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instructor. Moreover, each student may react
differently to a feedback approach. Like so many
other pedagogical techniques, educators must
continually search for the technique that is best
for the majority of students. Technology also has
had a major impact on this issue.
The present study examines feedback in
undergraduate Operations Management classes
by looking at the effects of immediate versus
delayed feedback in quantitative assignments as
well as in overall examinations. While the study
was conducted in an introductory Operations
Management class the students were from all
majors and the type of testing is applicable to
other classes with quantitative content. A major
objective of the study was to determine if
quicker online feedback through a course
management system was actually better when it
comes to a student’s learning/understanding of a
quantitative skill versus delayed feedback in a
more traditional hard copy format. In the online

I. INTRODUCTION
Researchers have wrestled for many
years with the question of feedback type and
timing to students. In the present study we
examined the literature from the time period
1926 to 2010, and found that the results of
numerous studies are mixed. This state of affairs
is likely due to the variety of ways in which the
studies were conducted and the specific variables
that were chosen. The studies differed to some
degree on the measurement variable for learning
achieved.
There is no simple answer to the question
of which type of feedback, and the timing of it,
is best. Yet, if there is a best way then it should
be identified. After all, the primary concern of
educators is learning by students. Any given
class and instructor is but one link in the chain of
education. Clearly, timing and type of feedback
are important matters for each student and
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format feedback can be virtually immediate.
However, in the traditional format feedback
approach, feedback was received one week
following the student submission.
The paper is organized as follows. The
next section presents an extensive review of the
literature on timing and type of feedback. Also
discussed are student forgetting, student’s
perceptions of feedback, and a discussion of
grading quantitative homework assignments.
Following the discussion of the literature, the
methodology and findings of the empirical study
conducted are presented. The last section of the
paper concludes the study and suggests areas for
future research.

determining the effects of giving or withholding
various kinds of information about performance
during and or varying amounts of time after that
performance” (Ammons, 1956, p. 279). The
body of research at the time of the Ammon’s
study had examined several generalizations.
One such generalization was that the longer the
feedback on performance was delayed the less
the effect of the information on the learner.
Ammons (1956, p. 289) further argued: it is
likely that there is an optimum time of delay for
feedback on performance where the effect
depends on the task and the stage of learning; if
feedback arrived too soon then it might not be
used; and delay of knowledge of performance
might allow the learner to make a better
assessment of his or her performance. Contrary
to this, B.F. Skinner (1958, p. 969) stated that
delaying the return of examinations after a delay
of either hours or days resulted in little
measurable modification of student behavior.
Skinner (1958) concurs with the work of Pressey
(1926) who had emphasized the importance of
immediate feedback in the education of students.
The literature identifies additional
dimensions along which to analyze the benefits
of immediate versus delayed feedback of
performance. Bardwell (1981) points out that
we must look at learning in terms of acquisition
and learning in terms of retention in order to sort
out the effects of immediate versus delayed
feedback. Acquisition means that the learner
made the correct response when the question was
first posed. Retention is assessed by the extent
to which the learner correctly responds to the
same question at a later point in time. Bardwell
(1981, p. 4) concludes that delayed feedback
facilitates retention. Such a conclusion might
seem to run counter to what educators expect.
Kulhavy and Anderson (1972) postulated
that during the delay in feedback on performance
the learner forgets his or her initial response.
And when the delayed feedback is provided to
the learner it is postulated that there will be less
interference by the initial incorrect response
because it has been forgotten. Kulhavy and

