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Abstract 

Objective To study the effectiveness of an Evidence-Based Medicine (EBM) 

programme to increase knowledge and skills, and EBM behaviour of occupational 

physicians.  

Methods 106 occupational physicians participated in a cluster randomized controlled 

trial. The intervention group received a course in EBM, followed by a four month 

period of case method learning sessions in small peer groups. During these sessions, 

participants discussed their everyday cases concerning sickness-absence advices, in 

particular regarding the existing evidence for prognosis and for effectiveness of 

various interventions. Participants performed searches in PubMed and other databases 

to develop their skills in EBM.  

Results Both knowledge and skills of EBM as well as EBM behaviour scores improved 

significantly for the intervention group over time and in comparison to the control 

group (both p<0.0001). Three months after the educational programme scores were 

103.9 versus 71.8 and 66.6 versus 55.4, respectively.  

Conclusion This educational programme has shown a significant and lasting increase 

of both knowledge and skills, and EBM behaviour. EBM enhancing interventions 

which include regular peer meetings and case-method learning could be promising in 

occupational health.   
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Introduction 

In recent years efforts in various medical domains have been made to stimulate the 

practice and teaching of Evidence-Based Medicine (EBM). Within clinical settings, 

several trials have been conducted to test the effect of educational interventions on 

knowledge and skills, attitudes and behaviour of both undergraduates and 

postgraduates.1-4 A promising intervention study showed that teaching EBM skills can 

actually change physicians’ behaviour if a multi-component EBM intervention is used 

and evidence-based resources are provided on the hospital network.5 However, within 

a non-hospital setting such as public health, the effect of a theory-based multifaceted 

intervention to enhance EBM practice did not result in a change of professional 

behaviour.6  

The difference in success of these EBM enhancing interventions could be that within 

hospital settings it is routine practice to have regular meetings with colleagues e.g. 

morning reports, ward rounds or house staff conferences. The influence coming from 

these social networks showed to be substantial on whether new scientific findings 

were adopted and EBM behaviour was stimulated.7-9 Moreover, some of these settings 

were found to have journal clubs in which peers discuss relevant articles to their 

specialty. These journal clubs also appeared to be effective in increasing knowledge 

and skills of EBM.9 In non-hospital settings, such as occupational health services, most 

physicians are less familiar with regular and frequent meetings with colleagues or 

journal club traditions.8 This could be an important extra barrier for the successful 

implementation of EBM in the daily practice. In addition to regular peer meetings, 

case-method learning appeared to be an effective method to change knowledge, 

attitudes and performance of physicians as well.11 Furthermore, case-method learning 

implicitly necessitated peer meetings, a good fit with both the physicians’ day-to-day 

work routine and the local and organizational context.12  

The aim of our study was to asses whether the combination of an educational 

intervention on EBM with case-method learning sessions involving regular peer 

meetings, has a positive effect on knowledge and skills, and EBM behaviour for 
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occupational physicians (OPs). Our intervention was theoretically based on the 

conceptual framework of the Attitude, Social context, Self-efficacy -model (ASE-

model) for behaviour change (Appendix 1).8,13,14 Therefore, we were also interested in 

the different influences of attitude towards EBM, social context and self-efficacy on 

behaviour change of occupational physicians. 

Participants and Methods 

Randomization and blinding 

We recruited registered OPs within occupational health services or private practices in 

the Netherlands via written invitations and information sessions about the study 

during three months. OPs from the same occupational health service or closely 

situated services and practices were clustered in peer groups of 6-10 members. An 

independent research assistant provided a computer generated blocked 

randomization sequence with randomization on group level. All OPs who agreed to 

participate in the study and completed the baseline questionnaire entered the trial 

according to the treatment group their group was assigned to. The participants were 

not blinded to treatment assignment. However, the researchers who scored the study 

outcomes were blinded to treatment allocation at all times.  

