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Abstract

Many courses still utilize a traditional one chance testing model to assess student understanding. If the purpose of
assessment is to reflect the mastery a student has in a course, then there is benefit for students to have multiple
opportunities to show mastery. This paper outlines the results of a course policy of full grade replacement retesting that
required students to first pass a “recertification” quiz. The goal of this policy was to adopt a pedagogical style that more
readily reflected the opportunity of continued learning that many workers experience in the professional world while
simultaneously aiming to engage students in an online course during the COVID-19 pandemic. A hypothesis test was
conducted to determine if this retake policy helped to improve student grades during the course. The results indicate
there was a statistically significant difference between the mean score on the first exam and the retest where, on average,
students who utilized the exam retake increased their score. Time was found to have a positive relation with retest
scores, but even after accounting for time, retesting was found to have a practical and significant effect on student
performance. Retesting policies consistently show positive impacts on grades (e.g. Roszkowski & Spreat, 2016; Herman
et al., 2019) and should be more widely considered when developing and updating course policies.
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1. Introduction

Due to the COVID-19 pandemic, most courses at all levels of education were forced to be offered online in 2020. Teachers
responded with a wide variety of innovative pedagogical methods to engage students in an educational format unfamiliar
to many of them (for example, see Jandri¢, 2020). One specific change to which teachers adjusted was the use of online
examinations. This change in modality for exams provided an opportunity to reconsider the role traditional testing
policies have in the modern classroom.

This paper describes the retesting policy and results of one professor’s new assessment strategy for a required finance course
in a college of business at a Midwest university. The intent was to improve student engagement, performance, and retention
of course material. Giving students a second opportunity to take an exam incentivizes continued engagement in the material
while providing a structure for feedback within a course. Retesting may also help prepare students for adult life where one
can often learn from their failures and move past them without being weighed down forever (Wormeli, 2011).

Traditional testing uses exams as an assessment for knowledge and provides students one chance to show they have mastered
the material. An alternative testing strategy, mastery testing, aims to periodically evaluate if a student grasps certain
objectives in the course through frequent exams. If a student does not demonstrate mastery, they do not continue on to new
material and instead review until they can pass (Bangert-Drowns et al., 1991). However, under the time-constraints of a
semester system, mastery testing is often not possible (Juhler et al., 1998; Herman et al., 2019). Optional retesting of exams
is a compromise between traditional and mastery testing which garners students some of the benefits of knowledge retention
while still trying to fit into the semester format (Herman et al., 2019). There is some concern retesting is unfair to students
who succeed on the first attempt or scores may increase due to practice effects or familiarity, but this does not seem to impact
the validity of exams as a rule (Geving et al., 2005; Roszkowski & Spreat, 2016).
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As testing became easier to conduct at the start of the 20th century, the impact of frequent testing began to be investigated
(Bangert-Drowns et al., 1991). A meta-analysis of 35 studies, conducted between 1929 and 1989, identified 37% of the
studies as showing statistically significant positive effects on student learning associated with frequent testing and 3% of
studies as showing statistically significant negative effects (Bangert-Drowns et al., 1991). More recent studies indicate
testing itself provides an opportunity for students to improve their memory, in addition to the learning facilitated by the
feedback provided on an exam (Pyc & Rawson, 2010; Agarwal et al., 2012). Exams may provide an environment where
mediators (a word, phrase, or concept) are created that are more easily retrieved and decoded (Pyc & Rawson, 2010). In
other words, exams or quizzes provide practice retrieving previously learned information which, in turn, allows students
to better retrieve it again in the future (Agarwal et al., 2012). However, Downs (2015) found the opposite effect where the
benefit of testing without feedback was not statistically significant, and the overall impact when feedback was small.

The effect optional retesting has on learning is still mixed throughout the literature. Most studies find allowing students to
retake exams will increase their exam scores with diminishing returns (Cates, 1982; Rohm et al., 1986; Friedman, 1987;
Kennedy, 1994; Juhler et al., 1998; Abraham, 2000; Geving et al., 2005; Kunz et al., 2011; Roszkowski & Spreat, 2016;
Morphew et al., 2019). However, few studies found improved performance on a final exam at the end of the semester
(Friedman, 1987; Abraham, 2000; Herman et al., 2019; Morphew et al., 2019). These increases in exam scores did not
always happen for all students, rather anywhere between 30% to over 60% of students which appeared to be moderated by
variables such as time between test and retest, the amount a student studied, and the number of retests available to the
student (Elbrink, 1973; Geving et al., 2005). Studies capturing student attitudes found students preferred optional
retesting to one shot testing and it can reduce testing anxiety (Friedman, 1987; Juhler et al., 1998). There is not a singular
retesting policy used throughout the literature, rather the specific policies tend to be what fits best with a professor's
teaching style or course content.

