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ABSTRACT

Objectives

The usefulness of university admission tests in School of Medicine has been the subject of much
discussion in recent years. In the academic year 2014/2015, many students who were not admitted
appealed and won their cases in the regional administrative court, thereby obtaining the right to
enrol on degree courses despite not having passed the admission test. This situation has made it
possible to evaluate the predictive capacity of admission tests on academic performances in a
methodologically consistent sound manner. The aim of the present work is to discuss the
preliminary results directed at evaluating the capacity of the admission test for the degree course in
medicine to predict the subsequent academic success.

Setting and Partecipant

The present study considers the 683 students who enrolled onto the first year of the degree course
in medicine in the academic year 2014/2015 at the University of Turin at the Molinette and San
Luigi Gonzaga colleges. The students were separated into two categories: those who passed the
admission test (Regular) [n1=531] and those who did not pass the admission test but won their
appeal in the TAR (TA4R) [n2=152].

Outcomes

Validity of the admission test was analysed using Positive Predictive values and the ROC curve
Results

The results show that the admission test appears to be a good tool for predicting the academic
performances in the first year of course (AUC= 0.69 AUC_95% CI from 0.63 to 0.73); we can also
see that some subject areas seem to have a greater discriminating capacity than others: (i.e.
Biology).

Conclusions

The initial results of our study seem to confirm the capacity of the admission test to predict the
academic success of the students studying on the degree course in medicine, at least with regard to
the first year of course of School of Medicine.

Strengths and limitations of this study

-It is among the first research, based on statistically sound methods, conducted in the Italian reality
to evaluate the reliability of the admission test

- Further investigations will be required in order to analyse the two cohorts over a longer period of
time (at least until the end of the second or third year, when the subject areas no longer reflect those
that make up the admission test) and to compare the results obtained with those related to other
Italian medical schools
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Bullet points

- The study show the capacity of the admission test for the degree course in medicine to predict the
subsequent academic performances

-In the study students who passed the admission test (Regular) and those who did not pass the
admission test but won their appeal in the ‘Tribunale Amministrativo Regionale: TAR’ (TAR) were
compared

- Statistical analysis based on ROC curve, Sensibility of test (Se), Positive Predictive Values (PPV),
Negative Predictive Values (NPV), Positive Likelihood ratio (LH+), Negative Likelihood ratio
(LH-) and relative 95% Confidence Intervals were performed

- The results show that the admission test appears to be a good tool for predicting those that will be
able to reach academic success

- In conclusion, the results seem to highlight the importance of employing an evaluation instrument
that permits students to evaluate their potential to undertake a certain degree course
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Introduction

The usefulness of university admission tests has been the subject of much discussion in recent
years, and particular attention has been placed on the admission tests for degree courses in
medicine. In Italy, a proposal was made to eliminate the test and instead make it possible to block
the progression of students who did not achieve the minimal grades at the end of their first year,
but as yet no decision has been taken to modify the system. Nonetheless, an important issue that
still requires further investigation is the extent to which the results of the admission tests are able
to predict the future ability of a student to cope with the curriculum. Many studies are present in
the literature that highlight a tight relationship between admission test results and academic
performance [1, 2] and some reflections have been proposed relative to possible re-evaluations of
the assessment process [3]; so far, the large majority of these studies have looked at situations
outside Italy [4-19]. One reason for this is the lack of useful data for evaluating the predictive
capacity of the admission test. In fact, until the start of the academic year 2013/2014, the
admission test scores and data regarding the examinations results, could only be analysed for the
students who had passed the admission test. Some studies, comparing Italian Universities, have
investigated whether admission test scores are able to predict good first year exam results.
Although interesting, the results have not made any a significant contribution to the literature due
to the lack of adequate control groups. In the academic year 2014/2015, many students who were
not admitted to their desired courses (due to failure to pass the admission test) appealed and won
their cases in the regional administrative court (77ibunale Amministrativo Regionale: TAR),
thereby obtaining the right to enrol on their respective degree courses despite not having passed
the admission test. This situation has made it possible to evaluate the predictive capacity of
admission tests on students’ subsequent academic exam results in a more precise and
methodologically sound manner. Within such a framework, the two constituent colleges of the
University of Turin (Molinette and San Luigi Gonzaga) have been dedicated to developing this

line of research.

Objectives

The aim of the present work is to discuss the preliminary results directed at evaluating the capacity
of the admission test for the degree course in medicine to predict the subsequent academic success
of students enrolled on this degree course at the two constituent colleges of the University of

Turin.
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Data base

The present study considers the 683 students who enrolled onto the first year of the degree course
in medicine in the academic year 2014/2015 at the University of Turin at the Molinette and San
Luigi Gonzaga colleges. The students were divided into two categories: those who passed the
admission test (Regular) [n1=531] and those who did not pass the admission test but won their
appeal in the TAR (TAR) [n2=152].

All students were monitored over the period spanning January 2015 to May 2016 (the period over

which the first-year exams are taken in the two colleges considered).

Methods
The following data are presented as means, standard deviations (SD), median and 95% confidence
intervals for the two investigated student groups (‘Regular’ and ‘TAR’): admission test score;
secondary school final grade; number of CFU (university exam credits) acquired; and the average
first-year exam grade. Mean data were then compared using the non parametric Mann-Whitney
test.
Considering as the principal end-point measure the number of CFU accumulated in the observation
period, the students were classified into the following categories defining two different Gold
Standard reference:
Gold Standard - GS

- Students who acquired less than half of the required credits at the end of the first year (N)

- Students who acquired more than half of the required credits at the end of the first year (P)
Gold standard - GS2

- Students who failed to obtain some first year CFU (N2)

- Students who acquired all the CFU required for the first year of the course (P2)
For both Gold standard reference, independent of the student categories (Regular / TAR), the
predictive capacity of the admission test was evaluated using a ROC curve estimation and the
relative area under the curve (AUC), with its 95% confidence interval (AUC_1C95%)).
In order to assess the weight that each of the subject areas of the admission test had on the
predictive capacity of the test, the same analysis was also conducted on the specific score achieved
in each discipline.
Finally GS and GS2 were compared with the student categories (Regular / TAR) using Positive
Predictive Values (PPV), Negative Predictive Values (NPV), Positive Likelihood ratio (LH+) and

Negative Likelihood ratio (LH-); estimates are shown with the relative 95% confidence interval.
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Results

Table 1 shows the number of students in each of the two groups (Regular and TAR) enrolling onto
the first year of the degree course in medicine at the two University of Turin colleges.

Comparing the two groups with respect to admission test score, secondary school final grade, CFU
acquired and average grade achieved in the first-year exams, statistically significant differences
were consistently seen (Table 1.1 and Table 2). In particular, with regard to the number of CFU
acquired, the results of the admission test appear to be able to identify with a higher probability the
students that, on average, obtained better results at the end of the first year.

Independent of student category (Regular or TAR), the predictive capacity of the admission test
regarding the GS (Gold Standard reference) was assessed using the ROC curve estimate (Figure
1). The results show that the admission test appears to be a good tool for predicting those that will
be able to acquire more than half of the required credits CFU, presenting an AUC= 0.69

(AUC _95% CI from 0.63 to 0.73). Regarding the specific subject areas that make up the admission
test (Figure 1.1), we can also see that some subject areas seem to have a greater discriminating
capacity than others: biology (AUC=0.653, 95% CI from 0.59 to 0.71) and chemistry
(AUC=0.654, 95% CI from 0.60 to 0.71) stand out as two such subject areas .

The classification of students as ‘Regular’ or ‘TAR’ (indicating the effective outcome of the
admission test) was compared with the Gold Standard reference (GS). The results present a high
value of Sensitivity [Se = 0.82(95%CI from 0.79 to 0.86)], which contrasts, however, with a low
value of specificity (Table 3), thereby highlighting how some students although classified as
Regular are still unable to achieve the objectives of the first year’s curriculum. These results are
clearly conditioned by the different sample numbers of the two groups. The predictive values [PPV
and NPV], on the other hand, are much more informative. The results reveal a good predictive
ability of the test when the outcome is positive [PPV = 0.79 (95%CI from 0.74 to 0.82)], but
relatively low predictive power when it is negative.

