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ABSTRACT

Introduction: the training of future graduates from medical schools for responsible and qualified health care practice is a significant challenge. The
goal is for them to be equipped to solve problems that require higher-order cognitive skills. Thus, evaluating the acquisition of such competencies
becomes crucial. One assessment method that has been gaining attention in medical education is the Progress Test (PT). Cognitive theories have
advanced educational research related to assessment processes. In our study, we used the Structure of Observing Learning Outcome (SOLO)
taxonomy to evaluate and categorize the items of the PT applied at a medical school. The SOLO taxonomy (ST) allows for the necessary cognitive
analysis required for performing specific tasks, enabling a comprehensive observation of the student’s understanding. We also applied the
Classical Test Theory (CTT) in our study, calculating the difficulty index (DFI) and discrimination index (DI) for each multiple-choice item (MCI) of
the PT and correlating them with the SOLO classification.

Objective: the objective of this study is to evaluate the characteristics of the PT applied in a private medical school, analyzing its items based on
the assumptions of ST and correlating them with CTT.

Materials and Methods: this is a descriptive study with a quantitative and qualitative approach. According to the principles of ST, we conducted
the analysis and characterization of the items from a PT applied in a private medical school and correlated them with the DFl and DI.

Results: we found a balance between surface learning (SL) and deep learning (DL) across the total items, as well as a direct relationship between
the levels of DL and MCls consisting of clinical cases. We did not find statistically significant differences between the SOLO categories regarding
the means of DFI and DI.

Conclusion: the analysis of assessment activities should not be restricted to psychometric properties. Taxonomic tools, such as the ST, can
significantly aid in conducting these activities, aligning assessments with the curriculum and facilitating the creation of tests appropriate for the
desired level of learning, thereby promoting effective teaching progression.
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RESUMO

Introducao: A capacitacao de futuros egressos das faculdades de Medicina para uma prdtica assistencial responsdvel e qualificada de aten¢do a saude
é um desafio. O objetivo é que estejam aptos para a resolugdo de problemas que demandem habilidades cognitivas de ordem superior. Sendo assim, a
avaliagdo da aquisicGo de tais competéncias se torna muito importante. Um método de avalia¢do que vem ganhando atengéo no ensino médico é o
Teste do Progresso (TP). Teorias cognitivas tém trazido progresso em pesquisas educacionais relativas aos processos de avaliagéo. Utilizamos no nosso
estudo a Taxonomia Structure of Observing Learning Outcome (SOLO) para avaliar e categorizar os itens do TP aplicado em uma faculdade de Medicina.
A Taxonomia SOLO (TS) possibilita a andlise cognitiva necessdria para a realizacéo de determinadas tarefas, permitindo uma observagdo integral da
compreensdo do entendimento do aluno. Utilizamos também no nosso estudo a Teoria Cldssica dos Testes (TCT) e calculamos para cada item de multipla
escolha (IME) do TP o indice de dificuldade (IDF) e o indice de discriminagéo (ID), e os correlacionamos com a classificagéo SOLO.

Objetivo: Este estudo teve como objetivo avaliar caracteristicas do TP aplicado em uma faculdade privada de Medicina, analisando seus itens pelos
pressupostos da TS e correlacionando-os com a TCT.

Método: Trata-se de um estudo descritivo, de abordagem quantitativa e qualitativa. De acordo com os principios da TS, foram realizadas a andlise e a
caracterizagéo dos itens da prova de um TP aplicado em uma faculdade privada de Medicina e a correlagéo com o IDF e o ID.

Resultado: Verificamos um equilibrio entre a aprendizagem superficial (AS) e a aprendizagem profunda (AP) no total de itens e uma relagéo direta entre
os niveis de AP e IME compostos por casos clinicos. Néo verificamos diferenga estatisticamente significativa entre as categorias SOLO quanto as médias
do IDF e do ID.

