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Abstract
Introduction
Various forms of admission tests are used in most western countries to select the best candidates for
medical schools. Predictive ability of selected examination criteria with reference to student's results
obtained in pre-clinical and clinical courses constitutes an important factor that determines good
selection of candidates.
Aim of study
Assessment of the quality of final tests in physiology and pathophysiology courses as well as
retrospective analysis of the medical school admission criteria with reference to the results of preclinical education.
Materials and Methods
862 full-time and part-time Warsaw Medical University students, including 416 students admitted in the
academic year 2008/09 and 446 students admitted in the academic year 2009/10 to the two medical
faculties. The results of the biology, chemistry, and physics exams were analysed to assess the
admission criteria. The results of two physiology exams and four pathophysiology exams were used to
analyse the quality of multiple-choice question (MCQ) examinations in pre-clinical courses.
The quality of the exams was assessed by establishing the level of simplicity and differentiating power
of particular questions and the reliability of the exam was assessed by estimating Cronbach's α
coefficient. Moreover, the analysis involved the correlation between the results of physiology and
pathophysiology exams as well as between particular results of these exams and scores obtained by a
candidate during the admission procedure. The Pearson product-moment correlation coefficient was
used to assess the correlation.
The significance level for all analyses was established at p<0.05.
Results
A detailed analysis of the quality of physiology and pathophysiology exams demonstrated high
reliability of all MCQ tests (α> 0.08). Furthermore, neither the number of distractors, nor the number of
test versions significantly influenced the quality of these tests. Optimisation of examination tools
consisting in elimination of questions with a negative correlation improved the quality of tests (on
average by +0.02). Difficulty of particular tests was diverse and fell within 0.55 and 0.80. A correlation
analysis showed a statistically significant relation between the physiology exam results and
pathophysiology exam results (r value between 0.521 and 0.624, p < 0.001). The total reliability of preclinical exams was also high and fell within α = 0.872 – 0.922.
Assessment of the selective ability of the adopted admission criteria demonstrated that, while in the
case of students admitted to the full-time programme the total score obtained in the three key courses
(biology, chemistry and physics) had a positive correlation with the results of pre-clinical exams
(p<0.01), there was no such correlation in the case of part-time students. Moreover, the analysis of
individual criteria showed that chemistry was the best independent selection criterion, whereas biology
and physics indicated low or no correlation.
Conclusions
The accuracy of admission of appropriate candidates for medical school should be evaluated on
several levels during the course of studies as well as when monitoring a medical career of a graduate.
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There is a need to strive for a proper admission procedure that would allow for selection of the best
candidates for prospective doctors who would efficiently learn complex pre-clinical and clinical skills.
Keywords: medical education, admission criteria, pre-clinical education, educational measurement,
multiple-choice questions (MCQs).

