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Abstract
Background: Although medical school programs oriented toward postgraduate specialty training have the
potential to reduce the duration and cost of medical school for US medical students, success depends on the
ability of students to predict their postgraduate specialties. It is clear that first-year choices are poorly predictive, but
it is not known when predictions become sufficiently reliable to support specialty-oriented learning programs. We
therefore examined the predictive value of specialty preferences expressed at the ends of the first, second and third
years of medical school and asked whether concurrent expressions of confidence in choices improved predictive
ability. We also investigated the possibility that discrepancies between predicted and actual postgraduate specialty
training were related to scores on an examination of knowledge in basic biomedical sciences required for US
medical school graduation (the United States Medical Licensing Examination (USLME) Step 1 examination).
Method: We calculated positive and negative predictive values (PPV and NPV, respectively) for specialty choices
and the sensitivity and specificity of asking for choices for 634 University of Colorado School of Medicine students
who trained in 23 accredited residencies from 2011 through 2015. We examined the effect of confidence in first
choices in 609 students, and in 334 students, sought an association between USMLE Step 1 scores and switching
from postgraduate training specialties predicted at the end of year 2.
Results: The PPV of first choices improved from years 1 through 3. NPV was high throughout. PPVs of year 3 first
choices ranged from 79% in Anesthesiology to 95% in Psychiatry. Expressions of confidence in first choices did not
improve PPV. Sensitivity of asking for first choices increased with time; specificity was consistently high. USLME Step
1 scores were higher for students who ultimately trained in specialties more competitive than first-choice specialties
at the end of year 2.
Conclusions: Specialty-oriented learning programs during medical school must accommodate students who
change career plans. The PPV of specialty first choices improves each year, but even year 3 predictions can be
inaccurate with potential loss of students from specialty-specific programs. USMLE Step 1 scores appeared to affect
career plans expressed at the end of year 2.
Keywords: Undergraduate medical education, Medical students, Career choice, United States medical licensing
examination

