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Purpose Prior studies have revealed grading discrepancies in evaluation of personal
statements and letters of recommendation based on candidate’s race and gender.
Fatigue and the end-of-day phenomenon can negatively impact task performance but
have not been studied in the residency selection process. Our primary objective is to
determine whether factors related to interview time and day as well as candidate’s and
interviewer’s gender have a signiﬁcant effect on residency interview scores.
Methods Seven years of ophthalmology residency candidate evaluation scores from
2013 to 2019 were collected at a single academic institution, standardized by
interviewer into relative percentiles (0–100 point grading scale), and grouped into
the following categories for comparisons: different interview days (Day 1 vs. Day 2),
morning versus afternoon (AM vs. PM), interview session (Day 1 AM/PM vs. Day 2
AM/PM), before and after breaks (morning break, lunch break, and afternoon break),
residency candidate’s gender, and interviewer’s gender.
Results Candidates in the morning sessions were found to have higher scores than
afternoon sessions (52.75 vs. 49.28, p < 0.001). Interview scores in the early morning,
late morning, and early afternoon were higher than late afternoon scores (54.47,
53.01, 52.15 vs. 46.74, p < 0.001). Across all interview years, there were no differences
in scores received before and after morning breaks (51.71 vs. 52.83, p ¼ 0.49), lunch
breaks (53.01 vs. 52.15, p ¼ 0.58), and afternoon breaks (50.35 vs. 48.30, p ¼ 0.21). No
differences were found in scores received by female versus male candidates (51.55 vs.
50.49, p ¼ 0.21) or scores given by female versus male interviewers (51.31 vs. 50.84,
p ¼ 0.58).
Conclusion Afternoon residency candidate interview scores, especially late afternoon, were signiﬁcantly lower than morning scores, suggesting the need to further
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study the effects of interviewer’s fatigue in the residency interview process. The
interview day, presence of break times, candidate’s gender, and interviewer’s gender
had no signiﬁcant effects on interview score.

Medical school grades, standardized test scores, and honor
society status were frequently utilized as screening tools for
residency candidate evaluation and interview invitations.1–3
However, many medical schools have adopted a pass/fail
grading system for preclinical courses and clinical clerkships4 and removed the consideration for Alpha Omega
Alpha and Gold Humanism Honor Society. In addition, the
United States Medical Licensing Examination Step 1 has now
become a pass/fail examination. The reduced number of
objective measures for candidate competencies has increased the importance of evaluating noncognitive personality traits such as work ethic, maturity, leadership qualities,
and interpersonal communication skills5 through the personal statement, letters of recommendation, and interview
evaluations.6
Prior studies have revealed grading discrepancies in evaluation of personal statements and letters of recommendation based on race,7–9 candidate’s gender,10–14 and
evaluator’s gender.15–17 It is important to determine whether
similar biases exist in the faculty interview process, as the
interview is often considered the most important noncognitive assessment for residency selection and ranking.18–20
Previous studies have looked at several factors that may
inﬂuence the evaluation of candidates including the use of
open-ﬁle versus blinded interviews,21,22 individual faculty
characteristics (e.g., gender, number of publications, and
years of clinical practice),16 candidate’s gender,10 and facial
appearance.23,24
The scheduling of residency interviews is a time-sensitive
process that often rewards quick responders with preferred
dates and times. Evaluation of the residency match in internal medicine,25 emergency medicine,26 and 10 additional
specialties showed that there was no correlation between
interview date and a successful match.27 Other external
factors including time of day have not been well studied in
the interview process. This study will add to the existing
literature by evaluating the effects of interview date, time of
day, session, and break times on interview scores and determine whether there are any disparities in grading practices
based on candidate’s and interviewer’s gender.

