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Abstract

Background: Learning styles determine how people manage new information. Evidence-based medicine (EBM)
involves the management of information in clinical practice. As a consequence, the way in which a person uses
EBM can be related to his or her learning style. In order to tailor EBM education to the individual learner, this study
aims to determine whether there is a relationship between an individual’s learning style and EBM competence
(knowledge/skills, attitude, behaviour).

Methods: In 2008, we conducted a survey among 140 novice GP trainees in order to assess their EBM
competence and learning styles (Accommodator, Diverger, Assimilator, Converger, or mixed learning style).

Results: The trainees’ EBM knowledge/skills (scale 0-15; mean 6.8; 95%CI 6.4-7.2) were adequate and their attitudes
towards EBM (scale 0-100; mean 63; 95%CI 61.3-64.3) were positive. We found no relationship between their
knowledge/skills or attitudes and their learning styles (p = 0.21; p = 0.19). Of the trainees, 40% used guidelines to
answer clinical questions and 55% agreed that the use of guidelines is the most appropriate way of applying EBM
in general practice. Trainees preferred using evidence from summaries to using evidence from single studies. There
were no differences in medical decision-making or in EBM use (p = 0.59) for the various learning styles. However,
we did find a link between having an Accommodating or Converging learning style and making greater use of
intuition. Moreover, trainees with different learning styles expressed different ideas about the optimal use of EBM in
primary care.

Conclusions: We found that EBM knowledge/skills and EBM attitudes did not differ with respect to the learning
styles of GP trainees. However, we did find differences relating to the use of intuition and the trainees’ ideas
regarding the use of evidence in decision-making.

Background
Evidence-based medicine (EBM) is defined as “the con-
scientious, explicit and judicious use of current best evi-
dence in making decisions about the care of individual
patients, in combination with the physician’s clinical
expertise, the patient’s condition and the preferences of
the patient” [1-4]. For teaching EBM to trainees, as with
all forms of teaching, it is necessary to know whether
the trainees differ in terms of their learning styles, prior
knowledge of EBM and other EBM characteristics (atti-
tudes and self-reported behaviour) [5]. Learning styles

determine the management of new information [6].
EBM involves the management of information in clinical
practice. As a consequence, the use of EBM could be
related to a person’s learning style. However, it is still
unknown whether -based on this common link to the
management of information- there is a relationship
between learning styles and EBM. A potential relation-
ship between learning styles and EBM would explain
how trainees use information and combine this with
their own preferences and with those of their patients in
clinical decision-making.

Theoretical framework
Kolb’s experiential learning theory explains that learn-
ing style and problem-solving are closely related (Fig-
ure 1). Different factors (hereditary, experiential and
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environmental) contribute to a person’s way of mak-
ing decisions; that is, his or her preferred learning
style. There are four learning styles, and most people
prefer one style in particular, although some show
mixed preferences. Learning style is measured on a
bipolar perpendicular scale. Kolb & Kolb arranged the
learning styles on two axes. The surface between the
axes represents the four learning style quadrants:
those of Accommodator, Diverger, Assimilator, and
Converger. The largest surface (the quadrant of out-
come) represents an individual’s preferred learning
style [6].

Aim of the study
Education in EBM has been adopted by all of the Dutch
General Practice Training Institutes. If a relationship
between learning style and EBM were to be found, cur-
rent educational approaches could be adapted to encou-
rage trainees to develop their own particular way of
making decisions (their preferred learning style) and to
teach them how to improve their evidence-based deci-
sion-making in light of their own learning styles. The
aim of this study is therefore to assess whether there is
a relationship between learning style and predetermined
EBM characteristics (knowledge/skills, attitude and self-
reported behaviour).

Methods
We conducted a cross-sectional survey study of 140 GP
trainees who had just embarked on their Specialty

Training. We collected data between September 2008
and May 2009.

Setting
In the Netherlands, GP Specialty Training is a compe-
tency-based, three-year course consisting of clinical
practice training and educational tutorials, organised in
accordance with CanMEDS competencies at training
institutes [7]. EBM plays an important role in this
course, and trainees are given training in the knowl-
edge/skills required for translating evidence into clinical
practice [8,9].

Subjects
In this study, we included first-year GP trainees from
three GP training institutes (Leiden University, Univer-
sity of Groningen and AMC-University of Amsterdam)
who were in the first month of their Specialty Training,
prior to embarking on formal EBM education. The par-
ticipating training institutes were selected from eight
available institutes to ensure adequate representation in
terms of geography and education.

