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Background: Scientific excellence is one of the most fundamental underpinnings of medical
education and its relevance is unquestionable. To be involved in research activities enhances
students’ critical thinking and problem-solving capacities, which are mandatory competences for
new achievements in patient care and consequently to the improvement of clinical practice.
Purposes: This work aimed to study the relevance given by Portuguese medical students to a core
of scientific skills, and their judgment about their own ability to execute those skills. Methods: A
cross-sectional study was conducted on students attending the first, fourth and sixth years of
medical course in the same period. An assessment istrument, exploring the importance given by
Portuguese medical students to scientific skills in high school, to clinical practice and to their own
ability to execute them, was designed, adapted and applied specifically to this study. Resulzs:
Students’ perceptions were associated with gender, academic year, previous participation in
research activities, positive and negative attitudes toward science, research integration into the
curriculum and motivation to undertake research. The viewpoint of medical students about the
relevance of scientific skills overall, and the ability to execute them, was independently associated
with motivation to be enrolled in research. Conclusions: These findings have meaningful
implications in medical education regarding the inclusion of a structural research program in the
medical curriculum. Students should be aware that clinical practice would greatly benefit from
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the enrollment in research activities. By developing a solid scientific literacy future physicians will be
able to apply new knowledge in patient care.

Keywords: Medical education; Undergraduate research; Scientific skills

Introduction

Scientific education is an essential foundation for excellence in medicine practice, as
stated by Flexner, more than 100 years ago (Flexner, 1910) and adopted by many
medical schools worldwide throughout the time (Cooke, Irby, Sullivan, & Ludmerer,
2006; Fleming, 2011). Several studies reported that students involved in research activi-
ties improve relevant scientific skills, such as the development of research design/proto-
cols, use of statistics methods, writing ability and the application of research approaches
to clinical practice (Case-Smith, Holland, & Bishop, 2011; Frei, Stamm, & Buddeberg-
Fischer, 2010; Solomon, Tom, Pichert, Wasserman, & Powers, 2003). Furthermore,
research activities enhance students’ critical thinking and problem-solving capacities,
which are mandatory competences for new achievements in patient care and conse-
quently to the improvement of clinical practice (Agha & Howell, 2005; Greenhalgh,
2003; Remes, Helenius, & Sinisaari, 2000). Evidence demonstrates that the understand-
ing and practice of evidence-based medicine generate better physicians (van Eyk et al.,
2010; Hunskaar et al., 2009); therefore students should be encouraged to participate in
research activities, facing science as a process, instead of as a simple collection of facts
(Houlden, Raja, Collier, Clark, & Waugh, 2004).

In Portugal, since the implementation of the Bologna Process (Cumming, 2000) in
2007 the integration of students in scientific research has become a priority. The
Medical Course of the Faculty of Medicine of University of Porto (FMUP) was refor-
mulated into an Integrated Master Course in Medicine, organized in two complemen-
tary cycles of three years each: the first corresponding to a degree in basic health
sciences, and the second cycle comprising two years of clinical learning and one
year of professional clinical clerkship. The mandatory final outcome is the production
of a master thesis.

Evidence suggests that students’ confidence in their own research skills is associated
with research interests, positive outcome expectations and higher academic perform-
ance (Bieschke, 2000; Unrau & Beck, 2004). By acquiring specific scientific skills, stu-
dents also become more competitive relatively to their future careers. This can
constitute an interesting advantage considering the current concern in Portugal
about the possibility of medical unemployment (Santana, 2013). Indeed, the high
number of students entering Portuguese medical schools, exceeding in the near
future the demand of the Portuguese population, may lead to under-employment,
unemployment and emigration (Santana, 2013).

Considering the need to train professionals of excellence, medical educators should
be able to develop strategies to help future physicians to achieve their full potential by
training them with a strong scientific foundation. Research from our group has been
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investigating the perceptions of medical students about different types of competencies
as well as the implications of this subject in medical education (Barbosa et al., 2011;
Loureiro, Severo, Bettencourt, & Ferreira, 2011a; 2011b).