Methods
Interview Score Database
This study was conducted using 7 years of residency interview data obtained from the ophthalmology residency program at the Columbia University Irving Medical Center/New
York-Presbyterian Hospital from 2013 to 2019. It was approved by the Columbia University Irving Medical Center
Institutional Review Board and was compliant with protection of individually identiﬁable information; it also adhered
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to the tenets of the Declaration of Helsinki as amended in
2013. The available residency interview data contained
candidate’s photographs and names, interview day and
session (AM or PM), interview times associated with each
candidate–interviewer pair, times of breaks, waitlist status,
and numerical raw scores given by interviewers to candidates on a scale of 0 to 30 from 2013 to 2016 and 0 to 10 scale
from 2017 to 2019.
Perceived candidate’s gender was recorded based on
applicant’s photographs as male, female, or indeterminable
by one of the authors (C.C.). The names of candidates and
interviewers as well as photographs were stripped from the
dataset and replaced with deidentiﬁed numerical identiﬁcation (ID) codes prior to analysis. A deidentiﬁed dataset
containing the following information was used for the primary analysis: candidate’s ID, candidate waitlist status,
candidate’s gender, interview year, interview session (Day
1 AM/PM vs. Day 2 AM/PM), interview position (number of
people interviewed before the candidate), interview time,
interviewer’s ID, interviewer’s gender, raw interview score,
standardized percentile score, and applicant match status.

Interview Day Schedule
The interview days were conducted on Thursday (interview
Day 1) and Friday (interview Day 2). Candidates were present
for either a morning (AM) session (8 AM–12 PM) or an
afternoon (PM) session (1 PM–5 PM). Candidates typically
had a series of ﬁve to six interviews, each lasting 8 to
10 minutes with 2 to 5 minutes between the interviews. Each
interview was conducted by a panel of two to three faculty or
chief resident interviewers. Candidates either had a tour of
the eye institute and campus before or after this series of
interviews. One 10-minute break was included midway
through each session. Lunch was provided between 12 PM
and 1 PM for both AM and PM interviewees and interviewers.
Interviewers were requested to clear their schedules of
clinical and research duties during interview days but were
allowed the lunch break to handle emergencies as they arose.
Each interview panel used standardized questions to
guide the interview but were allowed to ask follow-up
questions as dictated by the ﬂow of the interview. Interviews
were graded on a scale of 0 to 5 with 5 being the best in the
categories of academic record, professionalism, leadership,
trainability, and ﬁt for program for a total of 30 points.

Data Analysis
The raw interview scores were standardized to adjust for
differences between interviewers and interview years by
conversion to z-scores and percentile scores (0–100 scale).
Normalization of data was conﬁrmed quantitatively using
the Shapiro–Wilk’s test, and visually using density and Q–Q

Exploring Potential Schedule-Related and Gender Biases in Ophthalmology Residency Interview Scores
plots. The standardized scores were sorted into categories to
make the following comparisons: (1) different interview
days (Day 1 vs. Day 2), (2) morning versus afternoon interviews, (3) different interview sessions (Day 1 AM/PM vs. Day 2
AM/PM), (4) before versus after breaks (morning break, lunch
break, and afternoon break), (5) male versus female candidates, and (6) male versus female interviewers. Secondary
analysis of data controlled for the presence of waitlisted
candidates, studied the effects of candidate’s fatigue, compared candidates who matched at Columbia versus all other
candidates, and analyzed interviewer-speciﬁc characteristics (stage of career and experience). Student’s t-test and
analysis of variance were used for comparisons of continuous
variables. Fisher’s exact test was used for comparisons of
categorical variables. Statistical analysis was conducted
using R (version 3.6.3).

Results
A total of 387 candidates were interviewed from 2013 to
2019, with 183 male (47.3%) and 204 female (52.7%) candidates. Total 4,562 evaluations were completed by 40 interviewers: 19 male interviewers (47.5%) and 21 female
interviewers (52.5%). The mean raw and standardized evaluation scores for each year are summarized in ►Table 1. On
average, 27.6 candidates (standard deviation [SD] 5.1, range
20–36) per day and 13.8 candidates (SD 2.7, range 10–19) per
session were interviewed.

Interview Day
There were no signiﬁcant differences found between standardized evaluation scores received by candidates on interview Day 1 compared with Day 2 (51.51 vs. 50.45, p ¼ 0.22),
with similar scores observed regardless of interviewer’s
gender (►Table 2).

