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Abstract

Objective.To assess the assumption of ‘equity’ of Mexico’s
resident-selection assessment tool, the Examen Nacional
para Aspirantes a Residencias Médicas (ENARM). Materials
and methods. Official ENARM-2016 and -2017 databases
were analyzed. Differences in the absolute number of correct
answers (multivariable linear regression) and the number of
applicants reaching their specialty minimum score (SMS) per
test day (odds ratio [OR]) were calculated.Applicants affected
by test-day inequity were estimated. Results. There were
36 |14 applicants in 2016,and 38 380 in 2017.In 2016, day-2
applicants had significantly higher scores and more reached
the SMS than on days 1-3-4 (OR 1.55),and 5 (OR 3.8); 3 565
non-passing applicants were affected by inequity (equivalent
to 44.64% of those selected).In 2017, day-| and -2 applicants
had significantly higher scores and more reached the SMS than
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Resumen

Objetivo. Evaluar el atributo de “equidad” asignado al
Examen Nacional para Aspirantes a Residencias Médicas
(ENARM). Material y métodos. Se analizaron las bases
de datos oficiales del ENARM 2016 y 2017. Se compararon
las diferencias inter-dia de respuestas correctas (regresion
linear multivariable) y de sustentantes que alcanzaron el
puntaje minimo de su especialidad (PME) (razon de momios
[RM]). Se estimo a los afectados por la inequidad. Resulta-
dos. Hubo 36 114 sustentantes en 2016 y 38 380 en 2017.
Los dias 2 (ENARM-2016) y 1-2 (ENARM-2017) registraron
puntajes significativamente mas altos, y mas sustentantes
alcanzaron el PME que en los dias 1-3-4 (RM .55) y 5 (RM
3.8) en 2016, y los dias 3-4 (RM 1.85) y 5 (RM 4.04) en
2017. Se estimo que cuatro de cada diez sustentantes que
aprobaron el ENARM no lo hubieran hecho si el examen
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on days 3-4 (OR 1.85),and 5 (OR 4.04); 3,155 non-passing
applicants were affected by inequity (37.2% of those selected).
Conclusion. Analysis of official ENARM databases does not
support the official attribution of equity, suggesting the test
should be redesigned.

Keywords: education; graduate medical; specialty; residency
and internship; personnel selection; academic test score;
psychometrics

fuera equitativo. Conclusion. Los resultados sugieren que
el atributo de equidad del ENARM esta en duda.

Palabras clave: educacion de postgrado en medicina; espe-
cializacion; internado y residencia; seleccion de personal;
rendimiento académico; psicometria

he availability and quality of facilities and human
resources in healthcare is of utmost importance,!
with physicians comprising one of the main human
resources. Most medical doctors (MDs) seek to continue
their training within a specialty. However, not all MDs
pursuing specialty training can enter an official program.
Most Western countries have regulatory agen-
cies that are responsible for evaluating, selecting, and
placing MDs to continue training. These agencies
use multiple high-stakes processes to select the best
candidates.>* For example, the selection process in the
United States involves approving different components
of the United States Medical Licensing Examination,
interviewing, and participating in a national matching
program. In France, students present a national rank-
ing examination and choose the specialty they wish to
pursue according to their rank.* In Mexico, MDs must
first register on the registry of the Examen Nacional
para Aspirantes a Residencias Médicas (National Exam
for Applicants to Medical Residencies, ENARM).% This
requires registration of an individual’s ID, the specialty
for which they are competing (one of 27 options), and
the preferred date to present the exam (one of five
consecutive days on which the test is available yearly,
for 2016 and 2017). An online registration platform is
enabled at a predetermined day and time, and closes
around 10 days later. As registration and date-selection
occurs on a first-come, first-served basis, 36 000+ ap-
plicants typically register during the first 24 hours. The
ENARM is a norm-referenced test,%® and is the assess-
ment tool used in Mexico to select those who will enter
specialty training. There are approximately 8 000 official
training positions available nationwide. These positions
vary by specialty, and are determined by the certified
training programs of the healthcare institutions that
provide them. Applicants for each specialty are ranked
from highest to lowest according to their total ENARM
score. Ranked applicants receive a “pass’ certificate until
the quota is met according to that specialty’s available
positions, and present it to the institution of their choice
to apply for an appointment.
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The quality and performance of such selection and
placement processes cannot be overemphasized, as they
have a beneficial or harmful impact on the candidate,
patients, healthcare systems, and ultimately, the pub-
lic health of a given country. The Comité de Posgrado y
Educacion Continua (Committee of Postgraduate and
Continuous Education [CPEC]), the agency in charge
of the ENARM, confers the attributes of “equitable,
transparent, objective, and valid” to the ENARM.?!° The
CPEC declares that the five different test forms (one for
each test day, each comprising an exclusive set of items)
used for the ENARM in a particular year are equivalent
because they are created with “the same objectivity, qual-
ity, balance, and academic level”.>!* However, our group
recently reported that the test development processes
and the theoretical basis under which the ENARM (2016
and 2017) was built do not support the stated attributes
of validity, reliability, and equity."! This contrasts with
important advances that have resulted in a change in
established standards for educational testing,'*'* and
supports the statement that, for some systems of edu-
cational assessment in medicine, tradition weighs more
than evidence-based methods and best practices.’®

The CPEC does not precisely define “equity’, but
the sense of this attribute is close to that of ‘fairness’
(preferred in the English language and in the literature
related to education), as defined by Lane and col-
leagues,'® “fairness in testing is achieved if a given test
score has the same meaning for all examinees and is not
substantially influenced by factors not relevant to the
examinee’s performance.”