II. LITERATURE REVIEW
2.1. Timing of Feedback
There has been an ongoing debate in the
literature about the best timing of feedback to
learners.
Immediate feedback systems for
education have been available since as early as
the 1920s. Sidney L. Pressey designed a series of
machines that provided automatic testing of
intelligence and information (B.F. Skinner,
1958; Pressey, 1926). His machines have been
referred to as the “Automatic Teacher.” His first
machine went into use in 1926. Pressey’s
automatic teaching machines were simple by
today’s standards.
His teaching machines
consisted of a test attached to a rotating drum
and keys used to enter the correct multiple
choice response. If the learner entered the
correct response then the machine advanced to
the next question.
The highly cited review by Ammons
(1956) on the effects of knowledge of
performance and the kinds of information
provided in feedback covers important
generalizations
about
knowledge
of
performance. Ammon’s review examined fifty
years of the literature regarding knowledge of
performance. “In general, research on the
problem of knowledge of performance involves
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Anderson (1972, p. 505) named this the
perseveration-interference hypothesis.
This
hypothesis seeks to explain why there would be
better retention with delayed informative
feedback. These researchers argue that when
learners receive immediate feedback they will
experience interference and therefore will be less
able to correct their error on tests given at a later
point in time. Kulhavy and Anderson (1972, p.
505) concluded that educational theories which
assume that immediate feedback is superior have
been based on studies where the dependent
variable was speed of acquisition rather than the
amount learned and the period of time over
which the material is retained.
Studies by Sturges (1969, 1972) have
concluded that delayed feedback is superior for
retention.
“The general results of these
investigations are that at acquisition or
immediate retention there is no significant
difference between delayed and immediate
feedback but on later retention, delayed feedback
is superior” (Sturges, 1972, p. 32). Sturges
(1972) postulates that delayed feedback will
result in more precise discrimination between the
correct and incorrect choices due to the learning
of both over the delay period. Based on his and
others studies, he reasons that with most forms
of feedback learners given immediate feedback
do not acquire any significant information at
feedback and also immediate application does
not aid later retention. At immediate feedback
the learner may only be focusing on whether the
answer was right or wrong and not on why.
Learners need to acquire information about why
their answer was right or wrong and not just that
it was correct or incorrect. Sturges (1972, p. 43)
postulates the importance of the spacing of
learning events: “Rather, long-term retention is
improved when conditions are such that subjects
identify relationships between the to-beremembered
units
and
other
possible
alternatives. Perhaps a kind of network is
developed in which the correct response is
integrated with incorrect alternatives; and longterm retention is better when there is such a

network than when subjects have acquired the
correct alternative only.” The time delay from
learner response to the receipt of knowledge of
performance seems to create an opportunity for
higher order processing of the question, problem,
or task. The learner will then perhaps be less
interested in whether the answer was correct or
incorrect and more attuned to the reasoning
behind the correct answer.
In another study Sturges (1978)
examined the effect of delay of feedback in
computer-assisted testing.
He found that
retention after a delay of informative feedback
was generally superior. Surber and Anderson
(1975) found support for the perseverationinterference hypothesis and they found that
delayed feedback was significantly better when
the initial response was incorrect.
The body of empirical research on
feedback timing reveals mixed results. Beck and
Lindsey (1979) found that there was no
significant difference between feedback given
immediately and feedback given one week later.
Their study did not distinguish between
immediate acquisition and delayed retention.
Crooks (1988) found that the precise timing of
feedback did not appear to be critical. Kulik and
Kulik (1988) found from their meta-analysis of
the effects of classroom testing that delayed
feedback was superior to immediate feedback
only under conditions that were artificial and
controlled to some degree. Bangert-Drown et al.
(1991) conducted a meta-analysis of 58 effect
sizes based on 40 reports. They found a
generally weak relationship between feedback
and achievement. This result clearly surprised
these researchers. Their results indicated that
feedback makes a small positive contribution to
achievement. In addition they found that control
for presearch availability was significantly
related to the effect size of feedback on
achievement. Presearch is the ability of students
to see any feedback prior to formulating their
answer (Bangert-Drowns et al., 1991, p. 219).
They found that when the students could not
look at any feedback about their answers prior to
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submitting a response the effect of feedback after
the answer had been submitted was significant.
When the students could presearch then the
effect of feedback after the response was
submitted was surprisingly negative. Clearly,
finding that feedback could have a negative
effect on learning is not what educators would
expect nor want. These researchers conclude
that presearch availability alters the effect of
feedback. “In summary, presearch availability
appears to mediate feedback effects, but this
apparent influence is confounded with a
comparison of feedback effects in programmed
instruction to feedback effects in other forms of
instruction” (Bangert-Drowns et al. 1991, p.
225). These researchers also found that feedback
will have its greatest effect on items that are
perceived to be difficult. And feedback was
found to have its greatest effect when the student
had a high confidence in his or her answer but it
turned out to be incorrect. Clariana et al. (2000)
reported that the retention of initial test
responses was higher for delayed feedback for
all levels of item difficulty. They also found this
effect to be particularly true with difficult items.
Little (1934) found a significant
difference between final exam grades of students
who received immediate feedback and those
students who did not have this feedback. This
researcher discovered that students given
immediate feedback and the opportunity to
correct deficiencies by makeup tests showed
higher final exam scores than those students who
did not have the same advantage. The students
using Pressey’s automated teaching machine
answered each question until they achieved the
correct response. More interestingly, in Little’s
study it was found that drill and immediate
feedback was most effective for students in the
lower half of the scholastic distribution. The
entire group of students provided immediate
feedback moved up in performance overall.
Little (1934, p. 49) concluded that mechanical
testing devices were valuable in the classroom
due to their immediate feedback and speed.