The estimate of positive Likelihood LH+ is equal to 1.39 (95% CI from 1.18 to 1.61). This result
takes on even greater importance if we consider the estimate of negative likelihood LH-, equal to
0.47 (95% CI from 0.26 to 0.68), which implies that if a student belongs to the TAR group, the
probability that they will not achieve half or more of the CFU required at the end of the first year

is even greater.
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1

2

3 By increasing the reference cut off level, however, we can see that the result of the admission test
5 becomes more predictive by including those that are unable to achieve the first year objectives.

? In order to assess this aspect, we defined a new Gold Standard reference — Gold Standard 2 (GS2):
8 Students who acquired all the CFU required for the first year of the course (P2) vs. Students who
9 . . . . .

10 failed to obtain some first year CFU (N) (Table 3). Thus, by comparing GS2 with the effective

g outcome of the admission test (‘Regular’ vs. ‘TAR”), we observe an improvement in the negative
13 predictive capacity of the test [NPV=0.80 (95%CI from 0.73 to 0.86], but a reduction in its

14 .- .. . . L

15 positive predictive capacity PPV. However, it must be highlighted that the values of LH do not
i? vary to any great extent, once again confirming the good predictive capacity of the test.

18 These results indicate that even some ‘Regular’ students may not be able to achieve the course

19 . . .- . .

20 objective of the first year, and that there is a good probability that those classified as ‘TAR’ will
21 not achieve it.

22

23

24 .

25 Conclusions

g? The present study was a preliminary explorative experiment limited to the context of the

28 University of Turin. Further investigations will be required in order to analyse the two cohorts

29 . . . . .

30 over a longer period of time (at least until the end of the second or third year, when the subject

g; areas no longer reflect those that make up the admission test) and to compare the results obtained
33 with those related to other Italian medical schools. Nevertheless, these initial results seem to

34 . - . . .
35 confirm the capacity of the admission test to predict the academic success of the students studying
g? on the degree course in medicine, at least with regard to the first year of study. It also provides

38 further confirmation of the fact that students with very low scores in the admission test are more
39 . . . iy

40 likely to have trouble in achieving the necessary CFU by the end of the first year within the

j; stipulated time scale. It is also worth mentioning that the results show that there is still space to
43 improve the discriminatory capacity of the admission test in order to identify the best students to
44 . . . . .

45 admit onto the course. This aspect could be improved by means of a longer observation period that
jg would allow us to assess whether, and to what extent, the difference between the ‘Regular’ and
48 ‘TAR’ students varies once the study subjects no longer reflect those of the admission test,

49 . . . . . . . . .

50 allowing us to identify the possible areas in which changes are required in order to improve the
51 admission test.

52

53 In conclusion, the results seem to highlight the importance of employing an evaluation instrument
54 . . . . T

55 that permits students to evaluate their potential to undertake a certain degree course. Elimination of
gs the admission test would allow many students to enrol on degree courses in medicine who, from
58 the results of our study, would actually have a very low probability of achieving the final goal.

59

60
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This would also expose students and medical schools, not only to enormous economic burdens, but
also to significant human challenges. Moreover, medical schools would be obliged to remodel
their courses in order to accommodate the increased number of students, without necessarily

gaining adequate benefit from such an investment.
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Table 1. Number of students in each student category (‘Regular’ vs. “TAR’) attending the two

University of Turin colleges

REGULAR TAR TOTAL
Molinette 402 124 526
San Luigi 129 28 157
TOTAL 531 152 683

Table 1.1 Average score achieved in the admission test per student category (Total score and score

per discipline)

General Physics &
Biology | Chemistry | culture | Mathematics Logic TOTAL
Mean 8.9 6.2 0.7 6.0 19.5 41.2
REGULAR |S.D. 3.2 2.9 1.1 3.1 4.8 6.2
Median 8.9 6.3 0.0 5.6 19.8 39.9
N 445 445 445 445 445 445
Mean 5.1 2.8 0.3 23 13.3 23.9
TAR S.D. 3.6 2.7 1.0 24 43 6.7
Median 5.5 25 0.0 1.8 13.4 25.0
N 152 152 152 152 152 152
Difference 3.8 34 0.4 3.7 6.2 17.3
| 95% CI lower 3.2 2.9 0.1 3.1 5.3 16.2
upper 4.4 3.8 0.6 4.2 7.1 18.5
| p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Table 2. Secondary school final grade, CFU and 1¥-year exam grade per student category and per

college
TOTAL MOLINETTE SAN LUIGI
Secondary 1st-year | Secondar 1st-year | Secondar 1st-year
school final CFU exam y school CFU exam y school CFU exam
grade acquired | grade |final grade | acquired grade final grade | acquired | grade
Mean 88.4 36.7 26.5 88.5 37.3 26.6 87.9 35.1 26.3
REGULAR | S.D. 10.2 16.1 2.1 10.3 17.2 2.0 9.8 12.3 2.4
Median 89.0 43.0 26.8 90.0 44.0 26.9 89.0 37.0 26.5
N 529 531 492 401 402 368 128 129 124
Mean 80.1 27.9 24.7 80.7 28.2 24.9 77.5 26.6 23.8
TAR S.D. 10.5 19.3 2.3 10.4 20.1 2.3 11.0 15.1 2.2
Median 79.0 29.0 24.8 80.0 30.0 25.0 77.5 26.5 24.0
N 152 152 123 124 124 100 28 28 23
Difference 8.3 8.8 1.8 7.8 9.1 1.8 104 8.4 2.5
| 95% CI lower 6.7 6.3 1.5 57 55 1.3 6.2 3.2 1.4
upper 10.2 11.9 2.3 9.9 12.3 2.2 14.5 13.7 3.6
| p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
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Table 3. Predictive capacity of the admission test on the number of CFU acquired

Gold Standard reference (GS) Gold Standard reference (GS2)
P N P2 N2
419 112 217 314
REGULAR
89 63 30 122
TAR
TOTAL 508 175 247 436
Se 0.82 0.88
95%CI 0.79 | 0.86 0.83 | 0.91
Sp 0.36 0.28
95%Cl 0.29 | 0.43 0.24 | 0.32
PPV 0,79 0,41
95%Cl 0,74 | 0,82 0,37 | 0,45
NPV 0,41 0,8
95%Cl 0,34 | 0,59 0,73 | 0,86
1,29 1,22
LH+
95%Cl 1,17 | 1,41 1,15 | 1,29
0,49 0,43
LH-
95%CI 0,37 | 0,60 0,36 | 0,61
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Figure 1. ROC curve (Gold Standard reference: GS) ~-TOTAL and Subject Area Scores
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Figure 2. ROC curve (Gold Standard reference: GS2) -TOTAL and Subject Area Scores
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Equator Network Research checklists — Diagnostic/Prognostic studies

TITLE OR ABSTRACT

1 Identification as a study of diagnostic accuracy using at least one measure of accuracy (such as sensitivity,
specificity, predictive values, or AUC) ABSTRACT - OK. pag.2

2 Structured summary of study design, methods, results, and conclusions (for specific guidance, see STARD
for Abstracts) OK — pag 2

INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of the index test OK. Pag. 3
4 Study objectives and hypotheses METHODS Study design OK. Pag. 4

5 Whether data collection was planned before the index test and reference standard were performed
(prospective study) or after (retrospective study) Participants OK. Pag. 4

6 Eligibility criteria OK. Pag. 4

7 On what basis potentially eligible participants were identified (such as symptoms, results from previous
tests, inclusion in registry) OK. Pag. 4

8 Where and when potentially eligible participants were identified (setting, location and dates) OK. Pag. 4
9 Whether participants formed a consecutive, random or convenience series Test methods OK. Pag. 4
10a Index test, in sufficient detail to allow replication OK. Pag. 4