Time of Day
Morning interviews were deﬁned as occurring before lunch,
starting at 8:00 to 8:30 AM and ending before noon. Afternoon interviews were conducted after lunch, starting at 1:00
PM and ending before 5:00 PM. Percentile scores were found
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to be signiﬁcantly higher in the morning compared with
afternoon for all interviewers (52.75 vs. 49.28, p < 0.001),
female interviewers (52.72 vs. 49.83, p ¼ 0.02), and male
interviewers (52.78 vs. 48.83, p < 0.001).
The data were further grouped to compare scores from
early morning, late morning, early afternoon, and late afternoon cohorts. Early morning was deﬁned as the ﬁrst four
interview slots of the day, late morning as the last four slots
before lunch, early afternoon as the ﬁrst four slots after lunch,
and late afternoon as the last four slots of the day. Compared
with candidates interviewed in the late afternoon, candidates in the early morning (54.47 vs. 46.74, p < 0.001), late
morning (53.01 vs. 46.74, p < 0.001), and early afternoon
(52.15 vs. 46.74, p < 0.001) received signiﬁcantly higher
mean percentile scores across all interviewers (►Fig. 1A),
with the same patterns observed for both male and female
interviewers (►Table 2). There were no signiﬁcant differences between early morning, late morning, and early afternoon scores (►Fig. 1A) (►Table 2). The trend over the course
of the interview day demonstrated a precipitous drop in
interview scores for the late afternoon cohort rather than a
gradual decline throughout the day.

Interview Session
Morning and afternoon sessions were divided into blocks
occurring on different days, with comparisons made between interview Day 1 morning, Day 1 afternoon, Day 2
morning, and Day 2 afternoon sessions. Day 1 morning scores
were higher than Day 1 afternoon (52.79 vs. 50.19, p ¼ 0.02)
and Day 2 afternoon scores (52.79 vs. 48.05, p < 0.001).
Similarly, Day 2 morning scores were higher than Day 1
afternoon (52.71 vs. 50.19, p ¼ 0.03) and Day 2 afternoon
(52.71 vs. 48.05, p < 0.001) scores. No differences were
observed between Day 1 morning and Day 2 morning scores
(52.79 vs. 52.71, p ¼ 0.94). These results suggest that morning scores from Day 1 and Day 2 were higher than afternoon
scores from Day 1 and Day 2 (►Fig. 1B).

Before and After Breaks
Scores from the last four interviews before each break were
compared with the scores from the ﬁrst four interviews after

Table 1 Summary of candidate, interviewer, and evaluation characteristics for each interview year
Interview year

Number of candidates

2013

2014

2015

2016

2017

2018

2019

2013–2019

63

61

46

50

60

53

54

387

Men

32 (50.8%)

26 (42.6%)

20 (43.5%)

28 (56.0%)

25 (41.7%)

23 (43.4%)

29 (53.7%)

183 (47.3%)

Women

31 (49.2%)

35 (57.4%)

26 (56.5%)

22 (44.0%)

35 (58.3%)

30 (56.6%)

25 (46.3%)

204 (52.7%)

13

14

11

11

11

16

15

40

6 (46.2%)

7 (50.0%)

8 (72.7%)

7 (63.6%)

7 (63.6%)

9 (56.3%)

6 (40.0%)

19 (47.5%)

Number of interviewer
Men

7 (53.8%)

7 (50.0%)

3 (27.3%)

4 (36.4%)

4 (36.4%)

7 (43.7%)

9 (60.0%)

21 (52.5%)

Number of evaluations

Women

784

739

449

534

649

732

675

4562

Average raw score

68.24

74.47

71.62

75.48

76.73

74.38

70.50

70.83

Average standardized percentile

53.48

54.01

52.16

54.56

54.76

51.63

51.73

51.05
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Table 2 Mean standardized percentile scores for candidates organized by ﬁve key factors considered in our analysis and the gender
of the interviewer
Factor

p-Value

Gender of interviewers
Men

Women

Thursday (Day 1)

51.63 (1.47)

51.35 (1.69)

0.81

Friday (Day 2)

49.76 (1.76)

51.27 (1.85)

0.25

p ¼ 0.11

p ¼ 0.95

Interview day

Time of day
Early AM
Late AM
p < 0.001
Early PM
Late PM

[

54.87 (3.02)

53.96 (3.47)

52.33 (2.87)

53.94 (3.10)

p ¼ 0.23

p ¼ 0.99

52.24 (3.00)

52.03 (3.26)

45.99 (2.99)

47.68 (3.34)

p ¼ 0.004

p ¼ 0.067

]

0.70
0.46
p ¼ 0.01
0.93
0.46

Interview session
Day 1 AM

53.00 (2.07)

52.23 (2.65)

0.65

Day 1 PM

50.22 (2.10)

50.18 (2.58)

0.98

p ¼ 0.064

p ¼ 0.28

52.49 (2.41)

53.94 (2.87)

