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ABSTRACT

OBJECTIVES: Students often express uncertainty regarding changing their answers on multiple choice tests despite multiple studies quantita-
tively showing the benefits of changing answers.

METHODS: Data was collected from 86 first-year podiatric medical students over one semester for the course of Biochemistry, as shown in elec-
tronic testing data collected via ExamSoft's® Snapshot Viewer. Quantitative analysis was performed comparing frequency of changing answers
and whether students changed their answers from incorrect-to-correct, correct-to-incorrect, or incorrect-to-incorrect. A correlation analysis was
performed to assess the relationship between the frequency of each type of answer change and class rank. Independent-sample t-tests were
used to assess differences in the pattern of changing answers amongst the top and bottom performing students in the class.

RESULTS: The correlation between total changes made from correct-to-incorrect per total answer changes and class rank yielded a positive
correlation of r=0.218 (P=.048). There was also a positive correlation of r=0.502 (P<.000) observed in the number of incorrect-to-incorrect
answer changes per total changes made compared to class rank. A negative correlation of r=-0.382 (P< .000) was observed when comparing
class rank and the number of changed answers from incorrect-to-correct. While most of the class benefited from changing answers, a significant
positive correlation of r=0.467 (P<.000) for percent ultimately incorrect (regardless of number of changes) and class rank was observed.

CONCLUSION: Analysis revealed that class rank correlated to likelihood of a positive gain from changing answers. Higher ranking students were
more likely to gain points from changing their answer compared to lower ranking. Top students changed answers less frequently and changed
answers to an ultimately correct answer more often, while bottom students changed answers from an incorrect answer to another incorrect answer

more frequently than top students.
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Introduction
Despite multiple studies conducted over the years on the ben-
efits of changing answers in multiple-choice tests, the old
adage that a student should not change their initial answer
still exists.' . Some students and faculty believe that changing
answers is detrimental to the overall performance on a multiple-
choice exam and that student anxiety during an exam affects
judgment when reviewing previously answered ques’cions.s’6
Even though studies conducted across many different health
fields spanning from nursing, dental, and medical students
have shown that overall, it is beneficial and recommended
that students change their answer after careful reevaluation of
the question.**'1.

In 1984, Benjamin et al analyzed 33 studies from 1928 to
1983 and concluded that a majority of answer changing is bene-

ficial to the students despite the widespread belief to the

contrary.® Since Benjamin’s study, many studies have substan-
tiated this conclusion, quantifying the benefit of changing ones
answer across many different medical fields of study. A study
done on US Army Anesthesia Nursing students showed that
of the answers that were changed, 72% of the answers were
changed from wrong to right (IC) while only 20% of the
answers were changed from right to wrong (CI)."* This
benefit is also seen in a study that consisted of medical students
in Germany indicating that there is a clear-cut improvement
from incorrect to correct (IC) on their initial answer change.
The same study also showed that there was a high correlation
between the number of answers changed and number of
points gained.” The benefits of changing answers are shown
to benefit all students in the class regardless of demographics
or class rank.® Another study performed on baccalaureate
nursing students showed a significant positive score improvement
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with changing answers in all tiers of students regardless of previous
class performamce.14

Although numerous studies show the benefit of changing
answers, student behavior during examinations does not
reflect this knowledge.15 German medical students educated
about the benefits of changing answers showed a significant
increase in the number of answers changed and overall better
performance on the test when compared to the non-educated
group.16 Students that may have been misled to believe that
staying with the initial answer is more beneficial, often state
that test anxiety and previous test experience influence their
hesitation to change answers.”®” Students often feel a lack
of confidence and have the general feeling of always changing
the right answer to a wrong answer (CI) based on previous
experiences.”'®!” All these studies also point to a critical
element in assessment and higher education: not all students
are the same, and not all solutions will be equally effective for
diverse populations. Many of the studies referenced above
tend to reach conclusions generalized for the entirety of their
cohorts, not considering multifactorial elements presented by
non-traditional students, various socioeconomic student popu-
lations, racial and ethnic diversity, and quality of K12 prepar-
ation, to mention a few. Is it possible that different subgroups
of students would present different patterns of answering
multiple-choice questions?