Study design
We simultaneously administered four questionnaires on
EBM competence (personal characteristics, knowledge/
skills, attitude, and behaviour) within each training insti-
tute under exam conditions (individually and under
supervision). We printed the definition of EBM (as
given in the introduction) at the top of each section of

Description per quadrant (Kolb & Kolb 2005) 
Accommodator  Learns by experience and relies more on people than on technical analyses for information. Has the 

tendency to act on intuition.
Diverger Views situations from many angles and performs best in situations   where ideas are generated. Likes to

gather information.
Assimilator Good at understanding (new) information and putting this into a framework. Interested in ideas and abstract

concepts.
Converger Good at finding and using practical solutions for ideas. Prefers to experiment. 

Figure 1 Learning Style Quadrants. Freely adapted from Kolb & Kolb 2005 and Honey & Mumford 1992
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the questionnaire. The trainees filled in the learning-
style questionnaire at home. We notified the trainees
that we would use the questionnaires for research pur-
poses, and all of the trainees gave written informed con-
sent. The trainees were free to refrain from
participation. The study was approved by the heads of
the training institutes and was performed in accordance
with the Declaration of Helsinki.

Questionnaires
The trainees completed five questionnaires:

▪ Personal characteristics: besides sex, age and year
of graduation, we asked the trainees about the pre-
viously attended EBM related courses, research
experience, and how many years of experience they
had in research and practice.
▪ Learning style (Figure 1): As in a recent study
among GPs [10], Honey and Mumford’s Learning
Style Questionnaire [11] - translated into Dutch - was
used to determine the trainees’ learning styles. The
questionnaire has been derived from Kolb’s learning
theory [6]. Kolb et al. arranged the learning styles
along two axes: active-theoretical (vertical), and
reflective-pragmatic (horizontal) [6]. The question-
naire consists of 80 true/false questions of which each
learning style (active, theoretic, pragmatic and reflec-
tive) is represented by 20 questions [11]. Filling in the
Learning Style Questionnaire leads to a score on each
axis [11]. These scores on the four learning styles can
be converted into Kolb’s learning style quadrants that
reflect the general preferred method of learning of a
person and are related to the components (starting
points) of Kolb’s experiential learning cycle [6]. To
calculate the learning style quadrants, we subdivided
the outcomes of the questionnaire into the scores on
the four learning style quadrants. We considered the
quadrant with the highest outcome to be the trainee’s
preferred learning style, or, in the case of multiple
quadrants, we designated the trainee to a mixed
group (if scores in ≥2 quadrants were equal) [6,11].
▪ Knowledge/skills: to assess EBM knowledge/skills
we used the two equivalent and interchangeable ver-
sions (version A and version B) of the Berlin ques-
tionnaire [12]. Each version consists of 15 multiple-
choice questions and has good validity and reliability
[12]. Each correct answer generates one point, with
a minimum of 0 and a maximum of 15 points per
questionnaire [12]. We translated and subsequently
validated the Berlin questionnaire into Dutch, using
forward-backward translation. In this study, we used
the Dutch translation. The results of the validation
of the Dutch Berlin questionnaire have been
described elsewhere [13].

▪ Attitude: the attitude questionnaire, composed by
McColl et al. [14], consists of 20 questions: seven
with a visual analogue scale and 13 multiple-choice
questions on an individual’s general attitude towards
EBM [14]. The questionnaire was translated into
Dutch using forward-backward translation [15] and
was adjusted for Dutch GP trainees. As the McColl
questionnaire was developed in 1998, we adapted
the questions on databases in line with current stan-
dards (Clinical Evidence, Trip, Sumsearch, Cochrane
Systematic Reviews, PubMed Systematic Reviews via
Clinical Queries). The overall attitude score from the
visual analogue scales was valued between 0-100. We
inversed scales with opposite outcome measures
(questions 6 and 7) for statistical comparison, and
determined the mean attitude.
▪ Self-reported behaviour: the questionnaire on
behaviour consists of five components, with a total
of two open and 38 multiple-choice questions/state-
ments about actual behaviour based on the “Concep-
tual Framework” of Straus et al. [16] and the five
EBM steps as described by Dawes et al. [1]. We
asked trainees about the factors that contribute to
their clinical decision-making. For instance, we
asked: “How often have you translated a clinical pro-
blem into an answerable question during the last
two weeks?” For the statements, we used a 5-point
Likert scale with: 1 = never, 2 = seldom, 3 = some-
times, 4 = often, and 5 = always.