Conclusao: A andlise das atividades avaliativas ndo deve ser restringida as propriedades psicométricas. Ferramentas taxonémicas, como a TS, podem
auxiliar de maneira significativa a realizacdo dessas atividades, de modo a conciliar as avaliagées ao curriculo, possibilitar a realiza¢do de provas
adequadas ao nivel de aprendizagem desejdvel e favorecer a progressividade do ensino.
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INTRODUCTION

The purpose of medical schools is to prepare future
graduates for responsible and qualified care practice. In this
sense, the learning assessment process is essential, as it makes
it possible to observe the results of educational interventions’.
The evaluation procedure is an important tool in the teaching
arsenal, being an instrument that drives learning %“. However,
the evaluation methods used are not usually designed to
identify the evolution of students’ cognitive abilities; in general,
they evaluate the acquisition of the studied contents, often
requiring simple memorization.

To contribute to the learning process, the assessment
must be planned in such a way as to reflect the objectives
expected to be achieved, at the cognitive, affective and
psychomotor levels, and allow both teachers and students to
identify their progress and points for improvement®.

An evaluation method that has been gaining attention
in medical schools is the Progress Test (PT), which evaluates the
students’ longitudinal cognitive performance®. The PT is applied
every six months or annually to all students of the course,
simultaneously, and consists of multiple choice items (MCls). The
PT content comprises the entire curricular matrix, being related
to its final objectives and based on the National Curriculum
Guidelines for the Undergraduate Medical Course 72,

The PT must demand from the students much more than
memorization. The MCls are prepared by teachers from the
institution itself or from consortia created for this purpose, and
a gradual cognitive gain is expected over the semesters?.

Due to the importance that the PT has been gaining in
medical education, it is relevant to evaluate whether the quality
of its items meets the premises of a good evaluation process.
This includes verifying that the PT MCls have:

« Discriminative ability: items should be able to
differentiate between students with different levels
of knowledge and abilities.

« Quantitative balance regarding the difficulty of
the items: There should be a balanced distribution
of items with varying degrees of difficulty, ensuring
that the test is challenging enough for all students,
without being overly easy or difficult.

« Appropriate cognitive complexity: Items should
require not only memorization, but the ability to
make correlations, inferences, and generalizations,
reflecting the cognitive demands of medical
practice.

It is important to differentiate between difficulty and
complexity regarding evaluative items. Difficulty is related
to factors that offer obstacles to solving a problem, while
complexity involves the cognitive skills needed to solve it.

Difficulty is usually evaluated statistically, while complexity
is evaluated qualitatively, frequently using educational
taxonomies®'°. Therefore, an item may have a high level of
difficulty and low complexity, or vice versa.

Among the statistical methods for psychometric
evaluation, the Classical Test Theory (CTT) allows the evaluation
of the difficulty index (DFI) and the discrimination index (DI) of
the items that comprise the test. The DFlis found by calculating
the ratio between the number of students who answered
correctly and the total number of students submitted to the
item.Thisindex ranges from 0 to 1. Table 1 shows a classification
of the items of a test in relation to the DFI and the expected
percentage of distribution in an evaluation'.

The DI is calculated by the difference between the
percentage of correct answers to a given item of the students
who performed better on the test and those who had a worse
performance. To attain this calculation, candidates will be
allocated into three groups: the upper group (27% of the
highest scores), the lower group (27% of the lowest scores)
and the intermediate group, with the remaining 46% of the
candidates'. Table 2 shows the criteria for the DI values and
the item classification according to its power of discrimination.

Regarding the item complexity, they can be evaluated
through educational taxonomies, which are classification

Criteria for distribution and classification of the item
difficulty degree by CTT.

Table 1.

Optimal quantity Item classification

Cssesment index | fegardingthe
(expected %)
10% Greater than 0.9 Very easy
20% From 0.7 to 0.9 Easy
40% From 0.3t0 0.7 Median
20% From 0.1t0 0.3 Difficult
10% Up to 0.1 Very difficult

Source: Vilarinho, 2015, p. 27.

Table 2. Values of the power of discrimination and item
classification according to the CTT.