This study aimed to assess whether the ENARM
met the attribute of ‘equity’ (i.e. fairness) as ascribed
by the CPEC, by analyzing the databases of the results
for all applicants in 2016 and 2017.

Materials and methods

This study analyzed the official databases of ENARM
2016 and 2017. The study took place in Guadalajara,
Mexico from February to May of 2018.
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ENARM characteristics

The ENARM test is available yearly and measures
knowledge in general medicine. Five test forms are
created each year, each comprising 450 multiple-choice
single-best answer items; no item is used in more than
one test form. Each form is used nationwide for one of
the five consecutive days on which applicants can pres-
ent the test. All forms comprise the same number of
items per area of knowledge (specialty /subspecialty),
with an approximate item distribution of 37.5% internal
medicine, 25% pediatrics, 22% gynecology-obstetrics,
and 15% surgery. Furthermore, all test forms include 25%
low-difficulty (n=113), 50% medium-difficulty (n=225),
and 25% high-difficulty items (n=112).1” The processes
of item development and test assembly have been the
same since at least 2010.!® These processes are performed
by “at least eight expert professors, whom are selected
according to specific profiles to participate in different
steps of item-development such as creation, analysis and
calibration, quality-control, decision of difficulty cat-
egory, and final approval” *!° These experts assign items
to the three difficulty categories, based on “assessing the
number of correct answers of five expert clinicians and
their experience,” without testing the items on the target
population'” or using psychometric theories.

Applicants receive their ENARM score report
immediately after finishing the test. The score report
includes the number of correct answers (NoCA) per
item difficulty-category, NoCA per area of knowledge,
absolute number of correct answers (ANoCA: 0-450),
and the total score (0-100). The total score is calculated
by dividing the ANoCA by the total number of items
(i.e., ANoCA /450). After all tests have been completed,
applicants’ registers are clustered by nationality (Mexi-
can or foreign medical graduate) and chosen specialty
(the same 27 direct-entry specialties in 2016 and 2017),
and ranked from best to worst according to total scores.
Applicants are then selected until the quota for each
specialty is met. When a tie in the total score occurs,
the tiebreak process considers (in successive order)
applicants’ scores in internal medicine, pediatrics,
gynecology-obstetrics, surgery, and the level of difficulty
of correctly-answered items.”?

Characteristics of the ENARM 2016 and
2017 databases

The anonymized complete official ENARM databases
for 2016 and 2017 were obtained from the Direccion Gen-
eral de Calidad y Educacién en Salud (General Direction
of Quality and Education in Health; DGCES), a federal
institution that participates in ENARM development,
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through the Plataforma Nacional de Transparencia (Na-
tional Transparency Platform). This platform is sup-
ported by the Instituto Nacional de Transparencia, Acceso
a la Informacién Publica y Proteccion de Datos Personales
(National Institute of Transparency, Access to Infor-
mation and Protection of Personal Data). In Mexico,
the federal law on transparency and access to public
information (Ley General de Transparencia y Acceso a la
Informacion Piiblica) allows citizens to obtain data from
publicly funded institutions, provided the information
is not considered confidential and does not affect the
privacy of third persons.

The databases included all applicants of the 2016
and 2017 ENARMs. Available data per applicant in-
cluded age, sex, medical school, nationality (Mexican,
foreign), chosen specialty (the same 27 specialties for
2016 and 2017), test date (five days for each year), overall
rank in the test, NoCA in low- (0-113), medium- (0-225),
and high-difficulty (0-112) items, and total score (0-100).

Statistical analysis

This ecological study of the ENARM databases per-
formed the same analysis separately for 2016 and 2017.
The primary end-point was ‘equity,” which was assumed
if no significant inter-day differences in ANoCA existed.
If equity was present, test forms were assumed to have
the same difficulty. If lack of equity was suggested by
the primary end-point, the secondary end-point was to
estimate the number of applicants dubiously classified
as not passing.

For the primary end-point, an exploratory analysis
was performed to assess inter-day differences on the
average ANOCA. To assess this, the variable ‘ANoCA’
(0-450) was created by adding applicants’ NoCA for
low-, medium-, and high-difficulty items. The average
ANOCA per day was calculated and compared using
one-way ANOVA. If inter-day differences in the average
ANo0CA suggested a lack of equity, further analysis with
estimation of effect size was performed.

The effect size for lack of equity was assessed by
two methods. For the first method, the categorical vari-
able “applicant reached the specialty minimum score’
(ARSMS) was created, as data for pass/not pass status
was not available. Specialty minimum scores (SMS)
were obtained from reports published by the Comision
Interinstitucional para la Formacién de Recursos Humanos
para la Salud (CIFRHS),%? the federal agency that
reports ENARM outcomes. Each SMS was converted
into its correspondent ANoCA, which represented the
minimum ANoCA required to obtain a pass certifi-
cate for that specialty in that year (nANoCA). Next,
whether an applicant’s ANoCA was equal or higher to

127



ARTICULO ORIGINAL

Barajas-Ochoa A y col.

their selected specialty mANoCA was coded as yes/
no. The odds ratios (OR) for the proportion of ARSMS
by specialty per day were calculated. The days with
similar proportions of ARSMS were grouped, and the
OR between the day/ group with the higher proportion
of ARSMS and the other days/groups were calculated.

