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Abstract

Background

Self-reported scales and objective measurement tools are used to evaluate self-perceived

and objective knowledge of evidence-based practice (EBP). Agreement between self-per-

ceived and objective knowledge of EBP terminology has not been widely investigated

among healthcare students.

Aim

The aim of this study was to examine agreement between self-reported and objectively

assessed knowledge of EBP terminology among healthcare students. A secondary objec-

tive was to explore this agreement between students with different levels of EBP exposure.

Methods

Students in various healthcare disciplines and at different academic levels from Norway (n =

336) and Canada (n = 154) were invited to answer the Terminology domain items of the Evi-

dence-Based Practice Profile (EBP2) questionnaire (self-reported), an additional item of

‘evidence based practice’ and six random open-ended questions (objective). The open-

ended questions were scored on a five-level scoring rubric. Interrater agreement between

self-reported and objective items was investigated with weighted kappa (Kw). Intraclass cor-

relation coefficient (ICC) was used to estimate overall agreement.

Results

Mean self-reported scores varied across items from 1.99 (‘forest plot’) to 4.33 (‘evidence-

based practice’). Mean assessed open-ended answers varied from 1.23 (‘publication bias’)

to 2.74 (‘evidence-based practice’). For all items, mean self-reported knowledge was higher
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than that assessed from open-ended answers (p<0.001). Interrater agreement between

self-reported and assessed open-ended items varied (Kw = 0.04–0.69). The overall agree-

ment for the EBP2 Terminology domain was poor (ICC = 0.29). The self-reported EBP2 Ter-

minology domain discriminated between levels of EBP exposure.

Conclusion

An overall low agreement was found between healthcare students’ self-reported and objec-

tively assessed knowledge of EBP terminology. As a measurement tool, the EBP2 Terminol-

ogy scale may be useful to differentiate between levels of EBP exposure. When using the

scale as a discriminatory tool, for the purpose of academic promotion or clinical certification,

users should be aware that self-ratings would be higher than objectively assessed

knowledge.

Introduction

Evidence-based practice (EBP) is a systematic approach where the current best available evi-

dence from research is combined with clinical experience and patient preferences to make

clinical decisions within a context and available resources [1]. As healthcare professionals are

increasingly expected to use evidence from various sources to improve healthcare outcomes,

there is a growing responsibility for educational programs to enhance students’ knowledge

and skills in the EBP process and research methodology [1–4]. Knowledge of EBP terminology

and research methodology are prerequisites to understand the concept of EBP, critically

appraise research evidence, and integrate and apply evidence in clinical practice.

As educators implement EBP in curricula, they need reliable instruments to assess student

knowledge, both formatively and summatively. In the second Sicily statement, Tilson et al. [5]

presented the Classification Rubric for EBP Assessment Tools in Education (CREATE) frame-

work, recommending a common taxonomy for tools assessing EBP learning. The framework

refers to knowledge as “learner’s retention of facts and concepts about EBP”, and suggests

assessments of EBP knowledge that evaluate a learner’s ability to define EBP concepts, describe

level of evidence, or list basic principles of EBP [5].

Various instruments have been used to assess EBP knowledge among healthcare profes-

sionals [6–9]. Few tools have been validated for use among undergraduate students. Cardoso

et al. [10] have published a protocol for a systematic review that aims to identify and assess

properties of instruments for measuring knowledge, attitudes and skills in EBP among under-

graduate nursing students. However, at the present time there are no systematic reviews of

instruments used to assess EBP knowledge among healthcare students across disciplines. Typi-

cally, self-report scales that assess the steps of the EBP model (ask, acquire, appraise and apply)

[11–13] or the understanding of common research terms [14] have been used to evaluate self-

perceived (i.e. subjective) EBP knowledge. Objective knowledge has been evaluated with ques-

tionnaires including multiple-choice questions [15–17], or clinical scenario tasks with subse-

quent dichotomous [18, 19] or open-ended [20, 21] questions. Self-report instruments have

advantages such as simple administration, low costs and greater feasibility. Evidence from

other fields shows that self-report of skills and abilities correspond poorly to objective perfor-

mance [22, 23].