1

INTRODUCTION

Medical studies have always been immensely popular with the high school graduates. There are on
average, 3-4 people per one place there. Universities accept candidates for the first year studies on
the basis of a competition, applying various strategies so as to select the best ones. Since 2005, the
mechanism of selection in Poland has been based on the results of national matura exam (an
equivalent of A-levels in UK, Baccalauréat in France or Abitur in Germany) [1]. The result of matura
obtained by a graduate becomes the basis on which he may be accepted at one of the 11 medical
universities, including the Medical University of Warsaw (WUM). Additionally, every university has the
right to establish their own criteria that would be included during the recruitment process, by deciding
which high school subjects and at what level (basic or extended) will become the basis of selection.
This means that individual medical universities may apply different recruitment criteria. Better
universities, which a much higher number of candidates apply to, have the possibility to use stronger
discrimination criteria and the selection of the best candidates from among all who decided to apply,
may be more effective. In many countries there are similar systems of recruitment, based on
evaluation the candidate by grade point averages (GPAs) in the USA or General Certificate of
Education Advanced Level (A-level) in the UK, and aptitude tests. GPAs assess knowledge of
academic subjects, such as chemistry and mathematics. Aptitude tests assess a mixture of reasoning,
intelligence and culturally acquired knowledge, such as vocabulary and geography [2]. Within the
recruitment process at WUM between the years 2008-2010, the results of national matura exam in
biology, chemistry and physics were taken as the basic criterion when accepting an application for
medical studies [3]. Since medical studies are extremely demanding and the career path requires
several years of learning prior to specialisation period and also constant further increase of
qualifications, it is of essence that only the best and most motivated candidates be accepted. Due to
the specificity of education in medicine and high costs, candidates ought to met very high demands,
so that it could be stated with high probability that they will achieve the professional and educational
success [4, 5].
In Poland, medical studies require 12 semesters divided into 6 years of studies. The first years are
devoted primarily to learning the basic disciplines that include subjects of morphological and biochemical and physiological profile, such as histology and embryology, proper anatomy, biophysics and
physiology. The third year of studies includes teaching pre-clinical disciplines with a group of subjects
from pathology: pathological anatomy or pathophysiology. Physiology or pathophysiology realise the
outcomes of B block: scientific basis of medicine to which 330 didactic hours are devoted (overall 25
ECTS points) [6]. Thus, learning in the first three years precedes the key elements for the future
doctor, i.e. classes in clinical subjects. Knowledge and skills gained previously are to help solve
practical medical problems and it is complemented with proper knowledge, specific to a given clinical
discipline. It may thus be assumed that competences gained during the first years of studies are prerequisite and a condition necessary for effective education in the clinical sciences in the future [7].
There were numerous works published within the last fifty years that concerned evaluation of
recruitment systems of medical universities, based on different criteria of candidates’ selection [4, 826]. One of the important aspects of this research is evaluation of predictive ability of the selected
criteria of recruitment and its influence on the outcomes gained throughout studies in pre-clinical and
clinical classes, also in relation to the points obtained in professional licence exams (e.g. USMLE,
United States Medical Licensing Examination). According to the recommendations of Admissions to
Higher Education Steering Group, an ideal and fair system of selecting candidates should, on the one
hand, be based on the criterion of a competence assessment, referred to as cognitive achievements,
and on the other hand, also non-cognitive features should be assessed [27, 28]. As Ferguson et al.
emphasise, (2002) [9] it is necessary to carry out well-planned, thorough and long-term prospectuve
research that would establish the real predictive value of the selected cognitive and non-cognitive
elements in relation to forecasting the future fate of prospective physicians.
The aim of this study was to evaluate the quality of final exams testing physiology and
pathophysiology, and retrospective analysis of selection criteria among the candidates for medical
studies in relation to the outcomes of pre-clinical teaching.
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2

MATERIALS AND METHODS

Data concerning 862 students of WUM were used in the retrospective analysis, including 416 students
from the year 2008/09 and 446 students from the year 2009/10 who were both full-time and part-time
students at two Faculties of Medicine. When analysing the criteria of candidates’ selection, results of
three entrance examinations were considered: biology, chemistry and physics. Whereas in the quality
analysis in form of a multiple-choice question (MCQ) exam from the section of pre-clinical education,
data from 2 exams in physiology and 4 exams in pathophysiology were used.
Raw outcome data were pre-developed using software TESTY version 7 (Testy komputerowe,
Copyright © 1994-2014 by Sławomir Zalewski). Information uploaded to database was further
processed using EXCEL (Microsoft, 2010) and exported to a statistical package of STATISTICA
(StatSoft Inc., version 10, 2011), where it was processed even further. All software programmes were
used according to WUM licence.
Evaluation of normal spread of parametres of individual exam results was assessed using a ShapiroWilk test and the analysis of resistance of data to the oultiers was performed using a Grubbs test. The
quality of individual questions from testing exams was assessed by establishing a coefficient of
easiness and discriminating replacement power, and in order to determine the level of reliability of the
test, an Cronbach’s α coefficient value was determined (Kuder-Richardson coefficient for the test
comprising of a two-categorical position) [29]. In order to compare the equivalence of test variants in
pathophysiology for the first and the second Faculty of Medicine, a non-parametric U Mann-Whitney
test of medians comparison was applied. Additionally, there was also performed an analysis of
correlation of outcomes in physiology and pathophysiology exams, and individual results of these
exams with scoring obtained by a candidate during a recruitment process to university. An r-Pearson
coefficient of linear correlation was applied.
The level of statistical relevance for all analyses was established at p < 0.05.