The second effect size method involved con-
structing a multivariable linear regression model that
calculated the inter-day differences in ANoCA and in
NoCA per item’s ascribed difficulty. By themselves,
these values represent an appropriate measure of the
magnitude of the effect. The model included available
variables that could explain the differences: sex, age
(potential surrogate for years since graduation and the
number of test attempts), nationality, and chosen spe-
cialty (because of auto-selection). A sensitivity analysis
that also included the medical school “public/private’
status was performed.

A third effect size definition was used to assess the
secondary end-point. The number of applicants dubi-
ously classified as not passing (i.e., number of affected
applicants) was estimated using the coefficients obtained
in the regression model. Days on which the regression
model showed similar results (differences of <2 items) or
overlap of the confidence intervals (CI) for the ANoCA
were grouped. A reference group (R) was defined when
>3 days met the former condition, or when two days met
the condition and their average ANoCA was similar to
that year’s average ANoCA. The differences between the
rounded averages of R and days i and j (i’ for day[s] with
higher scores than R, and /' for day[s] with lower scores),
and between days i and j were used to calculate the
ANoCA range where affected applicants lay. For each spe-
cialty, the SMS (CIFRHS 2016b, 2017b) was expressed as
the mANOCA. To calculate the lower limits of each range,
differences between i and R (AiR), i and j (Aif), and R and
j (ARj) were subtracted from each specialty’s mANoCA.
For the upper limits, 1 was subtracted from the mANoCA.
Therefore, the limits of the ranges for each specialty were
(ImANOCA - AiR] to [mAN0CA — 1]), ([mANoCA - Aij]
to [MANOCA - 1]), and ([mANoCA - ARj] to [mANoCA
—1]). The sum of the number of applicants per specialty
thatlay within the ranges ((mANoCA - AiR] to[mANoCA
-1]) and ([mANoCA - Aij] to [mnANoCA - 1]) reflected
the number of applicants affected by the lack of equity
in different ENARM test forms; that is, those that could
have obtained a pass score if they had completed the test
on the easiest day.

Confidence intervals (95%) and effect size were
used to define significance, as statistically significant
p-values were assumed likely to appear because of the
population size.?*
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This study used an audit approach with publicly-
available, anonymized, official databases. Informed
consent and institutional review board approval was
not required.

Results

In the 2016 ENARM, 36 114 applicants from 112 medical
schools applied for 27 specialties, mainly general sur-
gery, internal medicine, gynecology-obstetrics, pediat-
rics, anesthesiology, and family medicine. Table I shows
applicants’ demographics, NoCA by item difficulty, and
ANoCA. Applicants’ age and sex distribution was simi-
lar across all ENARM days, except for day 5, in which
applicants were on average 2 years older. Significant dif-
ferences were found (according to the 95%ClI) in scores
for the low-, medium-, and high-difficulty questions;
day 2 had higher scores (easier test form) and day 5
had lower scores (more difficult test form). These dif-
ferences were also reflected in the ANoCA. Univariate
linear regression showed that the ANoCA decreased
significantly for each year of increase in age (-3.26
[95%CI -3.37 to —3.15], being female (-5.45 [95%CI —6.26
to —4.64]), being non-Mexican (-5.12 [95%CI -7.57 to
—2.66]), and having studied in a private medical school
(-3.36 [95%CI 4.3 to —2.42]).

In the 2017 ENARM, there were 6% more applicants
and three more medical schools, but the same number
of specialties. For most specialties, the number of ap-
plicants varied slightly. Table II shows demographics,
NoCA by item difficulty, and the ANoCA. Applicants’
age and sex distribution was similar across all days. Sig-
nificant differences were found (according to the 95%CI)
in the scores for low-, medium-, and high-difficulty
items. The NoCA and ANoCA showed patterns similar
to 2016. Days 1 and 2 showed higher scores (easier test
forms) and day 5 showed lower scores (more difficult
test form). The univariate linear regression showed that
ANOCA decreased significantly in similar way to the
previous year: for each year of increase in age (-2.99
[95%CI 3.1 to —2.88]), being female (-5.29 [95%CI —4.47
to —6.1]), being non-Mexican (—4.97 [-7.29 to —-2.65]),
and having studied in a private medical school (-3.29
[95%CI —4.23 to —2.34]).

The identified inter-day differences influenced
the number of applicants who achieved the SMS for
the specialty for which they were competing. Table
III highlights the number and proportion of ARSMS
(overall and per day) for the 12 specialties with the
greatest number of applicants (data on all specialties
available upon request). Grouping days with similar
proportions of ARSMS showed that applicants on day
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Table |

ENARM 2016 APPLICANTS’ CHARACTERISTICS NATIONWIDE, WITH OVERALL AND PER TEST=DAY SCORES.

