomplished, independently for each of the two studies, so
that "students"™ could serve as the units of analysis. Addi-
tionally, the study was conducted on three classes so that
there were three inherent replications.

Third, based on Sturgis's (1978) findings, it was
decided to use measures of recall rather than recognition as
the dependent measures of the study. Thus the selection of
a course lending itself to such measures was imperative
(Mehrens & Lehmann, 1973). Three introductory college chem-
istry sections, taught during the same term, on the same
days and by the same instructor, were selected because their
content did lend itself to such measures and any differences

between them should not have adversely affected either the
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homogeneity of the study's variance or the general accepta-

bility of the manipulations themselves.

Instrumentation

Content Review Quizzes. Two content review quiz:zes,

each comprised of 20 items answerable by the students' re-
calling or deducing the one correct answer, were constructed
by the course instructor. The items on the quiz for Study I
(Appendix A) were designed to measure students' proficiency
in stating facts, namely 10 items requiring students to give
the names of elements for which they were given the symbols,
and 10 items which required students to supply the symbols
for elements that they were given the names of. The items
on the quiz for Study II were designed to measure the stu-
dents' ability to apply rules, namely 10 items that required
them to deduce the names of the compounds that would be cre-
ated through the combination of various elements, and 10
items requiring them to deduce the combination of elements
that would be needed to form various compounds (Appendix B).
The internal consistencies for the two quizzes for Study I
and Study II, computed using Cronbach's Alpha (Cronbach,
1951), were 0.89 and 0.94, respectively.

Informative feedback for the immediate feedback
condition was given by having the answers to each question
printed directly on the quizzes with a Latent Image process
(Pound & Bailey, 1975). The process is one in which teach-

ers, after having their tests typed onto the usual spirit
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ditto masters, have their typists replace the normal ditto
carbon with a Latent Image transfer sheet (e.g., A.B. Dick
Form 97-1001), then proceed to type in the correct answers
immediately adjacent to each question and, finally, to run
the master on a regular ditto machine using standard paper
as usual. The resulting test forms, while displaying all of
the test questions and containing each of their respective
answers, totally conceal the latter until they are developed
by a Latent Image developer (e.g., A.B. Dick model 97-3100)
which looks like, costs no more, and is used in the same
manner as a highlighter. Informative feedback for those
conditions receiving delayed feedback was accomplished by
giving those students a printed copy of the questions with
their respective answers approximately twenty minutes after
the time they had completed taking the quiz.

Additionally, the quiz for Study I contained three
items, designed by the experimenter and answerable on four-
choice Likert-type scales, which attempted to measure the
degree of state anxiety the subjects may have experienced as
a result of the particular forms of feedback they received.
The quiz forms used in Study II each contained the 20 item
Spielberger-Gorsuch-Lushene State-Trait Anxiety Inventory
(Spielberger, Gorsuch & Lushene, 1970), as well as one item
measur ing the number of additional high school or college
chemistry courses the subjects might have previously taken.
The degree of internal consistency obtained with the STAI,

as computed with Cronbach's Alpha (Cronbach, 1951) on the
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subjects used in the present study, was 0.89. No measure of
internal consistency was computed for the three item measure
of state anxiety developed by the experimenter for the quiz
used in Study I, as unexpected negative correlations were

obtained between the items.

Examinations. The examinations for each of the two

studies consisted of 20 items, each measuring the same gen-
eral content areas as that measured on their respective
content review quizzes, and again answerable with the

same type of recall formats (Appendices C and D). Addi-
tionally, 10 of the items on the examination used for Study
I were precisely the same questions, in the same formats, as
the students had to answer on the quiz for that study. All
items, on all of the quizzes and examinations, were scored
with two points for a perfectly correct answer and one point
if the answers were partially correct. Determination of
correctness was made on the basis of deriving a consensus of
opinion between the instructor, the experimenter and an as-
sistant. The internal consistencies of the two examinations
for Study I and Study II, as measured by the computation of
Cronbach's Alpha (Cronbach, 1951), were 0.86 and 0.93, re-

spectively.

Procedure
The studies were conducted over a period which ex-
tended for three weeks (see Table 3.1), beginning with the

content review quiz for Study I and concluding with the
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examination for Study II. All classes, as a result of the
instructors' normal, teacher-paced, combination lecture and
lab-type presentations, had covered all of the subject mat-
ter relevant to the two studies immediately prior to the
time each of the studies were initiated. The experimental
manipulations occurred during announced practice quizzes,
administered one week prior to the dates the classes were
scheduled to take "for credit" examinations on the content

areas of concern.