3

RESULTS

While analysing the results of individual editions of exams in physiology and patophysiology
considering the character of variable distribution, an asymmetric (oblique) and, in most cases,
deviating from the normal distribution of data set (kurtosis ≠ 0 and Shapiro-Wilk test, p < 0.05). Such
type of variable distribution is typical for exams of selective character. Individual editions of exam tests
differ in terms of a range of outcomes changeability, which is reflected in various values of variation
coefficients, hiatus in the outcomes and the range of points obtained by students in individual years.
While analysing individual parametres we may point out to the differentiated level of difficulty in
consecutive years. All results are presented in Table 1.
The measure of internal consistency of the test questions is the reliability of the test. The most
frequently used technique of evaluating the internal consistency for at least two factors is an
Cronbach’s α reliability coefficient. The analysis of individual editions of the exam points out to high
reliability of a test question set in consecutive years – α coefficient above 0.8. Detailed evaluation of
questions allowed to extract test tasks with a negative correlation and / or insufficient value of
discriminating power. Following the elimination of these questions from the exam set, the overall
reliability of tests was increased and after optimization, α coefficient increased by 0.02 on average.
The coefficient of test difficulty in consecutive years oscillated around 0.55 – 0.80 (Table 1).
Since there are two individual exams carried out in pathology, depending on the faculty the students
are on, there was an analysis of equivalence of variants performed for these exams. Because the
distribution of results in the compared groups differed to the normal one (Shapiro-Wilk test, p < 0.05),
therefore a comparison test of medians was also applied. In 2010, the students of the sophomore year
of Medical Faculty obtained significantly higher results in the exam in pathology as opposed to the
results of students from the first year (medians 69.0 and 55.0 respectively, U Mann-Whiney test, P<
0.001). In case of exams carried out in 2012, there was also a statistically important difference
observed, however, this time it was the students of the first year who gained higher results (U MannaWhiney test, P< 0.001).
In order to determine the relationship between the results obtained by the students in physiology and
pathophysiology, the analysis of correlations was performed. As presented in Table 2, statistically
significant correlations with r-Pearson coefficient values of above 0.5 were obtained. Moreover, total
reliability for exams in physiology and pathophysiology was calculated in consecutive years and the
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value of α coefficient obtained was above 0.85. A sample graph of distribution for the analysed
correlations was presented in Fig. 1.
In order to evaluate predictive ability of selective criteria for the candidates for medical studies,
recruitment data was used. The degree of correlation of ranking points and score from the subjects
criteria in biology, chemistry and physics was determined, with the points obtained by a student in preclinical education in physiology and pathophysiology. Assessment of selective skills of the accepted
recruitment criteria shows that, if in case of full-time students the overall score of points in three
subjects (biology, chemistry and physics) has a positive correlation with the results of preclinical exam
tests (P< 0.01), a similar dependence was not observed in case of part-time students. Moreover, the
analysis of individual criteria shows that, as an individual factor of selection, chemistry functions best,
whereas biology and physics present only a very weak correlation or none at all. Details of the
correlation analysis were presented in Table 3.