This work aimed to study the self-perceptions of Portuguese medical students about
the relevance attributed to a core of scientific skills as well as their own ability to
execute them.

Methods

The participants of this cross-sectional study were medical students enrolled in the
Master Degree Course in Medicine from FMUP, Portugal. The study included the
freshman students (first year), those who concluded the first cycle of studies (begin-
ning of the fourth year) and students who completed the entire medical course (end
of the sixth year) in the same academic year. Among the 796 eligible medical students,
611 (76.8%) participated in this study. From these 611 participants, 251 (41.1%) were
attending the first year, 148 (24.2%) were attending the fourth year and 212 (34.7%)
were attending the sixth year of the medical course.

Participants completed a self-administered and anonymous questionnaire entitled
‘Importance of Scientific Skills for Clinical Practice’ (ISS4CP) comprising 11 items
corresponding to the following scientific skills: writing, oral and visual communi-
cation, literature searching, the use of information technologies, English proficiency,
data analysis, team work, problem-solving, time management and improving learning.
For each skill, five items were assessed: the skill’s importance during high school; the
skill’s importance for high school assessment; the skill’s importance for clinical prac-
tice; the skill’s personal importance and finally own ability to execute that skill. All
items followed a Likert scale ranging from 1 (very important) to 4 (unimportant).
The questionnaire also inquired about gender, type of school attended at secondary
level (public or private) and participation in research activities before or during the
medical course. Twenty-eight questions of the ISS4CP, questioning medical students
about knowledge and attitudes about science and research, were included and adapted
from a previous study (Vodopivec et al., 2002).

To each item a score was calculated by computing the average of responses. High
scores represent lower levels of attributed importance/ability to execute. Principal
Components Analysis (PCA) with oblimin rotation was used to identify the underlying
constructs (factors) of the questionnaire about the importance of scientific skills.
Cronbach’s alpha was used to assess the reliability of the questionnaire through
internal consistency.

Two independent sample z-test and analysis of variance were used to compare scores
of factors according to gender, academic year, type of school attended at secondary edu-
cation level and previous participation in research projects. The Pearson correlation and
the multiple linear regression model were used to explore associations between the
underlying constructs and gender, academic year, participation in research activities,
attitudes, integration into the curriculum and motivation toward scientific research.
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All statistics analyses were performed with the R 2.12.1. The significance level was
set at 0.05. The ethical principles of this research followed the guidelines approved by
the Ethics Committee of FMUP/Centro Hospitalar Sdo Jodo.

Results

Almost 65% of the participants were female. In total, 72.3% attended public schools in
the secondary education level and more than 75% did not participate in research pro-
jects before or during the medical course.

Regarding the questionnaires’ constructs, PCA identified three factors that explained
38% of the total variance: factor 1: ‘perceived importance of the scientific skills to high
school’; factor 2: ‘perceived importance of the scientific skills to clinical practice’ and
factor 3: ‘own ability to perform the skills’. Moderate to strong associations were ident-
ified between items 1 and 2 resulting in factor 1, between items 3 and 4 generating factor
2 and item 5 corresponds singly to factor 3 (Table 1). Factor 1 explained 18% of the var-
iance (Cronbach’s alpha =0.939), factor 2 explained 12% of the variance (Cronbach’s
alpha = 0.890) and factor 3 explained 8% of the variance (Cronbach’s alpha = 0.828).

The mean scores were 1.76, 1.49 and 1.54 for factor 1, factor 2 and factor 3, respect-
ively. Compared with men, women gave lower scores to both factors 1 and 2, and sig-
nificant differences were observed between scores for all factors according to academic
years (Figure 1). Students, who had undertaken research, before or during the medical
course, gave lower scores to both factors 2 and 3 compared with students who did not.
Significant differences were not found between scores for all factors according to the
attendance of public or private secondary schools (Figure 1).

