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ABSTRACT Objective: The objective of this study is to introduce
some statistical methods, which are thought to be used in evaluating
the ability of resident physicians to make the correct diagnosis, with a
sample application. Material and Methods: The most common way to
show the accuracy of a decision maker's decisions relative to the deci-
sions to be referenced is to construct an error matrix. In the ideal case,
all off-diagonal elements of the error matrix would have a value of zero,
indicating that no decision of the decision maker was wrong with re-
spect to the reference. The calculations of the methods in the study are
shown on a sample error matrix. The data in the error matrix are ran-
domly derived data. In the evaluation of the error matrix, the agreement
coefficients suggested by Bishop et al., Hellden and Short were used.
Results: When the decisions of the decision maker (assistant physi-
cian) and the reference (specialist physician) decisions are similar, the
variance of the error matrix decreases, the confidence intervals narrow,
and the value of the coefficients of agreement both in the categorical
and in general increases. Conclusion: Objective assessment techniques
rather than subjective assessment are important for the standardization
and quality of education. According to the findings, it was concluded
that the agreement coefficients for proficiency in specialization educa-
tion are usable and the quality of education will increase if they are
used together with other evaluation methods.

Keywords: Specialization education; categorical agreement;
competence; making a diagnosis

OZET Amagc: Bu caligmanin amact, asistan hekimlerin dogru tan
koyma yeterliliklerinin degerlendirilmesinde kullanilabilecegi diistinii-
len baz istatistiksel yontemleri 6rnek bir uygulama ile tanitmaktir.
Gerec ve Yontemler: Bir karar vericinin vermis oldugu kararlarin re-
ferans kararlara gore dogrulugunu gostermenin en yaygin yolu bir hata
matrisi olusturmaktir. Ideal durumda, hata matrisinin tiim kosegen digt
elemanlarinin degeri sifir olur ve bu da referansa gore karar vericinin
hicbir kararinin yanlis olmadigini gosterir. Calismada yer alan yon-
temlerin hesaplamalar1 6rnek bir hata matrisi tizerinde gosterilmistir.
Hata matrisinde yer alan veriler rastgele tiiretilmis verilerdir. Hata mat-
risinin degerlendirilmesinde Bishop ve ark., Hellden ve Short tarafin-
dan Onerilen uyum katsayilart kullanilmistir. Bulgular: Karar verici
(yardimer hekim) kararlari ile referans (uzman hekim) kararlari birbi-
rine benzedikge hata matrisine ait varyans kii¢iilmekte, giiven araliklar:
daralmakta, gerek kategori gerekse genel olarak uyum katsayilarinin
degeri biiyiimektedir. Sonug: Oznel degerlendirmeden ziyade nesnel
degerlendirme teknikleri egitimin standardizasyonu ve kalitesi i¢in
onemlidir. Elde edilen bulgulara gére uzmanlik egitiminde yeterlilik
icin uyum katsayilarinin kullanilabilir oldugu ve diger degerlendirme
yontemleri ile birlikte kullanilmasi halinde egitimin kalitesinin yiikse-
lecegi sonucuna ulasilmistir.