Shute (2008) concludes that the effect of
the timing of feedback is unclear in the body of
research she examined, and reasons that
immediate feedback and delayed feedback have
both positive and negative learning effects.
Immediate feedback can provide motivation to
practice and an immediate association between
input and response. The negative side of
immediate feedback might be less careful
processing of the question or task. Shute argues
that delayed feedback can have a positive effect
of encouraging learners to engage in active
cognitive processing. And on the negative side
delayed feedback can frustrate struggling and
less motivated learners (Shute 2008, p. 166).
2.2. Type of Feedback
The effects of feedback also depend on
the type of feedback provided. Mason and
Bruning (2001, p.1) examined feedback in
computer-based instruction and identified eight
levels of feedback: (1) no-feedback, (2)
knowledge-of-response,
(3)
knowledge-ofcorrect-response, (4) answer-until-correct, (5)
topic-contingent, (6) response-contingent, (7)
bug-related, and (8) attribute-isolation . In
addition, they identified five variables which
may influence the effectiveness of feedback: (1)
student achievement, (2) task complexity, (3)
timing of feedback, (4) prior knowledge, and (5)
learner control. These researchers found that the
results based on research on the effects of
feedback elaboration are contradictory. They
examined several studies on levels of feedback
to identify differences that might have affected
the study results, and found methodological
concerns in some of the studies. They reported
that the nature of the topic and the skill being
tested also limited the generalizability of the
results.
Whyte et al. (1995) studied the effect of
feedback as the level of feedback varied. They
found that the largest gains in learning with
computer based instruction resulted from the
most elaborate levels of feedback. The highest
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level of feedback as well as gains in learning
resulted from the knowledge-of-response plus
response-contingent feedback. The knowledgeof-response feedback is the simplest form of
feedback, in which the learner is provided a
score with no details on individual test items. In
contrast, the response-contingent feedback
provides the learner with knowledge of the
correct response and specific feedback about
why the incorrect answer is not correct and why
the correct answer is correct. The finding that the
most elaborate feedback results in the largest
gains in learning seems to be an obvious result.
It is something that many of the online course
management systems are beginning to offer to
some degree. They do offer knowledge-ofresponse and answer-until-correct. But they do
not offer response-contingent feedback. This has
always been an advantage of work that is graded
by hand with elaborate feedback provided to the
student. Persky and Pollack (2008) found that
pharmacy students given examinations with
immediate feedback and answer-until-correct
grading option did not outperform those given
traditional delayed feedback with single attempt
grading. Mason and Bruning (2001, p. 6)
conclude that the body of research does not
isolate a single type or level of feedback. But
they do identify a trend towards increased
learning in response to more elaborate feedback.
Research has revealed that the type of
feedback is moderated by the ability level of the
student. Clariana (1990) found that low ability
students had higher learning outcomes as a result
of receiving knowledge-of-response feedback
compared with answer-until-correct feedback.
Epstein et al. (2001) studied two classes
of undergraduate introductory psychology. They
found that students receiving immediate
feedback on unit exams during the term then
correctly answered more questions on the final
exam where the questions were repeated from
the unit exams. The form of the unit exams in
the immediate feedback section was answeruntil-correct. And the students in that same
section answered each question correctly before