Negative attitudes toward science showed an inverse association with all factors,
while positive attitudes showed a positive association (Table 2). Integration of research
activities into the curriculum and motivation to perform research presented a signifi-
cant association with both factors 2 and 3 (Table 2).

After adjustment to all the variables, motivation to perform research maintained a
significant association with the three factors (Table 3).

Discussion

In undergraduate education, the engagement of young students in research activities is
the earliest form of encouragement for the development of skills such as literature
searching, English proficiency, data analysis, team work, problem-solving, communi-
cation skills, time management and improving learning (Houlden et al., 2004; Rein-
ders, Kropmans, & Cohen-Schotanus, 2005; Solomon et al., 2003). Considering
that medicine is a science-based profession, the enrollment of medical undergraduate
students in research is an effective strategy to help future physicians to achieve their full
academic potential (Houlden et al., 2004; Reinders et al., 2005).

This study suggests that medical students’ self-perception of scientific skills’ rel-
evance to both secondary schooling level and clinical practice, as well as their own
ability to execute them, differs according to gender and academic year. Women
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Table 1. PCA with oblimin rotation of the questionnaire items related to each scientific skill

Factors
Scientific skills and corresponding items 1? 2k 3¢
Writing communication
1. Importance during high school 0.40 0.21 -0.07
2. Importance for assessment at high school 0.33 0.27 -0.10
3. Importance for clinical practice 0.05 0.46 0.02
4. Personal importance of this skill for you 0.07 0.47 -0.02
5. How do you score your ability to execute it? -0.02 0.10 0.58
Oral communication
1. Importance during high school 0.57 0.13 -0.09
2. Importance for assessment at high school 0.61 0.11 -0.11
3. Importance for clinical practice —0.02 0.60 —0.06
4. Personal importance of this skill for you —0.01 0.62 —0.05
5. How do you score your ability to execute it? -0.14 0.11 0.57
Visual communication
1. Importance during high school 0.52 0.09 0.01
2. Importance for assessment at high school 0.59 0.11 0.02
3. Importance for clinical practice 0.17 0.35 0.10
4. Personal importance of this skill for you 0.18 0.36 0.09
5. How do you score your ability to execute it? —0.02 —0.01 0.62
Literature searching
1. Importance during high school 0.71 0.01 0.00
2. Importance for assessment at high school 0.73 0.04 0.01
3. Importance for clinical practice 0.02 0.60 0.00
4. Personal importance of this skill for you 0.07 0.54 0.11
5. How do you score your ability to execute it? 0.13 -0.10 0.66
Information technologies
1. Importance during high school 0.67 0.06 0.10
2. Importance for assessment at high school 0.69 0.07 0.12
3. Importance for clinical practice 0.13 0.45 0.13
4. Personal importance of this skill for you 0.11 0.43 0.28
5. How do you score your ability to execute it? 0.09 —0.08 0.65
English proficiency
1. Importance during high school 0.78 -0.26 0.01
2. Importance for assessment at high school 0.81 -0.20 0.02
3. Importance for clinical practice 0.01 0.50 —0.06
4. Personal importance of this skill for you 0.12 0.40 0.06
5. How do you score your ability to execute it? 0.22 —0.18 0.43
Data analysis
1. Importance during high school 0.75 0.01 0.10
2. Importance for assessment at high school 0.71 0.05 0.12
3. Importance for clinical practice 0.12 0.49 0.15
4. Personal importance of this skill for you 0.08 0.42 0.29
5. How do you score your ability to execute it? -0.01 -0.03 0.68

(Continued)
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Table 1. Continued