Statistical analysis
For statistical analyses, we used SPSS for Windows ver-
sion 16.0. We described the characteristics of the parti-
cipants and their overall scores on the questionnaires by
means of proportions, means and 95% confidence inter-
vals for continuous data that are normally distributed,
and medians and interquartile range (quartiles) for data
that are not normally distributed. We analysed all of the
questionnaires as set out in the description of the origi-
nal studies [6,11,12,14]. We compared differences in
scores among subgroups for each learning style, using
the c2 test for categorical data and ANOVA for continu-
ous data that are normally distributed, and the Kruskal-
Wallis test for data that are not normally distributed.
We used a post hoc Bonferroni correction to deal with
the bias of multiple testing.
We considered age [17], sex, previous EBM-related

courses, research experience and years since graduation
[18] to be potential confounders within learning style as
related to EBM knowledge/skills, and EBM attitudes. As
in previous studies, more experienced individuals (those
who had graduated seven years or more previously) [17]
and women [19] were shown to have higher levels of
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knowledge. We assumed possible confounding relations
between the above-mentioned variables on the basis of
research that indicates that there is a relationship
between sex, research experience and time elapsed since
graduation with knowledge [18] on the one hand, and a
relationship between learning style and knowledge in
postgraduate education [19] on the other. In the Nether-
lands, after having graduated from University, it is
optional to either immediately start Specialty Training
or -prior to Specialty Training- start obtaining practice
experience or doing a PhD. As a result, there can be sig-
nificant differences in practice experience and research
experience between first-year trainees. Due to changes
in EBM education, trainees who graduated during differ-
ent periods may have received different kinds of educa-
tion. We performed univariate and multivariate linear
regression analyses to assess factors influencing knowl-
edge/skills and attitudes towards EBM. Only knowledge/
skills, and attitudes were taken into consideration,
because these two variables have one numeric measure
of outcome. This does not apply to the self-reported
clinical behaviour variable. Only factors with a p-value
of < 0.10 in the univariate analyses were entered into
the multivariate model. Multivariate, we considered a p-
value of < 0.05 to be statistically significant.

Results
Baseline characteristics
Of the 145 first-year GP trainees, 140 trainees were pre-
sent during the questionnaire (a response rate of 97%):
Amsterdam = 73/75, Leiden = 35/35 and Groningen = 32/
35. Of these, 138/140 also filled in the learning-style ques-
tionnaire. The reasons for not responding were either
absence during the administration of the questionnaire (5)
or failure to hand in the learning-style questionnaire (2).
The questionnaires were matched using the respondent’s
research number. Table 1 shows the characteristics of the
participants. Of all GP trainees, 34% were Assimilators,

followed by Convergers (20%), Accommodators (19%),
and Divergers (14%). Trainees with two or more learning
styles fell within the mixed group (14%). Of the trainees,
83% had followed an additional course in evidence-based
searching (EBS) and 38% had taken a course in critical
appraisal. Twelve per cent had completed a full EBM
course. Course participation did not differ among groups
with different preferred learning styles (Table 1).

EBM knowledge/skills Table 2
During the administration of the questionnaire, 52%
filled in version A and 48% filled in version B of the
Berlin questionnaire. The mean score of GP trainees
was 6.8 (95% CI 6.4-7.2). The results for knowledge/
skills were similar for the various learning styles.

EBM attitude Table 2
The overall attitude score, measured using the McColl
questionnaire, points in a positive direction: the mean is
63 (95% CI 61.3-64.3) (0 = very negative, 100 = very
positive). No difference was found in the mean attitude
for trainees with different learning styles (p = 0.19).

EBM self-reported behaviour: the EBM steps
Step 1: Ask
Of the participants, 52% reported that they had not
asked themselves answerable questions on clinical pro-
blems encountered in patient consultations in the two
weeks prior to filling in the questionnaire. The remain-
ing participants, however, had asked themselves such
questions and had subsequently answered them,
although a majority (67%) did this in fewer than half of
the clinical problems they had encountered. The various
learning styles show no difference in self-reported beha-
viour (p = 0.45) (data not shown).
Step 2: Access
Most trainees (99%) have Internet access at home or at
work, and only a small proportion of trainees do not

Table 1 Baseline characteristics of 140 GP trainees and their learning styles

Characteristics All trainees Accommodators Divergers Assimilators Convergers Mixed