Table 3.1.--Schematic Representation of the Experimental
Design and Timeline

Day10.0lonOOOOOODay8'.OOOOOOOl0.Day15..oo.o..o.l.Day22

R1===eFBemmme—=- - R3====FBommmm———-— RUY
(t1) (t2)

Where: R1 is the initial quiz on factual material;
FB is the informative feedback presented to subjects;

t1 and t2 are the delays with which feedback was pre-
sented (2 seconds or 20 minutes);

R2 is the administration of the achievement test
for factual material (dependent variable);

R3 is the initial quiz on rule applications; and

R4 is the administration of the achievement test
for rule applications (dependent variable)

After the students were seated at their desks on the
days of the quizzes, the instructor proceeded to pass out

the quiz forms. The forms themselves, as described within
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the section on instrumentation, contained the various ex-
perimental manipulations. Random assignment to the two con-
ditions for each study was accomplished by: (1)randomly or-
dering the quiz forms according to a set of random assign-
ments generated by a PR1IME Computer Company Fortran Sub-
routine run on a PRIME 750 computing system and (2)distrib-
uting those quizzes to the students, alternating between
adjacent rows in an attempt to further help eliminate any
irrelevant bias that might have been present due to the
students' self-selected seating arrangements.

The instructor provided each student in an immediate
feedback condition with a latent image developer (A.B. Dick
model 97-3100), after which he read the following to them:

The quiz you are about to take is an attempt to
accomplish three purposes: (1)to serve as a re-
view of some of the information we have covered
in class; (2)to give you a better idea of the
types of questions you might find on next week's
examination; and (3)to provide me with some in-
formation regarding the effects of providing or
not providing feedback to students regarding how
they answer questions on a quiz.

Answer each question by writing the answers on
the lines provided but, if you received one of
the markers, insure that you draw a line with it
between the two parentheses next to your answer
immediately after writing your answer. That
will reveal the correct answer. Do that for
each question, but make sure that you write your
answer first before finding out what the correct
answer is.

If you did not receive one of the markers insure
that you see me before you leave, so that you
will have an opportunity to see what the correct
answers to the quiz were. Be sure that you read
all instructions carefully and, upon completing
the quiz, bring yours to me, personally, along
with the marker if you had one.
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The students were given as much time as they needed
to complete the quiz and, upon turning their papers in to
the instructor, were given additional examinations that,
while unrelated to the present study, had been announced for
that day. All students in the delayed feedback conditions,
upon finishing all of the examinations for that period, were
given the printed copy of the questions and answers to the
quiz, and were instructed to take a few minutes to review
that information and to return the sheet to the instructor
before leaving the class.

Due to the findings of previous studies that stu-
dents would peek at answers if given the opportunity (e.g.,
Anderson, Kulhavy & Andre, 1971, 1972), as well as the now
well known problem in studies of the present type that re-
searchers simply cannot rely upon teachers to consistently
perform precise manipulations independently (e.g., Fullan &
Pomfret, 1977), the experimenter assisted the instructor in
monitoring the administration of each quiz. Particular at-
tention was paid to insuring that: (1)peeking did not occur;
(2)feedback was received immediately where intended; and (3)
delayed feedback was not only received where intended, but
only for a controlled period.

One week following the administration of each of the
content review quizzes, all students were administered the
respective examinations for the two levels of learning,
their performances on those measures serving as the depen-

dent variables for the investigation.
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Design

The study can be viewed as two independent experi-
ments, one for each category of learning outcome studied,
and both having three replications on the factor of primary
concern (i.e., delay of feedback; see Table 3.2). The de-
pendent variables were the scores students attained on the
examinations and measures of anxiety administered, and the
scores they attained on the respective pretests were used as
a covariate. An additional covariate had been planned,
namely the number of college and/or high school chemistry
courses subjects reported they had previously taken, but
lack of specificity, and therefore substantive variance on

the measure, precluded its potential effectiveness.

Table 3.2.--Experimental Design

- e e - > > WS W W W B WP W W WP W W W U W TS W W YD We W G TS e W e W = G W G G M W S UE S WS G W W > s W G e W W = > -
=== e g g R R R R R R R R R R

Study I: Knowledge Stating

Classes
Delay of
Feedback 9:00 a.m. 10:00 a.m. 1:00 p.m.
2 Seconds S1 S2 S3
20 Minutes Sy S5 S6
Study II: Rule Applications
Classes
Delay of
Feedback 9:00 a.m. 10:00 a.m. 1:00 p.m.
2 Seconds S1 S2 S3

20 Minutes Sy S5 S6
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Hypotheses

The hypotheses that were of primary interest in the
present study were as follows:

H1: There will be a significant main effect, on
a measure of retention, between the two de-
lays of feedback for knowledge stating;
that is, subjects in one of the two delay
conditions will exhibit superior perform-
ance on the measure of retention for stat-
ing facts, given one week after the exper-
imental manipulation. Reinforcement theory
would prediect that higher scores would be
attained by subjects in the immediate feed-
back conditions, but information process-
ing theory would predict the opposite re-
sult.