10b Reference standard, in sufficient detail to allow replication OK. Pag. 4

11 Rationale for choosing the reference standard (if alternatives exist) OK. Pag. 4

12a Definition of and rationale for test positivity cut-offs or result categories of the index test,
distinguishing pre-specified from exploratory OK. Pag. 4

12b Definition of and rationale for test positivity cut-offs or result categories of the reference standard,
distinguishing pre-specified from exploratory OK. Pag. 4

13a Whether clinical information and reference standard results were available to the performers/readers
of the index test OK. Pag. 4

13b Whether clinical information and index test results were available to the assessors of the reference
standard Analysis OK. Pag. 4

14 Methods for estimating or comparing measures of diagnostic accuracy OK. Pag. 4
15 How indeterminate index test or reference standard results were handled OK. Pag. 5
16 How missing data on the index test and reference standard were handled OK. Pag. 5

17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory OK. Pag.
4-5

18 Intended sample size and how it was determined RESULTS Participants OK. Pag. 4
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19 Flow of participants, using a diagram All recruited students were included in the study
20 Baseline demographic and clinical characteristics of participants OK. Pag. 4

21a Distribution of severity of disease in those with the target condition. Not applicable
21b Distribution of alternative diagnoses in those without the target condition. Ok Pag 4
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ABSTRACT

Objectives

The usefulness of university admission tests to medical Schools has been discussed in recent years.
In the academic year 2014/2015, several students who failed the admission test in Italy, appealed
to the regional administrative court (‘Tribunale Amministrativo Regionale’ — TAR) requesting to
be included, despite their test results. All won their appeals and were admitted to their respective
courses. The existence of this population of students generated a control group, in order to evaluate
the predictive capacity of the admission test. The aim of the present work is to discuss the ability
of university admission tests to predict subsequent academic success.

Setting and Participants The present study considers the 683 students who enrolled onto the first

year of the degree course in medicine in the academic year 2014/2015 at the University of Turin
(Molinette and San Luigi Gonzaga colleges). The students were separated into two categories:
those who passed the admission test [n1=531] and those who did not pass the admission test but
won their appeal in the TAR [n2=152].

Outcomes

The validity of the admission test was analysed using Specificity, Sensitivity, Likelihood, ROC
curves, Area under the ROC curve and relative 95% Confidence Intervals.

Results

The results show that the admission test appears to be a good tool for predicting the academic
performances in the first year of course (AUC= 0.70, 95%CI from 0.64 to 0.76). Moreover, some
subject areas seem to have a greater discriminating capacity than others. In general, students who
obtain a high score in scientific questions are advantaged in reaching the required standards during
the first year [LH+ = 1.22 (95% CI from 1.14 to 1.25)].

Conclusions

Based on consistent statistical approach, our study seems to confirm the ability of the admission

test, to predict the academic success in the first year of the School of Medicine.
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Strengths and limitations of this study

- This is the first study based on consistent statistical approach conducted in an Italian University
to evaluate the reliability of the admission test

- The presence of a control group (TAR) improves the reliability of the results

- Comparability of the groups: the registration year, lessons, programmes, teachers and classrooms
were the same for both Regular and TAR students.

- Further investigations will be required to analyse the two cohorts over a longer period of time

- The predictive capacity of the test was here only studied in relation to the academic performance

on the basic courses; a relationship with clinical skills was not considered in this work

Bullet points

- The study confirms the ability of the admission test for the degree course in medicine to predict
the subsequent academic performances in the first year of course

- A comparison was made between the academic performance of students who passed the admission
test (Regular) with that of those who did not pass the admission test but who won their appeal in the
‘Tribunale Amministrativo Regionale: TAR’ (TAR)

- Statistical analyses based on ROC curves, Sensibility (Se) and Specificity (Sp) of the admission
test, Positive Likelihood ratio (LH+), Negative Likelihood ratio (LH-) and relative 95% Confidence
Intervals were computed

- The results show that the admission test appears to be a good tool for predicting which students
will be able to achieve academic success in the first year.

- In conclusion, the results highlight the importance of an evaluation tool that allows students to
assess their capacity to undertake a certain degree course.

- An assessment of the similarities between the Italian admission test and those of other countries,
regarding question type and exam duration, will allow the results of this study to be extended to a
more international context.
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Introduction

In recent years, a greater demand for higher qualification created both economical and technical
problems. Indeed, the number of classrooms, labs, infrastructures, technical staff and teachers must
be sufficient to manage large numbers of students without compromising teaching quality as
stressed in '. Moreover, the youth unemployment raises important questions about the number and
the quality of graduates with respect to job opportunities, suggesting the need for more accurate
selection procedures.

The usefulness of the admission tests, in particular for degree courses in Medicine, has been
widely discussed in recent years, both in Europe ' and in other continents *. The oldest admission
tests come from USA (e.g. the Moss test in 1928), although different versions have been created
over the years; the most recent test, called MCAT, was created in 2007 and is now used by almost
all the colleges in North America >. As concerns European countries, no standards have been
formulated to date. The European Union has only provided some general advice regarding the
quality of education that aims toward progressive standardization. Each Country is thus allowed to
take personalized actions: the English (called UKCAT) * and Austrian ' tests were created in 2006,
the Irish (called HPAT) test > was formulated in 2009, while France has never introduced an
admission test, preferring to simply bar students who do not make the grade at the end of their first
year from progressing in their course >. Other approaches have also been considered, including a
totally open access to courses (e.g. Austria until 2002) ' and random selection (e.g. Holland until
1999) °. In Italy, the admission test was proposed in 1987 by Zecchino (Minister of the Public
Education) and finally introduced in 1999 as a law (264/99). The required skills, and how to test

them, change from country to country (see Table 1).

Table 1: Comparison of admission tests from different countries.

Page 4 of 18

Italian admission HPAT UKCAT UMAT MCAT
test
Country Italy Ireland England Australia USA
Type of test MCQ MCQ MCQ MCQ MCQ
Subsection of test General culture Logical reasoning | Verbal reasoning Logical reasoning | Logical reasoning
Logic & problem | Quantitative & problem solving | & problem solving
Biology solving reasoning Understanding
Chemistry Interpersonal Abstract reasoning | people
Mathematics and understanding Decision analysis Nonverbal
physics Nonverbal reasoning
reasoning
Duration 1h 40 min 2h 30 min 2h 2h 45 min 4h 30 min
Reference 7 z 3 2 4
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A good review of the test types can be found in *. In brief, they can be divided in to cognitive, non-
cognitive, written tests and interviews. Moreover, in some cases (USA, UK, Australia, Canada,
New Zealand, and South Africa), considerable importance is given to ethnic minorities and
disadvantaged groups in order to facilitate their admittance. The general trend is to use written
cognitive tests, while almost all avoid interviews * because they are less predictive and more time-
and money-consuming. In Italy, the test is administered nation-wide for the public universities,
prepared by the Ministry of Education, Universities and Research (Ministero dell'lstruzione,
dell'Universita e della Ricerca MIUR). The test is written and composed of 60 multiple-choice
questions (MCQ) to be answered within a limited time 7 (see Table 1 for details). Moreover, the
access of disadvantaged groups and non-Italian people is guaranteed by the reservation of places
for these categories.

In Italy, a debate is open about the present situation and the possibility to improve the admission
test. Investigations into how the results of the admission tests can predict academic success are
thus required.

Indeed, many European studies highlight a tight relationship between admission test results and
academic performance **, personal skills * or motivations '. However, other authors (e.g. ?) have
reported discordant results about the same tests. Unfortunately, the large majority of these studies
have looked at situations outside of Italy '*'*. Literature on the Italian admission test results is

13

very scarce and is not specific to Medicine (see " about Nurses and '* about Veterinary). The
present statistical study (although regarding a single University) therefore makes an important
contribution to the discussion on the usefulness of the admission test, both for Italian and non-
Italian readers.