Intervention 

First, a theoretic course on EBM was given of one day and a half during a period of 

two weeks. In this course participants learned the basics of EBM: how to formulate 

answerable questions, search the literature with a focus on using PubMed, and 

appraise the methodological quality and occupational health relevance of articles. The 

participants received a syllabus on EBM for occupational health and during the course 

they received a homework assignment on critical appraisal. Second, the OPs were 

obliged to attend case-method learning sessions once every two weeks in groups of 6 

to 10 colleagues. During these sessions real cases of sickness absent employees from 

daily practice were discussed in a pre-structured way following the instructions of 
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Sackett for presenting a patient at follow-up rounds.15 The first two sessions and the 

fifth session were facilitated by one of the authors. At least once every four weeks the 

OPs were obliged to perform a literature search for evidence on their own cases and 

present the results to their colleagues. Third, to diminish possible barriers for 

behaviour change, the OPs received several incentives on EBM e.g. newsletters, 

articles on EBM and several search strategies for PubMed during the intervention 

period of four months. During this period, OPs could request full text articles and they 

could contact a helpdesk for questions on searching the literature. The control group 

also had access to full text articles but, in contrast to the intervention group, 

participants were not actively stimulated to make use of this facility. 

Questionnaires were sent to all participants at three time points; the first 

questionnaire (T0) was sent at baseline, one month after the randomization process. 

The second questionnaire (T1) was sent directly after the intervention period of four 

months and the last questionnaire (T2) was sent three months after the intervention 

period. To check the quality of the EBM course we asked the intervention group to 

complete a test on knowledge and skills in EBM at the end of the course (T’). As this 

was only two weeks after the baseline questionnaire we considered it not useful to 

ask the control group to complete this part at T’. See Appendix 2 for the time frame 

of the study. 

Baseline and outcome measures 

The baseline questions asked at enrolment included demographics of participants 

(age, sex), MD and OP experience and information of previous training in EBM, and 

experience with research or critical appraisal. To assess knowledge and skills in EBM, 

we used the validated Fresno Test.2,14 For our study we adapted this test with respect 

to language and changed the scenarios into occupational health-related situations. 

The last part of the test was changed into yes/no questions on critical appraisal. We 

used a similar set of correct answers and maintained the standardized grading system 

of the Fresno Test (scores 0-212 points).  
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To assess behaviour in EBM we used a 5-point Likert scale test for 22 statements that 

referred to the five variables within the ASE-model (Appendix 1)13,14: 1) 5 items 

measuring attitude towards EBM (e.g. “using EBM in daily practice improves the 

quality of the physician”); 2) 5 items measuring social context (e.g. “management of 

my occupational health service stimulates use of EBM”); 3) 5 items measuring self-

efficacy (e.g. “I often don’t know how and where to find good occupational health 

information via the Internet”); 4) 4 items measuring the intention to use EBM in the 

near future (e.g. “I have the intention to practice EBM in the near future whenever 

appropriate”); and 5) 3 items measuring actual EBM-behaviour (e.g. “whenever 

appropriate I search the literature for evidence”). Participants strongly agreeing with a 

‘positive’ statement were given a score of ‘5’. Conversely, those strongly disagreeing 

with a positive statement or strongly agreeing with a ‘negative’ statement were given 

a score of ‘1’. For each of the five variables, a sum score was calculated to obtain an 

overall score. These sum scores were subsequently converted into scores between 

zero and hundred to facilitate comparison between the sum scores.    

Sample size and statistical analysis 

Our target sample size was 100, 50 in both the intervention and control group, which 

was chosen for practical reasons given the intensity of the intervention. All 

participants that entered the trial were analyzed. Differences in baseline characteristics 

were tested with t-tests for continuous variables and Chi-tests for categorical 

variables. To analyze if the intervention had an effect on knowledge and skills, and 

EBM behaviour, mixed model analyses based on repeated measurements with 

adjustments for the cluster randomization were performed. First, data were tested for 

normality with the Kolmogorov-Smirnov test. Then, an overall effect of the 

intervention over time (intervention*time) comparing the intervention group and the 

control group was calculated for knowledge and skills, attitude, social context, self-

efficacy, intention to behaviour and behaviour. Second, if a statistically significant 

overall effect was found, post hoc tests were performed for each time-point. Third, 

subgroup analyses were performed within the intervention group to investigate 

potential predictors for high scores on knowledge & skills of EBM or EBM behaviour. 