moving on to the next question. The other
section of the class used delayed feedback unit
exams.
Epstein et al. (2001) mixed delayed
versus immediate feedback with the answeruntil-correct testing format. This makes it
difficult to isolate the effect of immediate versus
delayed feedback. And they conclude that
immediate feedback aided delayed retention.
The delay point in time was at the end of the
academic term.
In a study on the role of feedback in
academic testing Dihoff et al. (2003) found that
immediate feedback combined with answeruntil-correct responses leads to enhanced
retention over the course of an academic
semester. These researchers note that there is
agreement in the field that learning is enhanced
by feedback. But they find that there is little
agreement in terms of what type of feedback is
more effective. Dihoff et al. (2003, p.13)
conclude that the greatest retention, greatest
student confidence, and the greatest accuracy
came from the provision of immediate feedback
coupled with answer-until-correct.
These
researchers postulate that the corrective
information provided by immediate feedback
might prevent the learner from committing to a
response. They argue that the learner will then
be in a state of disequilibrium which will be
resolved by acquiring the correct response. This
conclusion appears to be in conflict with those
that support the perseveration-interference
hypothesis (Sturges, 1978; Surber and Anderson,
1975). The study by Peeck and Tillman (1979)
also does not support the perseverationinterference hypothesis. Not only did the studies
surveyed here show mixed results they are also
contradictory in their explanations of the
outcomes.
Butler et al. (2007) designed a study
which included two experiments to isolate the
effects of answer-until-correct and immediate
versus delayed feedback on long-term retention.
Interestingly these authors point out that the
benefit in answer-until-correct versus standard
feedback is that the student must discover the
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answer rather than to just be given the correct
answer in the standard feedback format. The
difference between the two approaches to
feedback is essentially active versus passive
processing. In answer-until-correct feedback the
student actively seeks the correct answer. In the
standard feedback situation the student passively
receives the answer. And in the most limited
type of feedback the student only receives the
information that the answer is correct or
incorrect. An interesting result of the Butler et
al. (2007) study was that in the first of two
experiments the researchers found that the
answer-until-correct alternative did not produce
a significant benefit over standard feedback of
correct/incorrect. This is contrary to the findings
of previous studies. This result is likely due to
the design of the study which was intended to
untangle the effects of answer-until-correct and
immediate versus delayed feedback. Butler et al.
(2007) also performed a second experiment that
lengthened the time delay of the feedback from
one day used in the first experiment to one week.
In the second experiment they found that the
magnitude of the advantage of delayed feedback
was even greater. This can be explained by the
spacing of learning events to one week as
opposed to one day. Spacing of learning events
as opposed to massing of learning events at the
same point in time provides the learner the
opportunity for learning at several points in time.
In the second experiment, as in their first, they
found no significant difference between answeruntil-correct and standard feedback. Butler et al.
(2007) found in both experiments that delayed
feedback produced better long-term retention
than immediate feedback. These researchers
effectively isolated the effects of type and timing
of feedback. Most prior studies had not done so.
Shute (2008) performed an extensive
literature review on formative feedback. Shute
(2008,p 154) identified dozens of feedback types
including accuracy of solution, topic contingent,
response contingent, attribute-isolation worked
examples, hints, and partial solutions
and
concludes that different studies reported

opposing conclusions about the same feedback
variable. Due to the makeup of the studies
examined by Shute it is possible that interactions
among the subsets of variables chosen masked
individual variable effects and led to disparate
conclusions regarding the same variables. Shute
observed that the specific linkages between
feedback and learning are still unclear even with
the large body of research on the subject and
suggests that the most effective feedback is a
combination of correct/incorrect and elaboration
to guide the learner towards the correct answer.
Shute (2008, p. 16) provides a comprehensive
listing of feedback types. Listed by complexity,
these are: (1) No feedback, (2) Verification, (3)
Correct response, (4) Try again, (5) Error
flagging, (6) Elaborated, (7) Attribute isolation,
(8) Topic contingent, (9) Response contingent,
(10)
Hints/cues/prompts,
(11)
Bugs/
misconceptions, and (12) Informative feedback.
Clearly when researchers discuss immediate
versus delayed feedback it is necessary to
identify these other dimensions of feedback.
Shute (2008, p. 182) concludes “As evidenced
throughout, there is no “best” type of formative
feedback for all learners and learning outcomes.”
2.3. Forgetting What They Had Learned
All of the literature discussed above dealt
with measuring learning but not forgetting over a
period of time following a class. Moreover,
these prior studies measured retention of
learning during and at the end of an academic
term. The ability to apply topics learned in a
class at points in the future requires that a
student remember what was learned into the
future. Bacon and Stewart (2006) examined how
fast students forget what they learned in a
consumer behavior class. Bacon and Stewart
examined retention over the very long term
ranging from 8 to 101 weeks. They found that
most knowledge was lost within two years. They
focused on the steepness of the retention curve
for student knowledge of consumer behavior.
And they discuss seven recommendations for
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reducing the amount of forgetting that takes
place: “(1) develop a pedagogy that requires
deep learning, (2) sacrifice breadth for depth, (3)
require that students take a course’s prerequisites
immediately before a course, (4) focus course
content on concepts and tools that students will
encounter in their first jobs, (5) use cumulative
exams, (6) assume a broader approach to
teaching evaluation, and (7) implement learning
assessments across a wider time frame” (Bacon
& Stewart, 2006, p. 189).
When we consider the work of Bacon
and Stewart (2006, p. 182) together with the
work of Kulhavy and Anderson (1972, p. 505) a
linkage emerges. Kulhavy and Anderson (1972)
postulated
the
perseveration-interference
hypothesis. This hypothesis is concerned with
the effect of the first response to a question and
how it interferes with the correct response if the
feedback is given soon afterwards. Over time it
is postulated the first response will cease to
interfere with giving the correct response to the
same question at a later point in time. Focusing
on Marketing classes, Bacon and Stewart (2006,
p. 183) note two interference effects being
created by two sets of memories - proactive and
retroactive. Proactive interference may occur
when the two sets of memories are created by
two different consumer behavior frameworks
being taught, for example, in the basic marketing
principles class versus the consumer behavior
class. Retroactive interference may occur when
two different approaches to the same consumer
behavior model are taught within the same class.
The mechanisms for proactive interference,
retroactive interference, and perseverationinterference might all be similar in their causes
and in their effects on delayed retention and
eventual forgetting. Although this research was
done within the consumer behavior area, the
findings might very well apply to other areas
such as Operations Management, Finance,
Accounting, etc.

