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Abstract
Background Medical students are often paired together on clinical teams during their clerkships, but the
effect of this practice on student performance is unknown. The primary objectives of this study were (1)
to retrospectively assess whether students paired together on a medical team during their Internal
Medicine sub-internship affected each other’s grade and (2) to survey medical students’ perceptions on
the impact of pairing on their evaluations.

Methods We examined clerkship grades of 186 student-pairs at 3 sub-internship hospital sites of Harvard
Medical School from 2013-2017. To evaluate student perceptions we administered a survey to the
graduating class of 2018.

Results There was no significant deviation between the expected and observed distribution of student
grades (p=0.39) among 186 student pairs, suggesting that pairing had no meaningful effect on the sub-
internship grade.  We also saw no effect when controlling for prior internal medicine clerkship
performance (p=0.53). We then surveyed students in the 2018 graduating class assessing student
perceptions on pairing. Of the 99 respondents (59% response rate), 90% and 87% of respondents felt that
being paired affected their evaluations by resident and attending physicians, respectively.

Conclusions Our analysis suggests that paired medical students do not meaningfully affect each others’
grades, despite the majority of surveyed students believing that being paired affects their evaluations.
Awareness of student perceptions regarding pairing can inform clerkship structure and be utilized to
address student concerns.

Background
The core clerkship year of medical school, consisting of required clinical rotations in a subset of
specialties, is widely regarded as the most educational and transformative year in undergraduate medical
education.1  Outside of the standardized elements of a taught curriculum, clerkship education is situated
within the learning environment, taking place within the relationships between students, patients, and
physicians, supported by informal elements of a learned curriculum.2 At some medical schools, medical
students are often paired together during their clerkships, where two or more students will work with the
same medical team and be evaluated by the same group of resident and attending physicians. Despite
extensive research on the preceptor-student relationship, there is limited data describing the effect of
student pairing on their experience in clinical clerkships.3,4

Pairing students on the same clinical team can have potential benefits, as peer relationships support the
moral development of medical students, peer-led teaching improves knowledge acquisition in both
clinical and pre-clinical settings, and peer observation from students improves clinical skills.5,6,7 

Furthermore, group-based learning modalities, such as team-based learning and case-based collaborative
learning, utilized for pre-clinical curricula, have demonstrated that grouping medical students of different
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performance levels can often benefit low-performing students without hindering high-performing
students.8,9 However, pairing can also serve as an element of increased stress and anxiety for students,
particularly as it relates to clerkship evaluation.10 Medical student evaluations are subject to a wide
degree of heterogeneity, and pairing may allow for further cognitive bias and implicit comparison
between students if evaluated by the same medical team.11,12 To our knowledge, whether paired students
affect each others’ grades and student perceptions on the impact of this practice have not been
previously investigated.

We sought to examine whether paired students on a medical sub-internship team had a measurable
effect on each other’s clerkship grade as well as the students’ perceptions of how pairing affects their
evaluations. In alignment with the available literature for preclinical teaching modalities, we hypothesized
that a given student would perform better than expected from probability alone when paired with a high-
performing student.13 We also suspected that majority of students would perceive pairing as affecting
their evaluations.

Methods

Analysis of the effect of pairing on clerkship grade
We performed a retrospective study examining students’ grades for the medicine sub-internship at
Harvard Medical School (HMS) from 2013–2017. The medicine sub-internship at HMS is a four-week
clinical experience where students in their final year of medical school are assigned to a general medical
ward and function in a capacity similar to that of a first-year intern. At all 3 sites, medical students are
paired with one or two other students. This pairing generally replaces a single intern. “Pairing” is defined
as students working with the same medical team of resident and attending physicians, in addition to
participating in didactics together. Paired students would separately assume responsibility for their own
patients, with the exception of one site (Massachusetts General Hospital [MGH]), where medical teams
use a team-based care model, and responsibility for patient care is shared among all members of the
team. Students in a pair are evaluated by the same team of resident and attending physicians. Our
analysis utilized student grades, as they represented the summation of all evaluations, and were thus a
proxy for student clinical performance. Students are randomly assigned the same partner student for the
duration of the medicine sub-internship, making the effect of student pairing suitable for investigation. By
contrast, students rotating on other core clerkships at HMS are inconsistently paired and rotate on
multiple teams, making the effect of pairing difficult to study. The sub-internship grade is a global rating
based on the students’ clinical performance which is comprised of the following 10 items: history taking,
physical examination, fund of knowledge, patient management, clinical evaluation and management
skills, interpersonal skills, presentation skills, professionalism, cultural/social/systems awareness and
initiative and desire to learn. There is no written examination. The internal medicine clerkship grade
(taken by students in their 3rd year) is also based on a global rating comprised of the same 10 items.
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However, in order to achieve the highest grade, the student had to meet a minimum threshold on the
National Board of Medical Examiners (NBME shelf) examination during the time period examined.