We analyzed the effect of gender, experience as an OP (more or less than the median 
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of 12,5 years), and experience in the past with either EBM, research or critical 

appraisal. Finally, a mixed model analysis was performed for the relationship over time 

between scores in knowledge and skills of EBM, and all ASE-variables with EBM 

behaviour. Statistical analyses were carried out using SPSS version 12.0. P-values 

<0.05 were considered statistically significant. 

Results 

Overall, 131 OPs were recruited from sixteen occupational health services and 8 

private occupational health practices between May 2005 and September 2005. 

However, 25 OPs from both groups already withdrew before we started the actual 

intervention mainly due to company policy of the OHS and due to the expected time-

consuming elements of the intervention. The dropout rate during the intervention 

period of four months for the intervention group was 17 OPs, and for the control 

group 15 OPs. Main reason for the dropouts in the first group was the time-

consuming aspect of the case-method learning sessions. (See Figure 1).  
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Figure 1. Flow of participants through trial 

Eligible Occupational Physicians (n=131) 

Randomised on group level 

Allocated to intervention (n=62) 
Received intervention (n=47) 

Did not receive intervention  (n= 15), 
due to company policy (8) or too 
much time effort (5), personal 
circumstances (2) 

Allocated to “care as usual” 
 (n= 69) 
Received “care as usual”  
(n= 59) 

Lost to follow-up (n=10), due to 
too much time effort (5), 
personal circumstances, (2), 
unknown reason (3)

T0: Allocation 

Discontinued intervention  (n= 17), 
due to too much time effort (6), job 
change (1), lost to follow-up for 
unknown reason (10)

T1: Follow-up  
(4 months) 

Lost to follow-up  (n=9), due to 
too much time effort (4), 
pregnancy (1), unknown reason 
(4)

Lost to follow-up (n=0) 

T2: Follow-up  
(7 months) 

Lost to follow-up  (n= 6), due to 
change of employment (2), 
unknown reason (4) 

Outcomes analysed 
T0 (n=47), T’(n=47) 
T1 (n=30) 
T2 (n=30)

Analysis

Outcomes analysed 
T0 (n=59) 
T1 (n=50) 
T2 (n=44)

Discontinued intervention  (n=0) T’: Follow-up 
(directly after 
EBM course)
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Table 1 shows the baseline personal characteristics of the 106 actual participating 

OPs. The participants in the intervention group were older (45 versus 48 years) and 

had more previous experience as a physician (17 versus 20 years) than those in the 

control group. There were no other differences especially not in previous experience 

with EBM.  

Table 1. Baseline characteristics of OPs 
Characteristics Intervention group 

(n=47) 

Control group

(n=59) 

Mean age in years (± SD)* 48 (±6) 45 (±7) 

Women n (%) 23 (49) 21 (36) 

MD experience years (± SD)* 20 (±6) 17 (±7) 

OP experience years (± SD) 14 (±6) 13 (±7) 

Previous experience with EBM education n Yes (%) 11 (23) 10 (17) 

Previous experience with critical appraisal n Yes (%) 14 (30) 14 (24) 

Experience with research n Yes (%) 23 (49) 23 (39) 

N of groups 7 9 

Mean N of OPs within the groups 6.7 6.5 

*p<0.05 T-test 

All OPs randomized to the EBM intervention received the EBM course at the beginning 

of the intervention. After four months, they attended on average 7.2 case-method 

learning sessions and carried out on average 3.3 literature searches. Ninety one full 

text articles were requested from the support facility by 27 OPs of the intervention 

group. Five full text articles were requested by three OPs of the control group. 
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Knowledge and Skills of EBM 

Figure 2 shows the knowledge and skills in EBM scores. The overall effect of the 

intervention over time of knowledge and skills comparing the intervention group with 

the control group was significant (F-test p<0.0001). Tests for normality showed no 

skewed data and no effect of the groups on the individual scores was found. Post hoc 

tests indicated that participants of the intervention group scored significantly higher 

on the test for knowledge and skills of EBM compared to those of the control group 

at both T1 (mean score 110.5 (95% CI 100.7-120.3) versus 65.5 (95% CI 57.7-73.2), 

T-test p<0.0001) and T2 (mean score 103.9 (95% CI 94.3-113.6) versus 71.8 (95% CI 

63.7-79.9),T-test p<0.0001). The highest score of the intervention group was seen 

directly after the course at T’ (mean score 124.2, 95% CI 113.7-134.7), which was 

significantly higher than the score on baseline (T-test p<0.0001). 

