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Purpose: In our context, problem-based learning is not used in the preuniversity environment. 

Consequently, students have a great deal of difficulty adapting to this method, particularly 

regarding self-study before the reporting phase of a tutorial session. Accordingly, the aim of this 

study was to assess if the application of an assessment test (multiple choice questions) before 

the reporting phase of a tutorial session would improve the academic achievement of students 

at the preclinical stage of our medical course.

Methods: A test consisting of five multiple choice questions, prepared by tutors of the module 

at hand and related to the problem-solving process of each tutorial session, was applied fol-

lowing the self-study phase and immediately before the reporting phase of all tutorial sessions. 

The questions were based on the previously established student learning goals. The assessment 

was applied to all modules from the fifth to the eighth semesters. The final scores achieved by 

students in the end-of-module tests were compared.

Results: Overall, the mean test score was 65.2±0.7% before and 68.0±0.7% after the introduction 

of an assessment test before the reporting phase (P<0.05). Students in the sixth semester scored 

67.6±1.6% compared to 63.9±2.2% when they were in the fifth semester (P<0.05). Students 

in the seventh semester achieved a similar score to their sixth semester score (64.6±2.6% vs 

63.3±2%, respectively, P>0.05). Students in the eighth semester scored 71.8±2.3% compared 

to 70±2% when they were in the seventh semester (P>0.05).

Conclusion: In our medical course, the application of an assessment test (a multiple choice test) 

before the reporting phase of the problem-based learning tutorial process increases the overall 

academic achievement of students, especially of those in the sixth semester in comparison with 

when they were in the fifth semester.

Keywords: problem-based learning, self-directed learning, medical education, undergradu-

ates, assessment

Introduction
Problem-based learning (PBL) was developed at McMaster University in Canada in 

1969; subsequently, PBL was introduced in Europe at the University of Limburg in 

Maastricht in the 1970s and spread throughout the world thereafter.1 However, cur-

rently, its use in medical courses is not standard.

In PBL, a problem is discussed by a small group of students, usually no >10 stu-

dents, under the guidance of a tutor, who encourages the students to solve the problem 

by allowing them to activate previous knowledge about the topic under discussion in 

a process called the tutorial session. In addition, because of ample discussion among 

peers, the students have the opportunity to acquire new information about the topic at 
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hand from their colleagues, which provokes retention in the 

long-term memory. However, such knowledge is not usually 

enough to solve the problem and the students perceive that 

they must learn more about the topic under discussion.

Thus, students identify gaps in their own knowledge and 

establish their own goals to be studied at home (the analyzing 

phase). They spend a defined period in self-directed study. 

Following this period, usually on another day, they meet again 

to finalize the problem-solving process (the reporting phase). 

Therefore, this is an active learning process where the tutor 

does not try to transfer knowledge; rather, the tutor facili-

tates students to construct their own knowledge.2 Figure 1 

illustrates and summarizes the PBL process.

PBL, therefore, is a didactic method that uses the follow-

ing modern insights on learning: constructivism, self-directed 

learning, collaborative process, and contextual process. Self-

directed learning means that the learners, under the guidance 

of a tutor during the tutorial process, are able to recognize 

gaps in their own existing knowledge, plan how to fill such 

gaps by selecting appropriate strategies, and monitor the pace 

at which their own learning process runs.3

Self-directed learning is partially reliant on both intrinsic 

motivation and extrinsic motivation. Intrinsic motivation 

means learning as a result of discovering something, particu-

larly from coping with and solving problems.4 Self-directed 

learning skills are of utmost importance for the PBL process 

to be successful, permitting students to be aware of their learn-

ing needs and the use of appropriate information resources.3

Self-study, the manner in which self-directed learning 

works, ultimately allows the students to fill gaps in knowledge 

detected during the tutorial process and prepare them for 

the collaborative learning that occurs during the reporting 

phase of tutoring.2 Self-study is fundamental for physicians 

practicing medicine in our time and potentially makes the 

student a lifelong learner.