Ackerman and Gross (2010) highlight the
importance of feedback in the education process
for marketing students yet point out that the
marketing education literature has given it little
attention. The findings of their study suggest
that when an instructor provides a lot of
feedback on an assignment students tend to
receive it negatively. These researchers discuss
the emotional component of student feedback.
Some students respond better to criticism than
others. When students receive high levels of
feedback they tend to view the professor as
being more critical of them. The academic
maturity of the student clearly plays an important
role in the effectiveness of the type and timing of
feedback. A great deal of effort is invested by
instructors in providing feedback. But that
feedback may not be received effectively if the
given emotional state of the student is not one
that is receptive. There may be a negativity
effect (Ackerman and Gross, 2010, p.174.) They
postulate that students might view constructive
feedback as negative if it is directed towards that
particular student, which may lead to a negative
impression and resulting distancing from the
instructor. This should not be interpreted to
mean that instructors should only give feedback
that is interpreted as praise. Prior research has
indicated that feedback given in the form of
praise by itself will not lead to higher learning
outcomes (Hattie & Timperly, 2007; Wilkinson,
1981; Kluger & DeNisi, 1998, Brophy, 1981;
Bond at al.1981). Praise given to students does
little to guide the student towards an
understanding of the material. Praise by itself
contains little information that the students may
utilize to improve their understanding and can
even distract from that objective. Students might
not accept feedback that is at odds with their
self-perception of their academic abilities.
Ackerman and Gross (2010) suggest that if an
instructor wished to provide a lot of feedback
then the student should be allowed to revise and
resubmit. This suggestion is consistent with the
findings in the literature that answer-until-correct

2.4. Perceptions of Feedback by Students
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can be effective in enhancing student retention of
learning based on examinations.

students, as measured by GPA, tend to be more
motivated to learn the material without the
extrinsic motivation of a grade being given to
their quantitative assignment.

2.5. Grading Quantitative Homework
Assignments

III. EMPIRICAL STUDY
Only one paper was found that was
relevant to the issue of grading quantitative
Operations
Management
homework
assignments. There may have been other studies
on this topic, but they were not prominent in the
search. Peters et al. (2002) studied the effect of
required quantitative assignments on exam
performance. Their study included 330 students,
involving 13 classes of introductory Operations
Management, over three semesters. Their study
examined the effect of grading assigned
quantitative homework versus just assigning the
homework. Their study led to the conclusion
that students who are required to turn in
quantitative homework for grading actually
underperformed those students who were not
required to turn in assigned quantitative
homework for grading. Interestingly they found
a negative association between graded required
quantitative homework and exam performance.
In all classes the students were informed that the
types of quantitative homework problems that
they were working would also appear on their
exams.
Their findings might indicate that
students who are graded on assigned quantitative
homework, and know that the same types of
problems will appear on exams, are not any more
or less motivated to learn due to the incentive of
grading the homework.
These researchers
further postulated that it is possible that the
negative association of graded quantitative
homework and exam performance may be due to
the students focusing relatively too heavily on
the quantitative topics to the detriment of time
spent on the non quantitative topics. They also
found that there was a positive association
between a student’s GPA and exam
performance, and that this relationship held
regardless of whether or not the assigned
quantitative homework was graded. The better