Anahtar Kelimeler: Uzmanlik egitimi; kategorik uyum;
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Assistant physicians (residents) are an important
element of healthcare delivery. One of the more chal-
lenging performance issues that assistant physicians
must be mastered is the ability to make an accurate
diagnosis. Making a diagnosis is a complex cognitive
proess that requires an assistant physician to possess
of medical and practical knowledge that they can
apply to often ill-defined clinical problems.! Compe-
tency-based medical education has emerged as a pri-
ority topic for medical education planners in the early
21% century.? Although the concept of competence is
focused primarily on the trainees (residents), the need
to clearly define the knowledge and skills needed by
the trainers today is also considered important.’> A
significant number of medical adverse events occur
due to errors in making a diagnosis. Hence, program
evaluation is an essential responsibility for anyone
overseeing a medical education program of assistant
physicians.* The quantity and quality issues of the
physicians who provide health services in the insti-
tutions still prevail today. Problems in the basic and
continuous education of almost all physicians serv-
ing in a variety of healthcare facilities are the main
reasons for the inadequacy in health service delivery.
Logically, the provision of a quality health service
depends on the training of physicians who take part in
health care services. Medical education is an expen-
sive, labor-intensive, and difficult process that needs
qualified and devoted manpower in today’s condi-
tions.’ Medical education in ancient ages and clinical
training in the modern times is a process that has been
still carried out within the framework of the “master-
apprentice” relationship. Those who are trained in
this model are like a copy of those who trained them.
However, the role of the masters in deciding whether
they are adequate for this training and when they be-
come competent is controversial. Today, a compe-
tency-based education approach is taken into
consideration while creating the goals and objectives
of the specialty education and the programs to be fol-
lowed to achieve these goals. Competence-based
traning is an educational approach that ensures the
training of physicians who are capable and compe-
tent in knowledge, skills, values, and behavior. In this
approach, a model of complete learning by doing and
practising is adopted.® It is stated that the term com-
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petence, which forms the basis of clinical evaluation,
per se is difficult to define and measure, and it is
claimed to be an ambiguous concept that is defined
differently by different people. Its relation to other
concepts such as talent, performance, and expertise
is also unclear. Although it is generally accepted that
clinical competence is crucial for making safe and ef-
fective decisions regarding diagnosis and treatment,
there is no standard definition of the concept. The
three ways of understanding competence are ex-
pressed as combining a set of general qualities such
as task-related skills, general qualifications required
for effective performance, and appropriate knowl-
edge, skills, and attitudes for professional practice.’
By Epstein and Hundert, professional competence in
medicine is described as the usual and logical use of
communication, knowledge, technical skills, clinical
reasoning, emotion, value, and thought in daily prac-
tice for the benefit of the individual and society
served. It is also stated that the basic clinical skills
are built on the foundation of scientific knowledge
and moral development.® Quality standards of spe-
cialty education in medicine should be developed and
implemented for both the training programs and the
educators. Three important factors determined to be
successful in the quality improvement initiatives of
specialty education programs in medicine are listed as
purpose, data-based changes, and continuous im-
provement process.” The understanding that the best
way to evaluate the quality of training provided in
specialty training is to evaluate the quality of its prod-
ucts has become dominant. For this reason, it is stated
that the standardization process will encounter vari-
ous resistance and will be painful. Basing this process
on the measurements taken from the assistants’ work-
ing in educational institutions, namely concrete data,
is important in terms of objectively seeing what the
items need to be corrected and thus avoiding the vi-
cious discussions caused by subjective evaluations.!”
At the beginning of the education process, the real-
ization of the desired behaviors is only expected. Al-
though education is defined as the process of creating
the desired behavioral change in an individual
through internal motivation in his own life the desired
behaviors may not always be fulfilled at the end of
the education process. Sometimes there are unwanted
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or desirable but not sufficiently acquired behaviors.
Identifying these inadequacies and undesirable be-
haviors in the education system, revealing the root
causes of these deficiencies, that is, monitoring and
controlling the functioning of the system, and ensur-
ing its improvement is only possible through meas-
urement and evaluation.!! The approach to specialty
education in medicine is rather oriented towards the
product and the expected output. Learning outcomes
in output-oriented education are determined; the con-
tent of the training program and how it will be or-
ganized, the training strategies to be applied, the
training methods, the evaluation methods, and the
training environment are handled within the frame-
work of the determined learning outcomes. Measure-
ment and evaluation will become one of the most
important issues in medical specialty education in the
future.'? In the literature, there are methods related to
the measurement and evaluation of medical educa-
tion, expressed as objective formal clinical exams,
mini clinical evaluation exams, scenario suitability
tests, portfolio, and 360-degree evaluations.'* Differ-
ent evaluation areas and measurement-evaluation
methods suitable for these areas are collected under
three headings;'

B Performance and work-based assessment
(clinical causation and decision making, manage-
ment, organization, professionalism, individual de-
velopment, etc.),

B Competence, clinical representation, clinical
and practical assessment (clinical skills, practical ap-
plications, communication skills, knowledge man-
agement, clinical processes, diagnosis, treatment,
follow-up processes, and protection),

B Information-oriented measurement and eval-
uation (information on the field of medicine).