Figure 2. Knowledge & Skills in EBM of participants T0 (n=47, n=59), T’ (n=47) T1 (n=30, n=50), and T2 
(n=30, n=44) 
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EBM Behaviour  

The overall effect of the intervention over time for EBM behaviour comparing the 

intervention group with the control group was significant (F-test, p<0.0001). Again, 

no effect of the groups on the individual scores was found. Figure 3 shows that the 

intervention group scored significantly more positive on behaviour compared to the 

control group at both T1 (mean score 71.6 (95% CI 65.6-77.6) versus 54.1 (95% CI 

49.2-59.1), T-test p=0.001) and T2 (mean score 66.6 (95% CI 60.8-72.4) versus 55.4 

(95% CI 50.6-60.2), T-test p=0.01).  

Figure 3. EBM behaviour of participants T0 (n=47, n=59), T1 (n=30, n=50), and T2 (n=30, n=44)

Table 2 depicts the scores of attitude, social context, self-efficacy and intention to 

behaviour. Overall, highest scores were found for attitude towards EBM (75.9-80.1), 

while lowest scores were found for self-efficacy (37.0-56.0). The results show that 

attitude (F-test p=0.016), social context (F-test p=0.002), self-efficacy (F-test 

p<0.0001) changed significantly over time in the intervention group compared with 

the control group. No effect of the intervention over time comparing the intervention 

group with the control group was found for intention to behaviour (F-test p=0.18). 

Further post hoc analyses at each time point specified that the intervention group 

scored significantly higher on self-efficacy than the control group at both T1 (mean 
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score 56.0 (95% CI 49.2-62.7) versus 37.0 (95% CI 31.2-42.7), T-test p<0.0001) and 

T2 (mean score 55.6 (95% CI 49.0-62.1) versus 37.5 (95% CI 31.9-43.1), T-test 

p=0.001).  

Table 2. Scores in attitude, social context, self-efficacy and intention to behaviour at T0 (n=47, n=59), T1 
(n=30, n=50), and T2 (n=30, n=44) 

Variables^ Time 
point# 

Intervention Group Control Group 

Mean (95% CI) Mean (95% CI)

Attitude* T0 75.9 (72.2-79.6) 80.0 (76.7-83.3) 

T1 80.1 (75.8-84.4) 76.0 (72.5-79.7) 

T2 79.5 (75.3-83.7) 77.8 (74.2-81.4) 

Social 
Context* 

T0 49.1 (41.3-57.0) 53.4 (46.5-60.4) 

T1 62.8 (54.4-71.2) 51.8 (44.5-59.0) 

T2 60.1 (51.8-68.4) 56.4 (49.3-63.6) 

Self-
efficacy** 

T0 40.5 (34.6-46.4) 40.5 (35.3-45.8) 

T1** 56.0 (49.2-62.7) 37.0 (31.2-42.7) 

T2** 55.6 (49.0-62.2) 37.5 (31.9-43.1) 

Intention to 
behaviour 

T0 67.6 (63.9-71.2) 68.8 (65.6-72.1) 

T1 69.4 (64.9-74.0) 69.9 (66.1-73.7) 

T2 65.9 (61.5-70.3) 73.0 (69.4-76.7) 

^ Overall tests on trends in time of the intervention comparing intervention group with control group 
# Post hoc T-tests on T1 and T2 for differences between intervention and control group 
 *P<0.05, ** P<0.001. High score correspond with favourite outcomes (0-100) 

Subgroup analysis  

To investigate potential predictors for high scores over time on knowledge and skills 

of EBM, or EBM behaviour separate analyses were performed within the intervention 

group. Gender, experience as an OP (> 12.5 years of experience), and experience in 

the past with either EBM, research or critical appraisal were not significantly related 

over time to scores of knowledge and skills of EBM, or EBM behaviour.  
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Attitude, social context, self-efficacy, and (intention to) EBM behaviour  

Within the intervention group we found a significant positive relationship over time of 

attitude (F-test p<0.0001), social context (F-test, p=0.005), self-efficacy (F-test, 

p<0.0001), and intention to EBM behaviour (F-test, p<0.0001) with EBM behaviour.