Background
The rationale for early educational specialization in US
medical schools is compelling. Ideally, schools would be
able to identify students for focused learning ending
with postgraduate residency training in the chosen specialty [1, 2]. Proposed approaches include specialty* Correspondence: doug.jones@ucdenver.edu
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specific longitudinal medical school experiences integrated with postgraduate training in that specialty [1, 2].
The ideal outcome would be fewer years of training.
A vulnerability of specialty-specific programs is that students will enter a program and then change career plans,
disruptive for both student and school. It would thus be
important to know when predicted postgraduate training
choices become reliable. It is clear that this is not the case
in the first year [3–9]. Recent data from the Association of
American Medical Colleges (AAMC) show that
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approximately one-quarter of specialties identified on the
AAMC Graduation Questionnaire (GQ) are the same as
those chosen by the same students on the Matriculating
Student Questionnaire (MSQ) [10]. Fewer studies have examined the accuracy of second-year choices [3, 7, 9, 11,
12]. Data from the third year are rare. A Canadian program that offered fourth-year tracks in medicine, surgery,
psychiatry and family medicine was soon abandoned because students chose postgraduate specialties different
from their fourth-year tracks [13]. In contrast, a Missouri
program that tracks students into family medicine during
the fourth year [14] continues to be successful (Personal
communication, Professor Erika Ringdahl).
One approach to gaining insight into the utility of student predictions of postgraduate specialty training is to
calculate their positive and negative predictive value
(PPV and NPV, respectively) [8, 15, 16]. PPV would express the percentage of students who go on to pursue
postgraduate residency training in the predicted specialty; NPV would express the percentage of students
who omit a specialty choice and decline to pursue training in that specialty.
We calculated the PPV and NPV of specialty choices
for 23 US medical specialties at the ends of the first, second or third year at the University of Colorado School
of Medicine (CUSOM). We sought to determine if PPV
and NPV changes with time and the possibility that results for some specialties or groups of primary care specialties might be better than for others. In a subset of
students, we assessed whether expressions of the confidence with which they made first choices improved
PPV. Finally, to examine one possible reason that students change career plans, we examined the relationship
between results on an examination of knowledge in the
basic biomedical sciences required for graduation from
US medical schools (the United States Medical Licensing
Examination (USLME) Step 1 examination [17]) and discrepancies between specialties identified as first choices
at the end of year 2, prior to receipt of examination
scores, and the postgraduate specialty training that those
students eventually pursued. Despite studies showing little correlation between Step 1 scores and later clinical
performance [18, 19], training programs in the US regularly rely on Step 1 scores to screen applicants [18–20].
We hypothesized that students might change career
plans based on perceptions of how their Step 1 scores
would affect acceptance in training programs.
Finally, we examined the sensitivity and specificity of
inquiring about career choices. It is important to note
the distinction between sensitivity and specificity, on the
one hand, and PPV and NPV, on the other. Sensitivity
and specificity examine the utility of asking students for
choices. PPV and NPV examine the utility of the choices
that students make [16].
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Methods
The study population consisted of 749 students at the
CUSOM for whom we could determine postgraduate
residency training during the years 2011 through 2015
(Additional file 1: Figure S1). We included students
matching [21] in Preliminary or Transitional Year programs [22] only if we knew their eventual training specialties and excluded Medical Scientist Training Program
(MSTP) [23] students since their progression through
medical school and thus their knowledge and experience
with specialties differed from peers. This eliminated 45
students.
At the end of each of the first three years of medical
school, we asked students to rank their first, second and
third specialty choices from a list of 23 Accreditation
Council of Graduate Medical Education (ACGME) [22]
specialties. Not all 704 students ranked specialty choices,
leaving 634 students who ranked specialty choices at
least once during the three years. Positive predictive
value (PPV) was defined as the number of students at
the end of each year who accurately predicted their
training specialty (true positives) [15, 16] divided by the
total number of students predicting that specialty (true
positives + false positives) multiplied by 100 to yield a
percentage. Negative predictive value (NPV) was defined
as the number of students at the end of each year who
failed to list a residency specialty (true negatives) divided
by the total number of students who failed to list the
specialty (true negatives + false negatives) [15, 16] multiplied by 100. We used binomial proportions tests for independent groups to test differences in PPV, NPV,
sensitivity and specificity between specialties and calculated P values using Fisher’s exact test (2-tailed). We restricted specialty analyses to specialties with at least 45
trainees. The top 8 training specialties from 2011 to
2015 were Internal Medicine (n = 140), Family Medicine
(n = 90), Emergency Medicine (n = 79), Pediatrics (n =
74), Anesthesiology (n = 60), Obstetrics and Gynecology
(n = 48), Psychiatry (n = 45), and General Surgery (n =
45). Orthopaedic Surgery, the 9th most frequently occurring specialty, had only 28 trainees over the study
period, reduced to 20 after eliminating students with
missing data. Therefore, due to low numbers and incomplete ranking data we reported specialty results only for
the top 8.
To see if ratings of confidence added predictive value,
we compared the PPV of choices ranked first with the
PPV of first choice plus the top two ratings of confidence on a Likert scale of 1 to 5 (5, my career goal; 4,
one of my top possibilities; 3, one of several possibilities;
2, not ruled out, but not near the top of the list; and 1,
not considering the specialty). We did not inquire about
confidence if the student questionnaire burden that particular year was judged too heavy, reducing the number
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of students included in that analysis to 609 (Additional
file 1: Figure S1). We compared PPVs with and without
confidence ratings using a weighted generalized score
statistic for paired design [24, 25].
We analyzed the relationship between United States
Medical License Examination (USMLE) Step 1 scores
[17] and discrepancies between choices at the end of
year 2 (i.e., prior to knowledge of Step 1 scores) and
eventual residency specialty in the 338 students who
expressed choices at the end of year 2. We compared
Step 1 scores of three groups: students who trained in a
less competitive specialty, those who trained in an
equally competitive specialty and those who trained in a
more competitive specialty than the first choice specialty
identified at the end of year 2. We tested group differences using the Kruskal-Wallis and Wilcoxon Rank
Sums statistics. We defined competitiveness as residency
positions per U.S senior, averaged over 2011-2015, using
data from the National Resident Matching Program [26].
We calculated median Step 1 scores for 334 students
(Four of 338 did not list a first choice.) who identified a
first specialty preference at the end of year 2. Statistical
analyses used SAS version 9.4 (SAS Institute, Cary,
North Carolina, USA).
The study was approved by the Colorado Multiple Institutions Review Board, our local Institutional Review
Board.