The focus of the present study was to
measure the quantitative differences in learning
outcomes between classes that were taught using
online grading systems with immediate feedback
and multiple numbers of attempts on quantitative
assignments versus classes that were provided
hardcopy assignments giving students only a
single attempt to solve the problem and were
hand graded by a professor and returned to the
students a week later. This study also examined
the effect of concepts quizzes offered online with
immediate feedback versus those same types of
quizzes offered in hardcopy with delayed
grading feedback. Using an online grading
system makes it possible to give students
additional attempts on the same computational
questions but with different data on each
attempt. As mentioned earlier, the following
research question is the basis of the current
study:
Research Question: Do students learn more, as
measured by examination scores, using online
grading systems with immediate feedback than
those students that receive delayed paper
feedback?
3.1

Methodology

Research Design
The study was conducted by testing two
upper
division
classes
of
Operations
Management involving a total sample of 90
students (45 students in each class), using an
experimental design. Students in each class
section in this study sample attended 75 minute
classes two days a week during the sixteen-week
semester. The same instructor taught both
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classes. Both classes used the same textbook,
Heizer & Render (2005). One section was
taught using the textbook and PH Grade Assist
for assignments and quizzes. The other class
used the same textbook, but assignments and
quizzes were completed on paper and the
assignments were hand graded. The choice of
which class was to receive which approach was
done randomly, resulting in a simple completely
randomized experimental design.
Each of the two classes was given the
same two-part entrance exam over the course
material that would be presented during the
semester. One part of the entrance examination
focused on quantitative knowledge that required
some mathematical computations (19 questions).
The other part of the entrance exam focused on
concepts and definitions (68 questions). The
entrance exam was given to all students in the
study as a traditional paper exam.
The examinations were given over two
class periods and students had one hour and
fifteen minutes to complete each exam. Students
were not given the results of their entrance exam
for two weeks and were only given their raw
scores on both examinations. The examinations
were not returned to the students. All questions
on both of the entrance examinations were
multiple-choice with four possible answers.
In addition to the entrance exam and
quizzes discussed above, a midterm and final
exam were administered to both classes. The
midterm exam was 75 minutes long and
consisted of quantitative and concept questions
and was given as a paper exam to both classes.
The midterm exam was a multiple choice format.
Students were given copies of the midterm exam
to use for study purposes. The midterm exam
contained similar concept and quantitative
questions to the entrance exam, but with
different values and answer choices.
The final exam consisted of 51 concept
and 16 quantitative questions and was also a two
part paper exam for both classes. The final exam
was a two hour in class exam and was composed
of the same questions that were given on the

entrance examinations, but arranged in a
different order. The purpose for giving the same
final and entrance exam was to have a
benchmark to measure quantitatively student
learning in and across both of the classes.
Students were not given a copy of the entrance
exam or told that the final exam would consist of
the same questions as were on the entrance
exam.
In addition to the entrance, midterm, and
final exams each of the two classes were given
11 problem assignments and 13 multiple-choice
quizzes averaging 10 questions per quiz. PH
Grade Assist was used in one class section for
the 11 problem assignments and the 13 multiple
choice quizzes but not on the entrance, midterm
or final examinations.
Online Grading with PH Grade Assist
As mentioned above, one of the classes
used PH Grade Assist for assignments and
quizzes during the semester, and the other class
was given assignments and quizzes in a hard
copy format. Each class period consisted of an
interactive lecture on an Operations Management
subject. During the last 15 to 20 minutes of 13
of the 32 classes, students using their laptop
computer were directed to go on line and take a
designated quiz that was posted on a server.
After all the students had completed the quiz, the
Instructor would tell the students to click the
“submit” button and they could see their score
on the quiz and which questions they missed
with the correct answer.
Problem assignments were posted online
for students to take during non-class time. PH
Grade Assist allowed a student to work the
problem and submit an answer. Once the
student’s answer was posted, PH Grade Assist
would show the student the correct answer. If
the student did not receive full credit on all
questions, and additional attempts were still
possible, then PH Grade Assist allowed the
student to attempt the problem again but with
different data. PH Grade Assist showed the
student the number of points earned out of the
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total possible on each assignment. The student
could see which problems on the assignment
received full credit or partial credit assigned
automatically by the system. The student could
submit another attempt on an assignment to PH
Grade Assist for three to five times (depending
on what the Instructor set up, i.e., for more
difficult problems students were given 5
attempts and for simpler ones students were
given 3 attempts). Scores were recorded on the
PH Grade Assist website and made available to
the Instructor for review and download as a
spreadsheet.
Students were encouraged to ask
questions about the online problem assignments
they missed and similarly for the in class
hardcopy assignments in the traditional class
section.