When developing a retesting policy, a number of factors must be considered such as the logistics of administering retests,
the number of retests allowed, who gets to retake the exam, and how the retest will replace previous exam scores. These
differences in policy have an impact on how many and which students choose to retake exams (Herman et al., 2019).
Scheduling retake exams can create logistic problems in terms of additional work for the instructor outside of normal class
time or it requires additional lecture/lab days be used as retake days (Kunz et al., 2011). The use of an online test
proctoring system can be used to reduce some of these logistical difficulties while still helping to preserve academic
integrity. The number of retakes available to a student overall and per exam can impact the overall retention of material.
When a student is given unlimited attempts, they tend to view only the last one as the “real” test (Elbrink, 1973, Herman
et al., 2020). Still, there may be benefit to providing additional attempts past one retake for an exam (Kennedy, 1994). In
terms of who gets to take the exam, it can either be open to all students or those who score below a particular score on the
first exam (Herman et al., 2019, Herman et al., 2020). Lastly, one can decide whether the score from the retested exam
fully replaces the previous one or only partially (Herman et al., 2019, Herman et al., 2020).

Deciding on what policy to use for score replacement opens up the pedagogical question of “what is the purpose of a test
score?” If the purpose is simply to reflect the mastery of content, then if a student can demonstrate mastery at any point they
should receive credit (Wormeli, 2006; Herman et al., 2019). Often grades also try to capture if a student is on the predefined
timeline a teacher wants (Wormeli, 2006). If this accountability is not the goal, then full replacement of a test grade should be
done, but this full grade replacement can lead to students not trying on the first exam as they know they have another chance
(Friedman, 1987; Herman et al., 2019; Herman et al., 2020). One way around this is to use a form of partial grade
replacement where the two or more test scores are averaged in some way to incentivize students to try on the first chance
(Herman et al., 2019; Herman et al., 2020). Grade replacement can also include caveats in the policy such as insurance,
where a grade cannot go down, a grade cap, where after the first attempt there is a cap on one’s max score moving forward, or
imposing an additional assignment required to be completed prior to taking the retest. These strategies aim at making it
worthwhile for students not to use retests as an opportunity to procrastinate (Cates, 1982; Herman et al., 2019).

The policy utilized in this paper embraces full replacement with requalification. Requalification means that a student is
required to pass a quiz prior to their one retake for each exam. The policy embraces the idea that assessment indicates
mastery, and a student should have the ability to fully change their grade after they had the opportunity to study more and
receive feedback. The requalification quiz aims to provide a disincentive to students who did good, but not excellent, on
the first attempt from taking the exam by requiring a student to put in time and effort between the first and second attempts.
The requalification quiz both requires a student to put in study time to pass and also is a way to study itself (Pyc & Rawson,
2010; Agarwal et al., 2012). Requiring the requalification quiz also increases the time between test and retest which is
associated with improving one’s score (Geving et al., 2005).

The research problem presented in this paper is to investigate the results from a course policy of full grade replacement
retesting that required students to first pass a “recertification” quiz. The first research question was whether
requalification improved the student’s average exam score. This was tested via the alternative hypothesis: Haer-before # 0
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(where “before” and “after” refer to the scores before and after completion of a requalification quiz, respectively). The
second research question was estimating the effect of requalification on the change in the average test scores, while also
considering the time required to complete the initial test and the retest after requalification. This was tested via the
alternative hypothesis, f; > 0 for the regression model:

Drestscore = BO + BI*DTime te

where Drestscore represents the difference in test scores, Drime represents the difference in times, and € represents the error
term.

2. Method

The re-testing policy was used in 4 sections of the class “Principles of Finance” (FIN 300) at a midwestern university. A
total of 143 students were enrolled in the 4 sections. The course policy consisted of 3 phases: an initial exam, a second
“requalification quiz”, and a second exam. The specifics of each phase will be discussed in detail. In the remainder of
paper, the words exam and test are used interchangeably.