H2: There will be a significant main effect, on
a measure of retention, between the two de-
lays of feedback for rule applications;
that is, subjects in one of the two delay
conditions will exhibit superior perform-
ance on the measure of retention for apply-
ing rules, given one week after the experi-
mental manipulation. Reinforcement theory
would predict that higher scores would be
attained by subjects in the immediate feed-
back conditions, but information process-
ing theory would predict the opposite re-
sult.

Additionally, four related questions were studied, although
redundancy of the analysis permitted tests of these for des-
criptive purposes only:

Q1: Will there be a significant main effect, on
a measure of retention of familiar items
(i.e., questions the subjects had encoun-
tered previously), between the two delays
of feedback for knowledge stating; that is
will subjects in one of the two delay condi-
tions exhibit superior performance on the
measure of retention of familiar items,
given one week after the experimental
manipulation?

Q2: Will there be a significant main effect, on
a measure of retention of items the subjects
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had not previously encountered, between the
two delays of feedback for knowledge stating;
that is, will subjects in one of the two de=-
lay conditions exhibit superior performance
on the measure of retention of unfamiliar
items, given one week after the experimental
manipulation?

Q3: Will there be significant main effects, on
the measures of state anxiety, between the
two delays of feedback; that is, will sub-
jects in one of the two delay conditions
exhibit greater levels of state anxiety
when quizzed on knowledge stating and/or
the application of rules?

Q4: Will there be a significant interaction be-
tween the degrees of state anxiety which the
subjects experience and the delays with which
feedback is presented; that is, will subjects
in at least one of the two delay conditions
exhibit superior performance on the measure
of retention, dependent upon the levels of
anxiety they had experienced on the quiz?

Analysis of the Data

The primary hypotheses, namely that there would be
significant main effects across the groups and studies on
the delays of feedback given, were tested via two two-way
completely randomized factorial analyses of covariance
(Kirk, 1968). Both independent variables, that is delay of
feedback and classes (replications), were treated as fixed

factors. A family alpha of .05 was selected for all tests.

Summarx

All of the students from three introductory chem-
istry classes at a large mid-western community college
served as subjects in two experiments designed to test the

effect of varying delays of feedback on the retention of two
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categories of learning outcomes, namely the stating of facts
and the application of rules. All subjects, prior to the
start of the experiments, had already enrolled in the
classes and had covered all areas of course content upon
which the study's measures were based.

The experimental manipulations of concern, namely
whether the effects of informative feedback would be en-
hanced more by presenting such feedback immediately or after
a period of twenty minutes, were studied, treating each cat-
egory of learning outcome within a separate investigation.
Subjects were randomly assigned, within each of the two
studies, to one of two conditions, namely a group that was
given immediate feedback (i.e., within two seconds) and a
group that was given feedback delayed by a period of ap-
proximately 20 minutes.

The dependent measures were the scores subjects at-
tained on examinations covering the same content areas as
they were given feedback for earlier, but administered one
week after the experimental manipulations had been intro-
duced, as well as two measures of state anxiety.

The primary hypotheses of the study were concerned
with the differential levels of academic performance, on two
categories of learning outcome (Gagne' & White, 1978), ex-
pected as a result of delaying or not delaying the presen-
tation of informative feedback.

Additionally, four questions concerned with an as-

pect of the specificity of such manipulations were
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investigated, namely whether subjects, across conditions,
would perform better on new items or items that they had
previously encountered, and whether state anxiety would be

useful for explaining the variance resulting from the ma-

nipulations.



CHAPTER IV
ANALYSIS OF RESULTS

Study I - Knowledge Stating

Retention (H1). One purpose of the present study

was to test the differential effects of delaying or not de-
laying the presentation of informative feedback on students'
retention of chemical elements and their respective symbols
(i.e., factual information). Analyses were conducted on

the total raw scores subjects attained on the measure of
retention for factual information, as well as two compo-
nents of that measure, namely those items which were iden-
tical to questions that were on the pretest and those which
were new.

The total raw scores of the subjects in each of the
two feedback conditions, across the three classes, for the
retention test for knowledge stating are summarized in Table
4,1. Each cell shows the sample size, and the means and
standard deviations of the subjects' total raw scores on the
measure of retention for factual information. A univariate
unweighted means analysis of covariance was performed on the
data, treating each factor as fixed and completely crossed,
and using the total raw scores subjects attained on the
pretest as a covariate. As can be seen in Table 4.2, the
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only factor that showed to be significant, aside from the
covariate, was the experimentally manipulated delay of
feedback [F(1,58)=7.892, p<0.007]. Delaying the presenta-
tion of informative feedback by twenty minutes resulted in

super ior performance, as compared with presenting it im-

mediately.