quiz, it was answered at the time the quizzes
were returned. The quantitative assignments in
the traditional section were submitted in
hardcopy, graded by the instructor, and returned
within one week. However the traditional class
section did not have multiple attempts at the
same assignment problems with new data each
time.
3.2. Findings
As previously mentioned, the research
question being investigated is: Do students learn
more, as measured by examination scores, using
online grading systems with immediate feedback
than those students that receive delayed paper
feedback?
Entrance and final examination scores
were the basic measurements used in the
analysis.
As previously mentioned, the
examinations contained identical questions, but
the order was randomized between the classes.
An analysis was first made of the difference in
final and entrance exam scores (See Table 1).
There was a significant difference (p=.01) in
both the immediate feedback and delayed
feedback experimental groups. Thus, overall the
students did improve upon their knowledge of
introductory Operations Management.

How Traditional Classes Operated
Students in the traditional class section
were given the same quizzes and assignments as
the online classes, but in a traditional paper
format during the last 15 to 20 minutes of the
class period. The traditional section was always
given the same total time to finish a quiz as the
online classes had. The traditional quizzes were
machine graded and returned the following
week. If a student taking the paper quiz had a
question about an answer to a question on the

TABLE 1. LEARNING OUTCOME ANALYSIS

Table 2 shows that there was no
significant difference found between the class
section with immediate feedback and the section
with delayed feedback on the entrance total
exam scores, as well as quantitative and
qualitative exam scores. Table 2 also shows that
there was no significant difference on the final
examination scores on the same three measures.

We conclude that the answer to our research
question is “No.” Students did not learn more,
as measured by examination scores, using online
grading systems with immediate feedback than
those students that receive delayed paper
feedback. This result is even more interesting
given that the students who were provided
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immediate feedback were also allowed to have
multiple attempts on each quantitative problem.
Multiple regression analysis was used to
assess the relationship between the individual
level differences in entrance and final
examination scores (dependent variable) and the
independent variables (1) total correct on
entrance exam, (2) total correct on assignments,
and (3) total correct on quizzes. Since the
dependent variable is a measure of individual
outcome or learning, the independent variables
are related. The resulting regression statistics for
delayed (online) and immediate (traditional)
feedback are shown in Table 3. Significant
predictors for both class sections are entrance
examination score and performance on quizzes.
The signs of the beta coefficients are as one

would expect. That is, the higher the entrance
exam score the lower the individual difference
between entrance and final exam (Traditional
β=-0.828/Online β=-0.616).
Interestingly,
performance on assignments was not significant
(Traditional p=0.278/Online p=0.724). And the
higher the quiz score the higher the individual
difference between entrance and final exam
(Traditional β=0.199/Online β=0.154). The
adjusted R square values for both groups were
similar. The adjusted R square value for the
traditional section was 0.4607 and for the online
section it was 0.5021. Both explain about 50% of
the variation in the dependent variable. This
suggests that there may be other explanatory
variables (e.g., GPA) to include in future models
to increase the explanatory power of the model.