Another consideration that should be made regards the inner bias of the majority of past studies:
i.e., the lack of adequate control groups. Indeed, only the results of students who had passed the
admission test can be considered, and comparisons can only be made using previous cohorts, i.e.
the students who entered the University without being tested '. However, in this case no
information about the scores of the comparison group is present.

In Italy, in the academic year 2014/2015, many students, failing the admission test, appealed to the
regional administrative court (Tribunale Amministrativo Regionale: TAR) because of supposed
irregularities that occurred during the examination. The court accepted the appeal of recursive
students on the basis of a ‘supposed infringement of anonymity principle’ and granted them

admittance onto their respective courses. This ‘extraordinary’ situation produces a ‘control group’

of students (with lower scores) useful for evaluating the predictability of the admission test.
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In the year 2016 a working group with the aim of assessing the predictive effectiveness of the
admission test, was organised by the Italian Institution composed of Presidents of Italian Degree
course in Medicine (named ‘Permanent Conference of Presidents of Degree course in Medicine’
which allows homogeneity and coordination of the Schools of Medicine). Preliminary results of
the working group’s activities which will be published in the Conference’s Journal (until now
relative to just some Italian colleges), highlight the need for adjustments for the different colleges
that are often not comparable with regard to study plans and the organization of courses and
examinations.

Within this framework, the two constituent medical colleges of the University of Turin (Molinette

and San Luigi Gonzaga) have long been developing this line of research on their students.

Objectives
The aim of the present work is to evaluate how the admission test can predict the subsequent
academic success of medical students, taking advantage of the particular 2014/15 cohort of

students from the University of Turin

Database

The study was approved by the degree course Council of the School in Medicine of the University
of Turin (Molinette and San Luigi Gonzaga colleges) and by the students Committee. The analyses
were performed on anonymized database (i.e. without sensitive data) provided by the medical

schools.

The present study considers 683 students who enrolled onto the first year of the degree course in
Medicine in the academic year 2014/2015 at the University of Turin (Molinette and San Luigi
Gonzaga colleges). The students were divided into two categories: those who passed the admission
test (Regular) [n1=531] and those who did not pass the admission test but won their appeal in the
TAR (TAR) [n2=152].

All students were monitored until the end of the first year’s last exam session (January 2015 — May
2016).

Methods
The following data are presented as means, standard deviations (SD), median and 95% confidence

intervals for the two investigated student groups (‘Regular’ and ‘TAR’): admission test score;

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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secondary school final grade; number of university exam credits (CFU) acquired; the average first-

year exam grade.
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Considering the number of CFU accumulated in the observation period as the principal end-point
measure, students were classified into the following categories defining two different Reference
Standard (RS):
RS1

- Students who acquired half, or more than half, of the required credits at the end of the first

year (PI)

- Students who acquired less than half of the required credits at the end of the first year (N/)
RS2

- Students who acquired all the CFU required for the first year (P2)

- Students who did not acquire all the CFU in the first year (N2)
In order to evaluate the predictability of the admission test, the achievement of RS1 and RS2
(independent of the student category Regular and TAR) was evaluated using ROC curves .
Indeed, the ROC curve illustrates the ability of a test to discriminate the true positive (Sensitivity)
from the false positive (1-Specificity) cases. If the test is strongly predictive, the curve grows
rapidly. This shape should produce a large area under the ROC curve (AUC) reported with relative
95% Confidence Intervals (95%CI). An AUC value greater than 0.5 and close to 1 indicates a
good level of predictability of the test.
In order to analyze the weight of each of the subject areas on the predictive capacity of the test, the
ROC curve, the AUC and relative 95% CI were calculated for Total score and for each sub-area of
the test.
Finally, we evaluated the ‘goodness’ of the cut-off score used at the University of Turin (33.9) for
discriminating between admitted and non-admitted students. The analysis was based on Sensitivity
(Se), Specificity (Sp), Positive Likelihood ratio (LH+), Negative Likelihood ratio (LH-) and

relative 95% Confidence Intervals values '>'%17.

Results

Table 2 shows the number, mean secondary school final grade, CFU, and mean 1¥-year exam
grade of the students enrolled in the first year according to group (Regular and TAR), whereas
Table 3 presents the scores achieved in the admission tests (Total and per subject area). The results
show that students comprising the Regular group obtained higher test scores and more CFU at the

end of the first year than TAR students.
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Table 2. Number of students, secondary school final grade, CFU and mean 1%-year exam grade in
each student category (‘Regular’ vs. ‘TAR’) attending the two Universities of Turin

TOTAL MOLINETTE SAN LUIGI
- Ve Ve
Secondary CFU Ist-year | Secondary CFU year Secondary CFU year
school final . exam school . school final | acquire
acquired acquired | exam exam
grade (max (max 51) grade | final grade (max 51) | grade grade (max | d (max rade
100) (max | (max 100) %max 100) 51) %max
30L) 30L) 30L)
26,5 373 26,6 35,1 26,3
REGULAR Mean (SD) 88,2(10,2) | 36 (16,0) | (2,1) | 88,5(103)| (17,2) (2,0) | 87,9(9,8) | (12,3) | (24)
Median 89 40 26,7 90 44 26,9 89 37 26,5
N 531 531 492 402 402 368 129 129 124
27,4 24,5 28,2 24,9 26,6 23,8
TAR Mean (SD) 79,1 (10,6) | (18,9) (2,3) | 80,7(10,4) | (20,1) 2,3) | 77,511,0) | (15,1) | (2,2)
Median 78 27 25 80 30 25 77,5 26,5 24
N 152 152 123 124 124 100 28 28 23
Mean 8.4 9,1 f1,9 78 9,1 ng 10,4 f"‘ é’S
Difference (from 6,7 to | (from 6,3 (l rso?(l) (from 5,7 to | (from 5,5 (1 r30$ (from 6,2 to g rzog f 40:2
(95C1%) 10,2) to 11,9) 53) 9,9) ©123) | 5 14,5) 37 3.6)

Table 3 Average score achieved in the admission test per student category (Total and per Subject

area)
Physics &
Biology Chemistry G‘;“e”‘l Logic TOTAL
culture Mathematics

REGULAR | Mean (SD) 8,9(3.2) 6,2 (2,9) 0,7 (1,1) 6(3,1) 19,5 (4,8) 412 (6,2)

Median 8,9 6,3 0 5,6 19,8 39,9

N 531 531 531 531 531 531
TAR Mean (SD) 5,1(3.6) 2,8(2,7) 0,3 (1,0) 23024 13,3 (4,3) 23,9 (6,7)

Median 55 2,5 0 1,8 13,4 25

N 152 152 152 152 152 152

. 3,8 (from 3,2 | 3,4 (from2,9 | 0,4 (from 0,1 |3,7 (from 3,1 |6,2 (from 5,3 | 17,3 (from
0,
Mean Difference (95CI%) | 7y 4) 03.8) 0 0,6) t0 4,2) t07,1) 16,2 0 18,5)

Based on the ROC curves analysis, the admission test appears to be a good tool (AUC= 0.67, 95%

CI from 0.63 to 0.71) for predicting RS1 achievement (Table 4). The specific analysis performed

for sub-areas of the test show that some of them seem to have a greater discriminating capacity
than others: Biology (AUC=0.61, 95% CI from 0.57 to 0.66); Physics/Mathematics (AUC=0.63,
95% CI from 0.59 to 0.68); and Chemistry (AUC=0.65, 95% CI from 0.61 to 0.69) (Table 4).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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One again, the admission test appears to be predictive of RS2 achievement (AUC= 0.70, 95% CI
from 0.64 to 0.76) (Table 4). Also in this case some sub-areas have a greater discriminating
capacity than other: Biology (AUC=0.62, 95% CI from 0.56 to 0.68), Physics/Mathematics
(AUC=0.63, 95% CI from 0.57 to 0.69) and Chemistry (AUC=0.63, 95% CI from 0.57 to 0.69)
(Table 4).