0.44

46.93 (2.56)

50.08 (2.09)

0.061

p ¼ 0.0019

p ¼ 0.033

Day 2 AM
Day 2

PM

Interview breaks
Before AM break

52.51 (3.09)

50.55 (3.51)

0.41

After AM break

51.78 (2.96)

54.13 (3.35)

0.30

p ¼ 0.74

p ¼ 0.15

Before lunch break

52.50 (2.89)

53.65 (3.14)

0.60

After lunch break

52.24 (3.00)

52.03 (3.26)

0.93

p ¼ 0.90

p ¼ 0.48

Before PM break

50.66 (3.05)

49.96 (3.45)

0.76

After PM break

47.39 (3.07)

49.45 (3.38)

0.38

p ¼ 0.14

p ¼ 0.84

Female candidate

51.41 (1.53)

51.73 (1.75)

0.84

Male candidate

50.20 (1.68)

50.85 (1.78)

0.71

p ¼ 0.30

p ¼ 0.49

Candidate’s gender

Notes: The 95th percentile conﬁdence intervals are in parentheses. Comparisons between columns (male and female interviewers) have p-values in
the far-right column, while comparisons between rows based on interview day factors have p-values listed in the row below. Signiﬁcant p-values
<0.05 are bolded for clarity.

the break. Break periods did not have a signiﬁcant effect on
interview scores. There was no difference in scores before
versus after morning breaks (51.71 vs 52.83, p ¼ 0.5), lunch
breaks (53.01 vs. 52.15, p ¼ 0.6), and afternoon breaks (50.35
vs, 48.30, p ¼ 0.2).

(51.55 vs. 50.49, p ¼ 0.2), female interviewers (51.73 vs.
50.85, p ¼ 0.5), and male interviewers (51.41 vs. 50.20,
p ¼ 0.3). No differences were found in scores given by female
versus male interviewers in evaluating all candidates (51.31
vs. 50.84, p ¼ 0.6).

Candidate’s and Interviewer’s Gender

Waitlisted Candidates

There were no differences between the percentile scores
given to female versus male candidates by all interviewers

We performed a secondary analysis on the effects of interview day, time of day, and interview session for
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Fig. 1 Bar plot comparing the average standardized interview scores in (A) early AM (morning), late AM, early PM (afternoon), and late PM slots
and (B) Day 1 AM, Day 1 PM, Day 2 AM, and Day 2 PM sessions for each individual year and overall (2013–2019). Signiﬁcant differences with a pvalue < 0.05 are indicated by asterisks.

nonwaitlisted candidates to control for the presence of
waitlisted candidates as a potential confounder. In our study
cohort, waitlisted candidates received lower average scores
than nonwaitlisted candidates (44.29 vs. 52.29, p < 0.001). A
total of 63 waitlisted candidates (17.6%) were interviewed
between 2013 and 2019, with a range of 2 to 14 per year.
These waitlisted candidates were offered unﬁlled interview

spots, with the majority (54.0%) being placed in afternoon
slots (►Table 3).
There were no differences noted in interview Day 1 versus
Day 2 scores for nonwaitlisted candidates (51.97 vs. 52.46,
p ¼ 0.6). Signiﬁcant differences remained between early
morning (55.97 vs. 47.88, p < 0.001), late morning (53.44
vs. 47.88, p ¼ 0.001), and early afternoon (53.31 vs. 47.88,
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52.29
51.50
52.79
52.83

24 (38.1%)

44.29

2 (100.0%)

57.68

0

32.01

3 (33.3%)

16 (25.4%)
0
3 (100.0%)
2 (22.2%)

45.43

13 (20.6%)

10 (15.9%)

0

0

0

0

3 (33.3%)

1 (11.1%)

35 (55.6%)
1 (50.0%)
2 (66.7%)
5 (55.6%)

52.05
49.31
52.90

6 (50.0%)

47.26

5 (41.7%)

42.97

3 (25.0%)
3 (27.3%)

44.51

1 (8.3%)
1 (9.1%)

5 (45.5%)

3 (25.0%)
2 (18.2%)

4 (33.3%)

5 (41.7%)
7 (63.6%)

0

7 (58.3%)

7 (58.3%)

5 (41.7%)

12 of 46 (26.1%)

4 (36.4%)

2 (16.7%)

