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FOREWORD

This research was conducted within the Interlaboratory Independent Research Pro-
gram under work unit ZR000-01-042-06.01.02 (Delayed Feedback in Acquisition and
Retention). This report describes the results of a series of three experiments examining
the relationship between the timing of feedback and long-term knowledge retention. It is

- intended primarily for researchers working in the area of delayed feedback. However, the

results and conclusions should be of interest to those concerned with designing
instructional delivery systems, including computer-managed instruction, programmed
instruction, and the personalized system of instruction.

JAMES F. KELLY, JR. : JAMES W. TWEEDDALE
" Commanding Officér Technical Director
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Problem

INTRODUCTION

-

The personalized system of instruction (PSD, precision teaching, and the Navy's
computer-managed instruction (CMI) system are among several instructional systems that
dictate the provision of immediate feedback in order to maximize student learning.
However, immediate feedback is expensive in student time and‘in instructor or proctor
time and evidence is mounting that delayed feedback produces #qual learning and
frequently superior retention, at least when multiple-choice or fill-in test items are used.
The issue remains as to what the optimal feedback procedures are for these kinds of
instructional systems. : - '

Objective ..

The objective of this series of experiments was to examine the relationship between
the timing of feedback and long-term knowledge retention under classroom conditions
that exist in courses taught according to the principles of PSI.

Background ‘

Many of the recent innovations in instruction have provided for immediate feedback
of test results to the 'students. The feedback typically included information concerning
the accuracy of answers and it may also contain additional material designed to allow the
students to correct their errors. In the Navy's CMI system (Van Matre, 1980), for
example, tests are scored by the computer upon test completion, and feedback consists of
an indication of the correctness of the answer, as well as materials that the students
should consult to correct their mistakes. Keller's (1968) PSI uses proctors to provide
immediate feedback that consists of an indication of the correctness of an answer and
remedial assignments to help students find the answers to items they missed.

Obviously, these systems devote considerable effort and expense to ensuring that
students receive knowledge of results immediately. This is true despite the fact that
there is considerable evidence demonstrating the superior efficacy of delayed feedback,
at least in terms of long-term knowledge retention. The question remains as to what the
optimal feedback procedures are for PSI type courses.

Before discussing’ the existing evidence regarding feedback effectiveness, it is
necessary to review recent research in this area. The typical experiment has used two
groups of subjects. After initial exposure to the test material in the form of multiple-
choice questions, feedback of results has been provided either immediately, or following a
delay of some interval. After a retention interval, both groups of subjects received the
sane tests again. Using this basic design, Sassenrath and Yonge (1968, 1969), Sturges
(1969, 1972, .1978), and Kulhavy and Anderson (1972) all demonstrated that delayed
feedback produced superior retention when compared to immediate feedback. These same
studies also showed that there was no difference in immediate acquisition as a function of
feedback delay interval. Further, the validity of the phenomenon has been studied in
several experiments employing students in classroom settings and procedures such as
would be found in a standard educational environment. Moore (1969), Sturges (1972), and
Surber and Anderson (1975) all demonstrated the superiority of delayed feedback in
classroom settings.

o~




Several explanations have been tendered to account for this "delay-retention effect."
Sturges (1972) suggests that subjects receiving delayed feedback either learn to discrimi-
nate the correct choice more precisely (because they learn both the correct and -the
incorrect alternatives from the feedback) or they engage in higher order 'org3 ization of
the information. Her data support the latter interpretation. It appears that subfects in
immediate feedback conditions examine feedback only sufficiently to determine whether
their answers are right or wrong. Delayed feedback subjects, however, usually must study
all the feedback to remefttber the question and their answer. In either case, Sturges
hypothesizes that the crucial period is the period after the subject receives the feedback,
not the delay interval per se. ' .

Kulhavy and Anderson (1972) hypothesize that proactive interference accounts for
the differences in retention. Subjects in the delay condition forget their errors so that
they are able to learn the correct answers when they receive feedback. Subjects in the
immediate feedback conditions are perseverating on their incorrect answers; therefore,
interference prevents them from acquiring the correct response. Support for this
hypothesis is evidenced in the Kulhavy and Anderson experiments that show that the
probability of repeating initial errors on the retention test is greater for subjects in the
immediate feedback condition than for those in the delay condition.

Few people currently suggest that reinforcement theory adequately accounts for the
effects of feedback. Keller's PSI approach was, of course, an attempt to implement the
principles of operant conditioning in the classroom. In the effort to accomplish this, it
was initially assumed that feedback functioned as reinforcement. Since immediate
reinforcement was much more effective in producing acquisition of responses than was
delayed reinforcement, immediate feedback was considered to be an integral part of any
good instructional strategy. PSI researchers have devoted relatively little time to
examining this assumption. Calhoun (1976) compared student performance under delayed
and immediate feedback conditions and found that immediate feedback was superior.
Unfortunately, Calhoun's study did not examine long-term retention, which is the only
measure that has been found to vary consistently as a function of feedback.