Number of trainees n 140 26 19 47 28 20

Women % 71% 69% 53% 77% 82% 60%

Men 29% 31% 47% 23% 18% 40%

Age mean ± SD 29.3 ± 3.3 28.8 ± 2.4 30.6 ± 4.1 29.6 ± 3.8 28.8 ± 2.2 29.2 ± 3.6

Years since graduation median IQR 2 (1-3) 2 (1-3) 2 (2-3) 2 (1-3) 2 (1-3) 1 (0.25-2)

Research experience* % 28% 23% 16% 28% 33% 35%

Practice experience % 90% 92% 100% 92% 86% 80%

Course EBS* % 83% 77% 63% 89% 89% 90%

Course Critical
Appraisal*

% 38% 24% 37% 41% 43% 40%

Course EBM* % 12% 4% 11% 20% 7% 10%

*Not included in Medical Science studies at Bachelor’s or Master’s level
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have access to digital databases (10% at home and 7% at
work). Table 3 shows where trainees seek information.
When looking at use of information in clinical decision-
making, Cochrane Systematic Reviews and/or PubMed
Systematic Reviews were used by 52% of trainees, while
synopses (Clinical Evidence, Trip Database and/or SUM-
search) were used by 3%. Of the trainees, 73.5% often
asked their GP trainers for advice. There is no relation-
ship between searching behaviour among trainees and
having a particular preferred learning style.
As a response to the behaviour questionnaire, trainees

currently prefer to use guidelines (40%) but indicate that
in future, they would prefer to use reviews plus guide-
lines (37%), or would even prefer to learn how to fully
apply EBM (38%). In practising EBM, all learning styles
show comparable self-reported behaviour (p = 0.59). For
general practice in particular, 55% believe that the
exclusive use of guidelines is the preferred way to apply
EBM. Assumptions about the way in which EBM should
be used in general practice differ according to learning
style (p = 0.04): Divergers and Convergers feel that
using guidelines plus systematic reviews is best for gen-
eral practice, while Accommodators and Assimilators
think that using guidelines alone is sufficient.
Trainees do not necessarily record and file the answers

they find when searching the literature: 14% regularly file
questions and answers, 45% hardly ever do so and 41%
never file questions and answers. If questions and
answers are filed, trainees mainly do this by writing down
annotations, and (sometimes) by using digital databases,
saved files or printed results. No significant differences
among the learning styles were found (p = 0.07).

Step 3: Appraise
When reading articles (Table 4), trainees focus on the
abstract (median 4; interquartile range ((IQR) 1-4) on a
5-point Likert scale), but hardly ever read the whole
article (score 2; IQR 1-2). If the entire article is read,
the methods section or validity of the study is seldom
appraised (score 1; IQR 1-3 and 1; IQR 1-2.75, respec-
tively). Relevance is sometimes evaluated (score 3; IQR
1-4) and evidence from articles is occasionally applied to
practice (score 2; IQR 1-4). Trainees with an Assimilat-
ing learning style score relatively high (though not sig-
nificantly so) in all appraisal sections.
Step 4: Apply
When making clinical decisions (Table 5), the evidence
retrieved (score 4; IQR 3-4), the trainees’ clinical prefer-
ences (score 4; IQR 3-4), the trainers’ preferences (score
4; IQR 3-4), and a patient’s condition and prognosis
(score 4; IQR 4-4 and 4; IQR 3-4) are taken into
account. Patients’ preferences (score 3; IQR 3-4) are
considered less often. Intuition frequently plays a role in
decision-making (score 4; IQR 3-4). When outcomes are
split according to learning styles, the use of intuition
differs significantly (p = 0.02): Accommodators and
Convergers use their intuition in clinical decision-mak-
ing more often.
The evaluation of EBM performance was not assessed

in this study.

Multivariate analyses
None of the possible confounders (age, sex, previous
EBM-related courses, research experience and number
of years since graduation) were significantly related to
EBM knowledge/skills and attitudes towards EBM.

Discussion
When teaching EBM, it is necessary to have a clear idea
of the characteristics of EBM learners [20]. We hypothe-
sised that the manner in which individuals with their
own preferred learning styles manage information could
be related to these individuals’ retrieval and use of new
evidence (i.e. evidence-based practice). No significant
differences in EBM knowledge/skills and EBM attitudes
among novice trainees with their own preferred learning
styles were found, however.
This does not imply that the learning style of trainees

should not be taken into account when teaching the
principles of EBM: we did find significant differences
among the learning styles regarding trainees’ ideas about
the use of EBM in general practice, and how they use
their intuition in their decision-making. Adapting teach-
ing styles to learning styles may lead to improved moti-
vation and learning on the part of trainees [21]. On the
other hand, some studies suggest that adapting teaching
styles to learning styles might not affect learning at all