Table 4. Area under ROC curve (AUC) and relative 95% Confidence Interval for Total and per
Subject area scores

RS1 RS2

AUC (95%CI) AUC (95%CI)
TOTAL 0,67 (from 0,63 to 0,71) 0,70 (from 0,64 to 0,76)
Biology 0,61 (from 0,57 to 0,66) 0,62 (from 0,56 to 0,68)
Chemistry 0,65 (from 0,61 to 0,69) 0,63 (from 0,57 to 0,69)
General culture 0,55 (from 0,50 to 0,59) 0,57 (from 0,51 to 0,64)
Physics&Mathematics 0,63 (from 0,59 to 0,68) 0,63 (from 0,57 to 0,69)
Logic 0,54 (from 0,50 to 0,60) 0,59 (from 0,53 to 0,65)

Specific analysis of the ROC curve numerical values shows a value between 30 and 35 to be a
good cut-off score to identify the ‘admitted’ students, which is in agreement with the institutional
one used by the Turin colleges (33.9 in the year 2014/15). In order to understand the reliability of
the test, the real classification used at the University of Turin, i.e. Regular and TAR students
(based on cut-off score equal to 33.9) was evaluated in relation to Reference Standard RS1 and
RS2 (Table 5).

For both RS1 and RS2, Sensitivity is high (Se = 0.86, 95% CI from 0.82 to 0.89 for RS1; Se =
0.91, 95% CI from 0.84 to 0.95 for RS2), whereas Specificity is low (Sp = 0.31, 95% CI from 0.26
to 0.36 for RS1; Sp = 0.25, 95% CI from 0.21 to 0.28 for RS2). Analogously, positive Likelihood
ratios LH+ are both higher than 1 (1.23, 95% CI from 1.15 to 1.32 for RS1; 1.22, 95% CI from
1.14 to 1.25 for RS2), while negative Likelihood ratios LH- are both less than 1 (0.46, 95% CI
from 0.22 to 0.54 for RS1; 0.36, 95% CI from 0.23 to 0.56 for RS2).

The high values of Se indicate that the majority of students who achieve the RSs are from the
Regular group, while a low Sp indicates that a number of ‘Regular’ students are also among those
who did not achieve the two RSs (see Table 5). This interpretation is also supported by the good
value of LH+, which also points out that being ‘Regular’ is a ‘protective factor’ to achieving both

RSI1 and RS2.
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For our study, however, it is essential to highlight the low value of LH-, which points out that
relatively few TAR students achieved the RSs (in particular RS2). This indicates that a low score

in the test also predicts a low probability of achieving the RSs.

Table 5. Predictive capacity of the admission test on the number of CFU acquired

RS1 RS2
P1* N** pP2* N2**
REGULAR 308 223 101 430
TAR 52 100 10 142
TOTAL 360 323 111 572
Se (95% CI) 0,86 (from 0,82 to 0,89) 0,91 (from 0,84 to 0,95)
Sp (95%CT) 0,31 (from 0,26 to 0,36) 0,25 (from 0,21 to 0,28)
LH+ (95% CI) 1,23 (from 1,15 to 1,32) 1,22 (from 1,14 to 1,29)
LH- (95% CI) 0,46 (from 0,22 to 0,54) 0,36 (from 0,23 to 0,56)

*P1: students who acquired half, or more than half, of the required credits at the end of the first year
**N1: students who acquired less than half of the required credits at the end of the first year

"P2: students who acquired all the CFU required for the first year

""N2: students who did not acquire all the CFU in the first year

Discussion

The admission of a significant number of students to the degree course in medicine at the
University of Turin who did not pass the admission test in the year 2013/14 gave us, for the first
time, the opportunity to compare the academic results of two student groups in the same context. A
close correlation between academic success and test results was found; in particular, students who
got a high score in scientific questions were more likely to achieve the requested standards during
the first year. Although it could be improved, the admission test therefore seems to be a good tool
for identifying the better students.

Other studies have analyzed the performance of students who passed an admission test versus open
access students (see, for example, '), but the comparison could only be made between students of
different years. In our case, registration year, lessons, programmes, teachers and classroom
characteristics were the same for both Regular and TAR students. For the purposes of our study, it
is important to point out that 80% of the TAR students achieved a score of 20 to 31 points in the
test (the minimum score for the admission to Turin’s School of Medicine was 33.9). This

substantiates the TAR group as a good reference.
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The Italian test is comparable to other tests used in international contexts, at least in relation to
question type and exam duration (Table 1), and for this reason our results may also be of interest
outside Italy.

It is important to highlight the similar results found in terms of usefulness and predictability. For
example, * underlined a clear correlation between ‘total science score’ (our Biology, Chemistry
and Physics/Mathematic scores) and ‘education performance’ (our RS2, although in * a longer
observational period was considered).

1=

Most of the previous studies ' confirmed that admission tests are able to predict the academic

results in the first year. Nevertheless, no generalized predictability is assessed, also because of the

3

variety of the evaluation periods and reference standards. For example, ° evaluated the overall

career of the students, while ' and our study considered the results of the first or second years. As
far as the reference standards, ' investigated the dropout rates (lower in the students passing the
2

admission test), whereas

skills.

was interested in prediction criteria for clinical and communication

The strengths of this study are the presence of a reliable control cohort (TAR) and the possibility
of specific analysis per admission test subject area. Although several debates are ongoing in Italy
regarding which specific subject areas are most useful for discriminating between potential
medical students, our study shows that the results for questions on biology, chemistry and
physics/mathematics in the current admission test present the best predictability.

Several limitations of our study should however be taken into consideration. First of all, we only
considered students admitted to the course of Medicine in Turin and not a wider Italian cohort.
Second, this work constitutes an initial explorative analysis, limited to the first year of the medical
course.

It is worth pointing out that the admission test is predictive of academic success, but not
necessarily the ability to practice as a doctor. This aspect was stressed by many authors ****, but no
definitive conclusion has been reached. In general, however, a single admission test is unable to
predict ability to practice as a physician.

Important information could be obtained by following our two cohorts over a longer period of
time. The development of this study shall, in fact, monitor the two cohorts throughout the
complete academic path, re-evaluating their results also with respect to subjects (e.g. clinically

oriented courses) different from those considered in the admission test.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
12

Page 12 of 18



Page 13 of 18 BMJ Open

Conclusions
In conclusion, admission test scores are able to predict the academic success in the first year of the
medical course; this is an advantage for both students and medical schools. Indeed, it discourages

students who do not pass the test from enrolling in the course, driving them towards alternative

©CoO~NOUTA,WNPE

10 courses, and saving them both time and money. With this selection procedure, universities are able
11 to manage a lower number of more motivated students with higher probabilities of obtaining
13 success. This allows a more efficient use of infrastructural and personnel resources. However, the
15 discriminatory capacity of the admission test could be improved by replicating the analysis
16 presented at the end of the fourth and sixth years, investigating the relationship between admission

18 test results and clinical skills.
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exposure, follow-up, and data collection OK (pag.6 rows 19-31)

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
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Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls OK (pag.5 rows 26-31 and pag.6 rows 19-23)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
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Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable OK (pag.6 rows 19-31)

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group OK (pag.6 rows 13-31 and pag.7 rows 1-24)

Bias 9 Describe any efforts to address potential sources of bias OK (pag.11 rows 16-27)

Study size 10 Explain how the study size was arrived at OK (pag.5 rows 26-31 and pag.6 rows
19-25)

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why OK (pag.6 rows 28-31)

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

OK (pag.7 rows 1-24)

(b) Describe any methods used to examine subgroups and interactions not appl

(c) Explain how missing data were addressed NO Missing data

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses
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OK (pag.5 rows 26-31 eligible, examined for eligibility, confirmed eligible, included in the study,
and pag.6 rows 19-23) completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders OK (Table 2 and 3)
(b) Indicate number of participants with missing data for each variable of interest
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure OK (pag.6 rows 19-23 and Table 2 and Table 3)
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
OK (pag.7 rows 26-31 their precision (eg, 95% confidence interval). Make clear which confounders were
and pag.8-9) adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and
OK sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives OK (pag.10 rows 19-25)
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias OK
(pag.11 rows16-28)
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence
OK (pag.10 rows 29-33)
Generalisability 21  Discuss the generalisability (external validity) of the study results OK (pag.10

rows 34-36 and pag.11 rows1-18)

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

Not appl

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objectives

The usefulness of university admission tests to medical schools has been discussed in recent years.
In the academic year 2014-2015 in Italy, several students who failed the admission test, appealed
to the regional administrative court (‘Tribunale Amministrativo Regionale’ — TAR) requesting to
be included, despite their test results and all were admitted to their respective courses. The
existence of this population of students generated a control group, in order to evaluate the
predictive capacity of the admission test. The aim of the present work is to discuss the ability of
university admission tests to predict subsequent academic success.