Table 4.1.--Means and Standard Deviations of Total Raw Score
on the Measure of Retention of Factual Informa-

tion
Class
Delay of = =  —scecccccccccnmcmccccc e
Feedback 9:00 a.m. 11:00 a.m. 1:00 p.m.
Mean 34.83 37.71 32.14
2 Seconds SD 8.59 2.97 8.86
N 12 14 T
Mean 36.62 38.25 38.86
20 Minutes SD 2.98 2.05 1.86
N 13 12 7

Table 4.2.--Summary of Univariate Unweighted Means Analysis
of Covariance on Students' Total Raw Scores for
the Retention of Factual Information

Source of Variation SS df MS F p
“Pretest (Covariate) 605.55 1 605.55 35.32  <.001
Delay of Feedback 135.32 1 1?5.32 7.89 <.007
Class (Replications) 4y, 40 2 22.20 1.30 n.s.
Delay of Feedback x Class 59.94 2 29.97 1.75 n.s.

Residual 994 .47 58 17.15
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Similar results were found for both familiar and
unfamiliar items on the retention measure. The raw scores
of the students in each of the two feedback conditions,
across the three classes, on items that were also asked on
the pretest are summarized in Table 4.3. A two-way uni-
variate unweighted means analysis of covariance was per-
formed on the data, again treating each factor as fixed and
completely crossed, and using the total raw scores students
attained on the pretest as a covariate. As _can be seen in
Table 4.4, the only factor that showed to be significant,
aside from the covariate, was the experimentally manipulated
delay of feedback [F(1,58)=6.175, p<0.016]. The raw scores
of the students in each of the two feedback conditions,
across the three classes, on items that were not asked on
the pretest, but measured the same general content area, are
summar ized in Table 4.5. A two-way univariate unweighted
means analysis of covariance was performed on the data,
again treating each factor as fixed and completely crossed,
and using the total raw scores students attained on the
pretest as a covariate. As can be seen in Table 4.6, the
only factor that showed to be significant, aside from the
covariate, again was the experimentally manipulated delay of
feedback [F(1,58)=5.780, p<0.019]. Delaying the presenta-
tion of informative feedback by twenty minutes resulted in
super ior performance, as compared with presenting it im-

mediately, for both familiar and unfamiliar items.
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Table 4.,3.--Means and Standard Deviations of Total Raw Score
on the Measure of Retention of Familiar Factual

Information
Class
Delay of = ——cccccmmcmcccccmccccc i n s e n e
Feedback 9:00 a.m. 11:00 a.m. 1:00 p.m.
Mean 17.50 19.00 15.43
2 Seconds SD 3.75 1.62 5.32
N 12 14 7
Mean 18.15 19.08 19.29
20 Minutes SD 2.48 1.31 1.25
N 13 12 7

Table 4.4.--Summary of Univariate Unweighted Means Analysis
of Covariance on Students' Total Raw Scores for
Familiar Test Items

e wr W - = > W W P W W W W W W WD > W G W W W W W W T W W W W W W W W W T W W U D G W W W W w W e W G e = - =
T T R R T T e - - - - - - N N E R T ETE E EF E E E E EF T T T

Source of Variation SS df MS F p
“Pretest (Covariate)  174.39 1 174.39 33.67  <.001
Delay of Feedback 31.98 1 31.98 6.18 <.016
Class (Replications) 17.77 2 8.88 1.72 n.s.
Delay of Feedback x Class 24.02 2 12.01 2.32 n.s.

Residual 300.40 58 5.18
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Table 4.5.,--Means and Standard Deviations of Total Raw Score
on the Measure of Retention of Unfamiliar Factu-
al Information

Class
Delay of = =  sccccccccccccccccrcmc e
Feedback 9:00 a.m. 11:00 a.m. 1:00 p.m.
Mean 17.33 18.71 16.71
2 Seconds SD 5.16 2.02 3.95
N 12 14 7
Mean 18.46 19.17 19.57
20 Minutes SD 1.39 1.40 0.79
N 13 12 T

Table 4.6.-=-Summary of Univariate Unweighted Means Analysis
of Covariance on Students' Total Raw Scores for
Unfamiliar Test Items

- - - - - e - . . = - > " W Mr S R R e P SR R WP SE R W TS NP Mh W h Mm W e G M M h W G M M e W e W W s > =
=== i g i i e e e e e e i e e R =

Source of Variation SS df MS F o)
“Pretest (Covariate)  130.01 1 130.01 21.03  <.001
Delay of Feedback 35.73 1 35.73 5.78 <.019
Class (Replications) 7.79 2 3.89 0.63 n.s.
Delay of Feedback x Class 8.46 2 4,23 0.68 n.s.