GuADALAJARA, MEXIco 2018

Overall Day | Day 2 Day 3 Day 4 Day 5
Applicants, n (%) 36 114 7161 (19.8) 7571 (21) 7415 (20.5) 7067 (19.6) 6900 (19.1)
Female, n (%) 18 529 (51) 3649 (50) 3929 (52) 3816 (51.5) 3659 (52) 3 476 (50)
Mexican physicians®, n (%) 35104 (97) 7056 (98.5) 7 494 (99) 7349 (99) 6975 (99) 6230 (90)
27 £35 273 260+3 27+3 273 29+4
Age, mean * SD (min; max.) [95%ClI] (21;58) (21;50) (22;58) (22;55) (21;53) (22;58)
[26.9 to 27] [26.9 to 27] [25.9 to 26] [26.9 to 27] [26.9 to 27] [28.9 to 29]
NoCA, mean + SD (min; max) [95%ClI]
786 £ 11.3 788 £ 10.1 825+ 103 814+ 105 814+£94 68+9.8
Low difficulty (0 to 113) (0;107) (0;104) (31;107) (0; 106) (26;107) (7;99)
[785t0787] [786t079] [823t0827] [8l2t081.6] [8l.2t081.6] [67.8t0682]
136.3£20 138.9 £ 21 140.5 £ 19.6 135213 135.6 £ 19.5 1313+ 17
Medium difficulty (0 to 225) (0;206) (0; 196) (31;206) (0;197) (34, 194) (4; 190)
[136 to 136.5] [1384t0 139.3] [I40to [40.9] [134.5t0 135.5] [I35.1to 136] [130.9to 131.7]
60.6 £ 11 589+ 102 67.5%10.7 61.8+94 584+ 106 555+9.7
High difficulty (0 to 112) (0; 100) 0;91) (12; 100) (0;94) (16;94) (1;93)
[605t0 60.7] [58.6t059.1] [672t067.7] [6]1.6t0o62]  [58.1 t058.6] [55.3 to 55.7]
2755 +39.3 276.6 + 39 2905+384 278.15+389 2755+37.1 2549 + 339
ANoCA (0 to 450), mean * SD (min; max.) [95%Cl] (0;410) (0; 390) (74;410) (0;391) (83;381) (12;371)

[275 t0 275.9] [276.6 to 277.5] [289.6 t0291.3] [2773t0 279] [274.6 to 276.7] [254.1 to 255.7]

* The rest represents foreign medical graduates

SD: standard deviation

Cl: confidence interval

NoCA: number of correct answers

ANoCA: absolute number of correct answers

ENARM: Examen Nacional para Aspirantes a Residencias Médicas

2 were more likely to achieve their SMS when compared
with days 1, 3, 4 (OR 1.55 [95%Cl: 1.46 to 1.64]), and 5
(OR 3.8 [95%Cl: 3.47 to 4.16]). The inter-day differences
also had an effect for the 2017 ENARM. After grouping
days with similar proportions of ARSMS, applicants on
days 1 and 2 were more likely to reach their SMS when
compared with days 3,4 (OR 1.85 [95%CI 1.75 to 1.94]),
and 5 (OR 4.04 [95%CI 3.72 to 4.38]).

The inter-day differences among item difficulty cat-
egories and the ANoCA were adjusted for age, gender,
selected-specialty, and nationality using multivariable
linear regression. The 2016 ENARM showed that days
1, 3, and 4 had similar coefficients (differences in the
ANo0CA), whereas day 2 showed an advantageous
coefficient (e.g., 11.66 higher ANoCA than day 1) and
day 5 showed a disadvantageous coefficient (16.18
lower ANoCA than day 1) (table IV). The 2017 ENARM
showed days 3 and 4 had similar inter-day coefficients,
days 1 and 2 had similar but higher (advantaged) coef-
ficients, and day 5 had a lower coefficient (disadvan-
taged). Furthermore, the inter-day coefficients within

salud piiblica de méxico | vol. 61, no. 2, marzo-abril de 2019

the item difficulty categories also significantly differed
(table IV).

Since the significant inter-day variability described
above precludes the assumption of equity for the
ENARM in 2016 and 2017, we estimated its impact as
the number of applicants that could have been dubi-
ously classified as not passing (secondary end-point).
Table V shows that for 2016, i (day 2) presupposed a
disadvantage for 2 070 (9.5%) applicants of R (days
1, 3, and 4) and for 1 495 (21.7%) applicants of j (day
5). In consequence, 3 565 (12.49%) applicants were af-
fected by the lack of equity in the test forms. In other
words, this last figure represents 44.64% of the 7 986
applicants that received a pass certificate that year.?»
Table V shows the estimate of affected applicants in
2017, where i (days 1 and 2) presupposed a disadvan-
tage for 1 644 (13.6%) applicants of R (days 3 and 4)
and 1511 (19.79%) applicants of j (day 5), indicating 3
155 (13.64%) applicants were affected. This represents
37.2% of the 8 480 applicants that received a pass cer-
tificate in 2017.26%8
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Table Il
ENARM 2017 APPLICANTS’ CHARACTERISTICS NATIONWIDE, WITH OVERALL AND PER TEST=DAY SCORES.
GuADALAJARA, MEXIcO 2018