‘ Others (Farmer, Lachter, Blaustein, & Cole, 1972; Johnson & Sulzer-Azaroff, 1975)
reported findings concerning delayed and immediate feedback in PSI, but their feadback
conditions were confounded by method of delivery (proctor-delivered versus written
feedback), and so no conclusions regarding the timing of feedback can be drawn from their
data. o7

Recent work by Robin (1978) attempted to examine the effects of differing delays of
feedback in a PSI course using essay test items. -While there were no differences in
acquisition as a function of the delay, students in this study expressed strong preferences
for immediate feedback. The author concluded that PSI courses should arrange to provide
immediate feedback whenever it is feasible. Unfortunately, Robin did not measure:
retention as a function of delayed and immediate feedback, and research design used
{counter-balanced, within-subject reversal) precludes examination of this aspect. Since
previous studies have used primarily multiple-choice items and have shown differences
only in retention, no conclusions can be drawn concerning the presence or absence of the
delay-retention effect with essay test items. Because the provision of immediate
feedback is so costly in terms of student time, proctor time, computer programming, or
materials preparation, Robin's recommendation that ". . .it meediate feedback] should
remair an element of most instructional programs" (p. 87) seems unwarranted at this
time.

10




Experimental Conditions

The three experiments described in this report were all conducted under the same
general set of experimental conditions. The research occurred in regularly scheduled
college courses. Course material ‘was arranged and presented according to the basic
principles of the PSL. These principles include (1) frequent repeatable quizzing over small
units of material until a mastery criterion is attained, (2) modified self-pacing, and (3) the
provision of proctors (tutors) to administer and grade quizzes and provide feedback.

EXPERIMENT I

Experi’ment'l was designed to assess the effects of immediate and delayed feedback
on performance in a course using short-answer essay test items.

Approach

Experimental Design and Subjects

Thirty-four students in an introductory culturdl anthropology class at San Diego State
University were randomly assigned to two feedback groups. The immediate feedback
(IMFB) group (N = 18) received feedback 20 minutes after completing the quiz. The
delayed feedback (DLFB) group (N = 16) received feedback 48 hours after completing the
quiz. The two feedback interval conditions constituted the independent variable. The
dependent variables were:

l.  Student learning, as measured by performance on first attempts at quizzes. -

3,

b

2. Student retention, as measured by performan€e on review tests and a final éxam.

- 3. Differential effect of feedback on items correct or incorrect initially but
correct later.

4. The amount of student study time.

Test Schedule and Materials ,

All students were required to take a total of 10 unit quizzes, two review tests, and a
final exam. Only four of the unit quizzes were used in the experiment, however. Table 1
shows the sequence in which the experimental unit quizzes were presented.

All questions required short essay answers and all answers were scored as completely
wrong or completely right.

The review tests contained five questions from each of the two experimental unit
quizzes that preceded them. The final exam questions were taken from the two review
tests. One question on the final exam was deleted from the analyses because it was
invalid.

Students who did not reach criterion on the experimental unit quizzes were permitted
to take an alternate form of the quiz. The alternate form contained the five essay
questions from the original quiz that were not used on the review test plus five new
questions. ‘

1j




Table |

Experimental Quiz/Test Schedule (Experiment I)

—

Week of & Units v Test Number of
Semester Covered Type of Test No. Questions

2 2 Study quiz Q2 10

3 3  Study quiz Q3 10

5 2 & 3 Review test Rl 10

7 6 Study quiz Q6 10

9 7 Study quiz Q7 10

10 6 & 7 Review test R2 10

16 1 thru? Final%exam - 202

30ne question was deleted from the analyses because it was found to be invalid. The final *
exam included questions from non-experimental units, although these data were not
included in the statistical analyses.

Experimental Feedback

" Feedback consisted of providing the student with a form with an indcation of
whether each answer was correct or incorrect. The student was referred to the portion of
the text from which the item was drawn.

-  Criterion. The criterion set for mastery of the material was 70 percent. If students
. scored lower than 70 percent on a quiz, they were required, to take up to two alternate
forms to reach criterion. If after three attempts students still had not reached criterion,
they received no credit for that unit. ‘

Study‘Time Sheets

Students maintained, and presented to the proctors, records of the time they spent
studying for each test.

Proctors -

Each proctor was a graduate student who was responsible for 17 students. Proctor
groups Included students from both feedback groups. Proctors attended lectures and
monitored out-of-class testing sessions, and administered both experimental and non-
e’ verimental unit quizzes.

Procedure
Quizzes. Students reported to their procters, handed in their study time sheets, and
received a quiz. While students completed the juiz, proctors recorded the students' study

time. When students had finished the quiz, ttey handed it to the proctor and received
their study time sheets back.