Results
We evaluated 749 students who trained in one of 23
ACGME-accredited residency programs during the years
2011 to 2015 (Additional file 1: Figure S1). We excluded
45 (See Methods), leaving 704. Of these, 634 predicted
at least one of their top three choices at the ends of
years 1, 2 or 3. Students training in 2011 did not have
the opportunity to respond at the end of years 1 and 2;

students training in 2012 did not have the opportunity
to respond at the end of year 1. We analyzed specialties
with at least 45 total trainees and thus analyzed
specialty-specific results only for Anesthesiology, Emergency Medicine, Family Medicine, Internal Medicine,
Obstetrics and Gynecology, Pediatrics, Psychiatry and
General Surgery (Table 1; Additional file 1: Table S1).
PPV and NPV improved from the ends of Year 1 to 3
(Table 1; Fig. 1; Additional file 1: Table S2). We found
few differences in PPV among specialties at the end of
year 1, fewer at the end of year 2 and none at the end of
year 3 (Table 1; Additional file 1: Tables S3a, S3b and
S3c). The median PPV for year 3 was 86.5%. NPV was at
or near 90% beginning with Year 1. Inter-specialty differences were significant, but small (Additional file 1: Tables S3a, S3b and S3c).
In a subset of 609 students (data not shown), we found
no improvement in PPV after adding expression of confidence (see Methods), with the exception of Psychiatry
at the end of Year 3, where the combination was actually
less predictive. In that case, the difference, though statistically significant, was small (93% first choice vs 90% first
choice plus expression of confidence).
We calculated the sensitivity and specificity of asking
students for their choices (Table 2). Sensitivity was low
until the third year. Differences between specialties
(Additional file 1: Tables S3a, S3b and S3c) disappeared
by the end of year 3. Specificity was high from the first year
onward. We found significant, but small, differences among
specialties (Additional file 1: Tables S3a, S3b and S3c).
Almost half (29 of 61) of students who trained in one
of the primary care specialties (Medicine, Pediatrics and
Family Medicine) had initially chosen one of the other
two. We analyzed the PPV of year 2 choices of Family
Medicine, Internal Medicine or Pediatrics for training in
one of the three. We found PPVs of 74, 54 and 74%,

Table 1 PPV and NPV of 1st postgraduate specialty choices at the ends of medical school years 1, 2 and 3
Postgraduate training
specialty

End of Year 1
N = 378

End of Year 2
N = 338

End of Year 3
N = 360

1st choice
(N)

PPV Other choice
(%) (N)

NPV 1st choice
(%) (N)

PPV Other choice
(%) (N)

NPV 1st
(%) choice
(N)

PPV Other choice
(%) (N)

NPV
(%)

Anesthesiology

10

40

368

90a

11

55

327

89b

29

79

331

98c

Emergency Medicine

60

33a 318

93a

49

55

289

95b

38

82

322

98c

303

b

49

86

311

97

b

63

90

297

95c

b

Family Medicine
Internal Medicine

25
74

a

60

a

30

353
304

92

a

84

35
84

b

60

b

38

254

94
87

a

93

15

60

323

95

29

83

331

98c

Obstetrics &
Gynecology

15

33

Pediatrics

58

29a 320

93a

47

51

291

96b

34

88

326

99c

Psychiatry

4

50

374

94a

7

86b 331

95b

21

95

339

99c

325

a

b

23

87

337

99c

Surgery

53

a

17

363

a

97

27

44

311

98

P values for significant differences are shown in Additional files: aSee Additional file 1: Table S3a, bSee Additional file 1: Table S3b, cSee Additional file 1: Table S3c
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Fig. 1 Positive predictive value (PPV) of first choice for postgraduate training specialty and by school year in which students submitted choices

USMLE Step 1 scores for CUSOM students were virtually identical to scores for all US and Canadian graduates as reported by the National Resident Matching
Program (NRMP) (Additional file 1: Table S4). After rating all 23 ACGME residency programs for competitiveness by comparing numbers of applicants to numbers of
NRMP residency slots (see Methods), we compared Step
1 scores of 334 students who trained in specialties less,

respectively; NPVs were 63, 63 and 64%, respectively
(Table 3). The PPV for training in one of the three primary care specialties was significantly lower for Internal
Medicine than for Family Medicine or Pediatrics (p =
0.04 and 0.02, respectively). In each case, the PPV of
training in one of the three was significantly (p < 0.0001)
better than the PPV for training in the original year 2
choice (Table 1).