With the shift from paper-based multiple-choice exams to
electronic computer-based exams, there has been no drop-off
in benefits to switching answers. Electronic test taking data
on first year dental medical students showed that 99.4% of
the students saw a net benefit of at least 2 correct questions
from changing their answers over the span of 7 exams in 2 dif-
ferent courses.'! The use of computer-based examinations has
allowed investigators to examine answer changes without previ-
ously used subjective measures and has allowed more in-depth
analysis on individual test question performance.e”n’20

The purpose of this study is to validate the previous findings
on the benefits of changing answers in podiatric medical school
examinations and to investigate if the benefits of changing
answers are uniform across class rank with a specific focus on

TOP-Tier versus BOTTOM-Tier podiatric cohorts.

Methods

This study was approved by New York College of Podiatric
Medicine’s (NYCPM) Institutional Review Board in July
2017. Informed consent was waived off by Institutional
Review Board since students agree to the use of unidentifiable
education data for research purposes at registration.
Participants consisted of 86 first-year students in the
Doctorate of Podiatric Medicine program and enrolled in the
fall semester Biochemistry course in 2016. Inclusion criteria
consisted of having a good-standing student status as a first-
year student at NYCPM during the fall 2016; exclusion criteria
included students who dropped out of the program prior to the

culmination of the Biochemistry course. This educational ori-
ginal research study took place in Manhattan, New York.

Exams were administered on school-issued iPads with
ExamSoft’s® software pre-installed. Any students who
required accommodations or additional time were granted
within the guidelines set forth by the American Disabilities
Act?? Using ExamSoft’s® Snapshot Viewer feature, data was
collected on all students enrolled over a span of 6 biochemistry
examinations from August to December 2016. Incorporating
electronic tracking and analysis of test taking behavior
allowed for non-subjective bias seen in many previous non-
computer studies. Of the 86 students who started the year, 84
of the students went on to complete the Biochemistry course.
Each Biochemistry exam was an exam based on the progressive
and cumulative knowledge learned thus far in the course and
weighted equally towards final course grade calculations. The
exams consisted of multiple-choice questions with one correct
answer and 4 distractors, for a total of 5 choices. Students
were allocated 1 min and 10 s per question and were permitted
to return to any question during the exam period.

Statistical analysis

Quantitative analysis was done on the class, comparing fre-
quency of changing answers and whether students changed
their answers from incorrect to correct (IC), correct to incorrect
(CI), incorrect to incorrect (II), or correct to correct (CC). The
final evaluation was done by observing and comparing the
initial answer choice to the final answer choice. Total number
of changes were calculated by evaluating each time a student
changed their answer between the student’s initial and final
answer choices. Analysis was then performed to compare each
type of initial and final answer choice and the total number of
changes observed.

Class ranking was determined by adding total number of
ultimately correct answers and dividing by the total number
of questions throughout the 6 exams. The highest performing
student was ranked as 1 with the lowest ranking student
ranked 84. Using IBM SPSS® version 24 software, a
Spearman’s rank order correlation was completed to evaluate
the correlation between class rank in descending order and
each category. Independent-sample #-test was used to
compare groups. A 95% confidence level was used in this study.

Results

Exam results were collected from all 86 members of the Class of
2020 with data only being evaluated for members of the class
that completed all 6 Biochemistry exams using the
ExamSoft’s ® Snapshot Viewer feature. In total, 84 students
completed all 330 questions across 6 exams which yielded a
total of 27390 questions analyzed. The mean cumulative
exam score for the class was 79.4% (SD=10.2%) with a
mean of 22.43 (SD =15.69) total changes per student. All stu-

dents changed an answer at least once throughout all exams.
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Quantitative analysis was performed on the aggregated data
across 6 exams for each student. The net positive gain seen on
test scores was calculated by aggregating the total amount of
changes that resulted in a correct answer and comparing it to
the total number of changes that resulted in an incorrect
answer. The correlation between total changes made from
correct to incorrect (CI) per total answer changes and class
rank yielded a positive correlation of r=0.218 (P=.048)
(Figure 1). There was also a positive correlation of r=0.502
(P<.000) observed in the number of incorrect to incorrect
(II) answer changes per total changes made compared to

class rank (Figure 2). A negative correlation of r=-0.382
(P<.000) was observed when comparing class rank and the
number of changed answers from incorrect to correct (IC)
(Figure 3). Overall, 60% of students ultimately had a positive
net benefit from changing answers. While a majority of the
class benefited from changing answers, a significant positive
correlation of r=0.467 (P<.000) for percent ultimately incor-
rect (regardless of number of changes) and class rank was also
observed (Table 1).