Values Classification

Discrimination < 0.20 Deficient item, should be

rejected
s Marginal item, subject to
0.20 < Discrimination < 0.30 re-creation
e Good item, but subject to
0.30 < Discrimination < 0.40 improvement
Discrimination > 0.40 Good item

Source: Vilarinho, 2015, p 28.
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systems that allow the categorization of the learning levels
achieved by the students, being useful for the evaluation
system and planning of educational goals'>. Among the
existing educational taxonomies, the SOLO (Structure of
Observed Learning Outcomes) Taxonomy was conceived
under the idea that individuals learn different contents in
ascending stages of complexity'>'4,

Biggs and Collis™ proposed a categorization of the
stages of content understanding, called “modes of thought”,
based on the Piagetian stages. This system identifies different
degrees of thought formalization, allowing the quality of
learning to be assessed.

The SOLO Taxonomy (ST), derived from these concepts,
classifies the structure of demonstrated learning into five
progressive levels of cognitive complexity'*, as shown in Figure 1:

Pre-structural (SOLO 1): inadequate responses, irrelevant
or incoherent information.

Unistructural (SOLO 2): responses that are directed to a
single element of the task and therefore inconsistent.

Multistructural (SOLO 3): responses identify more than
one element of the task, but there is no integration of the
information, leading to inconsistencies.

Relational (SOLO 4): various information is identified
and relationships are established in a coherent way, with an
understanding of the whole, with no inconsistencies.

Extended abstract (SOLO 5): the response goes beyond
the elements of the item, moving towards abstraction and
generalization.

Studies have identified two main forms of learning: one
called surface and the other deep learning. Surface learning
(SL) is characterized by the reproduction of content without
connections or reflections, while deep learning (DL) involves an
intrinsic and reflective understanding, requiring sophisticated

Figure 1. SOLO taxonomy.

cognitive processes'. SL is formed by the SOLO 2 and SOLO 3
levels and the DL, by the SOLO 4 and SOLO 5 levels. SL is based
on the retention of concrete details, through memorization. DL
is more complex, requiring information relations, qualifying the
individual to understand mechanisms and principles and to
make generalizations or theorizations >,

Throughout the training, the students’ progress occurs
upwards, from a concrete to an abstract understanding,
developing skills to establish relationships and make inferences,
reflecting an increase in the ability to handle information
consistently and make generalizations.This ascending evolution
of the students’ cognitive process can be categorized as
learning cycles, which represent the way students understand
and operate the studied content, from the most concrete to the
most abstract one'.

Considering the exposed reasons, the objective of this
study was to analyze the psychometric characteristics of a PT
assessment by CTT, in relation to its difficulty and discrimination
indexes, in addition to categorizing the cognitive complexity
of its items by the ST assumptions. The ST was selected for
this study due to its ability to classify the complexity of the
learning structure demonstrated by students in a specific task,
identifying the thought processes involved, and the possibility
of differentiating surface learning from deep learning'®%.

MATERIALS AND METHODS

This is a descriptive study, with a quantitative and
qualitative approach. We analyzed the PT applied in the first
semester of 2022 in the Medicine Course at Universidade Prof.
Edson Anténio Velano, in the Belo Horizonte Campus (TPU2022-
1), applied to all students, from the 1% to the 12" semesters,
simultaneously, containing 120 MCls, with the content being
divided into the following areas of knowledge: surgery, internal
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Chart 1. Categorization system for TPU2022-1 items.