Table 2 Comparison of Sensitivity and Specificity for inquiries regarding 1st specialty choices at the ends of medical school years 1,
2 and 3
Postgraduate
training
specialty

End of Year 1
N = 378
No.
%
trained Sensitivity
in
specialty
10a

End of Year 2
N = 338

End of Year 3
N = 360

No. not
trained
in
specialty

%
%
No.
Specificity trained Sensitivity
in
specialty

No. not
trained
in
specialty

%
No.
%
Specificity trained Sensitivity
in
specialty

No. not
trained
in
specialty

%
Specificity

336

98a

41

15b

297

98b

a

a

b

29

79

331

98

Emergency
Medicine

43

47

335

88

41

66

297

93b

36

86

324

98c

Family
Medicine

45

33a

333

97a

40

53b

298

95b

51

82

309

98c

Internal
Medicine

72

31a

306

83a

64

50b

274

81b

71

80

289

98

Obstetrics &
Gynecology

30

17a

348

97a

24

38b

314

98b

29

83

331

98

Pediatrics

38

45a

340

88a

35

69b

303

92b

34

88

326

99

24

a

354

a

22

b

Anesthesiology 42

Psychiatry
Surgery

19

8

a

47

359

99

a

88

18

27

b

67

b

316

100

24

83

336

100c

320

b

23

87

337

99c

95

P values for significant differences are shown in Additional files: aSee Additional file 1: Table S3a, bSee Additional file 1: Table S3b, cSee Additional file 1: Table S3c
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Table 3 Step 1 scores for students with postgraduate training in specialties less, equal or more competitive than 1st choices at end
of year 2
Postgraduate Training
Specialty

Positions
per US
Senior26

Specialty less competitive
than year 2 choice

Specialty equally competitive
as year 2 choice

Specialty more competitive
than year 2 choice

Kruskal-Wallis
P

N

%

Step 1 Score,
Median [IQR]a

N

%

Step 1 Score,
Median [IQR]

N

%

Step 1 Score,
Median [IQR]

All Specialties

–

95

28.4

228 [208, 239]

150

44.9

228 [217, 243]

89

26.7

237 [218, 248]

0.02a

Anesthesiology

1.37

17

41.5

228 [215, 238]

6

14.6

244 [225, 245]

18

43.9

230 [221, 243]

0.29

Emergency Medicine

1.17

1

2.4

212 [n/a]

27

65.9

230 [217, 238]

13

31.7

241[220, 256]

0.11

Family Medicine

2.20

19

47.5

206 [199, 223]

21

52.5

225 [209, 236]

0

0

–

0.05b

Internal Medicine

1.88

28

43.8

233 [224, 246]

32

50.0

238 [222, 248]

4

6.3

245 [239, 252]

0.39

Obstetrics & Gynecology 1.22

3

13.0

228 [219, 229]

9

39.1

237 [231, 242]

11

47.8

217[207, 237]

0.16

Pediatrics

1.42

3

8.6

229 [186, 246]

24

68.6

223 [215, 236]

8

22.9

223[209, 238]

0.97

Psychiatry

1.81

9

40.9

210 [200, 230]

6

27.3

206 [205, 221]

7

31.8

219 [201, 244]

0.76

Surgery

1.12

2

11.1

230 [223, 236]

12

66.7

222 [212, 230]

4

22.2

243 [234, 248]

0.14

IQR Interquartile Range
a
Wilcoxon Rank Sums test for pairwise difference between more vs less competitive groups, P = 0.004; more vs equally competitive groups, P = 0.05
b
Wilcoxon Rank Sums test for pairwise difference between less vs equally competitive groups, P = 0.05

equally or more competitive than their year 2 first
choices (Table 3; Additional file 1: Table S5). Median
Step 1 scores for students who trained in residencies
more competitive than Year 2 first choices were higher
than scores of students who trained in residencies that
were as or less competitive. Numbers of students who
trained in residencies less competitive than year 2 first
choices were small except for Anesthesiology, Internal
Medicine and Family Medicine. Family Medicine is the
least competitive specialty [26]; Step 1 scores were
higher for students who identified Family Medicine at
the end of year 2 than for those who trained in Family
Medicine after initially choosing differently.