Residual 358.52 58 6.18
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State Anxiety. A second purpose of the study was to

investigate the utility of state anxiety toward explaining
the effects of varying the delay of presenting informa-
tive feedback regarding knowledge stating. Of the three
questions students were requested to respond to, differ-
ences were observed between the experimental conditions on
only one. As seen in Table 4.7, when asked whether they
felt that the questions on the quiz were arranged in order
of difficulty, subjects in all three classes were more
likely to agree if their informative feedback had been
delayed by approximately 20 minutes. A two-way unweighted
means analysis of variance performed on the data, treating
each factor as fixed and completely crossed (see Table 4.8),
showed delay of feedback to be the only significant factor
[F(1,62)=4.796,p<.032]. Due to the fact that the three
items did not systematically correlate with each other as
anticipated, no attempt was made to combine them into a

scale.

Study II - Rule Applications

Retention (H2). A third purpose of the study was to

test the differential effects of delaying or not delaying
the presentation of informative feedback on students' reten-
tion of how to apply the rules for systematically naming
inorganic compounds. Alternate forms of one of the in-
structor's usual exams were used for the experimental ma-

nipulation and measure of retention, respectively, thus
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Table 4.7.--Means and Standard Deviations of the Subjects'
Responses to the question, "I felt that the
questions on the quiz were arranged in order
of difficulty"

- e s W e e e e w an e W G D D S W s G S P T W P P R W W W e e W W S S G T G TP W P A G G e M M W e W = W . - =
=== e e e e e e e i i e e e i gied

Class
Delay of = =  esccmccccccrcccmccmccccm e
Feedback 9:00 a.m. 11:00 a.m. 1:00 p.m.
Mean 3.00 3.31 3.38
2 Seconds SD 0.85 0.87 0.52
N 12 16 8
Mean 2.85 2.62 3.14
20 Minutes SD 0.99 0.78 0.69
N 13 13 T

Table 4.8.--Summary of Univariate Unweighted Means Analysis
of Variance on Students' Responses to the Ques-
tion, "I felt that the questions on the quiz
were arranged in order of difficulty"

- e s mn e e an e s P W S P s S s e S M W T W S SO S W Sh PGS G S P G S G G S G e P M G W W M S W e an e > S > e = =
=R e E E E E R E T E R R R R R R R R E R R E T

Source of Variation SS df MS F o)
‘Delay of Feedback  3.21 1  3.21 4.80  <.032
Class (Replications) 1.34 2 0.67 1.00 n.s.
Delay of Feedback x Class 0.85 2 0.43 0.6u4 n.s.

Residual 41.50 62 0.67
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none of the items on the posttest were familiar to the
students. The total raw scores of the students in each of
the two feedback conditions, across the three classes, for
the retention test are summarized in Table 4.9. A two-way
univariate unweighted means analysis of covariance was
performed on the data, treating each factor as fixed and
completely crossed, and using the total raw scores students
attained on the pretest as a covariate. As can be seen in
Table 4.10, the only factor that showed to be significant,
aside from the covariate, was the experimentally manipulated
delay of feedback [F(1,50)=6.686, p<0.013]. Delaying the
presentation of informative feedback by twenty minutes
resulted in superior performance, as compared with present-

ing it immediately.

Table 4.9.--Means and Standard Deviations of Total Raw Score
on the Measure of Retention of Rule Applications

Class
Delay of = =  —sccccccccccccccccmncc e
Feedback 9:00 a.m. 11:00 a.m. 1:00 p.m.
Mean 16.89 20.17 21.40
2 Seconds SD 11.01 12.12 11.08
N 9 12 5
Mean 21.73 20.46 30.43
20 Minutes SD 9.92 11.64 7.93
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Table 4.10.--Summary of Univariate Unweighted Means Analysis
of Covariance on Students' Total Raw Scores
for Retention of Rule Applications

- mr w> > e w an mn em e n W R S h S M MR G S S M S S D W S W W s M Gn G W S WD D G Gh W W W > T M e W = = = = =
=== R R R e g g e g g g

Source of Variation SS df MS F p
“Pretest (Covariate) 723.40 1 723.40 7.19  <.010
Delay of Feedback 673.00 1 673.00 6.69 <.013
Class (Replications) 349.41 2 174.71 1.74 n.s.
Delay of Feedback x Class 39.41 2 19.70 0.20 n.s.
Residual 5033.06 50 100.66

State Anxiety. A fourth purpose of the study was to

investigate the utility of state anxiety toward explaining
the effects of varying the delay of presenting informative
feedback with respect to tests of rule applications.

The State Trait Anxiety Inventory (STAI, Spielberger,
Gorsuch & Lushene, 1970) was analyzed both as a dependent
variable in a two-way univariate unweighted means analysis
of variance, and as an independent variable (using a median
split) in a three-way univariate unweighted means analysis
of covariance of the posttest scores. No significant dif-

ferences were found.
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Summary of Results

1« The hypotheses regarding differential perfor-
mances on measures of retention, according to the delays
with which informative feedback was presented on a quiz
given one week earlier, were all supported. Students who
were given informative feedback approximately 20 minutes
after they had responded to the quiz, scored significantly
higher than students who were given such feedback immedi-
ately (i.e., within two seconds). That is, regardless of
the level of the information being tested, or whether the
test items were new or familiar, delayed feedback enhanced
retention significantly more than immediate feedback.