Assessment, defined as the “quality measures used to 

determine performance of an individual medical student”, 

is an integral component of a PBL medical curriculum 

and is believed to drive learning.5 If performed in the field 

of problem solving, assessment fulfills a requirement of a 

PBL medical curriculum.6 There have been several methods 

of written assessment in the context of the PBL medical 

teaching approach. They consisted of outcome-oriented 

instruments, which assess student performance, and process-

oriented instruments, which assess and reflect on how the 

educational goals are obtained by students. Multiple choice 

questions belong to the outcome-oriented group of assess-

ment instruments.7

Written assessment has been used worldwide as a means 

to monitor student acquisition of the core curriculum knowl-

edge. In particular, multiple choice questions have largely 

been used because they are extremely reliable, easy to use, 

easy to design, can test more than mere facts,8 and can reli-

ably identify poor students.9 Furthermore, multiple choice 

tests have been shown to be useful in the development of 

problem-solving skills.7 More importantly, tests have been 

found to play an important role in positively influencing self-

directed learning.10 Collectively, such findings suggest that 

assessment can be an extrinsic motivation to learn.

In our region, the PBL method is not used in preuniver-

sity education, there are several deficiencies in elementary 

and high education, and students are immature because 

they enter the medical course at an average age of 17 years. 

Therefore, students have some difficulty adapting to the 

medical course.11 Consequently, we have observed several 

dysfunctional groups during the tutorial process because of a 

low level of self-study before the reporting phase of a tutoring 

session. Based on the facts already outlined, and in an attempt 

to stimulate more self-study, we introduced an assessment test 

(a multiple choice test) before the reporting phase.

Figure 1 Development of the tutorial session and the intervention moment.
Note: Data adapted from Schmidt.2

Analyzing
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Accordingly, the purpose of this study was to determine 

if such a strategy would improve academic achievement, 

as measured by the mean of scores obtained at the end-of-

module test of the three modules run each semester at the 

preclinical stage of the medical course. This article shows 

the results of such a strategy.

Methods
Setting and subjects
Details of our PBL curriculum have been described else-

where.11 Briefly, to become a doctor, the student has to 

successfully complete 12 semesters. Each semester has ~60 

students. From the first to the eighth semesters, there are 

three curricular units, tutoring, medical skills, and primary 

care. From the ninth until the 12th semesters, the student 

completes an internship, which, according to the Brazilian 

Guidelines for Medical Courses, is divided into pediatrics, 

internal medicine, surgery, obstetrics and gynecology, family 

medicine, and emergency medicine.

Regarding the tutoring curricular unit, three modules run 

each semester. Each module is composed of five problems, 

which are solved in the tutorial sessions, and lasts ~6 weeks. 

The first 2-hour tutorial session consists of problem analysis 

by students (usually 10 students) under the guidance of a 

subject-matter expert tutor; this is when students establish 

the learning goals for self-directed study. The second 2-hour 

tutorial session occurs on another day in the next week and 

consists of the reporting phase; that is, the tutorial session 

follows the seven steps developed by Schmidt.2 In each 

module, two subject-matter expert tutors guide the learning 

process of 20 students.

From the first to the fourth semesters, students are 

guided by tutors to develop cognitive skills in solving prob-

lems related to morphophysiological aspects of medical 

knowledge. From the fifth to the eighth semesters, cognitive 

activities are developed to acquire skills for problem-solving 

clinical cases related to the most common diseases in our 

region. All tutors have been trained at our institution on how 

to run a tutorial session before guiding the tutorial process, as 

all of them have graduated in a discipline-based curriculum, 

thus needing to gain experience with the PBL method.12

All tutors are specialists in the topic at hand. Since from 

the first to the fourth semesters, the problems solved in the 

tutorial session are not related to human diseases, tutors are 

not necessarily medical doctors. However, as the problems 

discussed from the fifth to the eighth semesters are related to 

the most prevalent diseases occurring in our region, all tutors 

are specialist physicians in the subject under discussion in 

the tutorial session.13 This means, for instance, that tutors 

for the cardiovascular system diseases module are clinical 

cardiologists.