Knowledge
Question Examples of Command Verbs addressed in the item - .
50L0 and Their Relation with SOLO Relationship | C09"tive procedures involved for
Category Categories 1[_\]urpber Og between
opics use topics
Discuss, hypothesize, evaluate induction and/or deduction; requires
Abstract reason, estimate, criticize, interpret, 'gg?gg;?rtr"g?l IOf (;ieslcexssr;tdl ?riorz:gg?cc;?
(SOLO5) predict, reﬂ?ct, proglram,judge, Requires school, creati)(;n of hypotheses and
generalize, implement aE)SOtCIatlon generalizations
etween - - - -
Relational Pl integrate,refer,analyze,  Twoormore topics  JELEROR NG G2 KO TEHLESH
interpret, build, plan topics : " A
(SOLO 4) compare, in ' ! ! frequently discussed in the medical
summarize, relate, argue course
. induction and/or deduction; requires
Multistructural Dg;%'&i,eeticrﬁtel,eighﬁé;':lslfi)frﬂy, Used alone identification of relevant information
requen iscussed in the medica
(SOLO 3) o e Y fi tly di d in the medical
course
. . . induction and/or deduction; requires
Unistructural k:ﬁgg?g C}]encédféé)c:g?]?z'éeééﬁp;ggrzﬁe' A sinale topic  Not applicable identification of relevant information
requently discussed in the medica
(SOLO 2) o hraae ' gietop PP fi tly di d in the medical
parap course
Source: Adapted from Ceia'® and Pereira’®.
medicine, gynecology-obstetrics, pediatrics and collective  Chart 2. Item Categorization Form.
health, with 24 items for each area.
Below you will find the transcript of question n. ...... of the

The TPU2022-1 test was based on the TEP MINAS 2019
test matrix, which was prepared by the team of the Minas
Gerais Consortium of Medical Schools for the Progress Test (TEP
MINAS 1). TEP MINAS 1 comprise eight medical schools in the
state of Minas Gerais, including public and private entities.

The orders (guide for the creation of the questions) were
sent to the teachers of the institutions according to their area
of expertise. When delivered, the questions were reviewed, and
the necessary corrections were made.

The TPU2022-1 MCls were evaluated using CTT and
categorized according to the ST criteria. The categorization of
MCIs by ST was performed through an adaptation of the model
used for classifying the item complexity of an assessment
proposed by Mario Ceia?'. According to this model, the item of
an evaluation is analyzed based on the expected answer to the
question, considering three parameters: amount of knowledge
necessary for its resolution, cognitive operations involved in
solving the problem, and complexity of the requested answer.
Chart 1 shows the categorization system proposed for this study,
which was adapted from the studies by Ceia?' and Pereira'.
in Chart 1, the
Categorization Form (ICF), Chart 2, was created, where, for each

Based on the information ltem
item of TPU2022-1, the statement was transcribed, followed
by the alternatives and the answer key of the question. There
are also spaces in the ICF for analyzing the content of the
item, the cognitive procedures necessary for its resolution

and, finally, a space for its categorization according to ST. A list

UNIFENAS-BH Progress Test of the year 20......... Read the
question statement and evaluate the answer marked as
correct. Starting from the correct answer, analyze the contents
and cognitive procedures required to solve the question,
considering the Item Categorization System presented to
you. At the end, classify the complexity of the question
according to the SOLO Taxonomy.

Statement of the item:
Alternatives:

Answer key: ............

Content analysis:

Analysis of procedures:

SOLO Category of the question: ( ) SOLO 2 () SOLO 3
()SOLO4 ()SOLOS

Source: Prepared by the authors

of verbs frequently associated with each SOLO category was
attached to the ICF so that evaluators could consult and better
adjust their opinions.

Two medical professors, PhDs, who received training
on the ST assumptions for MCl categorization, participated in
the categorization of MCls, in addition to the main researcher.
A total of 33.33% of the TPU2022-1 items were selected,
which correspond to 40 items, using a systematic probabilistic
sampling method, so that the three evaluators could perform
their analyses to identify any categorization bias. Each evaluator
received the selected items and, after an individual analysis,
filled out the ICF. The evaluators’ analyses were compared and
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a high agreement rate, of 95%, was verified. Adjustments were
made by consensus, allowing a categorization calibration by the
main researcher. The other items were analyzed and classified
only by the main researcher.

All items of the TPU2022-1 were classified according
to the ST principles, in four levels of cognitive complexity:
unistructural, multistructural, relational and extended abstract.
The pre-structural level was not included, since the purpose
was to analyze the MCls of the PT in relation to the cognitive
complexity required for their resolution, so items with this
categorization were not expected. After the categorization, the
items were subdivided into two learning categories: surface
(SOLO 2 and 3) and deep learning (SOLO 4 and 5).