Table 3 Information-seeking behaviour of 140 Dutch GP
trainees

Clinical
Guidelines for
GPs

Systematic
Reviews

Medline/
PubMed

Ask GP
trainer

Never - 40.9% 47.7% 0.7%

Seldom - 26.8% 29.2% -

Sometimes 2.2% 27.6% 16.9% 14.7%

Often 51.4% 4.7% 6.2% 73.5%

Always 46.4% - - 11.0%

Table 2 BM knowledge/skills and attitude in GP trainees

EBM knowledge/skills
mean (95%CI)

EBM attitude
mean (95%CI)

All trainees 6.8 (6.4-7.2) 63 (61.3-64.3)

Accommodator 6.4 (5.6-7.2) 62 (58.3-65.5)

Diverger 7.7 (6.7-8.8) 61 (56.5-66.2)

Assimilator 6.4 (5.7-7.1) 62 (59.4-64.7)

Converger 7.1 (6.1-8.1) 63 (59.7-65.9)

Mixed 7.2 (5.9-8.4) 67 (63.1-71.5)
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[22]. Considerable attention should thus be paid to the
outcomes when adapting teaching styles to learning
styles of trainees.
A particular point of interest is that the intuition of

the trainees has a major influence on their decision-
making. The fact that they reported frequent reliance on
intuition when making clinical decisions is surprising, as
one would not expect novice physicians to rely solely on
intuition [23]. Experts who rely on intuition often apply
internalised or integrated knowledge/skills [24], but it is
unclear how trainees would do so. It would therefore be
interesting to investigate what trainees understand by
‘use of intuition’ and to find out whether the decisions
based on intuition are evidence-based. In education, par-
ticular attention should be paid to trainees with Accom-
modating and Converging learning styles, as they are
more prone to using their intuition and thereby do not
automatically work in an evidence-based way.
The trainees also had contrasting ideas about what

constitutes the best evidence-based way of working.
However, this relationship is more difficult to explain:
Accommodators and Assimilators -opposites on the
learning style axes- would rather use guidelines, whilst
Convergers and Divergers would rather use guidelines
plus systematic reviews. This outcome suggests that
trainees with varying learning styles have different opi-
nions about the evidence that they would want to use
in their practice. Moreover, although extensive, the
Dutch practice guidelines for General Practitioners are
not always up-to-date and do not always answer every
clinical question [9]. It would thus be interesting to
know if and where Accommodators and Assimilators
look for information that they cannot derive from the
standards.

Although the above-mentioned differences among the
learning styles are significant, one non-significant find-
ing does require our attention: with respect to the ask-
ing and answering of questions that arise during clinical
consultations, 67% of the trainees experienced this in
fewer than 50% of the clinical problems they encoun-
tered. In other words: during practice consultations,
trainees face uncertainties and gaps in their knowledge
that are not filled by the relevant (scientific) informa-
tion. The process of asking and answering questions was
also studied by Ely et al., whose results confirm the find-
ing in our study that GPs leave most questions unan-
swered [25].
There are some methodological limitations to the

execution of this study. We used the outcomes of
Honey and Mumford’s Learning Style Questionnaire to
calculate Kolb’s Learning Style Quadrants [6,11]. In
measuring learning styles, calculating the four basic
learning styles (active, theoretic, pragmatic and reflec-
tive) using Honey and Mumford’s Learning Style Ques-
tionnaire appears to be more reliable than using Kolb’s
inventory [21]. When using only the scores on the axes
as outcomes, as suggested by Honey and Mumford, peo-
ple obtain a score on each axis and have dominant
scores in one or two of the basic learning styles [11,21].
However, in doing so, the integration between the
dimensions of the axes is lost, and with them the rela-
tion with Kolb’s experiential theory of learning, which is
more informative for education. To overcome this pro-
blem, we calculated the quadrants Kolb originally sug-
gested [6,10], indicating a generally preferred way(s) of
learning for a person, relating to the starting point in
Kolb’s experiential learning cycle [26]. This information
is more useful when coaching persons to apply effective

Table 5 Variables influencing the decision-making process in GP trainees per learning style

