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ABSTRACT

Background: A number of studies compare cognitive abilities of male and female students from elementary
school through high school employing various test constructs and reported presence of gender-related differences
having to do with the mode of assessment. The purpose of the present study was to examine whether there is a
difference in the performances of male and female medical students. We employed two types of test constructs
viz., constructed response (CR) and selected response (SR) examinations that use the same question stem.

Materials and Methods: Two types of test questions, CR and SR, were studied. Each CR and SR question used the
same question stem to assure all questions were matched. Study participants were incoming first year medical
students enrolled in a six-week summer enrichment anatomy course prior to the start of the school year. Group
1 included 16 students (8 male and 8 female) and Group 2 19 students (7 male and 12 female). The course
focused on study of the thorax and abdomen and the student performances were analyzed.

Results and Discussions: Mean scores and statistical analysis showed comparable performance between male
and female students. The independent sample t-test showed that, statistically, there were no significant differences
in performances of male and female students in the CR or SR examinations, except in the Group 1 male and female
abdomen SR examination [t (14) = 1.934, p< 05 1 tailed]. Collectively, these results show that male and female
students in both the groups performed better in the SR test than the CR test.

Conclusions: Gender poses no limitation to medical student performance, irrespective of the type of examination
format. It is possible to adopt CR examination as a formative evaluation tool for students to identify their
deficits and strategize effective learning.
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INTRODUCTION always favor one gender with a number of stud-

Differences in cognition and achievement donot ies suggesting that males outperform females
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on tests of visuospatial ability and mathemati-
cal reasoning, whereas females do better on
tests involving memory and language use [1].
Numerous studies compare cognitive abilities
of male and female students from elementary
school through high school [2-4]. In this popula-
tion, research comparing CR and SR tests indi-
cates the presence of gender-related differences
having to do with the mode of assessment
[5-8]. In contrast, Becker and Johnston [9] and
Dufresene et al [10] suggest that different as-
pects of knowledge are measured by MCQ and
CR tests. Rodriguez [11] examined 67 empiri-
cal studies; this meta-analysis corroborates this
inconsistency of findings. Few past studies,
however, have evaluated performance of college
level students [12-15].

Only limited studies have compared male and
female student’s performance in medical school.
Men were reported to score better on the
National Board of Medical Examiners (NBME)
examination. Women performed better than men
on clinical clerkships and also on clinical
performance examinations [16, 17].

Summer enrichment programs: There are
number of enrichment programs for matriculat-
ing medical or dental students sponsored by
medical or dental schools and supported by
government and private agencies. These
programs aim to improve academic preparation
and performance by first year medical or dental
students. The summer program offered by the
University of Medicine and Dentistry of New
Jersey - New Jersey Medical School (UMDNJ-
NJMS) provided a skill-and competence-oriented
foundation in the anatomy curriculum. The
students’ learning and engagement with the ma-
terials were monitored and students received
as-needed guidance from the faculty and
education specialist to improve their study
approach and time management.

Summer anatomy program set-up: The course
was separated into 2 3-week units in which
students dissected and studied, first, anatomy
of the thorax and, second, of the abdomen. In
addition to anatomy, students had physiology
and biochemistry lectures, as well as exposure
to clinical medicine. The UMDNIJ-NJMS summer
program concentrated primarily on anatomy,
since medical students found it a difficult
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subject to master and most of them never had
human anatomy in their undergraduate educa-
tion. All the dissection sessions started with a
15-20 minute presentation that highlighted the
clinical importance of the structures to be
dissected and studied. A team of 4 students
was assigned to dissect a cadaver. Overall, 12
hours was assigned for cadaver dissection per
week and two teaching assistants (2™ year
medical students) assisted the anatomy instruc-
tors.

This study is part of ongoing research conducted
to examine test formats and their influence on
medical student preparation for examination
and performance on those examinations. We
examined if there is a difference in the perfor-
mances of male and female medical students
on CR questions, compared to SR questions with
the same stem, using responses from the
students enrolled in the UMDNJ-NJMS summer
anatomy program.