Overall Day 2 Day 3 Day 4 Day 5
Applicants, n (%) 38380 7391 (19.3) 7 862 (20.5) 7803 (20.3) 7 687 (20) 7,637 (19.9)
Female, n (%) 19687 (51) 3792 (51) 4071 (52) 4005 (51) 3944 (51) 3,875 (51)
Mexican physicians®, n (%) 37 147 (97) 7078 (%6) 7639 (97) 7618 (98) 7 425 (97) 7,387 (97)
27£35 27 £35 265+3 27£3 27 +4 28+4
Age, mean £ SD (min; max.) [95%Cl] (19;63) (22;63) (21;63) (21;59) (21;62) (19;59)
[27 to 27] [27 to 27] [26 4t0265] [268t0269] [27.1t0273] [27.7t027.8]
NoCA, mean * SD (min; max) [95%ClI]
80.2 10.75 80.4 + 1035 83.1+108 809108 8l £11 7549
Low difficulty (0 to 113) 0;111) (29; 105) (2;111) (10; 109) (0; 108) (24; 100)
[80 to 80.3] [80.1 t0 80.6] [82.8t0833] [80.6to8I.1] [80.7to81.2] [75.1 to 76.6]
141.8 £22 1448 £ 23 151.4£21.3 139.7 £ 19.5 142.2 £20.6 130.8 +20
Medium difficulty (0 to 225) (0;205) (59;202) (3;205) (9; 190) (0;204) (27;196)
[141.5t0 142] [1442to 145.3] [1509to I51.8] [139.2to 140.1] [141.7 to 142.6] [130.3 to 131.2]
599+ 11 658+ 10.7 60.9 +10.2 60294 559+ 10 569+ 10.7
High difficulty (0 to 112) (0;96) (24;96) (0;96) (1;89) (0;93) (12;94)
[59.8 to 60] [65.5 to 66] [60.6 to 61.17  [59.9t0604]  [55.6t056.1]  [56.6 to 57.4]
281.8 + 41 291 + 421 295.4 + 403 280.8 + 37.5 279 + 394 263.1 £37.2
ANoCA (0 to 450), mean * SD (min; max.) [95%Cl] (0;400) (120;399) (5:400) (20;379) (0;395) (69;379)

[2813102822] [290t0292] [2945t02962] [279.9 to 281.6] [278.1 t0 279.8] [262.2 to 263.9]

* The rest represents foreign medical graduates

SD: standard deviation

Cl: confidence interval

NoCA: number of correct answers

ANOoCA: absolute number of correct answers

ENARM: Examen Nacional para Aspirantes a Residencias Médicas

A sensitivity analysis for the multivariable linear
regression model that also adjusted to the status of
‘public/ private’ medical school in addition to the other
variables was performed (data not shown, available
upon request), but excluded approximately 1200 and 1
400 applicants (2016 and 2017, respectively) from foreign
medical schools for which the “public/private” status
could not be identified. It yielded similar statistically
significant results and identical grouping of the days,
but a higher estimate of applicants affected by inequity.
Considering these findings, the authors decided to opt
for the more discrete estimate.

Additional data on the ANoCA for each specialty
for both years is available upon request.

Discussion

The effort required for an MD to meet the selection re-
quirements is vast. The selection process is based on dif-
ferent constructs. A construct of particular importance is
fairness. This ecological study evaluated the equity (i.e.
‘fairness’)'® of the ENARM over two consecutive years.
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Our first important finding was that there were
significant inter-day differences in scores for items classi-
fied as low-, medium-, and high-difficulty, and thus the
ANOCA. These differences, although significant, may
seem small. However, a difference of just one correct
item has an impact on an applicant’s pass or no-pass
status. Consequently, the variable ‘day on which an
applicant presented the test’ in both years gave ap-
plicants an advantage or disadvantage. For 2016, day
2 applicants were 55% more likely to reach their SMS
than applicants on days 1, 3, and 4, and almost four
times more likely than on day 5. For 2017, day 1 and 2
applicants were 85% more likely to reach their SMS than
applicants on days 3 and 4, and four times more likely
than on day 5. Therefore, the stated premise of equity
was not sustained.