4

DISCUSSION

In order to select the best candidates for medical studies, in most Western countries different forms of
admission tests are applied. Internationally, standardised admission tests, such as the Medical
College Admissions Test (MCAT) [30], the Graduate Australian Medical School Admissions Test
(GAMSAT) [8], the UK Clinical Aptitude Test (UKCAT) [31], are widely used. However, their added
value to the selection process is yet to be clearly established [32, 33].
Until the year 2004 there was a uniform mechanism in Poland that would help select candidates,
based on the national aptitude test, which was similar in structure to other exam tests of that kind, e.g.
the American MCAT [30]. This exam would include the candidate’s evaluation in terms of his / her
knowledge and skills on the high school level in three subjects: biology, chemistry and physics. As of
2005, there has been a new mechanism of selection, based on the results of the national matura
exam. The same range of subjects is assessed as in the previous system. There are over 2 thousand
candidates applying for a place at WUM annually, 500 of whom has a possibility to study full- or parttime within the 6-year system of university education. Considering the fact that the number of
candidates is four times the number of available places, it is necessary to implement a well-planned
selection strategy and the university recruitment policy ought to be constantly controlled and
evaluated.
In available literature we can find various methodological models used in evaluating criteria depending
on their selective ability. In predictive studies it is determined how the applied criteria of selecting
candidates relate to the future achievements of students of medicine. The reference point can be
results of subject tests or average of overall score from the period of studies, or chosen thematic
parts: basic sciences, preclinical and clinical sciences [8]. Another end point of analysis could be the
result of the summarising exam or a licence exam of American type, such as USMLE [32], Canadian
LMCC (Licentiate of the Medical Council of Canada) [34] or British MRCP (Membership of the Royal
Colleges of Physicians) [35]. Finally, selective predictor in entrance examination could be evaluated
with reference to specialisation exams, e.g. USMLE step 2 cs and step 3 [36].
To be able to use the results of subject tests in evaluating the predictive ability of recruitment criteria,
they need to fulfil the conditions of high reliability and accuracy in their measurement of a student’s
achievements.
While analysing the parameters of descriptive statistics for individual editions of exams in physiology
and pathophysiology, we could point out to the differentiated level of difficulty in consecutive years.
Moreover, exams in pathophysiology organised twice a year for two different faculties are not
equivalent. The above observations are evidence that the conditions of measuring in consecutive
years of subject exams are not standardised. Therefore, the results of analysis of correlation with the
criteria of recruitment for candidates may be subject to some error in the lack of uniformity in
evaluation throughout the course of study.
Apart from equivalence in the test variation, its reliability is an important element, i.e. the measure of
the internal consistency of a set of test questions, most frequently measured with the use of
Cronbach’s α coefficient. Quality of individual questions influences reliability of a test as well as
balance in the selection of questions in terms of their difficulty and the range of scale in which the
obtained results are measured. It is assumed that a 100-question test is reliable enough if α is not
lower than 0.7. For the analysed test exams, high values of α> 0.80 were obtained. With such > 0.80
values, random errors constitute less than 20% of variability of the obtained results and the
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measurement in such conditions may be applied in individual differentiation [37]. However, it needs to
be pointed out that high values of α coefficient do not solve the problem of exam reliability since high α
value only means minimizing the influence of random errors on the obtained results, which does not
give any certainty as to the existence of systematic errors that are sometimes serious [37].
When creating good tools for assessment it is important to determine the accuracy of measurement
that answers the question: “what is being measured”? Accuracy here needs to be understood as
usefulness of a given tool in evaluating a certain set of features and properties of the examinee [38].
Due to the fact that the effects of education achieved by students as part of their course in physiology
are necessary to effectively evaluate issues in pathophysiology [6], a good measure of accuracy of
should be a positive correlation between the results in both subjects. As was shown in Table 2, for all
editions of exams in both subjects, there is a certain relevant statistical correlation and r-Pearson