In the specialty education in medicine, it is nec-
essary to acquire the equipment that will enable the
assistant physician to cope with the cases he will en-
counter in his professional life. It is thought that an
efficient health service can be provided with this
equipment.'’ Especially in the field of health care, the
things such as communication skills of physicians
with patients and patient relatives, behavior by moral
and legal rules, etc. are qualifications that should be
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acquired and evaluated during education. Patients ex-
pect physicians to be competent in diagnosing, plan-
ning management, and implementing practical
procedures, and while doing so, they expect them to
behave in a reasonable and attentive, and humane at-
titude.'® However, final decisions are important in
output-oriented education, and the competence to be
gained in the specialty training is to gain the ability to
make the correct diagnosis and determine the correct
treatment method. The objectives of the specialty
training required by the twenty-first century and the
programs to be followed to achieve these goals are
discussed extensively and the qualification criteria
differ according to the areas of specialty. Therefore,
the need for techniques to evaluate the accuracy of
the information obtained during residency training
cannot be underestimated. It is impossible to improve
this training without the methods of measuring and
comparing the accuracy and consistency achieved
using different criteria. Performance evaluation is the
process of determining how successful the assistant
physician is in his/her job using various methods, giv-
ing him feedback, and creating a development plan
that will strengthen his weaknesses as well as his
strengths. In this type of evaluation, the assistant
physician does not give simple answers as in paper
and pencil tests, he creates a product and this product
includes decisions regarding diagnosis and treatment
to a significant extent. Performance evaluation is a
valid and reliable method because it allows for mul-
tiple interviews, multiple evaluators, and evaluation
at different times and different settings.!” Perform-
ance-based assessment methods are recommended to
be used especially in the evaluation of applied areas.'
The purpose of this article is to introduce some sta-
tistical methods that are thought to be used in the as-
sessment of the competencies of assistant physicians.
It is not within the scope of this article to present all
the theoretical and practical details of the methods
described in the study. However, with this study, it is
expected that even users with a little or no knowledge
of statistical methods will see the usability of these
methods. In this study, two different methods are in-
troduced. The first method is concerned with calcu-
lating the overall amount of agreement between two
evaluators, taking into account all decisions made at
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the same time. The method is also a procedure that
allows testing whether two different agreement val-
ues are statistically significant. The second method
allows two decision-makers to calculate the amount
of agreement between them for each specific deci-
sion option.

I MATERIAL AND METHODS

The most common way to show the accuracy of de-
cisions made by a decision-maker relative to the de-
cisions to be referenced is to create an error matrix
table. The classical error matrix representation is
given in Table 1 for the case where n different deci-
sion categories (diagnosis, treatment method, etc.) are
indicated by K, K,,...K,,.

An error matrix provides many opportunities to
assess candidates’ reasoning and ongoing compe-
tence. This notation for conceptualizing the problem
is important because it provides a visual overview of
decisions and highlights two types of errors specific
to decisions. The errors stated here are the error of
defining a decision that is not included in the tth de-
cision category in the th decision category, and the
reverse identification error that occurs by placing a
decision that should be included in the ith decision
category in another category. In an error matrix, the
columns are generally the reference that is assumed to
be correct (decisions made by the specialist physi-
cian, laboratory results, etc.), while the lines show the
decisions made by the assistant physician. The error

matrix allows the assistant physician to determine his
performance for individual categories as well as for
his overall decisions. Ideally, the value of all non-di-
agonal elements of the error matrix would be zero,
indicating that no decision of the assistant physician
was wrong. Once the error matrix has been created, a
very simple procedure can be used to determine over-
all accuracy. Since the values on the main diagonal
represent decisions made correctly, these values are
summed and divided by the total number of decisions
classified. This number is the overall performance ac-
curacy of an error matrix and is the most common use
of the error matrix in accuracy evaluation. It has been
suggested to use Equation 1 as the general agreement
measure in calculating the agreement between two
evaluators for each error matrix.'®

N« Y0y Xy — 2 (X = Xyp) 1

K =
NZ — Z?=1(Xi+ * Xy

The agreement value (12), indicates how com-
patible the reference decisions are with the decisions
of the assistant physicians’. It may also be desirable
to evaluate the compatibility of two assistant physi-
cians with each other. The value of the test statistic is
calculated using Equation 2."-%