Vol. 14

No. 2/2022

43.02

53.27
Average standardized percentile—nonwaitlist

3 (21.4%)
PM

Day 2

1 (7.2%)
AM

Day 2

5 (35.7%)
PM

Day 1

5 (35.7%)
AM

Day 1

8 (57.1%)
Women

Interview session

6 (42.9%)
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Average standardized percentile—waitlist

63 of 357 (17.6%)

1 (50.0%)
1 (33.3%)
4 (44.4%)

28 (44.4%)

2 of 54 (3.7%)
3 of 53 (5.7%)
9 of 60 (15.0%)

p ¼ 0.002) evaluation scores when compared with late afternoon, which demonstrated that the drop in late afternoon
scores persisted despite controlling for the presence of
waitlisted candidates (►Fig. 2A). Day 1 morning scores
remained higher than Day 2 afternoon scores (53.28 vs.
50.66, p ¼ 0.03), and Day 2 afternoon scores (53.28 vs.
50.49, p ¼ 0.04), while Day 2 morning scores also remained
higher than Day 1 afternoon (54.66 vs. 50.66, p ¼ 0.002) and
Day 2 afternoon scores (54.66 vs. 50.49, p ¼ 0.005) (►Fig. 2B).
There was blunting of the decline in afternoon scores when
controlling for the presence of waitlisted candidates
(►Fig. 3) (►Table 4), but the difference between morning
and afternoon scores remained statistically signiﬁcant.

Number of Candidates Interviewed
The number of candidates interviewed per session and per
day ranged from 10 to 19 and 20 to 36, respectively. There
was poor correlation between number of candidates per
session and mean interview scores for the session (Pearson’s r ¼ 0.01) and between the number of candidates
interviewed per day and afternoon interview scores (Pearson’s r ¼ 0.09).

Secondary ad hoc outcomes of candidate’s fatigue were
measured to evaluate an alternative explanation for the
lower afternoon scores observed in the study cohort. There
was no signiﬁcant correlation between interview session
position, deﬁned as the number of students who were
interviewed before the candidate, and the interview score
(Pearson’s r ¼  0.07). In addition, there were no differences
noted between the ﬁrst two interviews and the last two
interviews for all candidates (51.44 vs. 50.84, p ¼ 0.54),
morning candidates (53.08 vs. 53.22, p ¼ 0.92), and afternoon
candidates (49.76 vs. 48.25, p ¼ 0.28), which suggested that
progressively poor candidate performance in later interviews was an unlikely independent explanation for the
decline in afternoon interview scores.

Candidates Matching at Columbia

Men

Number of waitlisted candidates

14 of 63 (22.2%)

11 of 61 (18.0%)

12 of 50 (24.0%)

2019
2018
2017
2015

2016

Chang et al.

Candidate’s Fatigue

2014
2013

Interview year

2013–2019
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Table 3 Summary of waitlisted candidate characteristics including gender, interview session, and average standardized score compared with nonwaitlisted candidates

e158

© 2022. The Author(s).

Comparisons were also made regarding interview time of
day between candidates who matched at the Columbia
residency program compared with all other candidates.
Out of 23 candidates who matched at Columbia, 9 (39.1%)
were interviewed in the morning and 14 (60.9%) in the
afternoon, and for the other 318 candidates, 166 (52.2%)
were interviewed in the morning and 152 (47.8%) in the
afternoon. There were no differences in the proportion of
Columbia matched versus all other candidates in morning
and afternoon sessions (p ¼ 0.23). This suggests that although time-of-day effects were seen on interview scores,
they may not have signiﬁcantly impacted the candidates who
matched with the program. While it is expected that candidates receiving the highest interview scores would be less
affected by interview day factors, our study design and data
collection are limited in the ability to discern the possibility
for the evaluation of other equally top candidates to be
affected by time-of-day effects.

Exploring Potential Schedule-Related and Gender Biases in Ophthalmology Residency Interview Scores
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Fig. 2 To control for the presence of waitlisted candidates, we performed secondary analysis of time-of-day effects on interview scores with
nonwaitlisted candidates. The bar plots are comparing the average standardized interview scores in (A) early AM (morning), late AM, early PM
(afternoon), and late PM slots and (B) Day 1 AM, Day 1 PM, Day 2 AM, and Day 2 PM sessions for each individual year and overall (2013–2019).
Signiﬁcant differences with a p-value < 0.05 are indicated by asterisks.