All trainees Accommodators Divergers Assimilators Convergers Mixed p-value

Evidence 4 (3-4) 4 (3.25-4) 4 (3-4) 4 (3-4) 4 (4-4) 4 (4-4) 0.17

Trainees’
intuition

4 (3-4) 4 (3-4) 3 (3-4) 3 (3-4) 4 (4-4) 3 (3-4) 0.02

Trainees’ preferences 4 (3-4) 4 (4-4) 3.5 (3-4) 4 (3-4) 4 (3-4) 3 (3-4) 0.49

Trainers’ preferences 4 (3-4) 4 (3.25-4) 4 (3.75-4) 4 (3-4) 4 (4-4) 4 (3-4) 0.72

Patients’ preferences 3 (3-4) 3 (3-4) 3 (3-3.25) 3 (3-4) 3 (3-4) 3 (2.25-4) 0.50

Patients’ condition 4 (4-4) 4 (4-4) 4 (3-4) 4 (4-4) 4 (4-4) 4 (3.25-4) 0.79

Patients’
prognosis

4 (3-4) 4 (3-4) 4 (3-4) 4 (3-4) 4 (3-4) 4 (3-4) 0.87

Table 4 Appraising articles per learning style quadrant

All trainees Accommodators Divergers Assimilators Convergers Mixed p-value

Methodology 1 (1-3) 1 (1-3) 1 (1-2) 1 (1-3) 1 (1-2.25) 2 (1-3) 0.46

Validity 1 (1-2.75) 1 (1-2) 1 (1-2) 1 (1-3) 1 (1-2) 2 (1-3) 0.36

Applicability 2 (1-4) 1 (1-3) 2 (1-3) 3 (1-4) 2 (1-3.25) 2 (1-4) 0.59

Relevance 3 (1-4) 3 (1-4) 2 (1-3) 3 (1-4) 2 (1-3.25) 2.5 (1-4) 0.91
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methods of learning in specific situations [26]. That is
why we -along with multiple studies on learning styles-
calculate learning style quadrants to express the pre-
ferred learning style(s) of a person, instead of using the
separate scores on both axes [10,11,19].
The lack of a relationship between a trainee’s learning

style and EBM learning might also be related to the
validity of the learning-styles questionnaire and possible
changes and flexibility in learning styles. Some doubt
the validity and reliability of the division into different
learning styles [26,27]. Other studies suggest that learn-
ing styles are highly dependent on the learning environ-
ment and the nature of the learning required [26,28,29].
The learning styles that the trainees present during for-
mal training may therefore differ from the learning
styles that they apply during clinical practice.
In addition, the assessment of EBM competence can

be discussed. We assessed EBM behaviour using a self-
reported measure, which may have influenced the out-
comes. Currently, no valid measure, however, is avail-
able for measuring the actual practice of EBM [30].
Because the trainees filled in the questionnaires anon-
ymously, we created optimal conditions to give reliable
answers to the questions. The (lack of a) relationship
between learning style and EBM behaviour should, how-
ever, be interpreted with caution until studies based on
the observation of actual clinical behaviour have been
performed. Our decision to use the Berlin questionnaire
was based on the fact that this is the only available valid
multiple-choice test on EBM knowledge/skills that mea-
sures the ability of applying knowledge in written clini-
cal scenarios [30].
Overall, although the levels of knowledge/skills and

attitudes of all GP trainees are comparable, these
have different perceptions and ways of dealing with
uncertainties in practice. Since evidence plays a criti-
cal role in GPs’ clinical decision-making, and since
the GP trainees’ use of evidence depends on how they
approach uncertainties, the differences found in this
study need to be examined more closely. The differ-
ences found in this study regarding the use of intui-
tion among the trainees could well form a critical
barrier to the implementation of EBM. Therefore,
since formal education is successful when it comes to
providing trainees with EBM knowledge/skills, and
since the manner in which GP trainees make deci-
sions is ultimately affected by their learning styles,
attention should be paid to transferring these knowl-
edge/skills to clinical practice. In EBM education, tea-
chers should therefore focus more on providing
trainees with the skills needed to combine evidence,
their personal preferences as doctors, and the prefer-
ences of the patient [31]. As a result, a shift from for-
mal training in the five steps [1] towards EBM

decision-making in practice should become a priority
in the development of EBM courses.

Conclusions
Learning styles are not related to the EBM competence
of novice GP trainees. However, significant differences
among the trainees were found regarding their use of
intuition in decision-making, the way in which they
sought answers to their questions, and their perception
of what constituted the best way of applying EBM in
general practice. Research in clinical practice needs to
be undertaken in order to understand how trainees han-
dle information in practice, and what kind of practical
education could improve the actual EBM behaviour of
GP trainees.