We analyzed retrospective data of fourth-year medical student pairings for the medicine sub-internship
from 2013–2017 at 3 HMS sub-internship sites: Beth Israel Deaconess Medical Center (BIDMC), Brigham
and Women’s Hospital (BWH), and MGH. Our null hypothesis was that student pairing, regardless of their
prior internal medicine clerkship performance, has no effect on their medicine sub-internship grades.
Therefore, we excluded pairs containing visiting students from medical schools outside of HMS, as well
as MD-PhD students who completed their internal medicine clerkship prior to entering their PhD (N = 46
pairs). Among the 46 instances of three medical students paired together on the same medical team, we
only included the student with the highest sub-internship grade and student with the lowest grade among
the triad for our primary analysis.

Statistical analysis
During the period of the study HMS awarded the following final grades to clerkship students during third
and fourth year: Honors with Distinction (HD), Honors (H), Pass (P), and Fail (F). The grading schema
was changed for the graduating class of 2019. Because less than 5% of students receive a grade of either
P or F, we dichotomized student grades into “High” and “Low” categories, with High defined as a grade of
HD, and Low defined as a grade of either H, P, or F. To test our hypothesis, we compared the observed
distribution of High-High, High-Low, and Low-Low student pairs to the expected distribution based on
chance alone.

To further address our research objective of determining how high or low-performing students affect each
others’ performance when paired together, we conducted a secondary analysis of sub-internship grades
that accounted for student performance from their third year internal medicine clerkship. Compared to
other core clerkships at HMS, the internal medicine clerkship is most similar in experience and content to
the medicine sub-internship, and thus serves as an appropriate method of defining students as either
“high” or “low” performers entering into their sub-internship. We defined “high-performing” students as
those who received a grade of HD on their internal medicine clerkship, and “low-performing” students as
those who received a grade of H, P, or F. To test our hypothesis, we compared the observed distribution of
High-High, High-Low, Low-High and Low-Low student pairs to the expected distribution based on chance
alone. In contrast to the previous analysis where High and Low students were analyzed in a single
distribution category, the order of pairing in this analysis is relevant because the probability of receiving a
sub-internship High grade is different between a student with a Low internal medicine clerkship grade and
a student with a High internal medicine clerkship grade. It is also important to note that the grade
distribution for the medicine sub-internship is different than the medicine clerkship with more High grades
awarded in the sub-internship.

Our main analyses were conducted using chi-square goodness-of-fit tests. The chi-square goodness of fit
test differs from the chi-square test in that it is used specifically to analyze how the observed value
differs from the expected value. We first evaluated the correlation between students’ sub-internship grade
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within their respective pairs. We compared the observed numbers to the expected numbers when there
was no correlation. We examined the randomness of sorting of high and low medicine grade students
into sub-internship pairs, comparing the observed numbers to the expected numbers when pairing was
random. To investigate whether the effect of pairing students was dependent on prior performance, we
compared the observed and expected distribution of sub-internship grade pairs stratified by students’
performance on their internal medicine clerkship. We calculated the expected number of sub-internship
grading pairs conditional on their internal medicine clerkship grade, and compared these expected values
of pairings with our observed data. Additionally, we compared the probability of getting a High sub-
internship grade between those paired with a High third-year internal medicine clerkship grade and those
paired with a Low third-year internal medicine clerkship grade, stratified by their third-year internal
medicine clerkship grade using Pearson chi-square tests.