To examine the extremes TOP-Tier versus BOTTOM-
Tier, analysis was done on the top and bottom 10 students of
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Figure 1. Correlation between the number of correct to incorrect (Cl) answer changes per number of changes and class rank (p=0.218; P=.048).
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Figure 2. Correlation between the number of incorrect to incorrect (Il) answer changes per number of changes and class rank (p =0.502; P <.000).
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Figure 3. Correlation between the number of incorrect to correct answer changes per number of changes and class rank (o =-.382; P <.000).

Table 1. Spearman rank correlation analysis.

Ratio of Ratio of Ratio of Ratio of total
correct to incorrect to incorrect to incorrect per
incorrect (Cl)  incorrect (Il) correct (IC) number of
per number of per number of per number of changes and
changes and changes and changes and  class rank
class rank class rank class rank

R 0.502 0.218 -0.382 0.467

P-value  <.000 .048 <.000 <.000

(P<.05)

the class, comparing frequency of changing answers from incor-
rect to correct (IC), correct to incorrect (CI), or, incorrect to
incorrect (II). The mean final test score for the top 10 students
was 93.88% (SD =2.42%) correct and 61.09% (SD =5.83%)
for the bottom 10 students. Top students changed answers
less frequently with a mean of 10.9 answer changes compared
to bottom students with 30.4 (P=.017) changes (Figure 4).
Top students changed answers from an incorrect choice to a
different incorrect choice (II) only 9.8% of the time which
was lower when compared to changes observed in bottom stu-
dents at 29.9% (P<.000). Top students also changed the
answer from an initial incorrect choice to the correct answer
(IC) more frequently (59.5%) compared to bottom students
38.7% (P=.023) (Table 2).

Discussion

While Saadat et al conclude that “The theory that students
should trust their first instinct and stick to their initial answer
on a multiple choice test is a myth that should be discarded,”
our findings indicate that this conclusion may be proper for
some students but not for others. Our study is consistent

with similar studies and suggests that overall, podiatric
medical students benefit from changing test answers, but this
holds true only for those who are top performers. Of the 84 stu-
dents studied, every student changed an answer at least once
over the 6 exams and 60% of students had an average net posi-
tive gain in exam scores as a result of changing answers. We
observed that a mean of 6.25% of the questions were changed
from their initial response, which is in line with previously pub-
lished studies.®!!

In contrast to what has been reported in other cohorts of stu-
dents in the health sciences, the benefits of changing answers
are not distributed equally across all podiatric students. A posi-
tive correlation of »=0.467 (P< .000) between the number of
ultimately incorrect answers after changing answers and class
rank (Table 2) suggest that as overall performance decreases,
there is a greater probability of selecting an ultimately incorrect
answer after an answer change. These observations are also sup-
ported by a significant positive correlation comparing answer
changes from an incorrect answer to another incorrect (II)
answer per change and class rank (Table 2). When comparing
the number of answer changes from correct to incorrect (CI)
per change and class rank, lower performing students are
more likely to change their answers from correct to incorrect
(CI) thus hurting their overall grade.

There are several study limitations. Since the sample size
of 84 was determined based on the number of students regis-
tered in the course, a sample size/power analysis was not per-
formed, which represents a study limitation. Additional
study limitations were in the areas of sample selection and
duration of the longitudinal design. Only one group of stu-
dents and one single subject were included in the study: bio-
chemistry students in the Fall 2016. If multiple biochemistry

cohorts were analyzed, or multiple courses were included,
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Figure 4. Total number of answer changes versus class rank.

Table 2. Numbers and analysis of top 10 and bottom 10 students in the course ranked by overall score.

Mean total Mean total

score changes (SD)
(SD)

correct (IC) (SD)

Mean percent incorrectto  Mean percent incorrect to

incorrect (Il) (SD)

Mean percent ultimately
correct (SD)

Mean percent ultimately
incorrect (SD)

Bottom 10 61.09% 30.40 (19.24) 38.72% (0.167)
students (0.024)

Top 10 93.39% 10.90 (6.97) 59.52% (0.205)
students (0.058)

P-value .000 .017 .023

results would be more comprehensive. Additionally, the
study was conducted only in the first semester of podiatric
medical school. It is possible that the observed pattern
could change if the same students were followed over the
course of the 4-year curriculum.