Agreement between self-reported and objectively measured knowledge of EBP has not been

widely investigated. Few studies report correlations between self-reported and objectively
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measured competence in critical appraisal and EBP terminology among undergraduate medi-

cal students [24], physicians [25], allied healthcare professionals [26] and nurses [27]. Other

studies report only on separate results for the two outcome measures [28–32]. Whether self-

rating scales in the field of EBP accurately reflect objective knowledge levels is largely unstud-

ied, particularly among healthcare students. The aim of this study was to examine agreement

between self-reported and objectively assessed knowledge of EBP terminology among health-

care students. A secondary objective was to explore agreement among students with different

levels of EBP exposure.

Materials and methods

We performed a cross-sectional study among students from various healthcare disciplines in

one Norwegian University College and nursing students from one Canadian University, dur-

ing winter 2016/2017.

Setting

EBP is a national priority in Norwegian educational healthcare programs [33, 34] and there

has been an increase in teaching and learning of EBP during the past decade. Nonetheless, at

the time of data collection, EBP was not fully integrated in the curricula of the Norwegian Uni-

versity College and EBP exposure varied between programs. At the bachelor’s and master’s

level all programs pursued competencies in EBP and research methodology, but the level and

extent differed between programs (Table 1).

In Canada, the consideration of research evidence in practice decisions is an increasingly

part of individual standards of practice [35]. The curriculum of the Canadian University had

included the teaching and learning of EBP for two decades. As of 2014, the bachelor’s of sci-

ence in nursing program had EBP integrated through all four years in theory and clinical

courses, supported with e-learning resources and summative assessments. At the master’s

level, the students took a stand-alone one-semester course in EBP and research methodology,

with reinforcement of this content in a subsequent course.

In Norway, the exposure of EBP terminology, critical appraisal skills and research method-

ology in teaching and learning was in general less for students at the bachelor’s as compared to

the master’s level. In Canada, the exposure throughout the bachelor’s program may be similar

to the exposure of the master’s students, but the master’s student experience was much more

concentrated in one course. In this study, we have considered EBP exposure as higher among

Norwegian master’s students and all Canadian students than among Norwegian bachelor’s

students.

Participants and data collection

Eligible participants from Norway (n = 336) were students at one University College and com-

prised final (3rd) year bachelor in nursing, occupational therapy, physiotherapy and radiography,

as well as 2nd year master of clinical nursing specializing in anesthetics, surgical or intensive care

nursing, 3rd year master of clinical nursing specializing in diabetes, cardiac or public health nurs-

ing, and 2nd and 4th year master of EBP in healthcare (Table 1). Eligible participants from Can-

ada (n = 154) were 3rd year bachelor of science in nursing and 1st year master of science in

nursing course based primary health care nurse practitioner students from one University.

We collected data in classrooms after teaching sessions. The class sessions varied in content

and did not necessarily include teaching of EBP or research methodology. The Norwegian stu-

dents received information about the study on their online learning platform two days before

data collection, while the Canadian students were informed in the classrooms. The students

Self-reported and objective knowledge of EBP terminology
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were asked to complete a paper-based or electronic questionnaire that contained 18 questions

related to their understanding of terms associated with EBP and research, and six open-ended

questions where they were to elaborate on their understanding of a subset of the terms. Stu-

dents answered and returned the self-reported part of the questionnaire before they received

the open-ended questions. Students who preferred the electronic version used a link to the

questionnaire from their online learning platform. The Norwegian students received a food

voucher for dinner in the school cafeteria, as a token of appreciation.

Measurement

The questionnaire consisted of demographic characteristics, 17 self-report questions from the

Evidence-Based Practice Profile (EBP2) Terminology domain [14], one self-report question of

how to understand the term ‘evidence-based practice’ and six open-ended questions formu-

lated as “What does XX mean, in your own words, AND how would you describe it to a fellow

student?”.

The EBP2 is a self-report trans-professional questionnaire that examines self-perceived EBP

knowledge, attitude and behaviour. It consists of five domains (Relevance, Terminology, Con-

fidence, Practice and Sympathy), where the EBP2 Terminology domain (17 items) examines

knowledge related to the understanding of common research terms. EBP2 has previously been

described with acceptable reliability and validity measures among Australian students and

Table 1. Teaching of EBP critical appraisal skills and research methodology for bachelor and master students.