Discussion
We used positive and negative predictive value to examine the ability of CUSOM students to predict postgraduate residency training. Most previous data focus on
predictions by first-year students [3, 5–8, 10] with fewer
data for second-year [3, 7, 9, 11, 12] and virtually none
for third-year. We are to our knowledge the first to conduct a systematic examination of the ability of specialty
choices at the end of year 3 to predict postgraduate residency training. We found that a noticeable proportion
of students matched [21] in specialties different from
those identified at the end of year 3, just a few months
previously. We believe that this is the first systematic
examination of the relationship of Step 1 USMLE scores
[17] to discrepancies between specialties identified at the
end of year 2, just prior to receipt of USLME Step 1
scores, and eventual residency training. Results are consistent with an effect of Step 1 scores on career plans.
We also found differences in Step 1 scores between students who predicted training in Family Medicine at the

end of year 2 and those who trained in Family Medicine
after initially choosing a more competitive specialty.
We focused on PPV and NPV rather than sensitivity
and specificity. Sensitivity and specificity describe the
utility of the test [16], in this case the utility of asking
students to predict their postgraduate training. They estimate the probability that students who pursue, or fail
to pursue, postgraduate training in a particular specialty
will have chosen, or failed to choose, that specialty in advance. They begin with training and look backward to
see if it was predicted. PPV and NPV focus on the utility
of the choices by estimating the probability that a choice
for or against a specialty will be predictive. As a practical
matter, schools that ask students to choose specialties
have accepted the utility of asking the question. They
need to know the reliability of the answer.
Although PPV is ideal for our purpose, one must be
careful about generalizing PPV results. PPV and NPV
change with the prevalence of the item of interest in the
population [15, 16], in this case the percentage of students who pursue a particular specialty. Minor differences are not important, but it would be inappropriate
to extrapolate results to schools where students are
much more or less likely to pursue training in that specialty [15, 16].
Returning to whether it is useful to ask students to
choose postgraduate residency training specialties, the
data indicate that it is not worthwhile to ask our first- or
even second-year students. Many who eventually chose
the specialty were missed (low sensitivity) and choices
were unreliable (low PPV). Most who did not choose the
specialty were identified (high specificity) and most
negative answers were reliable (high NPV). However, the
latter are not especially useful to educators trying to
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identify candidates for focused experiences. It is not
until the end of the third year that most students who
trained in a specialty were identified (high sensitivity)
and most who chose a specialty proceeded accordingly
(high PPV).
Our results are consistent with studies suggesting that
year 2 career decisions are more predictive than those
expressed earlier [3, 7, 11, 12]. Nevertheless, specialtyspecific learning for CUSOM year 2 students would have
to anticipate substantial numbers of dropouts and provide support accordingly. The PPV of year 3 choices is
better, but with PPVs varying from 79 to 95% (Table 1),
up to 1 in 5 year 3 students changed training plans
within the following few months, with a median estimate
of 1 in 7 based on the median PPV of 86.5%.
Scott et al. analyzed factors changes in career preference during the preclinical years in Canada and found
that ease of entry into a postgraduate training program
was important [6]. For many US programs, despite lack
of evidence that USLME scores predict clinical performance [18, 19], entry depends on USMLE Step 1 scores
[18–20], especially in more competitive specialties [20].
Although one recent study found that training applicants did not seem concerned about how their
USLME Step 1 scores would affect their applications,
Prober et al. [18], citing personal experience, stated that
students at their school seem “regularly” to change plans
based on Step 1 scores. Analyzing all 334 students
(including the few pursuing highly competitive specialties)
who identified a first choice at the end of year 2, we found
significantly higher Step 1 scores among students training
in specialties that were more competitive than those identified at the end of year 2. However, when we restricted
analysis to students who trained in Anesthesiology,
Emergency Medicine, Family Medicine, Internal Medicine,
Obstetrics and Gynecology, Pediatrics, Psychiatry and
Surgery, we found no such relationship. This is consistent
with the hypothesis that concern about Step 1 scores is
prominent in students considering highly competitive specialties, but less concerning to students considering less
competitive specialties, except perhaps for those training
in Family Medicine. Students with low Step 1 scores may
have switched into Family Medicine because they decided
that their Step 1 scores were less suited to more competitive residencies. Both findings support suggestions that
some [18], though not all [27], students change clinical
career plans based on the results of an examination of
knowledge in basic biomedical sciences.
We found that the PPVs of a first choice for Family Medicine and Pediatrics at the end of year 2 were moderately
predictive of training in primary care, with PPVs of 74%.
However, 1 in 4 eventually chose otherwise and the PPV of
a year 2 choice for Internal Medicine was just 54%. Factors
underlying a decision to enter primary care and the stability
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of early choices have been studied extensively (see, for example, Glasser et al. [4]and Compton et al. [9]).
We are aware of another study analyzing the PPV and
NPV of career choices. Looney et al. [8] studied the PPV
and NPV of admission choices for generalist careers or
rural-based practice. They found as did we that NPV
was better than PPV. Students seem to be better at predicting what they will not choose than what they will.
This study’s limitations include, first, that PPVs for
second- and third-year students might have been
higher if we offered attractive career-specific tracks or
inducements such as tuition forgiveness or early
graduation [1, 2, 14] and higher if we had been able to include other student characteristics [8, 12, 28, 29]. Second,
even though the number of students in this study is large
for US studies of this type, numbers in individual specialties were small, precluding analyses in specialties chosen
by few students. Although the relationship between Step 1
scores and changes in year 2 choices for all students
(Table 3) seems secure, statistical power to detect differences in individual specialties is insufficient.