Interviewer’s Characteristics
Finally, we explored whether interviewer-speciﬁc characteristics, including stage of career and experience of interviewer, were independently associated with time-of-day and
interview session effects on evaluation scores. Only scores
obtained from nonwaitlisted candidates were considered to

distinguish interviewer’s factors from waitlist-related differences. Interviewers were categorized as chief residents,
junior faculty, mid-career faculty, and senior faculty to
represent stages of career. In addition, interviewers were
sorted into two categories based on resident selection experience: 4 or more years of experience conducting residency
Journal of Academic Ophthalmology
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Fig. 3 Diverging bar plot with numerical values representing percentile differences between average standardized interview scores obtained from the
multiple listed interview day factors and the overall average standardized interview score for (A) all candidates and (B) nonwaitlisted candidates. Positive
percentile differences are interpreted as average scores that are higher than the overall average standardized interview score, with statistically signiﬁcant
differences (p < 0.05) indicated by a black-and-white diagonal pattern and an asterisk, while nonsigniﬁcant differences are in black. Negative percentile
differences are interpreted as average scores that are lower than the overall average standardized interview score, with statistically signiﬁcant differences
(p < 0.05) indicated by a gray-and-white diagonal pattern and an asterisk, while nonsigniﬁcant differences are in gray. Compared with (A), when we adjusted
for the presence of waitlisted candidates in (B), the difference between early morning and late afternoon scores persisted.

Journal of Academic Ophthalmology

Vol. 14

No. 2/2022

© 2022. The Author(s).

Exploring Potential Schedule-Related and Gender Biases in Ophthalmology Residency Interview Scores

Chang et al.

Table 4 Mean standardized percentile ratings for candidates organized by ﬁve key factors considered in our analysis and the type of
candidate
Factor

p-Value

Type of candidate
Nonwaitlisted

All candidates

Thursday (Day 1)

51.97 (1.47)

51.51 (1.11)

0.57

Friday (Day 2)

52.46 (1.76)

50.45 (1.27)

0.04

p ¼ 0.60

p ¼ 0.22

Interview day

Time of day
Early AM
Late AM
p < 0.001
Early PM
Late PM

[

55.97 (2.42)

54.47 (2.27)

53.44 (2.23)

53.01 (2.12)

p ¼ 0.13

p ¼ 0.36

53.31 (2.34)

52.15 (2.20)

]

0.38
0.79
p < 0.001
0.48

47.88 (2.53)

46.74 (2.22)

p ¼ 0.002

p ¼ 0.0007

0.51

Day 1 AM

53.28 (1.65)

52.79 (1.57)

0.67

Day 1

50.66 (1.65)

50.19 (1.57)

0.68

p ¼ 0.028

p ¼ 0.022

Day 2 AM

54.66 (1.89)

52.71 (1.74)

0.14

Day 2 PM

50.49 (2.18)

48.05 (1.86)

0.094

p ¼ 0.0046

p ¼ 0.0003

Female candidate

53.31 (1.25)

51.55 (1.15)

0.042

Male candidate

51.17 (1.31)

50.49 (1.22)

0.46

p ¼ 0.02

p ¼ 0.21

Female interviewer

52.12 (1.34)

51.31 (1.25)

0.39

Male interviewer

52.21 (1.22)

50.84 (1.13)

0.11

p ¼ 0.92

p ¼ 0.58

Interview session

PM

Candidate’s gender

Interviewer’s gender

Notes: The 95th percentile conﬁdence intervals are in parentheses. Comparisons between columns based on type of candidate have p-values in the
far-right column, while comparisons between rows based on interview day factors have p-values in the row below. Signiﬁcant p-values < 0.05 are
bolded for clarity.

interviews versus 3 or fewer years of experience. The distinction between 3 and 4 years of experience was determined to minimize differences in the sample size.
In the evaluation of time-of-day effects, we found that
junior, mid-career, and senior faculties all gave higher interview scores in either the early or late morning sessions
compared with late afternoon (►Fig. 4A). There was a
similar degree of higher scores observed for chief residents
in late morning (55.79 vs. 48.45, p ¼ 0.07) compared with late
afternoon, but potentially missing signiﬁcance due to a lower
number of total evaluations completed by chief residents
(n ¼ 365) compared with other faculty (n ¼ 541–830). Both
more experienced (4 or more years of selection experience)
and less experienced (3 or fewer years) faculty interviewers
gave higher scores in the early morning, late morning, and
early afternoon compared with late afternoon (►Fig. 4A). Our