Length of programs Stand-alone course in EBP

and/or research

methodology

Teaching of EBP critical

appraisal skills and/or research

methodology

Evaluation in EBP critical

appraisal skills and/or research

methodology

Semesters

(Years)

Full/

Part-

time

Courses (No. courses, total

credit points, semester

taught)

Semester Formative (F), Summative (S)

NORWAY

Bachelor in Nursing 6 (3) F EBP (1, 5 ECTS�, 4) 2, 4, 6 F

Bachelor in Occupational Therapy 6 (3) F No 3, 5, 6 F

Bachelor in Physiotherapy 6 (3) F No 1, 3, 4, 5, 6 F

Bachelor in Radiography 6 (3) F Research methodology

(1, 5 ECTS, 5)

4, 5, 6 F

Master in Clinical Nursing specializing

in anesthetics, surgical, intensive care,

pediatric nursing

5 (2.5) F/P�� EBP and research

methodology (1, 15 ECTS,

3)

3, 4, 5 F

Master in Clinical Nursing specializing

in diabetes, cardiac, public health nurse

6 (4) P EBP and research

methodology (2, 25 ECTS, 1,

4)

1, 4, 5, 6 F, S

Master in EBP in Healthcare 8 (4) P EBP and research

methodology

(5, 75 ECTS, 1–5)

1, 2, 3, 5–8 F, S

CANADA

Bachelor of Science in Nursing 8 (4) F Research methodology

(1, 3 credits���, 8)

1–8 F, S

Master of Science in Nursing Course

Based Primary Health Care Nurse

Practitioner

6 (2) F/P EBP and research

methodology (1, 3 credits, 1)

1, 2 F, S

�ECTS = European Credit Transfer and accumulation System. One credit corresponds to 25–30 hours of work.

��First 3 semesters (90 ECTS) were full-time and last two semesters (30 ECTS) were part-time studies.

���A credit is roughly equivalent to one lecture-hour per week for one term or two hours of laboratories or seminars per week for one term

https://doi.org/10.1371/journal.pone.0200313.t001
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professionals across health disciplines [14]. The questionnaire has been translated into Norwe-

gian, cross-culturally adapted and validated among Norwegian bachelor students and health-

care professionals from various disciplines. In the Norwegian version, the EBP2 Terminology

domain was found reliable, valid and responsive to change [36].

Specifically, the applied questionnaire consisted of three parts. Part 1 assessed demographic

characteristics, including gender, age, educational program and educational institution. Part 2

examined self-reported knowledge and contained 18 items, whereof 17 originated from the

EBP2 Terminology domain. In this part, participants rated their self-perceived understanding

on a 5-point Likert scale, where 1 = “never heard the term”, 2 = “have heard it, but don’t

understand”, 3 = “have some understanding”, 4 = “understand quite well” and 5 = “understand

and could explain to others”. Part 3 examined objective knowledge, as assessed and rated by a

rubric, and contained open-ended short answer questions derived from Part 2. To limit the

time needed to complete the questionnaire, each participant was asked a subset of six open-

ended questions. Thus, all 18 items were divided into three subsets (Fig 1), and each student

received a subset chosen at random. There were a total of three question subsets, therefore

agreement measures for each question were calculated on approximately a third of the total

number of participants.

To assess the answers of the open-ended questions, we developed a five-level scoring rubric

in close collaboration with experts in EBP from McMaster University (DC and JY). The scor-

ing of the open-ended answers related to the 1–5 levels in the self-rating section of Part 2, with

values from 1 “never heard the term” to 5 “understand and could explain to others”.

Fig 1. Questionnaire items, self-report and subsets of open-ended questions.

https://doi.org/10.1371/journal.pone.0200313.g001
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We performed a pilot study during spring term 2016 to test the understanding and inter-

pretation of the scoring rubric, as well as the administration of the paper-based and the elec-

tronic version of the questionnaire. The pilot was performed among final-year Norwegian

bachelor’s students in nursing and allied healthcare (n = 49) and recently graduated master’s

students in EBP (n = 19). Two raters (AKS and DC) individually scored the answers, met at

two occasions and discussed differences in scorings between raters. Adjustments in the scoring

rubric to clarify wording and distinctions between levels of grading were made, and two deci-

sion rules to the final scoring rubric (available upon request from first author) were added.

Finally, the two raters individually scored the remaining pilot questionnaires (n = 53). Interra-

ter agreement with linear weighted kappa (Klw) demonstrated an almost perfect agreement

between raters (Klw = 0.81).

In the current study, one rater (AKS) scored the Norwegian questionnaires and one rater

(DC) scored the Canadian questionnaires. All open-ended questions that were left blank (not

answered) were scored as 1 “never heard the term”. Respondents who did not answer any

questions in part three were excluded from analysis.