MATERIALS AND METHODS

Study population: Participantsincluded incom-
ing first-year medical students who were
enrolled in a 6-week preparatory enrichment
anatomy course during the 2 consecutive
summers prior to the start of school year. Group
1 consisted of 16 students (8 male and 8
female) and Group 2 19 students (7 male and
12 female). Student ages ranged between 22
and 28 years. All students had a science back-
ground; 5 had postgraduate education and 1 had
studied musculoskeletal anatomy during
postgraduate education. This study received
expedited IRB approval from UMDNLJ.

Study design: We used a cohort study design
for this study and, since the cohorts chosen are
from separate, but similar populations, standard-
ization of criteria and outcomes is possible. This
study uses SR and CR testing schemes and is
based on data collected on the above-described
groups of students. Student’s performance in the
cadaver-oriented practical examination was also
recorded.

This study was based on 2 types of testing: a
CR test and an SR test and the examination
questions included clinical vignettes. Similar
question stems ensured all questions were the
same (See appendix for sample items). Students

5251



Cheryl Melovitz-Vasan, Matthew Gentile, et al., A STUDY OF TEST CONSTRUCT AND GENDER DIFFERENCES IN MEDICAL STUDENT ANATOMY
EXAMINATION PERFORMANCE.

were made aware of the 2 test types and how
to study for them. Two same-stem tests, each
containing 30 questions that adequately repre-
sented the module content, were used. In the
first test (CR), students read clinical vignettes
and wrote short answers. The CR answer sheet
was hand-graded using a previously-made an-
swer key. The same-stem SR test questions
were answered on a Scantron answer sheet that
was computer-graded. The students had 45 min-
utes to complete each 30-question examination
and were given a 5-minute break between
examinations. They were not permitted to
review any resources or consult each other dur-
ing this break. For both modules, the students
took the CR examination before the SR exami-
nation to avoid the ‘cueing’ effect. The ques-
tions were obtained from the departmental ques-
tion bank and the degree of difficulty was the
same for both modules in both years. The test
qguestions for the 2 groups were different to
avoid the teaching assistant remembering the
past questions to help the class.

Data analysis: Paired t-tests were used to
examine differences, so that individual shifts in
score, if any, between the two testing modali-
ties contributed to the comparisons. Thus, the
resulting P values are for the comparison of
open-ended and multiple-choice question
examinations within each group and for the
overall combined averages. All analyses were
performed using SPSS Version 24 statistical pack-
age (IBM°).

RESULTS

Statistical analysis of individual groups and
combined scores are summarized in Tables 1-3.
Graphically, median scores with ranges are
shown in Figure 1. The scatter plot (Figures 2A
and 2B) shows the relationship between male
and female student performances in CR and SR
examination of thorax and abdomen modules.

Combined group 1 and 2 performance scores of
male and female in CR and SR on thorax and
abdomen examinations with range are described
in the thorax CR test, male students performed
a mean of 59.7 points (* 11.2, median 60.2,
range 46-79); the female students performed a
mean of 57.5 (x 12.0, median 56.5, range
43-73). In the SR test, male students scored a
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mean of 69.7 (+ 10.3, median 68.2, range
63-88); the female students scored a mean of
70.7 (x 12.2, median 68.0, range 48-88). In the
abdomen module CR test, male students
performed a mean of 73.0 points (+ 14.2,
median 72.0, range 36-96); female students
performed a mean of 71.3 (+ 14.4, median 73.0,
range 53-88). In the SR test, male students
scored a mean of 81.6 (+ 9.0, median 84.0, range
68-100); female students scored a mean of 80.5
(£ 11.1, median 76.0, range 53-92).

The independent sample t-test (Table 2) shows
no statistically significant differences in perfor-
mances in either the thorax or abdomen
modules by male and female studentsin the CR
or SR examinations, except for the Group 1 male
and female abdomen SR examination [t (14) =
1.934, p< 05 1 tailed].

Correlational analyses were used to examine the
relationship between male and female student
examination performance on CR and SR
guestion examination types (Table 3). For
examinations of the thorax module, results
indicated a strong positive correlation between
scores on CR examinations and SR examinations
for all students, r (34) = .58, p <.001.; a strong
positive correlation in female students on CR
and SR examinations, r (19) =.66, p<.001; and
no significant difference was found when
examining the relationship between male
student performance on CR and SR examination.

Table 1: Male and Female Student performance in the
examinations.