Factors
Scientific skills and corresponding items 1? 2k 3¢
Team work
1. Importance during high school 0.64 0.09 -0.12
2. Importance for assessment at high school 0.62 0.13 -0.09
3. Importance for clinical practice 0.04 0.50 —0.04
4. Personal importance of this skill for you 0.00 0.51 0.11
5. How do you score your ability to execute it? 0.02 0.09 0.54
Problem-solving
1. Importance during high school 0.64 0.13 -0.06
2. Importance for assessment at high school 0.68 0.06 -0.05
3. Importance for clinical practice 0.00 0.64 -0.06
4. Personal importance of this skill for you 0.06 0.58 0.03
5. How do you score your ability to execute it? —0.02 0.05 0.68
Time management/self-organization
1. Importance during high school 0.65 -0.01 —0.09
2. Importance for assessment at high school 0.64 0.04 -0.05
3. Importance for clinical practice 0.04 0.63 —0.09
4. Personal importance of this skill for you —0.03 0.52 —0.06
5. How do you score your ability to execute it? -0.01 0.03 0.47
Improving learning
1. Importance during high school 0.67 0.03 0.03
2. Importance for assessment at high school 0.69 0.02 0.03
3. Importance for clinical practice 0.01 0.61 0.07
4. Personal importance of this skill for you 0.00 0.57 0.08
5. How do you score your ability to execute it? —0.09 0.12 0.65
Correlations
Factor 2 0.38
Factor 3 0.21 0.22

21: ‘Perceived importance of the scientific skills to high school’.
®2: ‘Perceived importance of the scientific skills to clinical practice’.

€3: ‘Own ability to perform skills’.

attributed greater importance to the use of such skills in both high school and clinical
practice compared to men. In addition, they felt as competent as men to execute those
skills, despite other authors reporting that female medical students tend to underesti-
mate their abilities, while males tend to overestimate them (Minter, Gruppen, Napo-
litano, & Gauger, 2005), even when female students objectively achieve higher grades
(Blanch, Hall, Roter, & Frankel, 2008).

Comparison between academic years showed that students attending the first year of
medical course attributed the lowest importance to scientific skills for high schooling
level. The temporal proximity and the weaker academic requirements associated with
secondary education are possible reasons for these perceptions. Students attending the
fourth year gave the lowest importance to scientific skills for clinical practice and
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Figure 1. Scores of scientific skills’ perceived importance and of own ability to perform them,

according to gender, academic year, participation in research activities and type of high school

*p<0.05 within categories of gender, academic year and participation in research. #p<0.001
within categories of academic year.

Table 2. Association between the importance attributed to scientific skills with attitudes,
curriculum and motivation toward research

Own ability to perform

Importance to high Importance to clinical scientific skills
school r (95%CI) practice r (95%CI) r (95%CI)
Positive attitudes 0.202 (0.123;0.278) 0.268 (0.191;0.342) 0.104 (0.023;0.183)
Negative attitudes —0.081 (—0.162;0.000) -0.173 (-0.252; —0.093) —1.115 (-0.195;—0.033)
Integration of 0.074 (-0.007;0.154)  0.290 (0.213;0.363) 0.122 (0.042;0.202)
research into the
curriculum
Motivation to 0.043 (-0.037;0.123)  0.277 (0.200;0.350) 0.185 (0.106;0.262)

perform research

Note: CI, confidence interval.

mentioned the lowest capacity to execute them, comparing to the other studied years.
This was probably the most surprising and concerning finding of our study as it shows
that students’ interest in research decreases after the basic cycle of studies.

The reasons that might explain these results and the unfulfilled expectation feelings
during this first cycle are the dissociation between basic and clinical sciences, curricu-
lum overload (Alam, 2011) and consequently the fear of not having good marks
(Ward, 2011) and, most of all, the absence of engaging in meaningful research work
(Hren et al., 2004), despite the awareness of the importance of scientific skills
(Hunter, Laursen, & Seymour, 2007).
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Table 3. Multiple linear regression model of association between perceived importance of scientific
skills with gender, academic year, participation and attitudes toward research activities