Statistical analysis

A power analysis informed that 78 students were needed to estimate agreement between

self-perceived and assessed open-ended answers (kappa value of 0.8 with a lower confidence

limit of 0.7). Since a student would give open-ended answers to a third of the items only, a

total of 234 students needed to be enrolled. The significance level was set to 0.05. The sample

size calculations were performed using the CI5Cats function in the kappaSize package in R

[37].

Descriptive analyses were applied for demographic characteristics. Mean (M) and standard

deviation (SD) were reported to describe the scores of the self-reported and assessed open-

ended items. Due to the ordinal measurement level, weighted kappa was used to estimate

interrater agreement between self-reported knowledge and assessed open-ended answers for

each research term. To provide complementary information on the distribution of disagree-

ment, we calculated both quadratic (Kqw) and linear weighted kappa (Klw). Furthermore, over-

all summary score was calculated for the EBP2 Terminology domain by summing the scores of

the 17 items within the domain. We used the intraclass correlation coefficient for absolute

agreement (ICC) to estimate overall agreement for the EBP2 Terminology domain.

Mean differences between self-reported and assessed open-ended items were estimated

with paired t-test. We used independent sample t-test to analyze differences in mean self-

reported EBP2 Terminology domain scores by EBP exposure.

P-values less than 0.05 indicated statistical significance. Kappa values were considered poor

if< 0, slight if 0–0.20, fair if 0.21–0.40, moderate if 0.41–0.60, substantial if 0.61–0.80 and

almost perfect if 0.81–1.0 [38].

The statistical software IBM SPSS Statistics version 22 [39] and R [40] were used for the sta-

tistical analyses.

Ethics

The Norwegian Social Science Data Services (NSD) (Reference number 49132), and The Ham-

ilton Integrated Research Ethics Board (Project number 2463) approved the study.

The survey was voluntary. In Norway, consent for participation was completion and return

of the questionnaire. In Canada, the students signed a consent for participation. Data was

analysed and stored in the research server at the Western Norway University of Applied

Sciences.
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User involvement

A user panel of four Norwegian bachelor students, one from each health discipline, constituted

the user involvement in this study. The users assisted in the collection of data by finding

appropriate times for data collection and encouraging peer students to participate in the study.

They also participated in the interpretation and discussion of the results. The user panel met

on three occasions, to receive information about the study, plan the data collection and discuss

results. E-mail correspondence was used between meetings.

Results

Of all eligible students, 291 (59%) answered the questionnaire. The response rate was higher in

Norway (70%) than in Canada (37%). Four students were excluded, as they had not answered

part three of the questionnaire, allowing 287 respondents to be included in the analysis.

Our sample included bachelor students in nursing (53%) and allied health professions

(29%), and master students in nursing (10%) and in evidence-based practice (8%) (Table 2).

The mean age was 26.4 (SD = 8.4) years and the majority were females (87%). The sample con-

sisted of a higher proportion of Norwegian (80%) than Canadian (20%) students.

The mean self-reported scores for the terms included in the EBP2 Terminology domain var-

ied from 1.99 (‘forest plot’) to 4.20 (‘systematic review’) (Table 3). The self-reported mean

score for the item ‘evidence-based practice’ was 4.33, (SD = 0.8). The overall self-reported

mean EBP2 Terminology score was 3.02 (SD = 0.87).

The assessed open-ended mean scores for the terms included in the EBP2 Terminology

domain varied from 1.23 (‘publication bias’) to 2.31 (‘randomized controlled trial’) (Table 3).

The assessed open-ended mean score for the item ‘evidence-based practice’ was 2.74 (SD =

1.0). The overall assessed open-ended mean score for EBP2 Terminology was 1.70 (SD = 0.68).

For all research terms, self-reported knowledge was higher than assessed (p<0.001). Still,

we observed large variations in agreement values between self-reported and assessed open-

ended items (Table 3). We found substantial agreement for the items ‘forest plot’ (Kqw = 0.69)

and ‘dichotomous outcome’ (Kqw = 0.67), and moderate agreement for the items ‘numbers

Table 2. Characteristics of participants.