Phase 1: Initial exam All students were given four exams throughout the course and each exam covered multiple
sections of the course textbook. All of the exams were timed (2-hour limit), accessed online (via Canvas), and
monitored for cheating (using Respondus Lockdown Browser + Monitor). Each exam was created from its own set of
question banks, and questions for each exam were randomly chosen for each student from the question bank for that
exam. Although each exam was scored as 100 points, the number of questions on each exam were not the same, nor was
the size of the question banks for each exam the same (see Table 1, below). On each exam, roughly 8% of the questions
were matching and fill in the blank. The remainder of the questions were multiple-choice, with about a quarter of the
multiple-choice questions being computational in nature. At the end of the exam, students were able to view their total
score, in addition to viewing the results for each question, where they could see whether or not they got the problem
right and if they did not, what the correct answer was. However, because the students were still using the lockdown
browser when they viewed the exam, they could not record this information.

Table 1. Properties of Exams Used in Phases 1, 2, and 3

Number of questions on ) . Number of questions on phase 2
Question bank size for
Exam phase 1 and 3 exams €xam
phase 1 and 3 exams . . )
(Regular Exams) (Requalification Quizzes)
1 63 282 45|30
2 44 363 60140
3’ 42 125 30120
4 53 177 45|30

Phase 2: Requalification Quiz Students who were not satisfied with their first test score had the opportunity to take
“requalification quizzes”. The requalification quizzes were similar to the first exam in content. To be granted the
opportunity to retake the exam a second time, the student had to score above 50% on the requalification quiz. One potential
problem with the requalification quizzes was the possibility students might simply get the same problems they had on the
first test. To reduce this possibility, questions for the requalification quizzes were drawn from two question banks. The
original question bank used for the first exam was split into 2 sub-banks. The first sub-bank, which was about 40% of the
original question bank, had their answers modified. All the multiple-choice questions involving computations were
modified (so students could not just remember which number went with the problem), while other questions were modified
so the correct choice was replaced with the option “none of the above”. The remaining 60% of the questions in the other
sub-bank were not modified in any way. All of the matching and fill in the blank questions were in this sub-bank. The
requalification exams were not the same length as the initial exam (see Table 1). During the last 2 weeks of the semester,
the number of questions drawn from the question pool changed from 15 questions per chapter to 10 questions per chapter
(to prevent students from being overwhelmed with work). This is shown in the last column of Table 1; two numbers are
given with the first number being the number of questions on the requalification quiz before the last 2 weeks of class, while
the second number reflects the lower number of questions on the requalification quiz for the last 2 weeks of the course. The
requalification quizzes were timed, but the time period was much longer (2 days) to allow the students to stop the test and
review the relevant material in the text. Students could take the requalification quizzes as many times as they wished, until
they either reached the goal of obtaining a score of 50% or higher or they did not reach the threshold score of 50% required
to retake the exam. Those students who did not reach the threshold goal did not get to take the second exam and data on
them was therefore not recorded for the purposes of this study. Most students took the requalification quiz one or two times,
with a few students taking it 3 times or more.
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Phase 3: Retest Those students achieving a score of 50% or higher on the requalification quiz were permitted to take the
exam again. The second exam consisted of a new random selection of questions from the test bank. Assuming there
were no overlapping questions between the first exam and the requalification quiz, the probability that the retest
consists of all new questions is near zero for any given test. Already seen questions should not be a serious issue as
there is some evidence that test scores will not substantially increase due to a student already having seen a question
(Geving et al., 2005). The same time limit as the exam in phase 1 was used (2 hours) as was the use of the Respondus
Lockdown Browser + Monitor.

For each exam, data were collected on the students who underwent the requalification quiz successfully. From Canvas,
both the scores and the time of completion for their first exam scores and their second exam scores were obtained.

Table 2 shows the total number and the number of students (out of a total of 143 students from all 4 sections) who
successfully completed the requalification process and took the second exam. To ensure the scores obtained were valid,
the time it took to compete each exam was inspected. If the completion time for a student’s test was unusually low (< 10
minutes), the video recording from the Respondus Browser was reviewed to check if the student actually tried to
complete the exam. On the other hand, since the Respondus Browser closes the exam after the specified two-hour time
limit has been exceeded, the video recording of students’ having low scores but who used the full 2 hours was also
reviewed to check if the exam was started but not actually attempted for whatever reason. In total, one student’s score
was flagged for a short completion time and deleted since the student said in the video (from Respondus) they had
started the exam and realized immediately they didn’t have time to finish it. Another student was flagged for having
taken the entire allotted exam time but earning a very low grade. Reexamination of the Respondus Browser video, and
log, (which records the detailed activity of each student) revealed the student worked just 17 minutes, so their first exam
time was altered accordingly.

Table 2. Number of students who requalified and retested

Number of students who took the

Exam second exam
1 24
2 12
3 21
4 12
Total 69
Although the data is not included, it is available upon request from the authors.