Conversely, quantitative analysis showed a statistically sig-
nificant negative correlation between the incorrect answers
changed to correct answers (IC) per change compared to class
rank. Intuitively, high performing students had a higher per-
centage of changing answers from incorrect to correct (IC)
increasing their overall examination performance. Exam pre-
paredness and understanding of the material increases the con-
fidence a student will have in the chosen answer, making it less
likely to change their initial answer as well as having a higher
net gain from changing answers. 9112223 Stydents who may
have made a careless mistake or who remembered exam
content as the exam progressed are also more likely to benefit
from changing their answers.'%!”**

When isolating TOP-Tier'® and BOTTOM-Tier'® stu-
dents, Bottom students changed answer more frequently than
Top students, which is consistent with previous studies. 11222
A significant difference was also observed in the frequency in

29.96% (0.096)

9.85% (0.101)

41.46% (0.165) 51.72% (0.142)

64.77% (0.187) 30.56% (0.192)

.000 .008 .012

which Top students and Bottom students changed their
answers from incorrect to correct (IC), as well as the frequency
in answer changes from incorrect to incorrect (II) (Figure 3).
Eight of the 10 Bottom-performing students did not have a
net benefit from changing answers and lowered their overall
performance. In contrast, there was only one Top-ten student
who did not benefit from changing their answer.

One possible explanation for the observed trend is that low
performing students who have less understanding of the mater-
ial have less confidence in their answer choices. Cox-Davenport
et al'” observed that students who had partial understanding of
the material felt uncertain about their initial response and often
narrowed down potential answers without feeling confident in
their chosen answer choice. If a student does not fully under-
stand the subject material and does not have confidence in
his/her answers, they are more likely to change answers more
frequently due to feeling anxious about his/her answer
choices.>®1%1722724 Students who are not adequately prepared
for the examination tend to be less confident in their answer
choices and regret changing their answers believing that the
answer was changed from a correct answer to an incorrect
answer (CI).191%1 These observations are aligned with
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previously described measures of self-monitoring, where high
performing students showed greater positive differences.?®

Anxiety over final answer choices can also be caused by ques-
tion stems that are worded in a way that is confusing or ambigu-
ous, making it more likely for students to change their
answers.? Confusion with the clear comprehension of question
stems, in addition to inadequate knowledge of the exam mater-
ial, can lead to students having lower confidence in their initial
answer and can cause a student to doubt their answer choice
regardless of it being correct.???32%27 Careful examination of
the question and critical thinking can narrow down answer
choices and reduce the anxiety a student may have while
decreasing the number of careless mistakes.*®

Recognizing diversity and stratification in medical students
and medical education is essential. Some go as far as to
suggest that there are tiers of medical schools based on their
ramking.”’30 In addition to rankings, elements of diversity,
equity, and inclusion play a role in students’ performance and
test-taking behaviors.*! Non-traditional students bring an add-
itional layer to this complexity of factors affecting test-taking
performance.32 Our findings are relevant and significant to
this medley of medical student types. Our results support the
idea that different interventions, strategies, and approaches
could be implemented for lower-performing students in
medical schools. The use of computer-based exams allowed
for unbiased analysis of a true answer choice change as well as
allowing for a larger sample size. Every student analyzed took
the exams on their school-issued iPads. All changes were
assessed from data collected on ExamSoft’s® software, and
we were unable to distinguish the reason why students
changed their answers. Prior knowledge of a study, like the
one conducted, could have influenced student decision
making and skewed results. Continued investigation is also
needed to assess if changing one’s answer is still beneficial in
other course subjects, both in the pre-clinical and clinical
courses.

Conclusions

Our study showed that overall, podiatric medical students bene-
fited from changing their answers, which support findings pub-
lished in previous studies among healthcare students. While
changing one’s answer may be beneficial when looking at the
entire class, there was a notable difference in what type students
had the greatest benefit from changing their answers.

Lower performing podiatric students changed their answers
with increased frequency compared to top performing podiatric
students. In contrast to other healthcare student cohorts, lower
performing podiatric students also had a greater likelihood of
their answer changes being ultimately marked incorrect. For
most of these students, changing their answer was not beneficial
to their overall grade.

Our primary finding supports the idea that caution should be
taken when giving generalized advice to students about the

benefits of changing initial answers. Lower ranking students
should carefully review questions in which they are unsure
and use critical reasoning to narrow down potential answer
choices before changing their answers. Future efforts and
research should be examined and developed about how educa-
tional systems could improve this pattern observed among

BOTTOM-Tier students.
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