The tutorial sessions run in parallel to real examinations, 

either at an infirmary service or at an outpatient service, of 

patients with similar problems to those discussed in the tuto-

rial. In an attempt to increase the amount of time spent in 

self-directed learning, the planning group recommended the 

introduction of assessment tests (multiple choice questions) 

immediately before the reporting phase of the tutorial ses-

sion. Such tests were included in the first semester of 2012.

The tutors who run the tutorial session design the assess-

ment tests in line with the learning goals established by the 

students in their tutorial group. They are five alternatives 

with only one correct answer. The tests are of the key feature 

type, which is appropriate for assessing problem-solving 

skills; occasionally, factual recall tests (a test in which no 

problem-solving skill is required) are given to students. Since 

the tutors who guide the learning process prepare the tests, 

they are aware of the learning goals established by students. 

They prepare the tests together. All students of a given module 

undergo the same tests.

At the end of each module, the students undergo a final 

examination consisting of 12 multiple choice questions. 

This final examination is important because it determines 

whether the student passes or fails the module. Therefore, 

we analyzed the mean scores obtained from three end-of-

module tests across two semesters. Figure 2 illustrates and 

summarizes the assessment process in our medical course. 

Three different groups of students across two semesters, first 

semester of 2012 and second semester of 2012, were included 

in the study. The introduction of the assessment test before 

the reporting phase of the PBL tutorial process was made 

between these semesters; therefore, the final scores achieved 

by the fifth semester students in the first semester of 2012 

were compared with the final scores achieved by the same 

students in the second semester of 2012 as the sixth semester 

students, and so on for the second group (sixth semester in 

the first semester of 2012 and seventh semester in the second 

semester of 2012) and third group (seventh semester in the 

first semester of 2012 and eighth semester in the second 

semester of 2012). In this study, therefore, students were 

used as their own controls.

One hundred fifty-six student scores were initially 

screened for the study; three students from the eighth semes-

ter (the second semester of 2012) presented incomplete 

paired scores and were removed from the study. Therefore, 

153 student scores are presented in the study.
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Ethics statement
Anonymization was obtained as follows: the main investiga-

tor had access to full data; he/she extracted the scores of stu-

dents from a given semester and paired them with the scores 

of the same students when they were in the subsequent semes-

ter. In doing so, the students were anonymized and the data 

obtained protected. The study was previously approved by the 

Ethics Committee of the National Ministry of Health/Uni-

versity of Ribeirão Preto (CAAE: 42348815.7.0000.5498). 

All students participated on a voluntary basis and provided 

written informed consent.

Statistical analysis
Data are presented as mean (M) ± standard error mean. 

The paired Student’s t-test was used to compare the end-of-

module test scores between each group of students according 

to their semester. The nonpaired Student’s t-test was used to 

compare the total scores for global analysis before and after 

the introduction of the assessment test before the reporting 

phase of the PBL tutorial process. The 95% confidence 

interval (CI
95

) was established for each variable. A P-value 

of <0.05 was considered to have statistical significance. For 

the statistical analysis, the software GraphPad Prism (5.0) 

was used.

Results
Overall, the mean score was 65.2±0.7% before and 

67.6±0.7% after the introduction of the assessment test before 

the reporting phase (P<0.05). Students in the sixth  semester 

scored 67.6±1.6%, whereas in the fifth semester, they scored 

63.9±2.2% (P<0.05, n=59). However, the students in the 

seventh semester maintained similar end-of-module test 

scores compared to their previous, ie, sixth, semester scores 

(64.6±2.6% vs 63.3±2.0%, P>0.05, n=53). Similarly, the 

end-of-module test scores achieved by students from the 

eighth semester were not significantly different compared 

to their previous, ie, seventh, semester scores (71.8±2.3% 

vs 70.0±2.1%, P>0.05, n=41). The data are summarized in 

Table 1.

Discussion
This study shows that an assessment test before the reporting 

phase of the PBL tutorial process is associated with improved 

student achievement, by the same group of students, in 

the sixth semester compared with the fifth semester of the 

Figure 2 Diagram showing the distribution of modules, problems, and tests in the fifth semester before and after the intervention (introduction of assessment tests before 
the reporting phase of the tutorial sessions).
Note: The same can be found in other semesters.
Abbreviations: A, analyzing phase; FE, final examination; P, problem; R, reporting phase.