3. Results

The scores from phase 1 (the original test) and phase 3 (the retest) for each student from all the exams was compiled.
Table 3 shows the summary statistics for the difference in the 69 pairs of exam scores.
Table 3. Summary statistics for the differences in test scores

n Mean g’:\j/ Median Range Min Max IQR
69 21.93 18.84 20.02 97.07 -13.57 83.5 20.93

Plotting the data revealed the differences between the second and first exam scores had a slightly skewed distribution
(see Figure 1). From a two-tailed paired t-test on the score differences, we find there is sufficient evidence to support
the claim, the (population) average of the score differences is not zero. The 95% confidence interval for the differences
in the average test scores, is found to be (17.8%, 26.9%). The results from the hypothesis test is shown in Table 4.
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(Retest - Initial) Exam Score

Figure 1. Distribution of Test Score Differences (n=69)
Table 4. Hypothesis test output for the mean of the difference between retake and first test score
Variable Mean Std. Error DF Test statistic p-value
Retake — First Test Score 22.36 2.27 68 9.85 <0.0001

To account for the effect of the time taken to complete the exam on the difference in the exam scores, simple linear
regression was performed using the following statistical model:
Y= ﬁ() + BI*X + &

where Y = (Retest — Initial) exam score and X = (Retest — Initial) time to complete exam and e~N (0, o) iid. We note
Bo accounts for the effect of the retest on the average student score, since it gives us the change in the average score due
to retesting when there is no difference in the time it took to compete both the initial exam and the retest exam. The
parameter B; accounts for the effect of the time to complete the exam on the difference in the average exam scores. The
scatterplot and the best fit line for the data is shown below in Figure 2.

As expected, the plot shows a moderately strong positive relation between the change in the exam score and the
difference in the time it took to compete the exam.

100
y =0.374x + 18.797 . o
R?=0.2229
° 60 . o

(Retest- Initial) Exam Scores

80

(Retest - Initial) Time to Complete Exam

Figure 2. Relationship between Difference in TestScore and Difference in Time
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A check for model validity was performed. To test for outliers in the independent variable, the leverage was computed
and 4 data values were found to have values above the conservative threshold of 3p/n, where p is the sum of the
leverages taken over all the data points. One of these data points was also found to be influential, having a Cook’s D
over 0.5. The final model was run after these 4 data points were deleted. Deletion of these 4 data values did not have a
substantive effect on any of the results we obtained.

A plot of the histogram of the studentized residuals (see Figure 3) shows they have a distribution consistent with having
come from a normal distribution. Performing the Shapiro-Wilks test, a goodness fit test for normality, yields a p-value
of 0.469, supporting the claim there is not enough evidence to conclude the residuals do not come from a normal
distribution.

Frequency

0

-3 -2 -1 0 1 2 3

Std Residuals

Figure 3. Standardized Residuals (with best fit normal distribution)

A plot of the residuals versus the independent variable, shown in Figure 4, was used to check the remaining model
assumptions for the residuals. Specifically, the residuals are independent and identically distributed with a mean of zero
and constant standard deviation. Independence of the residuals is evident in the plot since the points appear to randomly
bounce around the horizontal axis and do not seem to show any sign of correlations. The identical distribution
assumption is supported by the fact the spread of the residuals seems relatively uniform.

a
3 (<3
v
s * ¢
E e :1 . ® ® 0 '. (<} (-]
3 D . ~n® ."' ¢
o o i B
T .40 20e ¢%1 2 0 60 80
bt o—=1 ~ 0*3 30e o %
o | ®
-2 ~
-3

(Retest - Initial) Time to Complete Exam

Figure 4. Residuals plot versus the independent variable
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The significance of the model was determined from the p-value for the slope coefficient, which was 3.8x107, indicating
the model is statistically significant. Furthermore, the y-intercept was statistically significant (p-value = 2.6x1071%). The
coefficient of determination, R?, was 33.8%.

4. Discussion

Our paper presents two analyses of the effect of the retest policy on student exam scores. First, the results from the
hypothesis test showed the mean of the difference between the retake and first test scores was statistically significant.
The result of the confidence interval for the differences in the average test scores, (17.8%, 26.9%), gives an estimate of
the effect considering only retesting as a factor. Second, the effect of time was considered through the regression
analysis. The value of the slope, 0.505, tells us for each additional minute taken to complete the exam, the estimated
increase in the average score is about one half a point. While time was found to have a positive relationship with the
change of the students’ scores, the coefficient of determination indicates it only accounts for about a third of the
variation in the data. The value of the y-intercept tells us the average increase in the test score upon retesting (holding
the time it took to complete both the initial and retest constant) is 15.1 points. This is consistent with the estimated
difference in the average scores of 22.36 points, although the effect of the retest is smaller, having accounted for the
effect of the time it took to take the exam.