Setting and Participants The study considers the 683 students who enrolled onto the first year of

the degree course in medicine in the academic year 2014-2015 at the University of Turin
(Molinette and San Luigi Gonzaga colleges). The students were separated into two categories:
those who passed the admission test [n1=531] and those who did not pass the admission test but
won their appeal in the TAR [n2=152].

Outcomes

The validity of the admission test was analysed using Specificity, Sensitivity, Likelihood, ROC
curves, Area under the ROC curve and relative 95% Confidence Intervals.

Results

The results show that the admission test appears to be a good tool for predicting the academic
performances in the first year of course (AUC= 0.70, 95%CI from 0.64 to 0.76). Moreover, some
subject areas seem to have a greater discriminating capacity than others. In general, students who
obtain a high score in scientific questions are more likely to obtain the required standards during
the first year [LH+ = 1.22 (95% CI from 1.14 to 1.25)].

Conclusions

Based on consistent statistical approach, our study seems to confirm the ability of the admission

test, to predict the academic success in the first year of the School of Medicine.
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Strengths and limitations of this study

- This is the first study based on a consistent statistical approach and conducted in an Italian
University to evaluate the reliability of the Italian university admission test

- The presence of the TAR control group improves the reliability of the results

©CoO~NOUTA,WNPE

10 - Comparability of the groups: the registration year, lessons, programmes, teachers and classrooms
11 were the same for both Regular and TAR students rendering the comparison of the two groups
13 highly valid.

15 - Further investigations will be required to analyse the two cohorts over a longer period of time

16 - The predictive capacity of the test was only studied here in relation to academic performance in

18 the basic courses; a relationship with clinical skills was not considered in this work
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1. INTRODUCTION

In recent years, the growing demand for higher qualifications has created both economical and
technical problems. Indeed, as discussed by Reibnegger and colleagues', the number of
classrooms, labs, infrastructures, technical staff and teachers has had to increase
contemporaneously in order to manage large numbers of students without compromising teaching
quality. Moreover, the level of youth unemployment has raised important questions about the
number and quality of graduates with respect to job opportunities, suggesting the need for more
stringent selection procedures.

The usefulness of university admission tests, in particular for degree courses in Medicine, has been
widely discussed in recent years, both in Europe '~ and in other continents *. The USA was the
first to use admission tests in student selection procedures (e.g. the Moss test in 1928) and
different versions have been created over the years. The most recent test, denominated MCAT,
was created in 2007 and is now used by almost all the colleges in North America . As concerns
European countries, no standards have been formulated to date. The European Union has provided
general advice only regarding the quality of education that point towards progressive
standardization. Each Country is thus allowed to take personalized actions: the English (UKCAT °)
and Austrian' tests were created in 2006, the Irish (HPAT) test * was formulated in 2009, while
France has never introduced an admission test, preferring the strategy of simply barring students
who do not make the grade at the end of their first year from progressing in their course’. Other
approaches have also been considered, including a totally open access to courses (e.g., as applied
in Austria until 2002) ' and random selection (e.g., in Holland until 1999) °. In Italy, the admission
test was proposed in 1987 by Zecchino (the Minister for Public Education) and finally introduced
in 1999 as a law (264/99). The required skills, and how to test them, change from country to
country (see Table 1).

Table 1: Comparison of admission tests in different countries.

Page 4 of 17

Italian admission HPAT UKCAT UMAT MCAT
test
Country Italy Ireland England Australia USA
Type of test MCQ MCQ MCQ MCQ MCQ
Subsection of test General culture Logical reasoning | Verbal reasoning Logical reasoning | Logical reasoning

Logic & problem | Quantitative & problem solving | & problem solving
Biology solving reasoning Understanding
Chemistry Interpersonal Abstract reasoning | people
Mathematics and understanding Decision analysis Nonverbal
physics Nonverbal reasoning
reasoning
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Duration 1h 40 min 2h 30 min 2h 2h 45 min 4h 30 min
Reference Decreto Kelly M. E. et | Sartania N. et | Kelly M. E. et | Prideaux, D. et
Ministeriale n. | al ? al? al? al’
986’

A good review of the test types can be found in *. In brief, the tests can be divided into cognitive,
non-cognitive, and written tests and interviews. Moreover, in some cases (the USA, the UK,
Australia, Canada, New Zealand and South Africa), considerable importance is given to ethnic
minorities and disadvantaged groups in order to facilitate their admittance. The general trend is to
use written cognitive tests, while almost all avoid interviews * because they are less predictive and
more time- and money-consuming. In Italy, the test is administered nation-wide for the public
universities, prepared by the Ministry for Education, Universities and Research (Ministero
dell'lstruzione, dell'Universita e della Ricerca MIUR). The test is written and composed of 60
multiple-choice questions (MCQ) to be answered within a limited time ’ (see Table 1 for details).
Moreover, the access of disadvantaged groups and non-Italian people is guaranteed by the
reservation of places for these categories.

In Italy, a debate is open about the present situation and the possibility to improve the admission
test. Investigations into how the results of the admission tests can predict academic success are
thus required. Indeed, many European studies highlight a tight relationship between admission test
results and academic performance **, personal skills > and level of motivation'. However, other
authors (e.g. °) have reported discordant results regarding the same tests. The large majority of
these studies have concerned situations outside of Italy “'*'*. Thus, literature on the admission test

3 about Nurses and " about

results in Italy is very scarce and not specific to Medicine (see
Veterinary). The present statistical study (although regarding a single University) therefore makes
an important contribution to the discussion on the usefulness of admission tests, both for Italian
and non-Italian readers.

Another consideration that should be made regards the selection bias of the majority of past
studies: i.e., the lack of adequate control groups. Indeed, only the results of students who had
passed the admission test could be considered (as those failing the test were not admitted to
university), and comparisons could only be made against previous cohorts (i.e., the students who
entered the University without being tested)'; however, in this case no information about the
scores of the comparison group is present.

In Italy, in the academic year 2014-2015, many of the students who failed the admission test
appealed to the regional administrative court (Tribunale Amministrativo Regionale: TAR) on the
account of supposed irregularities that occurred during the examination. The court accepted the

appeal of recursive students on the basis of a ‘supposed infringement of anonymity principle’ and

granted them admittance onto their respective courses. This ‘extraordinary’ situation generated a
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‘control group’ of students (with lower test scores) useful for evaluating the predictability of the

admission test.

Objectives
The aim of the present work was to evaluate whether the university admission test for the degree
course in medicine can predict subsequent academic success in medical students, taking advantage

of the particular 2014-2015 cohort of students from the University of Turin

2. METHODS

Setting

In 2016 a working group with the aim of assessing the predictive effectiveness of the admission
test, was organised by the Italian Institution composed of Presidents of Italian Degree course in
Medicine (named ‘Permanent Conference of Presidents of Degree course in Medicine’ which
allows homogeneity and coordination of the Schools of Medicine). Preliminary results of the
group’s activities (relative to just some Italian colleges) and which will be published in the
Permanent Conference’s Journal, highlight the need for changes to be made to different colleges,
which do not always propose comparable curriculums and whose courses and examinations are
organized differently. Within this framework, the two constituent medical colleges of the
University of Turin (Molinette and San Luigi Gonzaga) have long been developing this line of

research on their students.