12
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1. Students in the IMFB group then waited while proctors corrected their quizzes,
recorded the scores, and filled out their feedback information. After this, the proctors
gave the students the feedback. Students could keep the feedback until the end of the
class period, when it had to be returned to the proctor. Students were allowed to take
notes on the textbook references for incorrect items since feedback was not allowed to
leave the test area. If students had met criterion, proctors recorded that they had
completed the unit when the feedback was returned to them. ‘

2. Students in the DLFB group were excused when they handed in their quizzes and
were told, their feedback would be ready in 48 hours. Proctors corrected the quizzes,
recorded the scores, and prepared the feedback. When stude.its retirned, 48 hours later
(or as soon after a% possible), feedback was given as it was to the immediate feedback

group. N

Remediations. Remedial quizzes were independently arré‘nged as needed. Proctors
recorded the number and form of the alternate quiz they administered. The procedure for
giving remedial tests was the same as that for the initial quizzes. All remedial testing

" was done before the review test covering that material.

Review tests. Review tests were given in the same way as quizzes.

Final exam. Students-took the final exam in a traditional test-taking situation; no
feedback was given. Students were toid their scores immediately, regardless of feedback
group. : »

Quizzes not used in the experiment. Testing was the same for experimental and non-
experimental study units. Feedback for the nonexperimental quizzes, however, consisted
of the students' corrected quizzes. Students returned the tests at the end of the class

period. There were no remediations for non-experimental units.

Analyses

Analyses of varia;nce (ANOVA) tests with type of feedback as the independent
variable* were conducted on students' reported study time, students' scores on initial
quizzes, review tests, and the final examination.

Z-tests of significance were conducted for proportions of items that were: (1)

"correct and incorrect on the quizzes that were correct on the review test, and (2) correct

and incorrect on the review test that were correct on the final exam.

Results of Experiment I

Reliability of Scoring the Short Essay Answers

The overall agreement among scorers was%ﬁ.’@ercent, ranging from 90 to 109

-percent. -

Group Performance on Initial Attempts on Quizzes

(=%

Each proctor's group contained both delayed and immediate feedback students. A
preliminary ANOVA on group performance on the initial attempts on quizzes with two
between-group variables—delay of feedback and proctor--revealed no systematic dif-

- ference between the proctors (F = 1.66, df = 1,30). Consequently, only feedback delay was

considered as a between-groups variable in subsequent analyses.
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Table 2 contains the group means for the initial attempt on quiz 2 (Q2), the first quiz
used in the experiment. The two feedback groups' performance on Q2 was analyzed by an
ANOVA with one between-group variable--delay of feedback. No significant effect was
found (F =.042, df = 1,32), indicating that the two feedback groups did not differ at the

-/start of the experiment.

: Table 2

Mear. Percent CorrecE On Quiz 2, Review Tests,
and Final Exam (Experiment 1)

o

Mean Percent Correct

Final Exam Final Exam

Feedback Iterns from Items from
Group Q2 Rl R2 Rl Rz N
IMFB 92 86 84 70 74 - 18
DLFB 92 89 82 76 84 16

Group Performance on Review Tests

Table 2 also ~ontains the group means for the review tests. The two feedback groups
did not differ significantly in their performance-on either review test 1 (F =.36l,
df = 1,32) or review test 2 (F = .048, df = 1,30).

Group Performance on Final Exam

The group means on final exam questions from the review tests are contained in
Table 2. The two feedback groups did not differ significantly in their performance on the
final exam. Final exam questions taken from review test 1 -and review test 2 were
analyzed separately (the ANOVA results are F =.79, df = 1,32 and F = 3.16, df = 1,32,
respectively). There were no significant differences for questions from either review
test. )

Study Time
Table 3 contains the mean total study time for each feedback group.
" When the study times for each unit quiz, review test, and the final exam were
_analyzed in an ANOVA with feedback delay as the between-groups variable and. test
scores as the within-groups, or rebeated, measure, no significant difference was found
between the feedback groups in the amount of study time (F = .206, df = 1,214).

Number of Remediations

Table 3 also contains the mean total number of remediations taken by each feedback
group. The two groups did not differ significantly in the average total number of
remediations taken (F = .236, df = 1,32). :

14




. Table 3

Group Means for Total Study Time and Number
of Remediations (Experiment I)

Feedback Total Total

Group Study Time Re mediation N
IMFB 19.6 .8 ¢« 18
DLFB 21.7 .7 16

Proportions of Items that were Incorrect or Correct on a Review Test that were
Correct on the Final Exam

Table 4 contains the proportions of items that were incorrect or correct on a review
test that were correct on the final exam. The two feedback groups differed only for
items from review test 2, where the DLFB group had a higher proportion of items correct
initially and correct later than did the IMFB group (Z = 3.22, p < .0l).