results suggested that interviewers of any stage of career or
experience level were susceptible to time-of-day effects on
interview scores, with lowest mean evaluation scores found
in the late afternoon cohort.
In the assessment of interview sessions, we found midcareer faculty, senior faculty, and interviewers with 4 or
more years of experience associated with lower scores in
Day 2 afternoon in comparison to Day 1 morning. In the
senior faculty cohort, Day 2 afternoon scores were found to
be lower than all other times of the day (44.74 vs. 52.03,
49.74, 52.57, p < 0.001). Interviewers with 4 or more years of
experience also gave lower scores in Day 1 afternoon compared with Day 1 morning (49.50 vs. 52.91, p ¼ 0.03). There
were no differences between interview session scores for
chief residents, junior faculty, and interviewers with 3 or
fewer years of experience (►Fig. 4B).
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Fig. 4 Bar plot comparing the average standardized interview scores in (A) early AM (morning), late AM, early PM (afternoon), and late PM slots
and (B) Day 1 AM, Day 1 PM, Day 2 AM, and Day 2 PM sessions for interviewer groups separated by stage of career (chief residents, junior faculty,
mid-career faculty, and senior faculty) and years of residency recruitment experience. The number of evaluations submitted by each interviewer
group is listed under the category. Signiﬁcant differences with a p-value < 0.05 are indicated by asterisks.
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Discussion
Interviews are a critical component to the successful matching of applicants into residency programs. Signiﬁcant efforts
to reduce interrater variability have been made to standardize the interview and create a fair, transparent process.28 For
example, residency programs have created checklists of
desired traits, utilized standardized questions, adopted grading scales with a deﬁned rubric, used multiple interviewers,
and blinded the interviewer to application data.29 Although
the process has become more systematic, a busy all-day
interview schedule may generate ﬂuctuations in cognitive
and emotional energy in faculty interviewers and/or candidates who can inﬂuence the scores given throughout the day.
There is a paucity of prior literature studying time-of-day
effects on interview performance, with only a single study at
an electric utility company that showed no appreciable effect
on interview ratings.30
In our study of a 7-year residency interview cohort for the
ophthalmology residency program at a single academic
medical center, we found signiﬁcant time-of-day effects on
interview scores, where candidates received higher scores in
the morning compared with the afternoon, with the lowest
scores identiﬁed in the late afternoon cohort. We propose
that the lower scores observed in the late afternoon may be
related to increased cognitive load and decision-making
fatigue as faculty members balance clinical and research
responsibilities while managing an all-day interview process. Fatigue at the end of the day has been associated with
impairments in accurate recall,31 decision-making,32 social
judgments, short- and long-term memories, and may predispose interviewers to develop cognitive shortcuts33 that
contribute to an inaccurate and poorer representation of the
candidate’s performance. In addition, prior studies have
suggested an increased sensitivity to emotionally negative
stimuli later in the day, largely contributed by fatigue exacerbating feelings of anxiety and decreased mood34 which can
result in more critical evaluations. Candidates at the end of
the day may also become more susceptible to narrow bracketing practices, a phenomenon demonstrated over 10 years
of interview data from business programs.35 In narrow
bracketing, interviewers attempt to minimize deviation
from the expected distribution of scores, which means if
the interviewers were giving higher scores in the morning,
they often became more critical of applicants in the afternoon. Even if this practice yields more accurate scores at the
end of the day, it may also disadvantage those candidates.
These are all important factors to consider as time-of-day
effects on decision-making, emotional judgment, recall, and
narrow bracketing can inaccurately and unfairly represent
candidate’s performance.
The impact of fatigue, the circadian rhythm, and the endof-day phenomenon on cognitive tasks and job performance
have been suggested in a broad range of literature, including
colonoscopy detection rates,36 risk for neonatal death,37
incidence of anesthesia adverse events,38 patient morbidity
and mortality after surgery,39 errors in navigation,40 driving
performance,41 and judicial decision-making.42 In these
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studies, the two explanations most discussed for decreased
task performance were mental fatigue and ego depletion. Ego
depletion is deﬁned as a reduction in a person’s willingness
to complete complex tasks or make decisions after expending self-control in a previous task. The classic example of ego
depletion is described in the study of judicial rulings by
Danziger et al,42 where the percentage of favorable rulings
was found to decline from 65% to nearly zero and then
returned to 65% following food breaks. The argument was
that judges experienced a gradual depletion of mental
resources that led to unfavorable decisions and decisionmaking capacity returned to baseline following breaks.
However, the problem with the ego-depletion argument is
the presence of external factors that may provide alternative
explanations. For example, subsequent analyses revealed
that the nonrandom order of judicial cases resulted in a
greater number of unrepresented prisoners scheduled at the
end of sessions43 and allocated unfavorable cases that would
take less time before breaks.44 When controlling for these
factors, the ego-depletion effect was reduced signiﬁcantly. In
addition, meta-analyses of ego-depletion studies showed
signiﬁcant bias from small-study effects and publication
bias,45 medium to high heterogeneity among studies,46
and no signiﬁcant effects observed during replication experiments47 or when controlling for variabilities in effect size.48
To avoid these pitfalls, we considered multiple external
factors that could modify the time-of-day effects that we
observed on interview scores. We identiﬁed that waitlisted
candidates received lower interview scores compared with
nonwaitlisted candidates and would potentially be relegated
to less desirable interview times and days, but the drop in
late afternoon scores persisted when waitlisted candidates
were removed from the analysis. We also considered candidate’s fatigue as an external factor but found no signiﬁcant
correlation between candidate’s position and interview
score along with no differences in score between the ﬁrst
and ﬁnal interview sessions for candidates. This analysis,
however, only considers candidates’ performances during 1to-2-hours window in which they were interviewed and may
not be applicable to the entire day. Unfortunately, we did not
have data spanning the whole day for individual candidates
as we had for interviewers. Finally, we assessed whether
time-of-day effects could be explained by speciﬁc interviewer’s characteristics. While lower late afternoon interview scores were observed in nearly all interview groups
regardless of stage of career or years of interview experience,
they were more signiﬁcant in mid-career and senior faculty
as well as those with more experience.
Previous studies have suggested that female candidates
may be subject to more negative interview experiences
compared with male candidates with gender-speciﬁc inappropriate behavior or illegal questions,49,50 although a separate study suggested that female candidates received higher
interview scores.16 We were reassured to ﬁnd no appreciable
candidate’s and interviewer’s gender biases in our process
but must continue to remain vigilant. Across all interview
years, the gender proportion of interviewers and interviewees were closely matched, which we hypothesize may
Journal of Academic Ophthalmology