We conducted two subgroup analyses: (1) stratifying analyses by different types of pairing (pairs vs.
triads) and (2) stratifying by site (team-based vs. non team-based care model). In addition, we conducted
a sensitivity analysis removing students with Pass or Fail internal medicine clerkship or sub-internship
grade from the analyses. We used SAS version 9.4 (Carey, NC) for all analyses, with statistical
significance defined as a two-sided P < 0.05.

Survey of student perceptions of pairing
We developed a questionnaire in order to assess students’ perceptions of how pairing affects their
evaluations. Utilizing a four-choice Likert scale, we developed a three-item instrument that assessed if
students perceived pairing on their clerkships as affecting how they were evaluated by both resident and
attending physicians, along with describing the nature of this effect (positively or negatively influencing
evaluation). The survey was revised based on expert input and cognitive testing with four students.

The anonymous questionnaire (Appendix I) was distributed to the HMS graduating class of 2018 via
Qualtrics (Provo, UT). Due to the potential of differing grading schema, which was introduced for the
graduating class of 2019, influencing student perceptions about the effect of pairing on their evaluations,
we excluded subsequent classes from the study. Descriptive statistics were utilized for analysis using
Microsoft Excel 2007 (Microsoft Corp., Redmond, Washington).

The study protocol was approved by the institutional review board of HMS.

Results
We analyzed sub-internship grades from 372 students comprising 186 sub-intern pairs. During the sub-
internship, 234 students received a High grade (63%), while during the medicine clerkship 152 students
(41%) received a High grade. We then conducted two main analyses. First, we examined whether grades
were different when students were paired compared to if student grades were completely independent of
each other. Second, we analyzed whether taking into account their prior performance in a third year
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Internal Medicine clerkship affected the results, testing the hypothesis that when low performing students
are paired with a high performing student their grade may improve.

To evaluate the correlation between students’ sub-internship grade within their respective pairs, we found
that the distribution of students’ sub-internship grade pairs was similar to the expected number based on
random pairing (p = 0.39, Table 1), suggesting that students’ grades during the sub-internship are not
affected by their partners’ grades when third year clerkship grades are not taken into account.

Table 1
Paired student grades for the medicine sub-internship

Pairing Observed Expected* P value

Both High 78 73.6  

One High, One Low 78 86.8  

Both Low 30 25.6  

Total 186   0.39**

* Expected numbers were calculated based on Pr(High sub-internship grade) = 0.63

** Chi-square goodness-of-fit test with 2 degrees of freedom

To investigate whether students’ prior performance affected student grades when paired, we utilized third-
year internal medicine clerkship grades as a proxy for prior performance. We first examined whether high
and low performing students were randomly paired together on sub-internship teams and found that the
pairing was indeed random as would be expected (p = .65). We then compared the observed and expected
distribution of sub-internship grade pairs stratified by students’ performance on their internal medicine
clerkship. We examined High internal medicine clerkship grade paired with another High grade student (N 
= 28 pairs), High internal medicine clerkship grade paired with a Low grade student (N = 45 pairs), Low
internal medicine clerkship grade paired with a High grade student (N = 51 pairs), and Low internal
medicine clerkship grade paired with another Low grade student (N = 62 pairs). Of note, the order of
pairing in this analysis is important to determine its effect because a high performing student’s effect on
a low performing student and vice versa differ. We found no significant deviation from our observed
pairings to the expected values based on conditional probability (p = 0.53, Table 2). To further corroborate
this result, we found that among those with high internal medicine clerkship grade, 77% had a high sub-
internship grade when they were paired with another high grade student compared to 83% when students
were paired with a low grade student (p = 0.39, Table 3). Among those with low internal medicine
clerkship grade, 45% had a high sub-internship grade when they were paired with a high grade student
compared to 55% when students were paired with another low grade student (p = 0.17), further
suggesting no meaningful effect of pairing.
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Table 2
Contingency table comparing the expected distribution of paired grades to observed data, stratified by

third year internal medicine clerkship performance
Observed no.