The methods used to create the different test forms
may explain these inter-day differences. The agency that
creates the ENARM does not perform item analysis with
established psychometric theories, such as classical test
theory or item response theory. Instead, experts classify
an item’s difficulty into three broad categories defined
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Table Il xgl
-
APPLICANTS THAT REACHED A PASSING SCORE FOR THE TWELVE SPECIALTIES WITH THE HIGHER NUMBER 5..
of APPLICANTS IN ENARMs 2016 AnD 2017. GuaDALAJARA, MEXIcO 2018 3
o
ENARM 2016, ENARM 2017, 3
Total number of applicants; Total number of applicants; =
ARSMS number (%) ARSMS number (%) %
Specialty Overall Day | Day 2 Day 3 Day 4 Day 5 Overall Day | Day 2 Day 3 Day 4 Day 5 ‘E
<
) 3 683; 735; 708; 746; 719; 775; 398l; 802; 773; 760; 837, 809; §
832 (22.6) 150 (20.4) 276 (39) 173 (23.2) 167 (23.2) 66 (8.5) 972 (24.4) 279 (34.8) 243 (31.4) 177 (233) 180 (21.5) 93 (11.5)
5 5394 1 061; 1313 I 151; 993; 876; 579%4; | 075; | 347; 1219 | 077; 1 076;
713 (13.2) 129 (12.2) 293 (22.3) 170 (14.8) 105 (10.6) 16 (1.8) 769 (13.3) 256 (23.8) 280 (20.8) 100 (8.2) 99 (9.2) 34 (3.2)
9 4263; 861; 946; 956; 826; 674; 4746, 88l; 1022; 985; 965; 893;
710 (16.7) 166 (19.3) 265 (28) 143 (15) 108 (13.1) 28 (4.2) 712 (15) 195 (22.1) 249 (24.4) ITE(11.3) 121 (12.5) 36 (4)
10 | 508; 270; 294; 282; 298; 364; 1 503; 292; 290; 290; 322; 309;
349 (23.1) 74 (27.4) 101 (34.4) 62 (22) 75 (25.2) 37(10.2) 349 (23.2) 91 (31.2) 96 (33.1) 63 (21.7) 72 (22.4) 27 (87)
13 | 603; 316 231; 308; 360; 388; 2151, 417; 3505 461; 450; 472;
626 (39.1) 128 (40.5) 18 (51.1) 146 (47.4) 148 (41.1) 86 (22.2) 649 (30.2) 163 (39.1) 140 (39.9) 149 (32.3) 140 (31.1) 57 (12.1)
5 3 647; 661; 449; 627, 767, | 143; 3295; 634; 463; 637; 741; 820;
| 653 (45.3) 320 (48.4) 242 (53.9) 315 (50.2) 405 (52.8) 371 (32.5) 1712 (52) 389 (61.4) 269 (58.1) 353 (55.4) 409 (55.2) 292 (35.6)
6 4530; 905; 1072, 963; 892; 698; 4835; 941; 1 077; 967; 930; 920;
1078 (238) 222 (245) 387 (36.1) 244 (25.3) 185 (20.7) 40 (5.7) | 146 (237)  338(359) 381 (35.4) 185 (19.1) 159 (17.1) 83 (9)
2l 902; 181; 255; 207; 148; I 835; 173; 224; 175; 138; 125;
159 (17.6) 31 (17.1) 71 (27.8) 32 (15.5) 22 (14.9) 327 190 (22.8) 67 (38.7) 76 (33.9) 17 9.7) 20 (14.5) 10 (8)
27 703; 144; 182; 141; 134; 102; 688; 130; 196; 146; 125; 9152
91 (12.9) 18 (12.5) 32 (17.6) 22 (15.6) 17 (12.7) 2(2) 93 (13.5) 33 (25.4) 40 (20.4) 9(6.2) 9(72) .2)
24 4115 841; 962; 885; 789; 638; 3979; 751; 870; 846; 773; 739;
812 (19.7) 166 (19.7) 290 (30.1) 185 (20.9) 146 (18.5) 25 (3.9) 816 (20.5) 231 (30.8) 270 31) 137 (162) 127 (16.4) 51 (69)
25 727, 143; 134; 157; 140; 153; 813; 180; 156; 159; 150; 168;
162 (22.3) 38 (26.6) 47 (35.1) 34 (21.7) 30 (21.4) 13 (8.5) 176 (21.6) 46 (25.6) 54 (34.6) 32 (20.1) 32(21.3) 12.(7.1)
27 2202 436; 508; 465; 453; 340; 2573 489; 517; 554; 503; 510;
338 (15.3) 65 (14.9) 117 (23) 72 (15.5) 70 (15.5) 14 (4.1) 456 (17.7) 140 (28.60) 142 (27.5) 76 (13.7) 71 (14.1) 27 (5.3)
Total* 36 114; 716l; 7571; 7 415; 7 067, 6 900; 38377 7391; 786l; 7 803; 7 687, 7 635;
8128 (22.51) 1654 (23.10) 2398(31.67) 1732(23.36) 1594 (22.56) 750 (10.87) 8679 (22.62) 2393(32.38) 2414(30.71) 1523(19.52) 1568 (20.4) 781 (10.23)

Specialty codes are as follows: 2= Anaesthesiology; 5= General surgery; 9= Gynaecology-obstetrics; |0= Diagnostic and therapeutic radiology; |3= Emergency medicine; 15= Family medicine; 16= Internal medicine; 21=
Ophthalmology; 22= Otorhinolaryngology, and head and neck surgery; 24= Paediatrics; 25= Psychiatry; 27= Traumatology and orthopaedics

* Includes all specialties
# Three applicants that did not choose specialty were excluded
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ARSMS: Applicants that reached the minimum score of their selected specialty
ENARM: Examen Nacional para Aspirantes a Residencias Médicas
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Table IV
MuLTIVARIABLE LINEAR REGRESSION oOF ENARM 2016 AND ENARM 2017 FOR INTER=DAY DIFFERENCES
ON THE NUMBER OF CORRECT ANSWERS PER ASCRIBED ITEM DIFFICULTY CATEGORIES, AND ON THE OVERALL
NUMBER OF CORRECT ANSWERS. GUADALAJARA, MEXIco 2018

ENARM 2016 (n=36 114)

ENARM 2017 (n=38 377°)

Ascribed Difficulty of the Items

Overall correct items

Ascribed Difficulty of the Items Overall correct items

2— Medium . 2— R?=0.1913 2 Medium . 2 R2=0.1889
Low (R2=0.2867) R1=0.132) High (R?=0.2284) ) Low (R2=0.1493) (R=02024) High (R?=0.1976) )
Day 7% 322 037 8.068 1,668 2,02 5.148 -5.548 1.62¢
¥ (291t0353) (022t0098) (774t0837) (1051t0128)  (1.71t0234)  (451t0576) (-5.85t0-523) (045 to 2.8)
Day 3t 2.58 4,148 2.858 1.22% 0.32% -5.528 577 -10.978
¥ (219t0282) (475t0-353) (254t03.17)  (0.07 to 237) (001t 0.64)  (-6.14 t0 -4.89) (-6.08t0-547) (-12.14t0-9.8)
Day 4t 2,948 2778 -0.16 0 0678 22398 -9.828 -11.548
T (26210325) (3.39t0-2.16) (048t00.14) (-1.16 to I.15) (0360099  (-3.02t0-1.77) (-10.13t0 -9.51) (-12.72 to -10.36)
Day 5¢ -9.398 4,688 -2.098 -16.188 -4.548 -138 -8.39S -25.958