2. Only one of the questions regarding differen-
tial levels of state anxiety, according to the delays with
which informative feedback was presented, was supported.
Students who were given informative feedback approximately
20 minutes after they had responded to the quiz used in
Study I, were more likely than students in the immediate
feedback condition to agree that the items on that quiz had
been arranged in order of difficulty.

3. No evidence was found to support the existence
of a functional interaction between reinforcement and infor-

mation processing theories.




CHAPTERS

Summary and Conclusions

Summary

Problem. While most researchers would agree that
some aspects of human learning are subject to control by
reinforcement, some of the applications of that principle
which behaviorists had suggested have recently been seri-
ously questioned. One such prescription has been Skinner's
(1954) recommendation that feedback can serve to reinforce
students' recalling of the answers to test questions and
should, therefore, be given immediately. Information pro-
cessing theorists, who have eschewed reinforcement as an
explanation for verbal learning and problem solving, have
argued that Skinner was incorrect and have offered a good
deal of evidence to support their claim (e.g., Anderson,
Kulhavy & Andre, 1971, 1972; English & Kinzer, 1966;
Kulhavy, 1977; Kulhavy & Anderson, 1972; More, 1969; Phye &
Baller, 1970; Sassenrath & Yonge, 1968; Sturges, 1969, 1972,
1978; Sturges & Crawford, 1964; Suber & Anderson, 1975).
Their own conclusions, however, were based on studies which
have been limited in a number of respects and it was argued
that the question of whether feedback should be given im-
mediately or delayed in the applied setting of school

53
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learning has yet to be studied satisfactorily in the context

of typical classroom situations.

Purpose. The purpose of the present study was to
compare the relative effects of immediate and delayed feed-
back on the retention of two categories of learning out-
comes, the stating of facts and the application of rules, in
the context of an actual classroom setting. The study,
specifically, was an attempt to correct for five limitations
of previous studies conducted on the same topic, namely:
(1)the possible confounding of reinforcement and delayed
feedback; (2)the use of dependent measures atypical to most
classroom learning situations; (3)the use of a potentially
biased measure of retention; (4)the use of theoretically
inconsistent definitions of immediate and delayed feedback;
and (5)the failure to consider and/or control for the par-
ticular outcomes of learning studied.

The intent was to provide valuable information for
the controversies on learning theory and, equally important,
to offer a controlled comparison of the practical applica-
tions of the opposed prescriptions. Given the increasing
questioning that has occurred in recent years of the ap-
plicability of research to educational practice in general
(e.g., Hook, 1981; Turnbull, 1979), a less equivocal under-

standing of the topic is necessary.

Methodology. The entire populations from three

sections of a freshman-level college chemistry course served
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as subjects in two experiments, one for each of the outcomes
of learning investigated. 1In each study the effects on re-
tention of providing informative test feedback immediately
(i.e., within two seconds) and delayed (i.e., after approxi-
mately 20 minutes) were compared. Actual planned course
content and examinations were used as the stimuli and de-
pendent variables, respectively, and the manipulations were
accomplished within the normal context of the course.

The questions to be answered were: Was there a dif-
ferential performance on the two levels of questions across
the groups? If so, did the evidence solely support a behav-
ioral interpretation, an information processing interpreta-
tion, or was there evidence of a functional interaction ex-
isting between the two theories? Were there corresponding
differences existing between the groups on a measure of

state anxiety?

Results. Both of the hypotheses suggested by infor-
mation processing theory were supported. Subjects given in-
formative feedback approximately 20 minutes after responding
to the quiz, scored significantly higher than those given
such feedback immediately (i.e., within two seconds). That
is, regardless of the outcome being examined, or whether the
test items were new or familiar, delayed feedback enhanced
retention significantly more than immediate feedback.

Only one of the questions regarding differential

levels of state anxiety, according to the delays with which
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informative feedback was presented, led to finding dif-
ferences between the groups. Students who were given infor-
mative feedback approximately 20 minutes after they had
responded to the quiz used in Study I were more likely than
students in the immediate feedback condition to agree that
the items on that quiz had been arranged in order of diffi-
culty.

No evidence was found to support the existence of a
functional interaction between reinforcement and information

processing theories.

Conclusions

The hypotheses studied in this project concerned the
effects on retention of varying the delay with which infor-
mative feedback is presented, for two different outcomes of
learning, namely knowledge stating and rule application, and
the results clearly favored delaying the presentation of
informative feedback (as suggested by information processing
theory), rather than presenting it immediately (as pre-
scribed by the proponents of reinforcement theory).