Before the intervention

After the intervention

Module XIII
P1
A
R R R R R

A A A A
P2 P3 P4 P5

P1

Test Test Test Test Test
A

R R R R R
Test Test Test Test Test
R R R R R

Test Test Test Test Test
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A A A A
P2 P3 P4 P5 P1

A A A A A
P2 P3 P4 P5 P1

A A A A A
P2 P3 P4 P5

P1
A
R R R R R

A A A A
P2 P3 P4 P5 P1

A
R R R R R

A A A A
P2 P3 P4 P5

FE FE FE

FEFEFE

Module XIII

Fifth semester
Module XIV

Fifth semester
Module XIV

Module XV

Module XV

Table 1 Mean final scores obtained by students at the end of a 
semester in comparison with those obtained by the same students 
in the subsequent semesters following intervention (introduction 
of assessment tests) in the tutorial session’s reporting phase

Semester Score percentages  
(mean ± SE)

Students (n) P-value

Fifth 63.9±2.2 59
Sixth 67.6±1.6 59 <0.05
Sixth 63.3±2.0 53
Seventh 64.6±2.6 53 >0.05
Seventh 70.0±2.1 41
Eighth 71.8±2.3 41 >0.05

Note: Paired t-test (CI95).
Abbreviations: CI95, 95% confidence interval; SE, standard error.
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medical course. However, the same fact was not observed in 

students in the other two groups, ie, students in the seventh 

semester compared with the sixth semester and students in 

the eighth semester compared with the seventh semester. The 

reasons for this are unapparent from our study.

Learning is a cumulative process in a PBL context. This 

means that problem analysis, self-study, and the report-

ing phase of the tutorial session are interdependent on the 

learning process; each step prepares students for learning 

in the next step. The problem analysis phase is important 

to activate previous knowledge,3 which, if provided in a 

contextual manner, facilitates memory retention.14 Fur-

thermore, the problem analysis phase should particularly 

activate  previous metacognitive knowledge, ie, the ability 

to use effective strategies within a given domain, because 

it facilitates self-learning.15

Perhaps, self-study is the most important part of the tuto-

rial process in terms of cognitive achievement. In a study of 

218 students in the second year, Yew et al16 observed that 

the number of concepts recalled following self-study and 

the reporting phase (collaborative learning) were higher in 

comparison with the number of concepts known at the initial 

phase. Importantly, the number of new concepts that emerged 

following self-study was higher than that found following the 

reporting phase. Self-study is also important for the learn-

ing process because it will improve problem-solving skills 

acquisition. In clinical practice, students will face clinical 

problems similar to those seen in the tutorial process. There-

fore, they will recall how to solve the clinical problem via 

their context-dependent memory,17 ie, the contextual process 

(contextualized learning). Thus, self-study is important in all 

phases of learning in the tutorial process.

If, on one hand, self-study is important for the learning 

process, on the other hand, its absence prejudices knowledge 

acquisition. Considering the collaborative aspect existent in 

the learning process among the small groups of students, 

we can consider that the previous preparation for self-study 

can interfere with the depth of knowledge within the student 

group. In this respect, Dolmans and Schmidt18 have shown 

that a nonprepared student negatively interferes with the 

learning of the group by breaking up the process of mutual 

dependence observed during the discussion of the study sub-

ject. Therefore, the necessity of each member of the group 

to accept some kind of conceptual assessment can enrich the 

learning of the whole group.

Taking into account that all the topics related to a module 

must be studied by all students, it is necessary for all students 

in the group to achieve the same learning goals for self-study. 

In this regard, the introduction of assessment tests containing 

questions related to the learning goals, previously defined 

in a given module, ensures that the content of the module 

would have been covered. Furthermore, since these tests are 

designed by tutors, who guided the tutorial session, they are 

directly related to learning goals defined on a weekly basis 

in the tutorial sessions. These tests allow, therefore, the 

monitoring of students’ cognitive acquisition in each unit.