Table &

Proportion of Items Correct and Incorrect on the Review Tests -
that were Correct on the Final Exam (Experiment I)

Proportion of Items Incorrect Proportion of Items Correct
on a Review Test that were, on a Review Test that were
Correct on the Final Exam Still Correct on the Final Exam
Feedback Review Review Review Review
Group Test | Test 2 Test 1 Test 2
IMFB .27 .46 .75 .82
DLFB .25 .56 .82 942

%Immediate versus delay comparison significant at p <'.0i level.




- EXPERIMENT II

Experiment Il was designed to determine the inriependent and combined effects of
feedback timing and feedback format.

Approach
| Emerimental Design

‘The experimental design for Experiment II was a 2 x 2 factorial design. The
independent variables were interval before test feedback (immediate or delayed) and
feedback format (feedback only or feedback plus students’ degree of correctness).

The dependent variables were three measures of student performance:

1. Student learning, measured in terms of performance on quiz and review test
items, both multiple-choice and fill-in.

2. Knowledge retention, measured in two ways.

a. Loss from review tests to final exam on repeated items (both multiple-
choice and fill-in).

b. Test perfermance on new items on final exam (both multiple-choice and fill-
in). :

3. Differential effect of feedback on student performance, measured by:

a. The proportion of multiple-choice and fill-in items that were answered
correctly and incorrectly on study quizzes that were correct on the review tests.

b. Similar proportions for the final exam items.

Subjects

Subjects were 57 undergraduate students enrolled in four sections of an introductory
course in research methodology at California State University, Chico. The course was
taught by one instructor, with an additional instructor conducting two of the four
laboratory sections that accompanied the lecture part of the course.

Students were randomly assigned to one of the four following groups and remained in
that group throughout the semester:

1FS

1. Immediate feedback (IMFB) group. Students in the IMFB group (N = 15) received

~ feedback within 20 minutes. The feedback form included the original question and the

correct answer.

2. Delayed feedback (DLFB) group. Students.in the DLFB group (N = 13) received
feedback after a 24-hour interval. The feedback was identical to that provided to the
IMFB group.

3. Immediate feedback and rightness/wrongness (IMFBR/W) group. Students in the
IMFBR/W group (N = 13) received immediate feedback that included the original question,
the correct answer, and an indication of whether the sTdents‘ answer was right or wrong.

o
o




: 4. Delayed feedback and rightness/wrongness (DLFBR/W) group. Students in the
DLFBR/W group (N = 16) received delayed feedback, with the feedback identical to that
_ presented to the IMFBR/W group.

Test Schedule

There were six study quizzes, three review tests, and a final exam, all of which
counted toward the course grade. Table 5 presents the sequence in which the tests were
given during the semester.

Table 5

Schedule (Experiment II)

Week of Study Type of Test Number
Semester - Block Test No. of Items
2 1 Study quiz Ql 20

TBA? 1 Study quiz Q2 20

4 1 Review test Rl 40

6 2 Study quiz Q3 20

TBA 2 Study quiz Q4 20
8 2 Review test R2* 40 !

10 3 Study quiz Q5 20

TBA 3 Study quiz Q6 20

- 14 3 Review test R3 40

16 - Final exam - 90

3To be arranged at student's own pace.

Test Materials

The lecture and the laboratory sessions were conducted independently and the PSI
testing examined in this experiment covered the lecture material only.

Study quizzes. Study quizzes had 10 multiple-choice and 10 fill-in or short-answer
items. Figure | shows a sample of each type of item and the two forms of feedback for
each item type. :

Review tests. Review tests consisted of all 40 items from the two preceding study
quizzes. There was no feedback after the review tests.

Final exam. The final exam consisted of 60 previously-used items and 30 new ones.
The previously-used items consisted of 10 multiple-choice and 10 fill-in items from each
of the three review tests. The new questions consisted of 12 multiple-choice items, six
each from material covered in Blocks I and II, and 18 fill-in items, six from each block.
There was no feedback for the final exam.




As the effect of the independent
variable decreases, the within-
group variance

a. decreases

b. increases

c. does not change systematically
in either direction :

The correct answer is C

As the magnitude of the effect of
the independent variable increases,
between-group variance .

The correct answer is: increases

A. Multiple-choice item of the type
given to the IMFB and DLFB groups.

B. Fill-in item of the type given
to the IMFB and DLFB groups.

As the effect of the independent variable
decreases, the within group-variance

a. decreases

b. increases

c. does not changes systematically
in either direction

The correct answer is: C
You were Right Wrong

As the magnitude of the effect of the
independent variable increases,
between-group variance .

The correct answer is: increases
You were Right Wrong

C. Multiple-choice item of the type
given to the IMFBR/W and DLFBR/W

D. Fill-in item of the type given to
the IMFBR/W and DLFBR/W