Acknowledgements
The authors wish to thank GS de Wolf (second-year coordinator of the
Master’s course on Evidence-Based Practice at the University of Amsterdam),
J Fokkema (second-year coordinator of the GP Specialty Training
Department, University Medical Center Groningen) and M Langendoen-Roel
(head of the GP Specialty Training Department, Leiden University Medical
Center) for contributions made to the development and execution of this
study.

Author details
1Department of General Practice/Family Medicine, Academic Medical Center-
University of Amsterdam, Meibergdreef 15, 1105 AZ Amsterdam, the
Netherlands. 2Department of General Practice/Family Medicine, University
Medical Center Groningen, University of Groningen, Hanzeplein 1, PO-Box
30.001, 9700 RB Groningen, the Netherlands. 3Department of General
Practice/Family Medicine, Leiden University Medical Center, Leiden
University, Hippocratespad 21, 2333 ZD, Building 3, Leiden, the Netherlands.

Authors’ contributions(in conformity with ICMJE)
SEZ was the primary investigator of this study and 1) designed the study,
acquired the data and analysed and interpreted the data; 2) drafted the
article; and 3) approved the final version to be published.
NvD was the research supervisor of the study and 1) designed the study,
assisted in data analysis and interpretation of the data; 2) revised the article
critically for important intellectual content; and 3) approved the final version
to be published.
AAHV 1) made substantial contributions to the acquisition of data; 2) revised
the article critically for important intellectual content; and 3) approved the
final version to be published.
WdR 1) made substantial contributions to the acquisition of data; 2) revised
the article critically for important intellectual content; and 3) approved the
final version to be published.
MWdW was the clinical supervisor of the study and 1) designed the study
and assisted in the acquisition and interpretation of data; 2) revised the
article critically for important intellectual content; and 3) approved the final
version to be published.

Competing interests
The authors declare that they have no competing interests.

Received: 28 April 2011 Accepted: 8 October 2011
Published: 8 October 2011

References
1. Dawes M, Summerskill W, Glasziou P, Cartabellotta A, Martin J, Hopayian K,

Porzsolt F, Burls A, Osborne J: Sicily statement on evidence-based
practice. BMC Med Educ 2005, 5(5):1-8.

2. Haynes RB, Devereaux PJ, Guyatt GH: Physicians’ and patients’ choices in
evidence based practice. BMJ 2002, 324(7350):1350.

Zwolsman et al. BMC Medical Education 2011, 11:81
http://www.biomedcentral.com/1472-6920/11/81

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/15634359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15634359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12052789?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12052789?dopt=Abstract


3. Krahn1 M, Naglie G: The next step in guideline development:
incorporating patient preferences. JAMA 2008, 300(4):436-8.

4. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS: Evidence
based medicine: what it is and what it isn’t. BMJ 1996, 312:71-2.

5. Ormrod JE: Human Learning. 5 edition. Upper Saddle River, New Jersey:
Pearson Education, Inc; 2008.

6. Kolb AY, Kolb DA: The Kolb Learning Style Inventory - Version 3.1.
Technical Specifications. Case Western Reserve University, Experience
Based Learning Systems, Inc.: Haygroup; 2005.

7. Frank JR, Langer B: Collaboration, communication, management, and
advocacy: teaching surgeons new skills through the CanMEDS Project.
World J Surg 2005, 27(8):972-8.

8. Burgers JS, Grol RP, Zaat JO, Spies TH, van der Bij AK, Mokkink HG:
Characteristics of effective clinical guidelines for general practice. Br J
Gen Prac 2003, 53(486):15-9.

9. Dutch College of General Practitioners. [http://nhg.artsennet.nl/].
10. Lesmes-Anel J, Robinson G, Moody S: Learning preferences and learning

styles: a study of Wessex general practice registrars. Br J Gen Prac 2001,
51(468):559-64.

11. Honey P, Mumford A: The Manual of Learning Styles. Peter Honey
Publications;, 3 1992.

12. Fritsche L, Greenhalgh T, Falck-Ytter Y, Neumayer HH, Kunz R: Do short
courses in evidence based medicine improve knowledge and skills?
Validation of Berlin questionnaire and before and after study of courses
in evidence based medicine. BMJ 2002, 325(7376):1338-41.

13. Zwolsman SE, Wieringa-de Waard M, Hooft L, van Dijk N: Measuring
evidence-based medicine knowledge and skills. The Dutch Berlin
Questionnaire: translation and validation. J Clin Epi 2011, 64(8):928-30.