(9720 -9.06) (-5.33t0 -404) (-242t0-1.76) (-17.39 to -14.96)

(-486 to -422) (-13.63t0-12.37) (-87t0-8.08) (-27.13 to -2477)

The results shown are adjusted for age in years (continuous), sex (male, female), nationality (Mexican, non-Mexican), and selected specialty (categorical, | to

27).Values are reported as f§ coefficient (95% confidence interval)
R Adjusted R-squared

* Three applicants that did not choose specialty were excluded
+ Day | for each year is the reference group

§ p<0.001

# p< 0.0l

& p<0.05

ENARM: Examen Nacional para Aspirantes a Residencias Médicas

a priori, without performing field testing on the target
population, whereas item discrimination is not calcu-
lated (data on applicants’ answers are erased after the
test).””? The only consideration in assembling different
test forms is including an exclusive set of items for each
test form that accounts for the same number of items per
area of knowledge and includes 25% low-difficulty, 50%
medium-difficulty, and 25% high-difficulty items. Con-
sequently, the problem is in the definition of difficulty.
For example, the low-difficulty category has in itself a
range of difficulty values; one test form may have low-
difficulty items that are, on average, located at the top of
this range, whereas another test form may contain items
that are located, on average, at the bottom of the range.
Furthermore, for a test where the score is computed as
the sum of N dichotomously scored items, such as the
ENARM, the test’s mean score (i.e., average ANoCA)
directly relates to the average difficulty of item scores.

If research-supported methods in educational as-
sessment already in use had been used for the ENARM,
the attribution of equity would not have been compro-
mised. Best practice involves performing item tryout
and item analysis to assess item difficulty and discrimi-
nation, with the purpose (among others) of calibrating
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items to design alternate test forms as if they were on
the same test score scale.®® Standard 5.12 of the Edu-
cational Standards for Educational and Psychological
Testing'? states that “a clear rationale and supporting
evidence should be provided for any claim that scale
score earned on alternate forms of a test may be used
interchangeably.” However, in the ENARM, although
‘equivalence among different test forms’ is stated, no
supporting evidence is provided and no test-equating
methods are used."”

Our second finding concerns estimating the impact
on applicants due to differences according to the day
they took the exam. Since the ENARM is a selection
exam for specialties and each specialty has a predeter-
mined number of positions, it is expected that applicants
with high scores will not be impacted. The expected
impact would be on those scoring closely below and
above each SMS. Our estimation showed that around
four out of ten applicants that received a pass certificate
might have not received a pass if the test forms were
equitable. The impact might go beyond these estimates;
thatis, on applicants’ professional development, quality
of healthcare provided by the training institutions, and
ultimately, population health.

salud puiblica de méxico | vol. 61, no. 2, marzo-abril de 2019
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Table V
OVERALL AND PER SPECIALTY ESTIMATION OF THE APPLICANTS AFFECTED BY THE INEQUITY

ARTICULO ORIGINAL

Specialty ENARM 2016 ENARM 2017
Referent group* affected by Day 2 Day 5 dffected by Day 2 Referent grou};i gt(lﬁzrected by Days Day 5 dffected by Days | & 2
Applicants Affected, n (%) Applicants Affected, n (%) Applicants Affected, n (%) Applicants Affected, n (%)
| 179 26 (14.5) 66 13 (19.7) 78 6(7.7) 52 14 (26.9)
2 2200 208 (9.5) 775 194 (25) | 597 189 (11.8) 809 163 (20.1)
3 58 3(52) 27 (1T 38 2(53) 17 7(41.2)
4 25 2(8) 15 1 (6.7) 8 I (12.5) 3 0(0)
5 3205 256 (8) 876 76 (8.7) 2296 181 (7.9) 1 076 126 (11.7)
6 99 15(15.2) 47 7(14.9) 74 14 (18.9) 45 6(13.3)
7 69 13(18.8) 28 4(143) 41 4(9.8) 26 9 (34.6)
8 338 25(74) 98 17 (17.3) 272 23 (8.5) 136 19 (14)
9 2643 222 (84) 674 108 (16) 1 950 172 (8.8) 893 138 (15.5)
10 850 103 (12.1) 364 100 (27.5) 612 79 (12.9) 309 73 (23.6)
I 45 2 (44) 16 1 (6.3) 38 2(53) 18 0(0)
12 326 23 (7.1) 107 13 (12.1) 194 29 (14.9) 103 18 (17.5)
13 984 117 (11.9) 388 145 (37.4) 9l 129 (14.2) 472 155 (32.8)
14 155 16 (10.3) 65 18 (27.7) 128 14 (10.9) 62 12 (19.4)
15 2055 249 (12.1) | 143 407 (35.6) 1 378 187 (13.6) 820 299 (36.5)
16 2760 275 (10) 698 122 (17.5) | 897 194 (10.2) 920 180 (19.6)
17 66 I (1.5) 32 I (3.1) k] 3(97) 28 6(21.4)
18 35 6(17.1) 18 5(27.8) 20 2(10) 15 3(20)
19 38 5(13.2) 24 3(12.5) I 0(0) 18 4(222)
20 127 7(5.5) 49 Il (224) 151 15(9.9) 64 12 (18.8)
21 536 41 (7.6) Il 13(11.7) 313 22 (7) 125 18 (14.4)
22 419 29 (6.9) 102 5(49) 271 19 (7) 9l I (2.1)
23 26 2(7.7) 12 3(25) 28 1 (3.6) 25 7(28)
24 2515 272 (10.8) 638 139 (21.8) 1619 206 (12.7) 739 125 (16.9)
25 440 40 (9.1) 153 26 (17) 309 34(11) 168 29 (17.3)
26 96 13 (13.5) 34 14 (41.2) 168 9(54) 9l 12 (13.2)
27 | 354 99 (7.3) 340 46 (13.5) | 057 107 (10.1) 510 65 (12.7)
Total 21 643 2070 (9.56) 6 900 | 495 (21.67) 15490 | 644 (10.61) 7635 511 (19.79)