Vol. 14

No. 2/2022

© 2022. The Author(s).

e163

e164

Exploring Potential Schedule-Related and Gender Biases in Ophthalmology Residency Interview Scores
contribute toward reducing gender-related biases. Although
interview scores were found to be lower for candidates in the
afternoon, there were no differences in time of day for
candidates who ultimately matched into our program. We
have implemented changes to our interview schedules
which should mitigate the time-of-day effects this study
uncovered. Moving forward, we will continue to monitor
the effects of these interventions in the Plan-Do-Study-Act
cycle of continuous quality improvement.
Due to the coronavirus disease 2019 pandemic, ophthalmology residency interviews have been conducted virtually
beginning in 2020. Increased fatigue has been associated
with virtual meetings in the workplace.51 Researchers cite
several factors for this added fatigue including excessive
amounts of close-up eye gaze, increased self-evaluation
from staring at the video of oneself, constraints on physical
mobility, and increased cognitive load.52 It is unclear how the
virtual format will affect end-of-day fatigue in residency
interviews.
Limitations of our study include data being collected from
the residency interview cohort at a single academic medical
center for a single surgical specialty. Our ﬁndings may not be
applicable to other institutions and specialties. The structure
of the interview day, grading practices, and type of interviews are just a few of many factors which may be different
between individual residency programs. For example, the
number of candidates interviewed per day ranged between
20 and 36, which may be high compared with other institutions. Although we saw no correlation between number of
candidates interviewed and scores, it is impossible to determine if this would be true for sessions containing signiﬁcantly fewer or signiﬁcantly greater numbers of candidates
based on our data. In addition, our interview day structure
did not allow us to determine if candidate’s fatigue may also
play a role, although we found that it did not vary during the
span of their ﬁve to six interviews. Finally, the effects of other
factors such as race, ethnicity, sexual orientation, and candidate’s age were not studied due to limitations in the
collected retrospective data.
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