No effect of the groups on the individual scores was found. We also found a 

significant relationship over time between high scores on knowledge and skills of EBM 

and EBM behaviour (F-test, p=0.009). Attitude and social context had a significant 

positive relationship over time with intention to EBM behaviour (F-test, p<0.0001, F-

test, p=0.045).   

Discussion 

The goal of our intervention was to asses whether the combination of an educational 

intervention on EBM with case-method learning sessions involving regular peer 

meetings in a non-clinical setting has a positive effect on knowledge and skills of EBM 

of physicians and changes their professional behaviour towards more evidence-based 

practice. We have found a significant and lasting increase of both knowledge and 

skills, and EBM behaviour for the intervention group compared to the control group. 

Furthermore, we found a greater enhancement of attitude, social context and self-

efficacy towards EBM in the intervention group than in the control group.  

Strengths and Limitations 

This study is unique as it is the first randomized controlled trial in a non-clinical setting 

to enhance knowledge, skills and EBM behaviour by including an EBM course with 

regular peer meetings and case-method learning. The point of departure of our 

intervention was daily practice of occupational health and we succeeded in lowering 

barriers such as lack of time, no easy access to full text articles and not enough 

stimulants from their social context to provide optimal evidence-based health care.10

OPs’ attitude, social context and self-efficacy, all had a significant positive relation 

with EBM behaviour. However, the successful change in behaviour maybe mostly 
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explained by the significant increase of knowledge and skills, and self-efficacy. The 

influence of management of occupational health services or the social influence of 

employees and employers was overruled by the positive influence of the small group 

learning sessions resulting in an improvement of scores for social context. Possibly the 

local context for occupational health care, in which evidence-based policies are 

agreed, is similar to clinical settings, also largely dependent of social influences of 

peers and opinion leaders.7,17,18  

A correct sample size could not be assessed in advance as literature on EBM behaviour 

change practice using statements referring to the ASE-model was not available. No 

sample size was therefore calculated but beforehand a maximum of 100 participants 

was decided for practical reasons because of the intensity of the intervention planned. 

EBM behaviour was assessed through self-assessment comparable with other studies 

on this topic.19-21 This method is susceptible for bias of giving desirable answers by the 

participants in the intervention group and the change of behaviour towards the 

application of EBM in daily practice might therefore be an overestimation. Intention to 

behaviour, also rather high at the start, did not increase significantly over time and 

had no relation with self-efficacy. This variable may therefore not be of necessary 

value in explaining the success of our intervention. Another noticeable result was the 

increase of intention to change behaviour at T2 for the control group. This result can 

most likely be explained that soon after the last questionnaire was sent, the control 

group would receive the theoretic course on EBM. The participants were apparently 

enthusiastic showing actual intentions to practice EBM. In this study we calculated the 

mean and standard deviation of the sum scores of attitude, social context, self-

efficacy, EBM intention and EBM behaviour.22 We think that as we use multiple Likert 

scale based items per variable the more random error of measurement is cancelled 

out. The results are therefore more reliable and more precise than single likert scales.  