Database

The study was approved by the Degree Course Council for the School in Medicine of the
University of Turin (Molinette and San Luigi Gonzaga colleges) and by the Students’ Committee.
Approval by an ethical board is not explicitly required in Italy when the analysis of retrospective
data is carried out, especially when data do not deal with disease conditions or use of
pharmaceutical products. In order to meet the requirements of the Helsinki Declaration, the
analyses were performed on anonymized database (without sensitive data) provided directly by the
Medical Schools.

The present study considers 683 students who enrolled onto the first year of the degree course in

Medicine in the academic year 2014-2015 at the University of Turin (Molinette and San Luigi
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Gonzaga colleges). The students were divided into two categories: those who passed the admission
test (Regular) [n1=531] and those who did not pass the admission test but won their appeal in the
TAR (TAR) [n2=152].

All students were monitored until the end of the first year’s last exam session (January 2015 — May

2016).

Statistical methods
The following data are presented as means, standard deviations (SD), median and 95% confidence
intervals for the two investigated student groups (‘Regular’ and ‘TAR’): admission test score;
secondary school final grade; number of university exam credits (CFU) acquired; the average first-
year exam grade.
Considering the number of CFU accumulated in the observation period as the principal end-point
measure, students were classified into the following categories defining two different Reference
Standard (RS):
RS1

- Students who acquired half, or more than half, of the required credits at the end of the first

year (PI)
- Students who acquired less than half of the required credits at the end of the first year (N/)

- Students who acquired all the CFU required for the first year (P2)
- Students who did not acquire all the CFU in the first year (N2)

In order to evaluate the predictability of the admission test, the achievement of RS1 and RS2
(independent of the student category Regular and TAR) was evaluated using ROC curves .
Indeed, the ROC curve illustrates the ability of the admission test to discriminate true positive
cases (Sensitivity) from false positive (1-Specificity) cases. If the test has high predictive capacity
the curve grows rapidly; this shape should produce a large area under the ROC curve (AUC)
reported with relative 95% Confidence Intervals (95%CI). An AUC value greater than 0.5 and
close to 1 indicates a good level of predictability of the test.

In order to analyse the weight of each of the subject areas on the predictive capacity of the test, the
ROC curve, the AUC and relative 95%CI were calculated for total score and for the individual
sub-areas of the test.

Finally, we evaluated the ‘goodness’ of the cut-off score used at the University of Turin (33.9) for

discriminating between admitted and non-admitted students. The analysis was based on Sensitivity
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(Se), Specificity (Sp), Positive Likelihood ratios (LH+), Negative Likelihood ratios (LH-) and

relative 95%CI values

3. RESULTS

15,18,19

Table 2 shows the number, mean secondary school final grade, CFU, and mean first year exam

grade of the students enrolled in the first year according to group (Regular and TAR), whereas

Table 3 presents the scores achieved in the admission tests (Total and per subject area). The results

show that students comprising the Regular group obtained higher test scores and more CFU at the

end of the first year than TAR students.

Table 2. Number of students, secondary school final grade, CFU and mean first year exam grade in
each student category (‘Regular’ vs. ‘TAR’) attending the two Universities of Turin

TOTAL MOLINETTE SAN LUIGI
Mean Mean Mean
first first first
Secondary CFU year Secondary CFU year Secondary | CF U year
school final . school . school final | acquire
acquired | exam acquired | exam exam
grade (max (max 51) | grade final grade (max 51) | grade grade (max | d (max grade
100) (max (max 100) (max 100) 51) (max
30L) 30L) 30L)
26.5 373 26.6 35.1 26.3
REGULAR Mean (SD) 88.2(10.2) | 36(16.0) | (2.1) | 88.5(10.3)| (17.2) (2.0) | 87.9(9.8) | (12.3) | (2.4)
Median 89 40 26.7 90 44 26.9 89 37 26.5
N 531 531 492 402 402 368 129 129 124
274 24.5 282 249 26.6 23.8
TAR Mean (SD) 79.1 (10.6) | (18.9) (2.3) | 80.7(10.4) | (20.1) (2.3) | 77.5(11.0) | (15.1) | (2.2)
Median 78 27 25 80 30 25 77.5 26.5 24
N 152 152 123 124 124 100 28 28 23
1.9 1.8 8.4 2.5
Mean 8.4 9.1 7.8 9.1 10.4
Difference (from 6.7 to | (from 6.3 (lfrso?; (from 5.7 to | (from 5.5 (1fr30$ (from 6.2 to gfrzoir; ffzotr(r)l
(95CI%) 10.2) to 11.9) 23) 9.9) ©I123) | ) 14.5) 37 16)

Table 3 Average score achieved in the admission test per student category (total and per subject

area)
Physics &
Biology Chemistry G“i“"”‘l Logic TOTAL
culture Mathematics
REGULAR | Mean (SD) 8.9(3.2) 6.2 (2.9) 0.7 (1.1) 6(3.1) 19.5(4.8) | 412(6.2)
Median 8.9 6.3 0 5.6 19.8 39.9
N 531 531 531 531 531 531

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

8




Page 9 of 17

©CoO~NOUTA,WNPE

BMJ Open
TAR Mean (SD) 5.1(3.6) 2.8(2.7) 0.3 (1.0) 23(24) 13.3 (4.3) 23.9(6.7)
Median 5.5 2.5 0 1.8 13.4 25
N 152 152 152 152 152 152
. 3.8(from3.2 | 3.4 (from2.9 | 0.4 (from 0.1 | 3.7 (from 3.1 | 6.2 (from 5.3 | 17.3 (from
0,
Mean Difference 95CI%) | 7y 4) t0 3.8) t0 0.6) t0 4.2) to 7.1) 16.2 to 18.5)

Based on the ROC curves analysis, the admission test appears to be good at predicting RS1
achievement (AUC= 0.67, 95% CI from 0.63 to 0.71; Table 4). The specific analysis performed
for different sub-areas of the test show that some have a greater discriminating capacity than
others; those with greater discriminating capacity are: Biology (AUC=0.61, 95% CI from 0.57 to
0.66); Physics/Mathematics (AUC=0.63, 95% CI from 0.59 to 0.68); and Chemistry (AUC=0.65,
95% CI from 0.61 to 0.69) (Table 4).

Once again, the admission test score appears to be predictive of RS2 achievement (AUC= 0.70,
95% CI from 0.64 to 0.76) (Table 4). Also in this case, the same scientific sub-areas have a greater
discriminating capacity than the others: Biology (AUC=0.62, 95% CI from 0.56 to 0.68),
Physics/Mathematics (AUC=0.63, 95% CI from 0.57 to 0.69) and Chemistry (AUC=0.63, 95% CI
from 0.57 to 0.69) (Table 4).

Table 4. Area under ROC curve (AUC) and relative 95% Confidence Intervals for total and per
subject area scores

RS1 RS2
AUC (95%CI) AUC (95%CI)

TOTAL 0.67 (from 0.63 t0 0.71) 0.70 (from 0.64 to 0.76)

Biology 0.61 (from 0.57 to 0.66) 0.62 (from 0.56 to 0.68)

Chemistry 0.65 (from 0.61 to 0.69) 0.63 (from 0.57 to 0.69)

General culture

Physics&Mathematics

Logic

0.55 (from 0.50 to 0.59)
0.63 (from 0.59 to 0.68)

0.54 (from 0.50 to 0.60)

0.57 (from 0.51 to 0.64)
0.63 (from 0.57 to 0.69)

0.59 (from 0.53 to 0.65)

Specific analysis of the ROC curve numerical values shows a value between 30 and 35 to be a
good cut-off score to use as a selection criterion for student admittance onto the course, in
accordance with the institutional one used by the Turin colleges (33.9 in the year 2014-2015). In

order to understand the reliability of the test, the real classification used at the University of Turin,
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i.e., Regular and TAR students (based on a cut-off score equal to 33.9), was evaluated in relation
to Reference Standard RS1 and RS2 (Table 5).