1?1_1’{\2 - 2
Joi+af

(K ,): the agreement value of the first assistant physi-
cian’,

TABLE 1: The representation of classical error matrix.
Specialist physician/Reference
K, K, Ky K1 K, Total
K X1 Xis
Ka X22 Xo
Assistant physician/ K3 X33 X34
Decision maker
Kin-1 Xin-t)n-1) Xty
Kn Xnn Xn+
Total Y Yo X+3 Xeny X N

Xi.: The number of patients diagnosed by the specialist and assistant physician for the ith disease category; X, ith row total; X, ith column total; K;: ith category;

N: Total number of observations.
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(K,): the agreement value of the second assistant
physician’,

The normal distribution of the test statistic given
by Equation 2 means that the values in the standard
normal distribution table prepared for different con-
fidence levels can be used to determine whether the
two matrices are significantly different. For example,
if the value of the test statistic at 95% confidence
level is outside the range of -1.96 <Z <1.96 it is con-
cluded that there is a significant difference between
the assistant physicians’ agreement. The variance of
K is calculated using Equation 3.

9,(1-49,)

2(1 = 9,)(20,8; — I5)
Z(K) N { 1-8,)2 +

a- 192)3

(1 - 9,20, - «w;)} 3
=0

The confidence interval in which the real value
of K is found is calculated using Equation 4.8

K- Zl—(a:/z) * O'C(«_(R\) < K < K + Zl—(a/z) * 0'_,)(?) 4

The agreement value given by Equation 1 is cal-
culated by taking into account all the information ob-
tained from decision-makers. However, by making use
of this information, it may be requested to determine
the agreement between decision-makers for a certain
category (depression, personality disorder, schizo-
phrenia, neurosis, etc.). Calculating agreement for each
category separately is important because the reference
and the assistant physician’ provide detailed informa-
tion on which categories are the least or the most com-
patible. Calculation of categorical agreement will
guide decision-makers to reconsider their decisions re-
garding the category they are least compatible with,
rather than all of their decisions, especially in cases
where overall agreement is low. It is suggested to use
the formulas given in Equation 5, Equation 6, and
Equation 7 in calculating the category agreement.'#2!22
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FUNX — XX
Z*Xii 6
MAy, = ——28
T Xt X10)
MA. = Xi; 7
KX+ Xe — X))

The calculations of the methods included in the
study are shown using the data given in Table 2.

The data are completely randomly derived data
showing the distribution of diagnoses considered
made by two assistant physicians and a specialist
physician (reference).

I RESULTS

Considering the information given in Table 2, the ac-
curacy and general agreement values between the ref-
erence decisions and the residents’ decisions are 0.72,
0.63, and 0.77, 0.69, respectively. Category agree-
ment values are given in Table 3.

As can be seen from the table, the agreement co-
efficients differ for each category. As the numerical
values outside the main diagonal increase, the agree-
ment between the decisions of the assistant physician
and the specialist physician decreases. It would be
appropriate to concentrate the training on the cate-
gory in which the value of the agreement coefficient
is low. The variances of each error matrix are
o2, (K,)=0.0035, 6%, (K,)=0.0031 respectively. Since
the decrease in the variance value indicates that the
value of the agreement coefficient increases, it is de-
sired to take a value as close to zero as possible The
95% conﬁdence intervals obtalned for the (K) values
are 0.51 <K1<0 75, 0.58 <K2< 0.80. When all cate-
gories are considered at the same time, the limit val-
ues of the confidence interval will increase as the
general agreement value increases. It is said that there
is no difference between the two assistant physicians’
matching the reference since it is calculated as
z=-0.8166.

I DISCUSSION

Assessment of competence is important to ensure that
assistant physicians’ are making safe and effective
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TABLE 2: Derived sample data for classical error matrix.
Specialist physician diagnosis
Depression Personality disorder Schizophrenia Neurosis Total
Depression 16 1 1 2 20
Personality disorder 1 16 2 1 20
Assistant Physician 1 Diagnosis Schizophrenia 17 0 23
Neurosis 1 23 37
Total 27 26 21 26 100
Depression 20 3 1 1 25
Personality disorder 1 18 2 3 24
Assistant Physician 2 Diagnosis Schizophrenia 2 17 0 23
Neurosis 2 3 1 22 28
Total 27 26 21 26 100
TABLE 3: Category agreement values for assistant physicians.
Kg MAy MAg
Decision maker Category Bishop et al."® Helldén?' Short?
Depression 0.73 0.68 0.52
Assistant Physician 1 Personality disorder 0.73 0.70 0.53
Schizophrenia 0.67 0.77 0.63
Neurosis 0.49 0.73 0.58
Depression 0.73 0.77 0.63
Assistant Physician 2 Personality disorder 0.66 0.72 0.56
Schizophrenia 0.67 0.77 0.63
Neurosis 0.71 0.81 0.69