Own ability to

Importance to perform
Importance to high clinical scientific skills
school 8 (p-value)® practice S (p-value)? (p-value)?
Gender
Female 1 1 1
Male 0.088 (0.018) 0.077 (0.002) —0.036 (0.254)
Academic year
First year 1 1 1
Fourth year —0.428 (<0.001) 0.040 (0.203) 0.000 (0.991)
Sixth year —0.507 (<0.001) —0.025 (0.391) —0.205 (<0.001)
Participation in research
activities
No 1 1 1
Yes 0.028 (0.496) —0.031 (0.257) —0.061 (0.087)
Positive attitudes 0.163 (0.004) 0.170 (<0.001) 0.028 (0.557)
Negative attitudes 0.044 (0.438) —0.026 (0.493) —0.046 (0.337)
Integration of research 0.237 (<0.001) 0.119 (0.002) 0.071 (0.153)
into the curriculum
Motivation to 0.013 (0.015) 0.014 (<0.001) 0.018 (<0.001)

perform research

?Linear regression coefficients adjusted for all the variables on the table.

These findings also raise concerns for those who believe that less self~-confidence and
underestimation of ability could reduce academic performance (Ferguson, James, &
Madeley, 2002). First year students and students at the end of the medical course
showed higher levels of self-perceived capacity to execute the studied skills compared
with those attending the fourth year. Given the high grades needed to be admitted to
the medical course, it was not surprising to observe that freshman students were highly
confident in their abilities. On the other hand, as mentioned by some authors
(Laidlaw, Aiton, Struthers, & Guild, 2012) as they progress in the course, in case of
not having clear role models in science, at an early stage they will give priority to
other components, excluding research as an academic component. Nonetheless,
medical educators are responsible for ensuring that students receive a high-quality
education complying with their expectations and full potential. Medical students
need to be aware that research skills and competences are very important to the
routine clinical practice, and not just useful to the physician-scientists involved in
full-time research (Laidlaw et al., 2012).

Perceptions of medical students about the importance of scientific skills to clinical
practice and about their own ability to execute them were also significantly related
to previous participation in research activities, both positive and negative attitudes
toward science, research integration into the curriculum and motivation to perform
research. After adjusting for potential confounders, we verified that motivation
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maintained a significant relationship with the importance attributed to scientific skills
for clinical practice and with the self-perceived ability to perform those skills. Thus,
medical educators are responsible for revealing research opportunities in the curricu-
lum and conveying the importance of biomedical research to clinical practice. In
addition, others reported that medical students would like to be more involved in
research and indicate research as a useful alternative to electives (Aslam, Shakir, &
Qayyum, 2005). In this line, medical schools should provide research opportunities,
stimulate students to publish research articles before graduation and encourage
them to pursue a scientific career (Reinders et al., 2005).

This study has the inherent limitations of any cross-sectional study. Thereafter, a
follow-up study of these students’ cohorts could provide relevant information for the
design of an educational research program. The study is based on the self-perception
of students, which may also be a limitation. Nevertheless, self-perceived competence
is seen as one of the components of self-efficacy (Solomon et al., 2003), and hence
its evaluation may constitute an indicator of medical students’ motivation to maintain
and improve specific skills. An increasing body of evidence demonstrates that properly
gathered student perceptions about several issues of their education can be used as valid
foundations for extracting evaluative conclusions concerning the quality of medical
education (Bandura, 1993; Lizzio, Wilson, & Simons, 2002; Scicluna et al., 2012).

Conclusion

The importance given by Portuguese medical students to scientific skills for clinical
practice and the way they perceived own ability to execute them were associated
with gender, academic year, previous participation in research activities, both positive
and negative attitudes toward science, research integration into the curriculum, and
were independently and strongly associated with the motivation to undertake research.

Along the medical course, students should be aware that clinical practice would
greatly benefit from enrollment in research activities. Early exposure to research activi-
ties would generate scientifically literate clinicians, and better prepared professionals,
able to develop their professional paths on behalf of populations’ health. These find-
ings have important implications in medical education, as they underline the need
for motivating students through the implementation of an integrated research
program in medical curriculum, providing them a solid scientific foundation for the
excellence of clinical practice.
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