Conclusion
This study confirms that year 2 medical student specialty
choices are poorly predictive of postgraduate training
specialties and adds information regarding predictions at
the end of year 3. We found no effect of level of confidence associated with predictions. PPV and sensitivity
were low until the end of year 3. Thus, prior to the end
of year 3, many students who eventually trained in a particular specialty were missed and many did not pursue
the specialty they predicted. This information may be
helpful in estimating the time in medical school to offer
specialty-specific learning programs. At the same time,
failure to offer such programs may disappoint students
whose predictions are accurate. In contrast to PPV, NPV
is high from the first year on; failure to choose a specialty was highly predictive of failure to enter training in
that specialty. We found evidence that scores on an
examination of knowledge in basic biomedical sciences
altered postgraduate training plans.
Additional file
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(DOCX 102 kb)

Page 7 of 7

5.
6.
7.
8.

Abbreviations
AAMC: Association of American Medical Colleges; ACGME: Accreditation
Council for Graduate Medical Education; CUSOM: University of Colorado
School of Medicine; GQ: Graduation Questionnaire; MSQ: Matriculating
Student Questionnaire; NPV: Negative Predictive Value; NRMP: National
Resident Matching Program; PPV: Positive Predictive Value; US: United States;
USMLE: United States Medical Licensing Examination

9.

10.
11.

Acknowledgments
The authors thank Gretchen Guiton, PhD for invaluable assistance in
analyzing the data and preparing the manuscript.
Funding
This study received no funding.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on request.
Authors’ contributions
MDJ, RGR and JG conceived the article. JG and TY collected and analyzed
the data. MDJ, TY and JG contributed to interpretation of the data. MDJ was
responsible for writing the first draft. MDJ, TY and JG revised subsequent
drafts, and read and approved the final version of the manuscript.
Ethics approval and consent to participate
The Colorado Multiple Institutional Review Board, the Institutional Review
Board for the CUSOM, approved this study. Informed consent was not
required as the study analyzed only pre-existing de-identified data.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

12.
13.
14.

15.
16.
17.
18.

19.

20.
21
22.
23.
24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Pediatrics, University of Colorado School of Medicine, MS
8402, Ed 2 South, Rm L28-4311, 13121 East 17th Ave, Aurora, CO 80045, USA.
2
University of Colorado School of Medicine, Aurora, CO, USA. 3Department of
Psychiatry, University of Colorado School of Medicine, Aurora, CO, USA.
4
Department of Family Medicine, University of Colorado School of Medicine,
Aurora, CO, USA.
Received: 29 May 2017 Accepted: 2 March 2018

References
1. Powell DE, Carraccio C, Aschenbrener CA. Pediatrics redesign project: a pilot
implementing competency-based education across the continuum. Acad
Med. 2011;86(11):e13.
2. Raymond JR Sr, Kerschner JE, Hueston WJ, Maurana CA. The merits and
challenges of three-year medical school curricula: time for an evidencebased discussion. Acad Med. 2015;90(10):1318–23.
3. Markert RJ. Change in specialty choice during medical school. J Fam Pract.
1983;17(2):295–300.
4. Glasser M, Sarnowski AA Jr, Sheth B. Career choices from medical school to
practice: findings from a regional clinical education site. J Med Educ. 1982;
57(6):442–8.