decisions in diagnosis and treatment, although com-
petence is difficult to define and measure. Reliability
and validity are essential for the assessment of com-
petence, but it is claimed that reliability and validity
are rarely taken into account in the clinical evalua-
tion process. There is also a controversial issue as to
what level of competence can be considered inade-
quate and therefore a decision-maker. Considering a
series of decisions made by a person, if 90% is suffi-
cient, should it be considered sufficient in practice,
or should it be 100% sufficient? Puts the subject of
competence open to discussion. Competence assess-
ment is complex due to the lack of standardized meth-
ods. The literature includes reports of many strategies
used in assessing competence, but the evidence sup-
porting their effectiveness is often lacking. The quan-
titative methods used for evaluation ensure that the
decisions made are expressed in numbers, thereby
making the decisions more sensitive, obtaining ob-
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jective evaluations, and standardizing the evaluations.
The accurate assessment methods described in the
study use discrete multivariate analysis techniques.
Classification data is discrete because patients may
or may not fall into a particular disease category.
Thus, a patient can be classified as paranoia or schiz-
ophrenia, but not as half paranoia and half schizo-
phrenia. The methods mentioned in the article are
simple and understandable methods that show how
the amount of agreement regarding the decisions of
the evaluators can be measured using error matrices.
After the matrices are created, the evaluation can be
performed with a simple Excel application. The high
rate of accuracy should not mean that the agreement
value will also be high. As can be understood from
the error matrices, the large diagonal value in the cell
where the same categories intersect, among the diag-
onal elements used in determining the amount of
agreement, indicates that the amount of adaptation to



ismet DOGAN et al.

Turkiye Klinikleri J Med Sci. 2023;43(1):14-21

be obtained for the category in question will be high,
while the small amount of agreement for this cate-
gory will be low. The index given in Equation 5 does
not guarantee that the agreement remains between 0
(complete incompatibility) and 1 (exact agreement),
but can take negative values. The index given in
Equation 7, on the other hand, cannot reflect the high
harmony between the evaluators numerically as much
as the index given in Equation 6. Therefore, the index
suggested by Hellden should be preferred to other in-
dices. It is stated that the MA4,, index has no proba-
bility or mathematical basis, and is an index put
forward by Hellden which is completely logical.??
Difficulties in measuring proficiency in residency
training led researchers to search for different meth-
ods for measurement and evaluation. In this context,
it is considered appropriate to use the methods in-
cluded in the study as a measure of competence at the
level of accurate diagnosis. Considering the common
problems in qualification assessments, it can be said
that the proposed methods are reliable and valid
enough for use in the actual work environment as a
measure of performance on the job. By using the pro-
posed methods as an evaluation measure, it is possi-
ble in a relatively short time to draw reliable and valid
inferences about the assistant physicians’ ability to
make an accurate diagnosis using a sample of pa-
tients. Also, the proposed methods appear to be
generic enough to be used in many clinical applica-
tions and are not limited to specific professional roles.
Moreover, the proposed methods can be a useful aid to
the traditional performance evaluation or annual review
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process in a formative or summative sense as a self-as-
sessment or peer review tool for clinical use. The pro-
posed methods can be used as a part of a general
continuous quality improvement program in residency
training, in other words as a quality assurance method.

I CONCLUSION

As a result, it was concluded that the agreement co-
efficients are usable for competencies of assistant
physicians making an accurate diagnosis in special-
ization education and the quality of education will in-
crease if they are used together with other assessment
methods. By using the agreement coefficients sug-
gested in the study, the diagnostic competencies of
assistant physicians can be evaluated both in general
and for each category.
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