correlation coefficients are higher than 0.5. The obtained linear model of dependencies is of average
2
quality because determination coefficient r has values within 0.25. This means that around 25% of
variability in evaluation of exam in pathophysiology may be explained by the results that a student
achieved in physiology. Concluding, it could be stated that the result achieved by a student in
pathophysiology exam is greatly dependent on the number of points he / she gained in physiology
test. In order to increase internal accuracy (also referred to as curriculum or content accuracy) of both
2
exams in the future (reaching value r > 0.5), a precise plan of tests should be elaborated that would be
consistent with the learning outcomes determined in the standards of teaching, including also crosssubject correlates [39].
Considering the above limitations, it may be assumed that to analyse the quality of recruitment criteria
for candidates for medical studies at WUM, a good endpoint would be to carry out assessment from
two exam subjects concerned with scientific basis of medicine: physiology and pathophysiology. The
analysis of correlation showed that a criterion that functions very well is a sum of ranking points (rPearson in a range of 0.22 – 0.42), whereas partial subject criteria: biology and physics correlate very
poorly with the results of pre-clinical exams (r < 0.28). Only chemistry, as an individual criterion, may
be comparable in terms of the power of correlation with the sum of ranking points (r < 0.35). It could
thus be concluded that using just a complex selection tool that assesses several fields of knowledge
and skills is appropriate for accurate choice of good candidates.
Most validation data concerning entrance exams to medical schools come from correlative study on
American MCAT [17-25]. The authors from the early 80s state that the power of correlation between
the MCAT result and the students’ achievements in their first years of studies ranges between 0.1 and
0.5, and on average it was around 0.3 [17-25]. Donnet et al. (2007) [23] set similar conclusions in his
meta-analysis, when he claimed that ‘The predictive validity of the MCAT ranges from small to
medium for both medical school performance and medical board licensing exam measures.’ The
range of correlation coefficient values was between 0.39 and 0.60 [23]. Even stronger correlations
were observed by the Association of American Medical Colleges (AAMC): 0.28-0.81 [24]. Also Julian
et al. (2005) [25], in his cross-sectional study in which 14 universities took part, pointed out that the
MCAT results and students’ achievements in the early years of studies are correlated on the level of r
= 0.55. Less numerous reports concern other exams, e.g. GAMSAT [8, 26]. Coates (2008) [8],
confirmed the relevance of correlation of the GAMSTAT results with the students’ achievements in
their first years of medical studies. Also Groves et al. [26] (2007) demonstrated the relationship
between the results of the third part of GASTAT (Reasoning in Biological and Physical Sciences) and
scores in students of their sophomore year.
Apart from evaluating the results of entrance exam as an individual criterion of selection, the
researchers undertook attempts of analysis of influence of other frequently used discrimination factor –
GPA. In the meta-analysis carried out by Ferguson et al. (2002) [9] it was shown that the predictive
value of the American MCAT in relation to future achievements of a student is significantly higher if
GPA is an additional criterion [9]. However, there are contradictory opinions as for the usefulness of
GPA as a good discrimination criterion, because in comparison with a student’s achievements at preuniversity education level, measured by GPA value, it is aptitude tests that are characterised by a
lower influence of socio-economic factors [4]. On the other hand, despite the recommendation of the
Admissions to Higher Education Steering Group which point to the need of using criteria of
assessment from the cognitive and non-cognitive field while selecting candidates for higher education
[27, 28], yet in many countries, including Poland, the only applied mechanism in the selection of
candidates is an aptitude test conducted externally. It needs to be emphasised that he supporters of
the purely cognitive system of recruitment draw our attention to the fact that applying complex and
time-consuming systems of assessment of candidates in terms of them representing the non-cognitive
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features desired in a doctor, is of very low predictive value in relation to achieving success in the
future. Furthermore, the critics of such recruitment solutions point to the fact that it is rather the value
of educational process within the medical studies that is of primary significance and predictive value
than initial selection based on non-cognitive predispositions of a candidate [2, 40, 41].