(Expected no.)*

Sub-internship grade pairs P
value

High-
High

High-
Low

Low-
High

Low-
Low

Total

Internal medicine

clerkship grade
pairs

High-
High

17

(18.3)

5

(4.3)

4

(4.3)

2

(1.0)

28 0.76**

High-Low 19

(18.4)

19

(18.0)

1

(4.3)

6

(4.3)

45 0.34**

Low-High 20

(20.8)

3

(4.9)

22

(20.4)

6.0

(4.8)

51 0.76**

Low-Low 22

(15.8)

9

(15.5)

15

(15.5)

16

(15.2)

62 0.16**

Total 78 36 42 30 186 0.53§

* Expected numbers were calculated based on Pr(High sub-internship grade | High internal medicine
grade) = 0.81 and Pr(High sub-internship grade | Low internal medicine grade) = 0.50. For example, the
probability of getting a High-High sub-internship grade pair from a High-Low internal medicine grade
pair is 0.81 × 0.51 = 0.41 and expected number of pairs is 45 × 0.41 = 18.4.

** Chi-square test with 3 degrees of freedom

§ Chi-square test with 12 degrees of freedom

Table 3
Sub-internship High grades by Internal Medicine clerkship performance

Internal Medicine Clerkship Grade
of Student 1

Internal Medicine Clerkship Grade
of Student 2

N Sub-internship
High grade

High High 56 43 (77%)

  Low 96 80 (83%)

Low High 96 43 (45%)

  Low 124 68 (55%)

Total   372 234

In the sensitivity analysis stratified by different types of pairing, we found similar results between
students paired in two and students paired in three. When stratified by site, there were only 39 pairs of
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students from the site with the team-care based model and no significant differences were found. We
observed similar results when the students with Pass or Fail grades were removed from analysis.

In order to assess students’ perceptions regarding the effect of pairing on their evaluations, we surveyed
the 2018 graduating class of HMS. Ninety nine out of 168 students responded (58.9%). Of those who
responded, 10.1% felt that being paired did not affect their evaluations by residents, while 40.4%, 37.4%,
and 12.1% felt that being paired affected their evaluations slightly, moderately, and strongly by resident
physicians, respectively. Similarly, 13.1% of students felt that being paired did not affect their evaluations
by attending physicians, while 34.3%, 35.4%, and 17.1% felt that being paired affected their evaluations
slightly, moderately, and strongly by attending physicians, respectively (Fig. 1). When asked to describe
the nature of this effect on their evaluations, 10.1% of students felt that being paired had a mostly
positive effect on their evaluations, while 8.8% felt that the effect was mostly negative. 77.8% of students
felt that this effect varied, dependent on whom the student was paired with.

Discussion
We examined whether students paired on the same sub-internship team affected each others’ grade and
student perceptions on the impact pairing had on their evaluations. We demonstrate that medical student
perception is not consistent with the grading patterns observed in our study. Our analysis suggests that
there is no significant effect of a given student’s clinical performance on their partner’s performance
during the sub-internship. However, the vast majority of students perceive that the student they are paired
with has an effect on their clerkship evaluation. Despite student pairing being common on clinical
clerkships, this is the first study to our knowledge assessing the impact of this practice.

Our results indicate that pairing does not have an immediate impact on performance, however students’
perceptions towards their evaluations suggest that the practice of pairing may potentially impact the
learning environment for a significant subset of students. The educational environment of clerkships
encompasses the physical, social, and psychological contexts in which students learn, including
interactions with faculty and peers, along with informal and hidden curricula.14 School-related stressors,
including academic pressure and grading, have been shown to negatively impact the learning
environment and students’ well being.15 Educators must continue to work towards optimizing the
educational setting of clerkships, as the learning environment influences students’ professional
development and identity.2 Unsupportive learning environments, including non-collaborative and
competitive settings, have been independently associated with student burnout and distress, and can
potentially alter critical components of student motivation, including their sense of safety, belonging, and
self-esteem.16,17 Increased concern over evaluations and grading have also been associated with student
burnout, and may potentially impair student learning by increasing extraneous cognitive load.18,19