The MCls were also submitted to psychometric analysis by
CTT, where the discrimination index (DFI) and the difficulty index
(DI) were calculated for each item. As the PT is applied to students
with different learning cycles, the tests of the students attending
the last year of the course were considered as the reference for
the analysis by the CTT, since it is a representative sample of
students who completed 83.33% of the curricular matrix.

Aiming to investigate whether there was a significant
difference in the means of the measurements of the DFIl and DI
parameters regarding the SOLO levels, the Analysis of Variance
with 1 factor (One-Way) was applied to the data. Levene’s Test
for Equality of Variance was used to investigate whether the
variances between the categories were statistically different.
In addition, the effect size (Partial ETA squared) was calculated.
To investigate whether there was a significant difference in
the means of the measurements of the DFI and DI parameters
regarding the SOLO categories that represent surface learning
and deep learning (2 or 3 x 4), the Student’s t test for Independent
Samples was applied to the data. Levene's Test for Equality of
Variance was again used to investigate whether the variances
between the categories were statistically different. Moreover, the
Effect Size (Cohen’s d) was calculated. The results were considered
significant for a probability of significance of less than 5%, with at
least 95% confidence in the presented conclusions.

Table 4. Distribution of TPU2022-1 items by ST levels.

The present study was approved by the Research
Ethics Committee of UNIFENAS, under CAAE number
56009222.9.0000.5143, Opinion number 5.379.183; the waiver
of the Informed Consent Form was requested, and the Data Use
Commitment Term and the Assent Form were sent.

RESULTS

A balance was found between surface and deep learning
intheTPU2022-1 items. Approximately 41% were classified as SL
and 59.2% as DL, as shown in Table 3. When analyzed by specific
areas of knowledge, this balance was identified in the areas of
surgery, gynecology-obstetrics, and pediatrics. We did not find
a balance between surface and deep learning in the areas of
internal medicine and collective health,. In internal medicine,
we found that 87.5% of the analyzed items were related to DL
and 12.5% to SL. In the area of collective health, we found that
about 83.3% of the items were related to SL and 16.7% to DL.
Table 3 divides the TPU2022-1 items between SL and DL.

We did not identify any item related to the extended
abstract level, which is the level of greater cognitive complexity
of the ST. Table 4 shows the results of the analysis, according
to the ST levels of complexity, by areas of knowledge: surgery,
internal

medicine, gynecology-obstetrics, pediatrics, and

collective health.

Table 3. Distribution of TPU2022-1 items between surface
and deep learning.

Area/Soil Surface Learning Deep Learning
Surgery 7 (29.2%) 17 (70.8%)
Internal Medicine 3(12.5%) 21 (87.5%)
Gynecology/Obstetrics 10 (41.7%) 14 (58.3%)
Pediatrics 9(37.5%) 15 (62.5%)
Collective Health 20 (83.3%) 4 (16.7%)
Total 49 (40.8%) 71 (59.2%)

Source: Prepared by the authors (2023).

Area/SOLO Unistructural Multistructural Relational Abstract
Surgery 3(12.5%) 4(16.7%) 17 (70.8%) 0
Internal Medicine 2 (8.3%) 1 (4.2%) 21 (87.5%) 0
Gynecology/Obstetrics 7 (29.2%) 3(12.5%) 14 (58.3%) 0
Pediatrics 7 (29.2%) 2(8.3%) 15 (62.5%) 0
Collective Health 18 (75.0%) 2 (8.3%) 4 (16.7%) 0
Total 37 (30.8%) 12 (10%) 71 (59.1%) 0

Source: Prepared by the authors, research data (2023).
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We found that the items consisting of clinical cases that
required problem-solving skills provided greater exploration of
DL. Table 5 shows the strategy used in the formulation of the
items, based on the presence or absence of clinical cases. Most
of the items (84.2%) had the presence of a clinical case. The need
for a list of topics for the resolution of clinical cases is verified in
most of the items in the areas of knowledge, with the exception
of the collective health area, in which a considerable portion
of the items (54.2%) did not contain clinical cases, and when a
clinical case was present, which occurred in 11 items (45.8%),
only in two was the list of topics required for its resolution.