5

CONCLUSIONS

Accuracy of selection of suitable candidates for medical studies ought to be evaluated on several
levels as well as when monitoring the graduate’s medical career. The aim should be to ensure that the
appropriate recruitment process give a possibility to select the best candidates for future physicians
who will be able to deal with the science of complex both pre-clinical and clinical competences.
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Figure 1. Example of a graph with correlation between a score in the exam in physiology and
pathophysiology doe the 1st Medical Faculty between the years 2009-2010.
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Table 1. Summary of quality parametres of the subject exam results in physiology and
pathophysiology for two years of students from the first and the second year of Medical Faculty at
WUM.
Physiology
2009

Physiology
2011

Pathophysiology

Pathophysiology

Pathophysiology

2010

2010

2012

2012

(I i II WL)

(I i II WL)

(I WL)

(II WL)

(I WL)

(II WL)

100

100

99

100

98

100

Number of
options in a test
question

4

4

5

5

5

5

Number of
versions

2

2

2

2

4

4

416

446

280

102

325

112

P = 0.048

P< 0.001

P> 0.05

P = 0.006

P< 0.0001

P> 0.05

P> 0.05

P = 0.01

P> 0.05

P> 0.05

P> 0.05

P> 0.05

average

71.5

80.0

54.2

67.9

69.3

58.9

Median

72

81

55

69

70

59

Minimum

35

38

22

40

37

32

Maximum

93

98

84

86

89

86

Lower quartile

65

74

47

62

63

51

Upper quartile

78

88

62

75

76

68

9.40

10.24

10.58

9.83

8.98

11.75

Obliqueness

-0.312

-0.708

-0.199

-0.723

-0.571

0.064

Cronbach’s α

0.825

0.884

0.834

0.841

0.810

0.874

Number of
questions with
negative
correlation

7

0

9

13

5

8

Number of
question with
negative
differentiating
power

1

1

2

6

2

3

Index of test
difficulty

0.71

0.80

0.55

0.68

0.70

0.60

Cronbach’s α
after optimization

0.843

0.884

0.851

0.871

0.824

0.887

Number of
questions

Number of cases
Normal
distribution*
Data outliers**

Standard
deviation

* Shapiro-Wilk test (for P< 0.05 distribution is not normal).
** Grubbs test for outliers (for P< 0.05 presence of outliers).
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Pathophysiology

Table 2. Matrix of correlation of the sum of points gained in subject exams of physiology and
pathophysiology and evaluation of reliability of pre-clinical competences in these two thematic areas.
Physiology 2009
(I WL)
Pathophysiology 2010
(I WL)

Physiology
2009 (II WL)

Physiology
2011 (I WL)

Physiology
2011 (II WL)

r = 0.624*
α = 0.882

Pathophysiology 2010
(II WL)

r = 0.530*
α = 0.872

Pathophysiology 2012
(I WL)

r = 0.521*
α = 0.897

Pathophysiology 2012
(II WL)

r = 0.589*
α = 0.922

*P< 0.001
Cronbach’s α
Table 3. The analysis of correlation of subject exam results with the entrance exam results in biology,
chemistry and physics for two years of students, divided according to the form of the undertaken
medical studies.
Subject exam

Sum of the
recruitment
criteria

criterion:
BIOLOGY

criterion:
CHEMISTRY

criterion:
PHYSICS

Recruitment 2008
Physiology (2009)
- all students

r = 0.368*

r = 0.221*

r = 0.345*

r = 0.247*

r = 0.259*

r = 0.072

†

r = 0.230*

r = 0.143***

r = 0.343**

r = 0.173

†

r = 0.290***

r = 0.013

r = 0.417*

r = 0.272*

r = 0.349*

r = 0.276*

r = 0.259*

r = 0.113

†

r = 0.183**

r = 0.126***

r = 0.363**

r = 0.124

†

r = 0.271***

r = 0.110

- all students

r = 0.217*

r = 0.134**

r = 0.127**

r = 0.111***

- full-time

r = 0.232*

r = 0.123***

r = 0.127**

r = 0.091

†

- part-time

r = 0.045

r = 0.035

†

- full-time
- part-time

†

Pathophysiology (2010)
- all students
- stacjonarne
- niestacjonarne

†

Recruitment 2010
Physiology (2011)

†

r = -0.72

†

r = 0.043

†

Pathophysiology
(2012)
- all students

r = 0.256*

r = 0.148**

r = 0.117***

r = 0.122***

- full-time

r = 0.316*

r = 0.151**

r = 0.113***

r = 0.091

†

- part-time

r = 0.069

r = 0.171

†

†

r = -0.124

r – Pearson linear correlation coefficient
†
*P< 0.001, ** P< 0.01, *** P< 0.05, P> 0.05
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†

r = 0.050

†