TABLE 2. EXAMINATION SCORES BY EXPERIMENTAL GROUP

TABLE 3. REGRESSION MODEL RESULTS
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The analysis shows that there was no
significant difference in the total exam scores or
the quantitative and qualitative section scores on
the entrance exam. There was also no significant
difference in the total final exam or the
quantitative or qualitative section scores between
immediate feedback and delayed feedback.
There was no significant difference in the change
in scores from entrance to final exam between
the traditional hardcopy section and the online
grading section.

of fields such as operations management,
pharmacy, psychology, military training,
statistics, and marketing. It is difficult to say
with any statistical level of confidence that
immediate feedback differs significantly from
delayed feedback when measuring the same
learning outcomes for students as measured by
examination scores. While many studies in the
literature conclude that quicker feedback is
better, there are an equal number of other studies
that conclude that delayed feedback is better.
The literature identifies other variables that when
interacting with the timing of feedback may alter
the level of learning outcomes. While the timing
of feedback is important the type of feedback is
also a key. Student scholastic level (overall
GPA), complexity of the task or problem, the
level of feedback, stage of learning, gender,
spacing of learning events, student selfperception, student emotional state, whether the
first response was correct or incorrect, and other
variables can interact with and affect the impact
of the timing of feedback. One obvious
additional variable in the present study was the
additional attempts provided to the immediate
feedback
section
for
the
quantitative
assignments.
That said, one would have
expected that the immediate feedback section
would have outperformed the section with
delayed feedback. That did not occur. In fact, the
present study did not find a significant difference
in learning outcomes in the Operations
Management classes studied.
There may also be an effect due to the
experience that students may have with online
grading and course management systems. And
some students may not learn best in such an
environment. Individually, instructors also vary
in their desire, experience, and ability in the use
of online course management systems.
Furthermore the online course management
systems also vary across vendors in terms of
their functionality, ease of use, and
sophistication.
We can glean some useful general
guidelines
for
operations
management

IV. CONCLUSION
The results of our empirical study
revealed that there was no significant difference
in learning outcomes due to the timing of the
feedback. This result may be due to the
influence of other variables that may mask a true
difference. Or it may actually be the case that the
timing of the feedback on quantitative
assignments does not have any significant effect
on student learning. The time delay period was
not specifically studied in levels. The time delay
can be set at immediate, one hour, several days,
or any delay that one wishes. So it is possible
that the time delay variable is more complex
than immediate versus some fixed delay. This
clearly represents an opportunity for future
research.
The feedback in online course
management systems can also be modified such
that the student can check for correct/incorrect
answers prior to submitting the assignment for
grading. That feature was not enabled in the
current study.
Much has been written on the timing and
type of feedback. The literature discussion that
we have provided leads us to the conclusion that
the effects of different types of feedback are not
clearly identified due to the mixed results of
prior studies when it comes to the timing of
feedback.
Numerous research studies were noted in
the literature survey, which reveals that the
results of studies on the timing of feedback are
mixed. And these studies include a wide variety
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instructors from the literature survey and the
empirical study. First, quicker feedback does not
necessarily benefit instructors or their students.
In the present empirical study it was concluded
that immediate feedback does not differ from
delayed feedback. As one can clearly see from
the literature survey student learning is more
complex than that. For higher level learners the
evidence gleaned from the literature seems to
suggest that delayed feedback allows for
additional high level processing. The nature of
the feedback in combination with the timing of
the feedback should also be considered. Context
specific feedback is more tailored to the
individual student and can provide better
individualized guidance as opposed to
correct/incorrect type of feedback. Written
comments can also negatively affect the
motivation of the student to continue to learn as
shown by Ackerman and Gross (2010). Perhaps
a less is more strategy in terms of written
feedback will run less of a risk of shutting down
some students. Online course management
systems allow for multiple attempts to correctly
answer the same quantitative questions. The
literature seems to support the conclusion that
answer-until-correct can be beneficial to the
student.
While
instructors
recognize
the
importance of feedback to their students it is not
entirely clear based on the body of research what
is the best type of feedback and what is the best
timing of feedback. So clearly there exists a rich
opportunity for future research on these topics.
And the contribution will be to inform
instructors of the value of different types and
timing of feedback and the best uses of their time
in providing feedback to students. The same
entrance and exit exams were used to measure
learning. This allowed for use of a matched pair
analysis. It would be interesting in future
research to see if using different but similar
content exams for entrance and exit would reveal
the same or different results.
Other areas for future research are an
empirical analysis of the different feedback

types. Moreover, since the present study deals
with only one particular aspect of timing, (the
student performance results based on immediate
feedback vs. delayed feedback) there is a need to
analyze other aspects of feedback timing, for
example, an optimal duration of the delayed
feedback, e.g., should it be one day, one week,
two weeks, etc. The Operations Management
literature has not carefully examined the
important issues on student performance as
affected by the timing and type of feedback.
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