Regarding the psychometric analysis, we found that
10.8% of the items in TPU2022-1 had an DFI at the easy level,

Table 5. Presence or absence of clinical cases in the TPU2022-

1 items.
SOLOArealitem  GIENCOL  Ciovenlcase
Surgery 1 23
Internal Medicine 0 24
Gynecology/Obstetrics 3 21
Pediatrics 2 22
Collective Health 13 11
Total 19 101
Source: Prepared by the authors, research data (2023).
Table 6. TPU2022-1 Difficulty Index.
% of correct answers '\éﬂr:stt’ie;n‘:f Frecz&e)ncy
< 10.0% (Very Easy) 1 0.8
From 10.1 to 30.0% (Easy) 13 10.8
From 30.1 to 70.0% (median) 61 50.9
From 70.1 to 90.0% (Hard) 30 25.0
> 90.0% (Very difficult) 15 12.5
Total 120 100.0
Source: Prepared by the authors, research data (2023).
Table 7. TPU2022-1 Discrimination Index.
Discrimination Number of questions Frequency (%)
<20 95 79.1
0.20 <t0<0.30 15 12.5
0.30<to<0.40 8 6.7
>40 2 1.7
Total 120 100.0

Source: Prepared by the authors, research data (2023).

50.9% at the median level, and 25% at the difficult level. The
proportion of very difficult and very easy items was 13.3%.
Table 6 shows the results according to the DFI.

In our analysis, we found that 79.2% of the items had a
DI lower than 20%. About 2% had a DI greater than 40%. Table
7 shows the results according to the DI.

Table 8 shows that no statistically significant
difference was identified between the three SOLO categories
regarding the CTT parameters. It should be noted that the
Effect Size is considered small, therefore, corroborating the
statistical non-significance of the test. It is emphasized that
no statistically significant difference was observed between
the variances (Levene-> p > 0.05). Therefore, there is no need
to apply the Welch's test.

Table 9 shows that there was no statistically significant
difference between the SOLO categories that represent surface
and deep learning and the CTT parameters.

At the end of this article, there is a link to access the
analysis of all TPU2022-1 items according to the assumptions
of the ST.

DISCUSSION

The objective of this study was to evaluate the PT items
applied in a private educational institution, in relation to
their psychometric characteristics and cognitive complexity
through ST. Our results found a balance in TPU2022-1

Table 8. Comparative analyses between the SOLO categories
regarding the CTT evaluation parameters (difficulty
and discrimination).

SOLO Descriptive measures
Category N Mean + SD p-value

Difficulty Index
SOLO 2 37 60.9 +22.8
SOLO 3 12 621+194 2821

e F2,117=0.197
SOLO 4 71 58.5+24.4
Overall 120 59.6 +23.3
Discrimination Index
SOLO 2 37 15.0+10.6

0.484

SOLO 3 12 11.3+7.2 F2 117 =0.731
SOLO 4 71 134+9.6
Overall 120 13.7 £9.7

Database: 120 questions (SOLO 2 37 cases, SOLO 3->12 cases and
SOLO 4 =71 cases)

Note: SD - Standard deviation; P: Probability of significance of the
Analysis of Variance with 1 factor (One-Way).

F: Statistics of Analysis of Variance with 1 factor (One-Way).

- Levene’s test for equality of variance: p > 0.05. For both variables.
- Effect size (n%): n? < 0,01 - Effect size: Small (both variables).
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Table 9. Comparative analysis between the SOLO categories
(surface and deep learning) regarding the CTT
evaluation parameters (difficulty and discrimination).

SOLO Learning Descriptive measures

Category N Mean + SD p-value
Difficulty Index
Surface 49 61.2+21.8 0.544
Deep 71 58.5 + 24.4 t118=0.609
Overall 120 59.6 +23.3
Discrimination Index
Surface 49 14.1+9.9 0.684
Deep 71 13.4+96 t118=0.408
Overall 120 13.7+£9.7

Database: 120 questions (SOLO 2 37 cases, SOLO 3->12 cases and
SOLO 4 =71 cases)

Note: SD > Standard deviation; P: Probability of significance of the
Analysis of Variance with 1 factor (One-Way).