Regarding the additional questions that were inves-
tigated, no evidence was found to indicate either the ex-
istence of a functional interaction between reinforcement
and information processing theories, or any explanatory
utility of anxiety with respect to the manipulations per-

formed.
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Limitations. Before a formal interpretation and

discussion of the results is undertaken, a brief overview of
the general utility of the study is in order. The most
obvious problem with the present study is its lack of sta-
tistical generalizability. The specific subject matter, and
the particular students that were selected for the study,
were both fixed factors and the results are simply not gen-
eralizable beyond the particular classes and subject matter
that were used. In this regard it is hoped that future re-
searchers, who might wish to use the Bridge Argument of
Cornfield and Tukey (1956) for generalizing the results to
an hypothesized population with similar characteristics,
will find the description of the sample provided to suffice.

A second limitation of the study is that the one
purportedly anxiety related question about which any dif-
ferences were found, was also the one question that did not
correlate systematically with the other anxiety related
items. That is, while asking subjects whether they thought
the items on the quiz were arranged in order of difficulty
was intended as a measure of state anxiety, it did not
correlate systematically with any of the other anxiety
related items and attempting to draw conclusions from such a
serendipitous finding might be questionable.

Finally, while analyses of variance are typically
robust against violations of homogeneity of variance, it
should be noted that there were discrepancies in Study I due

to the apparent ceiling effect.
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Discussion., The results echoed the major previous
finding of studies on the Delayed Retention Effect, "long-
term retention of academic material following some delay of
informative feedback is superior to that with immediate
feedback (Sturges, 1978, p.385)." These results are es-
pecially intriguing since, unlike previous studies on the
same topic, the present study was conducted in an actual
classroom setting, used no apparent inherently reinforcing
stimuli for providing delayed feedback, and did not use a
potentially biased measure of retention. The findings were
consistent with the perseveration-interference hypothesis
proposed by Kulhavy and Anderson (1972) and clearly in con-
trast to the behavioral prescription.

The interpretation that any feedback serves merely
to initiate an error-nulling process without regard to the
mental processes involved (e.g., Guthrie, 1970), however,
was not supported. With the exception of one experiment,
past studies of the Delayed Retention Effect have been the
same in at least the following ways: (1)the pretest and any
respective informative feedback was always presented with
multiple-choice formats and (2)the retention measure always
consisted of the same items as the pretest. In the one
study that differed from that procedure (Sturges, 1978),
retention was measured for both: (1)the same items that were
on the pretest; (2)items from the pretest that had been
restated in a recall-type format; and (3)items that measured

the same general content as the items on the pretest but
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were, in themselves, novel. Sturges found no significant
differences attributable to feedback in either of the latter
two measures.

The present study, conversely, utilized recall
formats for all items on the pretests and posttests and
consistently found differences, attributable to the delay of
feedback, regardless of the degree of the subjects' famil-
iarity with the items. For rule applications, in fact,
alternate forms of the exam were used for the pretest and
posttest, yet the effect was still found. While recall and
recognition were not formally compared in the present study,
the indication that they should be is obvious. A number of
theoreticians have claimed that the two are qualitatively
and functionally different behaviors (see, Gagne' & White,
1978; Mueller, 1980), but reliable observed differences
between them have apparently been nonexistent or difficult
to locate (e.g., Mueller, 1980). The results of the present
study, compared with those found by Sturges (1978), suggest
that recall may well constitute a qualitatively different
component in the process.

Such a result can be viewed, however, from at least
three additional perspectives. First, there exists the pos-
sibility that delayed feedback leads to increased motiva-
tion. While earlier studies discovered no significant dif-
ferences between the delay conditions on items that had not
been presented previously, and therefore discounted the pos-

sibility of a motivational interpretation, such an
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explanation obviously cannot be eliminated given the results
of the present study. These results were especially con-
vincing considering the fact that the delayed feedback
groups clearly had reached the test's ceiling in the first
study. Conceivably, the added difficulty of having to
recall answers rather than merely recognize them, leads to
greater efforts in later study habits.

Second, is the possibility that immediate feedback
is perceived as being unnatural and serves to suppress
learning. While the present study did not utilize a control
group, and therefore offered no test of that hypothesis,
the previous studies reviewed which did include control
groups offered no support for such a view. That is, while
students may or may not perceive immediate feedback to be
natural, little if any evidence is available to indicate
that such a condition serves to depress learning.

Finally, there remains the serendipitous finding
that students in the delay condition were more likely to
perceive that the questions on the test were arranged in
order of difficulty. Since no differences were found on
any of the accepted anxiety measures, an interpretation in-
volving that construct does not seem warranted. An alter-
native explanation might be that, without the availability
of feedback, students engage in a more thorough semantic
analysis of the questions (see, e.g., Sturges, 1978). Such
an explanation would be consistent with the findings of

other studies that those students' confidence increases at
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the time of retention, since they would then be more fa-

miliar with the information.