Student assessment enriches the teaching–learning pro-

cess in diverse ways, but it must be in line with curriculum 

objectives.19 For the student, it provides feedback about the 

level of the acquired learning, new knowledge by contact with 

the correct information, and motivation to reach the learning 

goals for the subject. For the faculty, it allows evaluation 

of the effectiveness of teaching activity and indicates the 

efficacy of application of curricular aims.6,20

In this study, we used assessment testing before the report-

ing phase of the tutorial session in an attempt to stimulate 

student self-study based on the learning goals established by 

themselves. We expected that these assessment tests could 

ultimately improve the end-of-module test outcomes for 

several reasons. 1) Assessment testing following a learning 

experience (eg, self-study) improves performance in a sub-

sequent test.21 2) Assessment tests were based on learning 

goals established by students, thereby facilitating retention 

of the material tested.21 3) As each module has five problems 

to be solved, students would have the opportunity to undergo 

several assessment tests, practice that would facilitate achiev-

ing a high score in the end-of-module test.21

It is difficult, therefore, to account for why only the stu-

dents in the sixth semester benefited from testing before the 

reporting phase. These students are introduced to the patho-

logical and clinical aspects of the most prevalent diseases 

that affect the population in our region. It is conceivable 

that, in this regard, they are not knowledgeable enough to 

solve problems related to human diseases. In other words, 

they do not have, at this stage, the necessary cognitive skills 

to self-regulate and to reflect on their learning process.22 

Since the tutors responsible for guiding their tutorial session 

are subject-matter experts, it is possible that students in the 

fifth semester rely on tutor expertise to guide their learning 

process.23 By contrast, our other students, in the seventh and 

eighth semesters, could be more experienced learners in the 

clinical setting. This could make them more independent 

of tutors to be successful in the cognitive activities and 

academic achievement. In addition, they might have more 

skills to plan, monitor, and reflect on the learning process, 

thus becoming learners who are more expert. Hence, they 
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probably have more intrinsic motivation to learn at this stage 

of the medical course.

Another potential explanation for the results of this 

study is related to the assessment test format. We used 

multiple choice questions. We did not control the type of 

multiple choice question, meaning that such tests might have 

been used for factual recall rather than solving problems 

(the so-called key feature test).8 Since student performance 

is better with the latter than with the former,21 the tests used 

would not influence the outcomes of more experienced 

students, who rely on well-functioning tutorial groups for 

cognitive achievement. Furthermore, we did not account for 

students guessing the answers to multiple choice questions, 

meaning that the examination grade may not accurately 

reflect the students’ knowledge. If the possibility of cor-

rectly guessing multiple choice answers had been taken 

into account, perhaps we would be able to identify poorly 

performing students from the sixth to eighth semesters,9 

making the test discriminative.

This study has limitations. 1) It is retrospective. There-

fore, the data obtained in this study should be received with 

caution. 2) We used only multiple choice questions in the 

assessment testing. Moreover, such tests were not always of 

“key feature” format, which might have precluded the assess-

ment of clinical problem-solving skills. It would be interest-

ing to use other types of testing to stimulate self-directed 

study.24 3) The difference between the results obtained by 

the students when they were in the sixth semester in com-

parison with the results when they were in the fifth semester 

was apparently small. Nonetheless, the statistical analysis of 

this controlled study clearly demonstrated that the difference 

has not occurred by chance alone. Thus, our data suggested 

that the introduction of assessment tests before the report-

ing phase of the PBL tutorial session might have a positive 

impact on academic achievement. A strength of the study is 

that it has a within-subjects design, where each student was 

used as his/her own control, which properly explains the 

obtained results.

Conclusion
In summary, this study showed that the introduction of mul-

tiple choice assessment tests before the reporting phase of the 

tutorial process increases the overall academic achievement in 

the end-of-module tests, particularly for students in the sixth 

semester when compared to their fifth semester academic 

achievement. However, such strategy did not improve the 

academic achievement of students in the seventh and eighth 

semesters.
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