Module Thorax Abdomen
Test format CR SR CR SR
Group 1 Scores Scores Scores Scores
Male (n=8) 57.4+£10.1 | 709+£11.0 | 71.0£11.7 | 79.0+ 11.0
Female (n=8) | 55.0£11.9 | 70.4+11.8 | 68.6+11.9 | 71.6+9.1
Group 2
Male (n=7) 62.4+8.2 69.8+84 | 75.0+18.2 | 85.2+11.6
Female (n=12) | 59.1+11.6 | 73.0+11.8 | 73.0+15.1 | 86.3+8.7
Combined
Male (n=15) | 59.7+11.2 | 69.7£10.3 | 73.0+14.2 | 81.6%9.0
Female (n=20) | 57.5+12.0 | 70.7+12.2 | 71.3+14.4 | 80.5+11.1

Table 2: Independent Sample t-test.

Thorax examination Abdomen examination
Diff Diff
@ | M ifference ® MeQ ifference
score score
Overall male and female | ns | ns ns Ns ns ns
T(14)=1.934,
Group 1 male and female | ns | ns ns Ns (14 o ns
p<05 (1 tailed)
Group 2 male and female | ns | ns ns Ns ns ns
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Table 3: Correlation matrix.

Thorax Abdomen CR examination MCQ examination
CR examination and MCQ CR examination and MCQ Thorax and
examination examination abdomen Thorax and abdomen
overall r=.58 (p<.001)- St'rong positive | r=.63 (p<.001)-St.rong positive ns ns
correlation correlation
Males ns r=.73 ('p.<.001)-Very. strong ns ns
positive correlation
=, <. - iti =, <. - iti
Females r =.66 (p<.001)- Strong positive | r=.57 (p<.001)-Strong positive ns ns

correlation

correlation

Fig. 1: The graph showing the median scores and range
of male and female student performances.
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Fig. 2A: Scatterplot Results Thorax Exam.
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Fig. 2B: Scatterplot Results Abdomen Exam.
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DISCUSSION

The result of the present study shows that the
format of examination reflects how the student
prepare for the test, supporting earlier observa-
tions [5, 12-14, 18, 19]. In the CR examination,
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there is no opportunity to guess the correct
answer, since students had to create the
answers [20]. This requires deeper understand-
ing of the material. In a study involving third and
fourth year medical students, it was found that,
on same-stem SR and CR (un-cued) tests,
students scored higher on the SR, compared to
CR examinations [21]. This suggests that
un-cued, same-stem CR examinations test
students’ real knowledge and give an additional
discernment of the academically borderline
students.

The results from the abdomen module (Table 1)
support the idea that the students prepare based
on the type of testing that they anticipate.
Collectively, the results (Table 1) show that male
and female students in both the groups
performed better in the SR test, when compared
to CR test, and both male and female students
from groups 1 and 2 performed better in the
abdomen module in both CR and SR examina-
tions. The assessment data further suggests that
female students who perform better on CR ex-
aminations also perform better on SR examina-
tions related to the thorax. The correlational
analysis depicted in the scatterplots (Figures 2A
and 2B) clearly indicates the reasonableness of
assuming a linear association between the vari-
ables.

Cognitive abilities between male and female
students have been a focus of number of
studies [2-4]. Many of these studies compared
SR and CR tests and reported the presence of
gender-related differences ascribed to the mode
of assessment [5-8]. In contrast, Becker and
Johnston [9] and Dufresene, et al [10] claim that
different aspects of knowledge are measured
with SR and CR tests. From the analysis of
examination results, Weaver and Raptis [13]
concluded that an examination of introductory
atmospheric or oceanic science curricula, which
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is made up of 60% multiple choice questions and
40% constructed response questions, did not
skew to favor any particular gender. An analy-
sis of mental test scores from 6 studies showed
that, although average gender differences have
been generally small and stable over time, the
test scores of males consistently have larger
variance. Except in tests of reading comprehen-
sion, perceptual speed, and associative memory;,
males typically outnumber females substantially
among high-scoring individuals [12]. It isimpor-
tant to emphasize that the past studies were
primarily directed at the performances of grade
school students and few were conducted on the
college level students [12-14].