* Referent group for 2016 = Grouping of days |, 3 and 4
t Referent group for 2017 = Grouping of days 3 and 4

ENARM: Examen Nacional para Aspirantes a Residencias Médicas

Regarding the variables associated with obtain-
ing a lower ANoCA, we can only speculate. We have
no explanation as to why female applicants obtained
lower scores, but older applicants may most likely
represent MDs that graduated years ago and may not
be as updated as their recently-graduated counterparts.
Regarding the private status of a medical school, a pos-
sible explanation is that acceptance into some private

salud piiblica de méxico | vol. 61, no. 2, marzo-abril de 2019

schools may not be as competitive and selective as that
of public schools.

The strengths of this study that lend weight to the
conclusions are that the official ENARM 2016 and 2017
databases were analyzed and the attribution of equity
was assessed using different approaches. Nonetheless,
several limitations should be noted. First, this was an
ecological study with inherent limitations of that design.
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Second, differences in the average ANoCA among test
forms do not necessarily prove a lack of equity, but do
suggest that further review is needed.*> The ENARM
is a norm-referenced test by which applicants are se-
lected based on a quota. The inter-day differences in
the proportions of ARSMS strongly suggest that the
different test forms jeopardized the possibility that a bet-
ter (or at least equally) prepared number of applicants
entered specialty training. Third, the official databases
did not include data on the correct/incorrect status
for each answered item, which precluded calculating
the standard error of measurement of each test form
to assess its reliability.® In addition, we could not use
the method proposed by Raykov and Marcoulides™ to
assess whether the different ENARM test forms were
consistent with the model of parallel tests in the classical
test theory framework, as the way applicants’ scores are
compared fits this model (i.e., no estimation of random
error of measurement and no use of test-equating meth-
ods). Fourth, other relevant variables that might have
influenced test scores were not available for analysis,
such as applicants’ number of test attempts and the
grade point average obtained during medical school.
Fifth, it is assumed that applicants distributed in a
more or less randomized manner among test days. This
assumption is supported by the registration method.
Test-registration occurs on a first-come, first-served
basis; most applicants try to register immediately, which
leads the web-server to saturate, delaying successful
registration for applicants to a random fashion.

In many science-related areas, there is a concern
that a gap between research and practice exists, even
with the growing volume and quality of evidence along
with the technological and organizational improvements
in information management and synthesis.*® The field
of educational assessment seems to be no exception, as
attested by the example of the ENARM. Furthermore, al-
though this study aimed to assess equity among ENARM
test forms for 2016 and 2017, it has to be considered that
the exam methods have been the same since at least the
2010 ENARM.'® Changes newly introduced for ENARM
2018 are likely to decrease the lack of equity by using the
same test form for all applicants competing for the same
specialty.® This may be the best immediate approach to
improve the equity of the test. However, improvements
in many other aspects of the ENARM are needed in the
long term. Examples include: a) increasing transparency
by creating a publicly-available test’s development tech-
nical report to provide evidence of validity, reliability
and fairness; b) improving item-writing, as applicants’
opinions suggest that poorly-written items introduce
construct-irrelevant variation (e.g., those written in
English); c) improving item development by using item
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tryout and item analysis; d) assessing the effect on test
scores of the nine different item arrangements used for
each test form, 8 as the location of items on a test form can
affect item statistics, particularly in testing programs that
reportimmediately or shortly after test administration;'®
e) addressing sources of systematic errors (applicants’
opinions suggest that a 2017’s test form included an item
that required applicants to identify a clinical sign in an
image, but the image was veiled); and f) estimating the
standard error of measurement, which requires the non-
deletion of answered items after the test.

Evidence points toward the need to use a robust,
evidence-based test-development process on the
ENARM if the test’s stated objectives and characteristics
are to be achieved. Estimates suggest that average items
for high-stakes tests may be valued around 300 USD,
with some items valued above 1 000 USD (e.g., those
that undergo extensive statistical analysis or that need
complex development processes such as simulations);
overall, an item bank with a few thousand items may be
valued around 1 000 000 USD.* The revenues obtained
from the ENARM registration fees are around 110 000
000 MXP per year (approximately 6 000 000 USD). With
these funds, it would be possible to redesign the test to
improve its quality.

In summary, the ENARM has a paramount and
multidimensional impact on Mexico’s healthcare sys-
tem and on applicants wishing to undergo specialty
training. However, the analysis of the official ENARM
databases does not support the attribution of equity.
For this reason, it is necessary to redesign the test using
evidence-based test-development processes that sup-
port the fairness, validity, and reliability of the ENARM.

Declaration of conflict of interests. The authors declare that they have no
conflict of interests.
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