Furthermore, the results passed the normality test so parametric tests were possible.23
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Comparison with other studies 

The original Fresno Test had scores between 95.6 for the novices and 147.5 for the 

experts.18 The scores at baseline in our study were relatively low (T0: 82.7) showing 

the lack of knowledge and skills in EBM of these OPs even though researchers in the 

occupational health field have increasingly embraced the idea of evidence-based 

occupational health practice.10,24,25 Following the recommendations by the Society of 

General Internal Medicine Evidence-Based Medicine Task force, we concentrated in 

this study on stimulating participants to become users instead of do-ers of EBM.26 Our 

participants were all OPs working in daily practice and we aimed in this study that 

they would start using more (pre-appraised) evidence on a regular basis. This meant 

that the focus of both the theoretic course at the beginning of the intervention as the 

instructions for the case-method learning sessions was more on the asking, acquiring 

and applying of evidence than on the critical appraisal of evidence. As a considerable 

part of the Fresno Test had questions about critical appraisal of evidence for do-ers of 

EBM or EBM experts, the scores on average up to 124 points (at T’) of our participants 

was considered encouraging.  

Other randomized controlled trials of educational interventions to enhance knowledge 

and skills, and behaviour in EBM mostly used journal clubs or EBM teaching rounds for 

general practitioners or hospital physicians, and problem-based small group learning 

for medical students or postgraduate trainees.1-4,27 Our intervention was effective as 

opposed to the intervention studied by Forsetlund et al. probably because we used 

case-method learning sessions in which the practice of EBM was integrated in 

occupational health decisions to fit the local and organizational context and day-to-

day routine of OPs.6,8 The physicians performed actual searches during the four 

months period by themselves, downloaded or requested full text articles and were 

actively involved in the learning sessions every two weeks. Unfortunately, there were a 

considerable number of dropouts during the intervention period especially for the 

intervention group mainly because of time-constraints. This finding is however in line 

with other studies reporting on barriers for EBM implementation in practice.28,29  
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Meaning of the study and indications for further research 

In non-hospital settings, such as occupational health services, the barrier of limited 

meetings with peers and a non-stimulating environment to practice EBM is more 

pertinent. A theoretic course in EBM in combination with case-method learning 

sessions and continuous positive stimulants for evidence-based practice enhanced 

knowledge, skills and behaviour in EBM in occupational health. The use of the ASE-

model for behaviour change as a conceptual approach was helpful in addressing and 

explaining important influences and barriers. It appears that creating a stimulating 

environment and addressing most of the existing barriers by regular meetings with 

peers, proper ICT facilities, aids and tools to find specific evidence about the topics of 

interest are effective to enhance the practice of EBM. As the wish to practice EBM will 

grow even further in the field of occupational health, more research on the 

mechanisms for change of professional behaviour and social context will be necessary. 

Conclusion 

Our multi-faceted intervention was successful in enhancing knowledge and skills in 

EBM and changing professional behaviour towards EBM. EBM enhancing 

interventions which include regular peer meetings and case-method learning could be 

promising in occupational health.  
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Appendix 1 ASE-model  

Within the ASE-model, it is assumed that intention and behaviour are primarily determined by three 

variables: attitudes, social influences and self-efficacy expectations. Moreover, the model postulates that 

intention predicts behaviour. A person’s attitude towards a specific behaviour is a result of the 

consequences that a person expects from performing the behaviour. Social influences can be described as 

the processes whereby people directly or indirectly influence the thoughts, feelings, and actions of others. 

Self-efficacy expectations can be seen as a person’s belief in his or her ability to perform the desired 

behaviour. The ASE-model can be extended to include external factors which also have an influence on the 

intention to behaviour or behaviour itself, for example barriers (e.g. lack of time or no internet access) and 

knowledge and skills in EBM.13,14  

Attitude 

Social context Behaviour 

Self-efficacy 

Intention to behaviour 

Barriers 

Knowledge and Skills 
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Appendix 2  Time frame of the intervention study 

Intervention Group (N=47) 

T0          T’                              T1                                                                        T2   

      O         x     x      x     x     x     x     x     x     x     x 

0……….1....................2………………..3………………..4………………..5………………..6……………..7 

    Control Group (N=59) 

T0                                               T1                                        T2   

                                                                                                                                                            O 

0............1....................2......................3………….……..4........... ............5.......................6.....................7 

O: EBM course x: case method learning session     : measurement

T0 : Baseline questionnaire for all participants 
T’ :  Questionnaire on knowledge and skills for intervention group just after their EBM course 
T1:  Questionnaire for all participants after the intervention period  
T2:  Follow-up questionnaire for all participants, three months after the intervention period 
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