Therefore, efforts to address the perceptions of pairing may have a positive impact on the clerkship
learning environment.
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Our findings differ from prior investigation of classroom-based group learning during medical school,
where grouping students of different performance levels has demonstrated a benefit to low-performing
students without hindering high-performing students.8,9 One possible explanation is that there may be
limited peer interaction and peer-assisted learning within the clinical environment, when compared to
formalized, classroom-based group learning. Because peer-assisted learning can benefit students on
clinical clerkships, consideration can be given to interventions that optimize peer teaching in clerkships
where students are paired and limit competition amongst students as it relates to patient exposure and
evaluations.6

Our results also inform the issue of evaluator cognitive bias. Substantial variability exists among clinical
evaluators with respect to the reliability, accuracy, and validity of assessments made when directly
observing trainees.20,21,22 Moreover, the halo effect and multiple other biases have been described
affecting how a given individual may be evaluated.23,24 If two students in a given pair are of different
performance levels, students may be reluctant to be evaluated by the same medical team due to fear of
comparison.10 While our analysis puts into question the role of the halo effect and other comparator
biases on evaluations of paired students, we cannot rule out the possibility that a comparator bias exists
and is balanced by other factors, such as peer-teaching and peer support within a student pair. We
suggest that evaluators who have had limited experience with medical students, including residents and
junior attending physicians, receive training to be made better aware of their own implicit cognitive
biases, including contrast and grouping biases.

We acknowledge several limitations to our study. First, this study represents the findings of a single
medical school and was retrospective in nature, with no true control group of students who were
unpaired. In addition, the findings of this study are dependent on the interplay between two students on a
medical sub-internship, and thus may not be fully generalizable to other clerkships or medical schools,
where the interactions of paired students may differ. Unfortunately, we were not able to examine the
effect of pairing in other clerkships due to each clerkship having multiple clinical experiences within it
where students were unpaired or had multiple pairings. Sixty three percent of the students received the
top grade on the sub-internship, thus potentially limiting the sensitivity of our study. However, in the
majority of U.S. medical schools the sub-internship grades skew towards a high percentage of students
getting the top grade as compared to core clerkships and the HMS sub-internship has a relatively lower
percentage of students receiving the top grade than other U.S. medical schools. Furthermore, we cannot
exclude the possibility that a small effect size of pairing on grades exists. However, our study included
over 370 students and we feel the study was of sufficient size to exclude a meaningful effect. Additional
data outside of our study period could not be included due to data availability and curriculum changes.
The survey evaluating student perception of pairing referred to general perception of clerkship
experiences and was not limited to the sub-internship, leaving open the possibility that perceptions of
pairing differ between the medicine sub-internship and other clerkships. The survey results are also
subject to recall, selection and acquiescence bias. It is notable that students’ perception of the pairing
effect (positive versus negative) was highly dependent on the other student. This suggests that there are
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multiple factors, such as student characteristics as well as student and team dynamics that may impact
the learning environment within a student pair. A qualitative study is currently underway to address this
question. The strengths of our study include multiple years of grading data from three different hospitals
in a clerkship with consistent student pairing throughout its duration. We believe this work serves as a
critical first step towards evaluating the impact of pairing students together on clerkships. Additional
studies are needed to investigate the effect of pairing students together on different clerkships, and to
further explore students’ perceptions of the evaluative process with regards to pairing.

Conclusions
Our analysis suggests medical students paired on teams during their medicine sub-internship do not
meaningfully affect each other’s grade, a finding that may extend to other clerkships. This observation
held true even when pairing students of differing academic performance. Nonetheless, the vast majority
of students surveyed believed that being paired affected their evaluations by both resident and attending
physicians. We believe this gap offers insight into the current learning environment of clinical clerkships,
warranting further study. Awareness of student preferences regarding pairing can inform clerkship
structure and be utilized to address student concerns.
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Figures

Figure 1

Student perceptions regarding whether pairing affects evaluation
Does being paired with a medical
student have any effect on your evaluations (both positive and negative) by the following team
members?
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