25.
26.

27.

28.

29.

Kassebaum DG, Szenas PL. Medical students' career indecision and specialty
rejection: roads not taken. Acad Med. 1995;70(10):937–43.
Scott I, Gowans M, Wright B, Brenneis F. Stability of medical student career
interest: a prospective study. Acad Med. 2012;87(9):1260–7.
Zeldow PB, Preston RC, Daugherty SR. The decision to enter a medical
specialty: timing and stability. Med Educ. 1992;26(4):327–32.
Looney SW, Blondell RD, Gagel JR, Pentecost MW. Which medical school
applicants will become generalists or rural-based physicians? J Ky Med
Assoc. 1998;96(5):189–93.
Compton MT, Frank E, Elon L, Carrera J. Changes in U.S. medical students'
specialty interests over the course of medical school. J Gen Intern Med.
2008;23(7):1095–100.
Continuity of specialty preference on the MSQ and GSQ. In: Report on
Residents. Washington: AAMC. https://www.aamc.org. Accessed 6 Mar 2018.
Donovan JC, Salzman LF, Allen PZ. Studies in medical education: career
choice consistency of medical students. Am J Obstet Gynecol. 1972;112(4):
519–26.
Held ML, Zimet CN. A longitudinal study of medical specialty choice and
certainty level. J Med Educ. 1975;50(11):1044–51.
Dauphinee WD, Patel VL. Early career choice: an unsuccessful program. J
Med Educ. 1983;58(9):695–702.
Ringdahl E, Kruse RL, Lindbloom EJ, Zweig SC. The University of Missouri
integrated residency: evaluating a 4-year curriculum. Fam Med. 2009;41(7):
476–80.
Sackett DL, Guyatt GH, Tugwell P. Clinical epidemiology a basic science for
clinical medicine. 2nd ed. Boston: Little, Brown; 1991.
Akobeng AK. Understanding diagnostic tests 1: sensitivity, specificity and
predictive values. Acta Paediatr. 2007;96(3):338–41.
Step 1. www.usmle.org/step-1. Accessed 6 Mar 2018.
Prober CG, Kolars JC, First LR, Melnick DE. A plea to reassess the role of
United States medical licensing examination step 1 scores in residency
selection. Acad Med. 2016;91(1):12–5.
McGaghie WC, Cohen ER, Wayne DB. Are United States medical licensing
exam step 1 and 2 scores valid measures for postgraduate medical
residency selection decisions? Acad Med. 2011;86(1):48–52.
Green M, Jones P, Thomas JX Jr. Selection criteria for residency: results of a
national program directors survey. Acad Med. 2009;84(3):362–7.
The Match: National Resident Matching Program. http://www.nrmp.org/.
Accessed 6 Mar 2018.
Accreditation Council for Graduate Medical Education. www.acgme.org.
Accessed 6 Mar 2018.
Medical Scientist Training Program. https://www.nigms.nih.gov/Training/
InstPredoc/Pages/PredocOverview-MSTP.aspx. Accessed 6 Mar 2018.
A SAS® macro to compare predictive values of diagnostic tests. https://
support.sas.com/resources/papers/proceedings15/2141-2015.pdf. Accessed 6
Mar 2018.
Kosinski AS. A weighted generalized score statistic for comparison of
predictive values of diagnostic tests. Stat Med. 2013;32(6):964–77.
Results and Data: Main Residency Match. The Match: National Residency
Matching Program. www.nrmp.org/main-residency-match-data/. Accessed 6
Mar 2018.
Nagler A, Andolsek K, Schlueter J, Weinerth J. To match or not: factors
influencing resident choice of graduate medical education program. J Grad
Med Educ. 2012;4(2):159–64.
Scott I, Gowans MC, Wright B, Brenneis F. Why medical students switch
careers: changing course during the preclinical years of medical school. Can
Fam Physician. 2007;53(1):95, 95–e.1-5, 94.
Davis WK, Bouhuijs PAJ, Dauphinee WD, McAvoy PA, Alexander DA, Coles C,
Donaldson M, BrO H, Wakeford RE, Warren VJ. Medical career choice: current
status of research literature. Teaching Learning Med. 1990;2(3):130–8.