The raw score analysis (Table 1) showed no
appreciable difference either in the thorax or
abdomen modules between the male and
female students in the CR or SR examination.
As expected, the results further showed that the
SR scores of both the thorax and abdomen
modules for both male and female student were
higher, compared to CR examination (Table 1).
Additionally, the CR score in the abdomen
module of both male and female students was
higher, compared to the thorax module. In the
thorax module, Group 2 female students scored
higher in the SR, compared to CR examination,
while such an increase was only modest when
the scores of male students were compared.
There is some vague indication that male
students have an advantage with SR, whereas
others have found an advantage for males with
CR questions [6, 18, 22]. Other gender-related
claims include differences in “testwiseness”
[23] and that male students are more willing to
guess than female students [24].

Some factors possibly contributed to the results
observed in the present study, when a compari-
son is made with high school and undergradu-
ate college students. Medical students have
four years of undergraduate education, have
completed more advanced level science courses,
and, in general, are highly proficient in an
organized approach to learning. Their admis-
sion to medical school is based on high
scholastic accomplishment. Hence, one would
conceivably expect both male and female
medical students to perform at an equal level,
irrespective of the examination format, and that
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there may not be gender differences in test
performance.

Limitations of the study: The small sample size
is one of the limitations of this study that
precludes a generalizability of the results.
Additionally, this is the first study to evaluate
the role of test format and student gender in
examination performance in a medical school
course that is more visuospatial related. This
demonstrates a need for similar studies on a
larger scale. Considering the advantages of the
SR examination, while at the same time under-
standing the value of CR examination, the issue
becomes how a medical school with larger class
sizes can implement the latter approach. Lastly,
this study was conducted on a select group of
students in an enrichment program and the
generalizability of the results needs additional
evaluation, using a general population.

Future direction for medical educators: The
study illustrates ways for medical educators to
1) adopt CR examination for formative evalua-
tion early on in medical education for the stu-
dents to identify their deficits and strategize
effective learning; 2) use CR test format for
identifying students who might benefit from
academic advising and assistance from faculty
and educational specialists early on in their
medical education to avoid potential failure; and
3) with the availability of ‘ExamSoft’ software
(ExamSoft, Dallas, TX) for creation, administra-
tion, and assessment, combined with Excel
(Microsoft Corp., Redmond, WA), it is possible
now to administer CR examinations for larger
classes for summative assessment [25].

CONCLUSION

The present study demonstrates that, without
changes in the curricular content or pedagogy
changes in assessment, approaches can alter
student learning behavior and appreciably
increase specific knowledge, improving
academic performances. This study also points
to the fact that the gender poses no limitation
to medical student examination performance,
irrespective of the type of examination format.

ABBREVIATIONS

CR- Constructed Response
SR- Selected Response
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Appendix: Sample questions:
Thorax: CR question:

CASE: A patient complains of tiring easily and shortness of breath on exertion. Auscultation of the chest showed a
diastolic heart murmur, heard best at the apex of the heart, and the presence of a collapsing pulse (forcible pulse
that rapidly diminishes).

Q. Which heart condition best explains the ‘collapsing pulse’?
Answer: Aortic valve insufficiency.
SR question:

CASE: A patient complains of tiring easily and shortness of breath on exertion. Auscultation of the chest showed a
diastolic heart murmur, heard best at the apex of the heart, and the presence of a collapsing pulse (forcible pulse
that rapidly diminishes).

Q. Which of the following conditions best explains the ‘collapsing pulse’?

A Tricuspid disease.

B. Bicuspid disease.

C. Aortic valve insufficiency.
D. Coarctation of the aorta.
E. SA node problem.

Answer: C
Abdomen: CR question:

CASE: A 62-year-old woman has a venogram that shows a blockage in the left renal vein where it crosses anterior
to the aorta. Additional imaging studies indicate that the occlusion is caused by an aneurysm of an artery that lies
immediately anterior to the vein.

Q. In which artery that the aneurysm is most likely located?
Answer: Superior mesenteric
SR question:

CASE: A 62-year-old woman has a venogram that shows a blockage in the left renal vein where it crosses anterior
to the aorta. Additional imaging studies indicate that the occlusion is caused by an aneurysm of an artery that lies
immediately anterior to the vein.

Q. The aneurysm is most likely located in which of the following arteries?
A Celiac

B. Superior mesenteric
C. Left colic

D. Inferior mesenteric
E. Middle colic
Answer: B
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