Recommendations for Future Research. Those who wish

to continue research on the topics investigated in the pres-
ent study may find that certain instrumentation and methodo-
logical changes would enhance both the degrees of accuracy
and generalizability of the findings of the present experi-
ments. Some of these changes were implied in the preceding
discussion.

Some instrumentation changes, for example, could be
made with little difficulty. The most obvious is the selec-
tion of a better covariate. Asking students how many chem-
istry courses they had taken prior to the one they were cur-
rently enrolled in failed to sufficiently discriminate be-
tween their current levels of comprehension regarding the
task at hand. The measure which was used, namely students'
scores on the studies' pretests, could have been biased if
receiving feedback immediately after recalling and writing
the answer to a question affected later responding on that
measure, While analyses between those scores did not indi-
cate such differences, a more reasonable alternative would
be to administer a separate pretest prior to initiating the
experimental manipulations. |

Another change would be to use a measure of state-
anxiety, such as the STAI, for both aspects of the exper-

iment. It was only used within Study II of the present ex-
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periment, as its existence was unknown to the experimenter
prior to that time. Considering the items that were devel-
oped by the experimenter for Study I, however, a more re-
warding endeavor might be to expand on the notion of the
subjects' perceived difficulty of the quizzes. A longer,
more reliable index of that phenomenon, should definitely be
used if it is to be formally investigated.

Given the discrepancy between the findings of the
present experiment and those of Sturges (1978), the system-
atic comparison of using recall and multiple-choice type
items on the pretest most definitely seems to be in order at
this time. This could be accomplished, as Sturges did, by
using the same stems on both the pre- and posttests and

varying only the mode of response required.
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Cremistry 112

Practice Quil

1.

APPENDIX A

PRETEST ON KNOWLEDGE STATING

h) - ~A ™o .
' ~nstegd ~ate:

~N

To the rignt of ezch of the following symbols, with pen or pencil on tne
line provided, write the name of the element the symbol represents. Im-
mediateiy after writing an answer, but only then, use the Image Developer
you have been proviced with to draw a line between the two parentheses:

As ( ) Fe ( )
Ag ( ) Hg ( )
cd ( ) Mg ( )
c= ; 3 2 ( )
Cr ( ) St ( )
2. To tne right of each of the following elements, with pen or pencil on the

line provided, wWwrite the symcol that is used to represent the element.
Immediately after writing an answer, but only then, use the Image Devel-
oper to draw a line between the two parentheses:

Boron I ¢ ) Platinum I )
Copper I ¢ ) Potassium _ )
Fluorine P ¢ ) Sulfur _ )
Gold _ ) Tin _ )
Manganese { ) Tungsten ( )

The following section is not part of the quiz but, rather, is an at-
tempt to find out how anxious the format used for this quiz may have
made you. Please answer each item, as honestly as you can, by drawing
a circle around the response to the right of the statement that mest
accurately reflects your feelings. Use a pen or pencil to circle "SA"
if you STRCNGLY ACREZE with the statment, "A" if you AGREE with it put

not strong.y, "2" if you CISAGRZZ, or "S2" if you S5TniNGLY SISAGREE
There are no 'rignt' or 'Wring' answers:
a. I felt quite nervous while taxing this quiz. SA A D SD
b. I felt more relaxed later in the quiz than I
did earlier. SA A D SD
c. I felt that the questions on the quiz
were arranged in order of difficulty. SA A D SD
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APPENDIX B

PRETEST ON RULE APPLICATIONS
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)

Antimony
Arsenic
Boron
Fluorine

Iron

APPENDIX C

POSTTEST ON KNOWLEDGE STATING

n of the following symbols, Wwith pen or pencii on

te the nzme of the elament the symbol repreasants:

tg

cn i trne follcw 2l2ments,
T2 the symbdcl 1S usez ¢
Manganese

Platinum
Silver
Sodium

Tungsten
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POSTTEST ON RULE APPLICATIONS



Chemiscry-1l

Write formul
1.
2.

3.

Write names

APPENDIX D

POSTTEST ON RULE APPLICATICNS

8 liomenclacur ‘are

as for the following compouncs:

manganic phosphite

chromous kicarbcnate

mercurous periodate

iron(IZ) ni=ride

I'n

S -
-

arsencus sul

(']

calcium dihydrogenchosphate

zinc iodate

lithium sodium chromate

manganous phosphide

cobaltous borate

for the following compounds:

Alz(Crzo7)3

Ba(MnO4)2

CuBrO2

Caso

4

H3BO3

Mn(so

3)2

LLSIPO3

P05

st(aq)

Sn(CN)4
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