Total

(n = 291)

Norway

(n = 234)

Canada

(n = 57)

n (%) n (%) n (%)

Gender

Female 253 (87) 201 (86) 52 (91)

Male 33 (11) 28 (12) 5 (9)

Missing 5 (2) 5 (2) 0

Educational program

Bachelor in nursing 155 (53) 105 (45) 50 (88)

Bachelor in occupational therapy 23 (8) 23 (10)

Bachelor in physiotherapy 43 (15) 43 (18)

Bachelor in radiography 16 (6) 16 (7)

Master in nursing 30 (10) 23 (10) 7 (12)

Master in evidence-based practice 24 (8) 24 (10)

Age

N 252 195 57

Mean (SD) 26.4 (8.4) 27.8 (8.8) 21.6 (4.4)

Min–Max 19–56 21–56 19–51

https://doi.org/10.1371/journal.pone.0200313.t002
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needed to treat’ (Kqw = 0.60) and ‘confidence interval’ (Kqw = 0.50). Moreover, we observed

fair agreement for five items, and slight agreement for the remaining nine. Analysed with lin-

ear weighted kappa, agreement values were lower for all items. We found low overall agree-

ment between the self-reported and objectively assessed open-ended items of the EBP2

Terminology domain (ICC = 0.29; 95% CI: -0.09–0.62).

Agreement measures were equal for high (ICC = 0.11; 95% CI: -0.07–0.33) and low

(ICC = 0.11; 95% CI: -0.07–0.32) exposure of EBP. These findings were consistent with analy-

ses performed for each question subset S1 Table. High exposed students had a significantly

higher self-reported mean EBP2 Terminology score compared to that of low exposed students

(MD = 1.19, p< 0.001) S2 Table.

Discussion

In this study, we found overall low agreement between healthcare students’ self-reported and

objectively assessed knowledge of EBP terminology, as rated by a rubric. However, agreement

varied by research terms. We found substantial agreement for the research terms with the low-

est self-reported mean scores and slight agreement for the research terms with highest self-

reported mean scores. We observed no difference in agreement values for students with high

or low EBP exposure. However, self-reported scores were on average higher for students with

high EBP exposure than with low exposure.

To the best of our knowledge, few studies have previously made comparisons between self-

reported and objectively assessed knowledge in the field of EBP knowledge. Previous studies

assessing the relationship between self-reported and objective measured EBP knowledge have

reported small to medium correlations between self-reported and objectively measured com-

petence in critical appraisal among senior medical students [24] and health professionals [26].

Table 3. Agreement values for the EBP2 terminology domain and research terms.

Mean scores (SD) Weighted kappa

Items n Self-reported n Assessed Quadratic (95% CI)

EBP2 Terminology domain

Forest plot 89 1.99 (1.28) 89 1.46 (1.09 0.69 (0.55–0.83)

Dichotomous outcome 100 2.23 (1.56) 100 1.64 (1.10) 0.67 (0.55–0.79)

Numbers needed to treat 97 2.62 (1.36) 98 2.00 (1.32) 0.60 (0.46–0.73)

Confidence interval 98 2.87 (1.37) 98 1.86 (1.11) 0.50 (0.39–0.62)

Continuous outcome 98 2.61 (1.41) 98 1.49 (1.02) 0.39 (0.26–0.52)

Meta-analysis 100 3.25 (0.94) 100 1.95 (1.16) 0.30 (0.17–0.43)

Treatment effect size 89 2.88 (1.21) 89 1.80 (0.97) 0.29 (0.17–0.41)

Relative risk 100 3.09 (1.17) 99 1.72 (1.02) 0.22 (0.12–0.32)

Statistical significance 100 3.61 (1.20) 100 2.20 (1.16) 0.21 (0.09–0.33)

Intention to treat 89 2.74 (1.28) 89 1.28 (0.84) 0.18 (0.07–0.30)

Odds ratio 98 2.52 (0.94) 98 1.46 (0.68) 0.17 (0.07–0.27)

Randomized controlled trial 100 4.14 (0.99) 100 2.31 (1.14) 0.16 (0.08–0.24)

Publication bias 98 3.18 (1.42) 98 1.23 (0.73) 0.09 (0.02–0.17)

Systematic review 96 4.20 (0.82) 98 2.12 (0.84) 0.08 (0.03–0.12)

Min clinically worthwhile effect 100 2.57 (1.24) 100 1.29 (0.72) 0.07 (-0.02–0.17)

Clinical importance 89 3.89 (1.07) 89 1.63 (0.68) 0.06 (0.01–0.11)

Absolute risk 89 3.01 (1.07) 89 1.46 (0.88) 0.04 (-0.03–0.11)

Evidence-based practice 89 4.33 (0.80) 89 2.74 (1.03) 0.13 (0.04–0.22)

https://doi.org/10.1371/journal.pone.0200313.t003
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Others have reported small, non-significant correlations between self-reported and objective

measures of EBP knowledge among nurses [27] and physicians [25]. However, by reporting

correlation coefficients, previous studies have reported the strength of a linear association

between two variables, and not the agreement between them [41]. Direct comparisons of

results should therefore be performed with caution.