However, caution should be made in interpreting the results from the regression analysis and the paired t-tests. For
example, a student realized after taking the original test, they needed to take more time. So, although the increased time
might have helped to increase their score, it was the fact they were able to retake the exam which made this possible.
But without putting too fine a point on our results, it seems reasonable to conclude the effect of the retest in this study
accounted for a one and a half to about 2 letter grade improvement. These results provide another replication of past
studies in general showing that retesting improves exam scores (Cates, 1982; Rohm et al., 1986; Friedman, 1987;
Kennedy, 1994; Juhler et al., 1998; Abraham, 2000; Geving et al., 2005; Kunz et al., 2011; Roszkowski & Spreat, 2016;
Morphew et al., 2019).

This improvement highlights how a student’s learning of one topic can continue alongside learning another. It also
emphasizes how a student’s journey to mastery on a particular topic might now follow the course schedule developed
prior to the start of the semester. Retesting provided these students an opportunity to continue to learn the material,
especially during a time where personal challenges, not related to school, were likely at a high level due to the
COVID-19 pandemic. The course policy outlined in this paper may not produce the same results for some instructors or
courses and there are adaptations that can be made to it which would likely improve its effectiveness.

One potential change to this policy is a move away from a singular test bank for the two exam attempts. While a
singular test bank means that concepts are represented fair amongst the initial exam and the retake, it opens up the
ability for students to have seen a question and its answer prior to taking the retest. For the first exam outlined in Table
1, the median number of questions that will match on a second random selection from the question bank computed from
the hypergeometric distribution is 13. There is an approximate 43% chance that 13, or fewer questions (out of 63
questions) will be the same on a retake for a randomly generated test. In other words, there is a substantial chance that a
notable portion of the retake are questions a student has already seen. This means a student potentially could study to
memorize answers instead of learning in order to succeed on the retest. Though, there is evidence that the use of the
repeated questions may not lead to increased exam score alone (Geving et al., 2005). One way to ensure that students do
not see the same questions multiple times is to create separate test banks for the initial exam and the retake, alter the test
bank questions (similar to what was done for the requalification quiz) or increase the overall number of exam questions
in the test bank. The higher the number of questions the lower the probability will be of overlap. Further discussion
about the necessary size of question banks has been addressed in Murdock & Brenneman (2020).

Another change that can occur to the testing policy is the threshold percentage needed to requalify to take a retake. The
50% threshold was selected to make students put in the effort to study for the second chance exam, but not be so high of
a level that it deterred students who would benefit substantially from the retake. Students did not find out their score on
the requalification quiz until after they turned it in and got unlimited opportunities to reach the 50% threshold on the
assignment. Some students took a guess and check approach until they eventually reached the threshold level while
others spent hours answering a portion of the questions correctly and then ignoring the remaining questions. The goal of
the requalification quiz was to get students to continue to look at the material between retakes which occurs even when
students guess and check as they are still receiving valuable feedback. Changing the threshold barrier, or the number of
opportunities a student has to requalify for an exam, would also substantially change how students respond to such a
policy.

Some limitations of this study are the findings are not generalizable to all students and we cannot make any conclusions
regarding causality. The data collected for this study comes from a single course in a single semester during the COVID
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pandemic. The composition of students in courses can vary largely which further emphasizes the ways this study may
not generalize to all classrooms. It is also worth noting the condition in which the data were collected were not “normal”
in the sense a pandemic will, hopefully, not be a concern in the future. It would be worthwhile to collect a larger sample
of students in courses with a similar course policy on retesting across multiple disciplines to understand the overall
effectiveness of the policy.

Variations in course policies may be fruitful endeavors to investigate moving forward alongside instructor variation.
Retesting policies have a substantial impact on student behavior including exam scores (Herman et al., 2019). Though,
it would be impactful to better understand how these policies interact with the personality and teaching modality of
different instructors. Teaching does not occur in a bubble and a particular retesting policy may work great for one
instructor but may not work for another and understanding why this occurs may lead to better future prescription of
policy.

Overall, this study reinforces support for retesting policies and provides more evidence for instructors to consider
adding them to their courses. Adding a retesting policy should not just be a shift in wording in a syllabus, rather should
involve reflecting on one’s own teaching philosophy. In general, the addition of a retesting policy is beneficial, but
understanding how it fits into an instructor’s academic ideology is important to make a sustainable shift in the way that
assessments are viewed and administered.
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