For both RS1 and RS2, Sensitivity is high (Se = 0.86, 95% CI from 0.82 to 0.89 for RS1; Se =
0.91, 95% CI from 0.84 to 0.95 for RS2), whereas Specificity is low (Sp = 0.31, 95% CI from 0.26
to 0.36 for RS1; Sp = 0.25, 95% CI from 0.21 to 0.28 for RS2). Analogously, positive Likelihood
ratios LH+ are both higher than 1 (1.23, 95% CI from 1.15 to 1.32 for RS1; 1.22, 95% CI from
1.14 to 1.25 for RS2), whereas negative Likelihood ratios LH- are both less than 1 (0.46, 95% CI
from 0.22 to 0.54 for RS1; 0.36, 95% CI from 0.23 to 0.56 for RS2).

The high values of Se indicate that the majority of students who achieve the RSs are from the
Regular group, while a low Sp indicates that a number of ‘Regular’ students are also among those
who did not achieve the two RSs (see Table 5). This interpretation is also supported by the good
value of LH+, which also indicates that being ‘Regular’ is a ‘protective factor’ to achieving both
RS1 and RS2.

For our study, however, it is essential to highlight the low value of LH-, which indicates that
relatively few TAR students achieved both RSs (in particular RS2). This indicates that a low score
in the test also predicts a low probability of achieving both RSs.

Table 5. Predictive capacity of the admission test on the number of CFU acquired

RS1 RS2
P1* N** p2* N2**
REGULAR 308 223 101 430
TAR 52 100 10 142
TOTAL 360 323 111 572
Se (95% CI) 0.86 (from 0.82 to 0.89) 0.91 (from 0.84 to 0.95)
Sp (95%CT) 0.31 (from 0.26 to 0.36) 0.25 (from 0.21 to 0.28)
LH+ (95% CI) 1.23 (from 1.15 to 1.32) 1.22 (from 1.14 to 1.29)
LH- (95% CI) 0.46 (from 0.22 to 0.54) 0.36 (from 0.23 to 0.56)

*P1: students who acquired half or more of the required credits at the end of the first year
**N1: students who acquired less than half of the required credits at the end of the first year
"P2: students who acquired all the CFU required for the first year

""N2: students who did not acquire all the CFU in the first year

4.DISCUSSION
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The admission of a significant number of students to the degree course in medicine at the
University of Turin who did not pass the admission test in the year 2014-2015 gave us, for the first
time, the opportunity to compare the academic results of two student groups in the same context. A
close correlation between academic success and test results was found; in particular, students who
got a high score in scientific questions were more likely to achieve the requested standards during
the first year. Thus, although improvements could still be made to the admission test, it seems to
be a good tool for identifying the students who are more likely to perform well during the first year
of the course.

Other studies have analysed the performance of students who passed an admission test versus open
access students (see, for example, Reibnegger G. et al."), but the comparison could only be made
between students of different years. In our case, registration year, lessons, programmes, teachers
and classroom characteristics were the same for both Regular and TAR students. For the purposes
of our study, it is important to point out that 80% of the TAR students achieved a score of 20 to 31
points in the test (the minimum score for the admission to Turin’s School of Medicine was 33.9).
This substantiates the TAR group as a good reference.

The Italian test is comparable to other tests used in international contexts, at least in relation to
question type and exam duration (Table 1), and for this reason our results may also be of interest
outside Italy.

It is important to highlight the similar results found in terms of usefulness and predictability. For
example, Sartania N. et al. > underlined a clear correlation between ‘total science score’ (our
Biology, Chemistry and Physics/Mathematic scores) and ‘education performance’ (our RS2,
although in Sartania N. ez al. > a longer observational period was considered).

"2 confirmed that admission tests are able to predict the academic

Most of the previous studies
results in the first year. Nevertheless, no generalized predictability is assessed in these studies, also
because of the variety of the evaluation periods and reference standards. For example, Sartania N. et
al® evaluated the overall career of the students, while Reibnegger G. et al.' and Kelly, M. E. et al..>
and our study considered the results of the first or second years. As far as the reference standards
are concerned, Reibnegger G. ef al' investigated the dropout rates (lower in the students passing the
2

admission test), whereas

skills.

was interested in prediction criteria for clinical and communication

The strengths of this study are the presence of a valid control cohort (TAR) and the possibility of
specific analysis per admission test subject area. Although several debates are ongoing in Italy

regarding which specific subject areas are most useful for discriminating between potential
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medical students, our study shows that the results for questions on biology, chemistry and
physics/mathematics in the current admission test present the best predictability.

Several limitations of our study should, however, be taken into consideration. First of all, we only
considered students admitted to the course of Medicine in Turin and not a wider Italian cohort.
Second, this work constitutes an initial explorative analysis, limited to the first year of the medical

course.

It is worth pointing out that the admission test is predictive of academic success, but not
necessarily the ability to practice as a Phisician. This aspect has been previously stressed by a
number of authors***, but no definitive conclusion has been reached. In general, however, we can
say that a single admission test is unable to predict ability to practice as a physician.

Important information could be obtained by following our two cohorts over a longer period of
time. Indeed, this study is ongoing in order monitor the two cohorts throughout the complete
academic path, re-evaluating their results also with respect to subjects (e.g. clinically oriented

courses) different to those considered in the admission test.

Conclusions

In conclusion, university admission test scores are able to predict subsequent academic success in
the first year of the degree course in medicine; the test is therefore useful for both students and
medical schools. Indeed, it discourages students who do not pass the test from enrolling in the
course, driving them towards alternative courses, and saving them both time and money. With this
selection procedure in place, universities are able to manage a lower number of more motivated
students with higher probabilities of obtaining success. This allows a more efficient use of
infrastructural and personnel resources. However, the discriminatory capacity of the admission test
could be improved by replicating the analysis presented at the end of the fourth and sixth years,

investigating the relationship between admission test results and clinical skills.
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

OK (pag.1-2) (b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
OK (pag.4-5 and pag.6 rows 1-6)

Objectives 3 State specific objectives, including any prespecified hypotheses OK (pag.6 rows 8-
11)

Methods

Study design 4 Present key elements of study design early in the paper OK (pag.6 rows 27-32 and
pag.7 rows 1-24 and Ref. 15-19)

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection OK (pag.6 rows 19-31)

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls OK (pag.5 rows 26-31 and pag.6 rows 19-23)
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable OK (pag.6 rows 19-31)

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group OK (pag.6 rows 13-31 and pag.7 rows 1-24)

Bias 9 Describe any efforts to address potential sources of bias OK (pag.11 rows 16-27)

Study size 10 Explain how the study size was arrived at OK (pag.5 rows 26-31 and pag.6 rows
19-25)

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why OK (pag.6 rows 28-31)

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

OK (pag.7 rows 1-24)

(b) Describe any methods used to examine subgroups and interactions not appl

(c) Explain how missing data were addressed NO Missing data

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—TIf applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses
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Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially

OK (pag.5 rows 26-31 eligible, examined for eligibility, confirmed eligible, included in the study,

and pag.6 rows 19-23) completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders OK (Table 2 and 3)
(b) Indicate number of participants with missing data for each variable of interest
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure OK (pag.6 rows 19-23 and Table 2 and Table 3)
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

OK (pag.7 rows 26-31 their precision (eg, 95% confidence interval). Make clear which confounders were

and pag.8-9) adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and

OK sensitivity analyses

Discussion

Key results 18  Summarise key results with reference to study objectives OK (pag.10 rows 19-25)

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias OK
(pag.11 rows16-28)

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence
OK (pag.10 rows 29-33)

Generalisability 21  Discuss the generalisability (external validity) of the study results OK (pag.10
rows 34-36 and pag.11 rows1-18)

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based

Not appl

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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