F: Statistics of Analysis of Variance with 1 factor (One-Way).

- Levene’s test for equality of variance: p > 0.05. For both variables.
- Effect size (Cohen’s d): d < 0.12 > Effect size: Small (both variables).

between the frequency of items related to SL and DL, with
a predominance of items related to DL. The areas of surgery,
gynecology-obstetrics and pediatrics were the ones that
showed this balance the most.

Researchers state that a balance in the item distribution
of an assessment, related to the levels of cognitive complexity,
contributes to a better assessment of learning. Therefore, a
balanced distribution according to learning taxonomies attains
great importance?. Despite the importance attributed to this
balance, it is assumed that medical course graduates are able to
solve complex problems. The expectation is that students in the
last semesters be able to solve activities, such as problem solving
and decision-making®. Therefore, we believe that activities
aimed at evaluating DL should prevail in the PT. The ST helps in
the construction and selection of appropriate assessment items
to verify the acquisition of attributes expected of a graduate
and that foster analysis rather than simple memorization.

The items classified as DL of the TPU2022-1 contained, in
most cases, a clinical case and the statement required problem-
solving skills and knowledge integration, requiring clinical
reasoning. Clinical reasoning requires a knowledge base,
enabling students to generate hypotheses, establish diagnoses,
and offer a conduct for solving clinical problems?, The use
of genuine clinical problem solving is an efficient measure of
clinical reasoning analysis?’.

The construction of higher-order thinking is crucial in
the training and practice of medicine?. DL is associated with
better effectiveness in medical education and is more related to
the students’ ability to keep updated after their training".

Another important applicability of learning taxonomies,
such as ST, is to offer students data on their level of cognitive
thinking. This becomes very significant at this time of paradigm
shift in Higher Education, in which autonomous learning,
centered on the student, is recommended?.

The non-identification of any TPU2022-1 item related
to the extended abstract level may be related to the use of
MCls, which may bring a certain limitation to the evaluation
of the higher taxonomic level*®*3'. Other evaluation strategies,
such as discursive items, are adequate to demonstrate this
level. However, it would be unfeasible to carry out an exam
with this type of item, in which the objective is to evaluate a
significant number of students, with a very extensive content®.
Thus, it is necessary to discuss a methodology that provides the
construction of items at a SOLO 5 level of the ST, through MCls.

The multiple-choice question method is widely used
in the evaluation processes of medical schools. MCl-based
assessments, when well designed, have the ability to assess
students at higher levels of knowledge, making this task a
challenging one*. The introduction of clinical cases in multiple-
choice tests improves the quality of this evaluation process to
measure clinical reasoning®. That was observed in TPU2022-1,
where many items required more complex reasoning through
clinical case resolution.

The psychometric analysis of the MCls of an assessment
is very important to confirm its quality. The MCls should be
evaluated to verify their validity and reliability®. It is very
relevant to assess the reason for choosing one answer option to
the detriment of others and the reason why the most answered
alternative is not the correct one®.

We found a satisfactory result related to the DFI, with a
lower percentage of very easy and very difficult items (13.3%),
with mostitems (86.7%) being within an acceptable range foran
evaluation process. Most of the MCls were at an unsatisfactory
level in relation to the DI, not allowing a differentiation between
the students with the best and worst performances, suggesting
the review of a significant number of items. This can raise
questions about interpretations and conclusions, based on a
test with this particularity.

Somefactors can affect the Dl of anitem, such as question
ambivalence, excessively difficult or easy solution, presence
of topics not discussed in the curriculum, students’ poor
preparation, students’ motivation, number of questions, time
to resolution, and environmental factors, such as temperature,
noise, and ventilation®’.
identified between the CTT
parameters (DFI and DI) and the ST categories. There was also

No correlation was

no correlation between the SOLO categories, which represent
surface learning and deep learning, and the CTT parameters.
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Bicudo et al*® demonstrated, in a progress test
applied to ten Brazilian medical schools, that items related
to high taxonomic levels achieved a better performance in
discrimination indexes.