14. McColl A, Smith H, White P, Field J: General practitioners’ perceptions of
the route to evidence based medicine: a questionnaire survey. BMJ 1998,
316(7128):361-5.

15. Knops AM, Vermeulen H, Legemate DA, Ubbink DT: Attitudes, awareness,
and barriers regarding evidence-based surgery among surgeons and
surgical nurses. World J Surg 2009, 33(7):1348-55.

16. Straus SE, Green ML, Bell DS, Badgett R, Davis D, Gerrity M, Ortiz E,
Shaneyfelt TM, Whelan C, Mangrulkar R: Evaluating the teaching of
evidence based medicine: conceptual framework. BMJ 2004,
329(7473):1029-32.

17. Godwin M, Seguin R: Critical appraisal skills of family physicians in
Ontario, Canada. BMC Med Educ 2003, 3:10-7.

18. Hadley JA, Wall D, Khan KS: Learning needs analysis to guide teaching
evidence-based medicine: knowledge and beliefs amongst trainees from
various specialities. BMC Med Educ 2007, 7:11-7.

19. Smits PB, Verbeek JH, Nauta MC, Ten Cate TJ, Metz JC, van Dijk FJ: Factors
predictive of successful learning in postgraduate medical education.
Med Educ 2004, 38(7):758-66.

20. Yew KS, Reid A: Teaching evidence-based medicine skills: an exploratory
study of residency graduates’ practice habits. Fam Med 2008, 40(1):24-31.

21. Lewis A, Bolden K: General practitioners and their learning styles. J R Coll
Gen Pract 1989, 39:187-189.

22. Norman GR: When will learning style go out of style? Adv Health Sci Educ
2008, 14:1-4.

23. Greenhalgh T: Intuition and evidence - uneasy bedfellows? Br J Gen Prac
2002, 52:395-400.

24. Abernethy B, Poolton JM, Masters RS, Patil NG: Implications of an expertise
model for surgical skills training. ANZ J Surg 2008, 78(12):1092-5.

25. Ely JW, Osheroff JA, Ebell MH, Bergus GR, Levy BT, Chambliss ML, Evans ER:
Analysis of questions asked by family doctors regarding patient care.
BMJ 1999, 319(7206):358-61.

26. Coffield F, Moseley D, Hall E, Ecclestone K: Learning styles and pedagogy
in post-16 learning. A systematic and critical review. Learning and skills
research centre, London; 2004.

27. Reynolds M: Learning styles: a critique. Manag learn 1997, 28:115-133.
28. Norman G: Non-cognitive factors in health sciences education: from the

clinic floor to the cutting room floor. Adv Health Sci Educ 200, 15:1-8.
29. Ramsden P: Improving teaching and learning in higher education: the

case for a relational perspective. Stud high educ 1987, 12:275-86.
30. Shaneyfelt T, Baum KD, Bell D, Feldstein D, Houston TK, Kaatz S, Whelan C,

Green M: Instruments for evaluating education in evidence-based
practice: a systematic review. JAMA 2006, 296(9):1116-27.

31. van Dijk N, Hooft L, Wieringa-de Waard M: What Are the Barriers to
Residents’ Practicing Evidence-Based Medicine? A Systematic Review.
Acad Med 2010, 7:1163-70.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6920/11/81/prepub

doi:10.1186/1472-6920-11-81
Cite this article as: Zwolsman et al.: How learning style affects evidence-
based medicine: a survey study. BMC Medical Education 2011 11:81.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Zwolsman et al. BMC Medical Education 2011, 11:81
http://www.biomedcentral.com/1472-6920/11/81

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/18647988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18647988?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8555924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8555924?dopt=Abstract
http://nhg.artsennet.nl/
http://www.ncbi.nlm.nih.gov/pubmed/12468485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12468485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12468485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12468485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9487174?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9487174?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19412569?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19412569?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19412569?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15514352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15514352?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14651755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14651755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17493274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17493274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17493274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15200400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15200400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18172795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18172795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2560001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19087048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19087048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10435959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16954491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16954491?dopt=Abstract
http://www.biomedcentral.com/1472-6920/11/81/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Theoretical framework
	Aim of the study

	Methods
	Setting
	Subjects
	Study design
	Questionnaires
	Statistical analysis

	Results
	Baseline characteristics
	EBM knowledge/skills Table 2
	EBM attitude Table 2
	EBM self-reported behaviour: the EBM steps
	Step 1: Ask
	Step 2: Access
	Step 3: Appraise
	Step 4: Apply

	Multivariate analyses

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