When analyzing the questions through the ST, it is verified
that the degree of complexity is not a determinant of their
level of difficulty®**°. The degree of difficulty of the questions is
assessed by statistical methods, whereas the level of complexity
can be established by qualitative methodologies, such as ST'.
Thisinformation demonstrates that the quality of an assessment
must take into account, in addition to psychometric data, the
cognitive abilities involved in solving the items, that is, the level
of cognitive complexity required, data that are not evaluated by
the commonly used psychometric methodologies.

For a better performance of evaluation processes,
such as PT, it is very important to prepare the faculty for the
performance of its items. This requires a continuing education
program for teachers in medical schools for the development of
quality assessment items*. Learning taxonomies can contribute
considerably to the creation of well-planned assessments,
contributing to an effective learning environment?.

There are many evaluation techniques. No single
method should be used in the evaluation processes of medical
schools*'. An association of techniques is indispensable to
attain a satisfactory proof of the students’ performance***,

There are few studies in the literature that analyze
evaluations external to the ST. Mol* reviewed Brazilian
studies using the ST and found 14 studies, of which ten are
articles and four are dissertations. No theses were found
that addressed the ST. Only two studies were related to
higher education and none in the area of medical education.
Ferreira and Rocha* conducted a survey of the theses and
dissertations defended in Brazil that used the ST. They found
twelve studies, most in the area of exact sciences and none
related to medical education.

Some limitations of the present study should be
considered. The first is related to the fact that the study
comprised only one PT exam, from a specific medical school.The
analysis of a larger amount of evidence, including other medical
schools, may provide greater support for a more adequate
interpretation of the data. The fact that the categorization of
all items was performed by a single evaluator may also be a
limiting factor; however, it is important to observe the attempt
to standardize this analysis by three evaluators with a high rate
of agreement, a fact that favors the applicability of this analysis
methodology in the daily life of a school, where the teacher
often does not have a team of evaluators available.

Nevertheless, this study presents relevant contributions
to the process of reflection and development of evaluations

in medical education. It demonstrates the need to balance
analysis methodologies beyond psychometrics, including
those that consider the cognitive processes involved in
solving the questions. It demonstrates that the inclusion of
clinical cases favors the analysis of deep learning, and the
need to seek strategies for the creation of items with good
discriminatory capacity and balance in terms of difficulty
should be considered. The study also presents a methodology
for categorizing the cognitive complexity of MCls that should
be tested in new studies.

The data of this study can contribute to the inclusion
of an analysis group, which considers, in addition to the
statistical data of psychometrics, its characteristics in terms of
cognitive complexity.

CONCLUSION

The analysis of TPU2022-1 allowed us to investigate
characteristics of this tool, useful in the evaluation of the
students’ longitudinal cognitive performance. We found a
balance between SL and DL when all items were analyzed.
However, we did not observe this balance in the areas of internal
medicine and collective health. We found a direct relationship
between the DL levels of the ST and MCls consisting of clinical
cases. We found a good relationship for the DFI, but not for the
DI, suggesting the need for a critical analysis of the items. We
found no statistically significant differences between the SOLO
categories that represent SL and DL regarding the means of the
DFI and the DI, indicating that these methodologies evaluate
different particularities of the MCls.

The PT is a valuable instrument for evaluating
teaching and should be encouraged in medical schools.
Taxonomic tools, such as the ST, can significantly help in the
performance of evaluation activities, reconciling evaluations
with the curriculum, allowing the performance of tests that are
appropriate to the desirable level of learning, favoring teaching
progressiveness. The qualification of the faculty to carry out
evaluation activities is necessary. Workshops for assistance in
the creation of items should be offered to the teachers.

Complementary studies are essential to increase the
consistency of the use of this taxonomic tool in medical
education.
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