Consistent with previous studies [24, 25, 32], our participants over-estimated their self-

reported EBP knowledge. One factor influencing self-ratings may be social desirability bias.

This mechanism, where respondents answer in a manner that would be viewed favorably, has

also been seen in other fields of research, such as when self-reporting physical activity [23] and

self-reporting height, weight and body mass index [42]. Another explanation may be that the

students lacked the ability to judge their own knowledge and skills, maybe due to lack of inter-

nal yardstick or understanding of expectations. In a study of performance on social and intel-

lectual tasks, Ehrlinger et al. [43] found that poor performers overestimated performance, and

argue that incompetence may deprive us of insight regarding our deficits.

The students’ responses and the poor agreement we observed may also have a simpler

explanation. Context and motivations for using EBP may influence assessments [5], and there

is no reason to believe that this study is different. For instance, the motivation to recall knowl-

edge and write down answers to the open-ended questions is a demanding task. Perhaps the

students lacked motivation to write out the answers during the data collection period. As such,

we have no way of telling whether the respondents could have demonstrated higher levels of

understanding in their open-ended answers if they were able to verbally respond to the short

answer questions, if their motivation was different, or if they were allowed to use the resources

that they can use in real-life situations. Also, Zell and Krizan [22] argue that self-assessment

for tasks that are familiar and have low complexity corresponds better than unfamiliar and

high-complexity tasks.

We found overall low agreement between self-reported and objectively assessed knowledge

in EBP terminology, but with large variations in agreement values between items. Highest

agreement was found for the research terms with lowest self-reported mean scores. For exam-

ple, for ‘forest plot’ most students answered 1 (“never heard the term”) on the self-report and

“I don’t know” for the corresponding open-ended question. Conversely, for terms that stu-

dents reported higher levels of knowledge, such as ‘evidence-based practice’, ‘systematic

review’, and ‘randomized controlled trial’, we found high self-reported scores and slight agree-

ment values. For these items, we observed large differences between responders and raters’

classifications, indicating that our responders may not have been as knowledgeable as they

reported. However, it could also be argued that the higher agreement found for items with the

lowest self-reported scores may not reflect a better understanding of own knowledge, but

rather be ascribed to a floor effect limiting variation in self-reported and objectively assessed

answers. Still, with additional evidence from other disciplines revealing poor correspondence

between self-evaluations of abilities and objective performance measures [22, 23], we question

whether self-reported knowledge of EBP terminology, as measured in the EBP2 Terminology

domain, is a good proxy for objective knowledge of EBP.

Blanch-Hartigan [44] described that medical students’ ability to self-assess performance

was more accurate later in medical school as compared to earlier in medical school. In our

study, we conjectured that students with higher exposures of EBP would rate themselves

higher on the self-reported EBP2 Terminology domain, obtain higher assessed scores on their

open-ended answers, and have better agreement values than students with lower exposures of

EBP. As hypothesized and previously described [14, 37], we found that the self-reported EBP2

Terminology domain discriminated between levels of EBP exposure. However, we found no

differences in agreement values for students with different exposures of EBP.
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Limitations

The main limitation of this study was that the open-ended questions and scoring rubric had

not been evaluated for reliability and validity. We attempted to overcome this limitation by

ensuring that experts in EBP developed the rubric and adapted it to both settings before use.

In addition, we performed a pilot in which we found an almost perfect agreement between

raters.

At the time of data collection, EBP2 was the only questionnaire that examined knowledge

related to EBP terminology among students across health disciplines. By applying the EBP2

Terminology domain, we have only assessed one part of the EBP2 questionnaire. Furthermore,

EBP terminology is only one facet of EBP. By not assessing knowledge related to all steps of the

EBP model (ask, acquire, appraise, apply or assess), we have examined a limited dimension of

knowledge related to EBP.

We have no further information of our responders’ confidence and competence in EBP,

apart from the knowledge of EBP terminology we assessed at this one point of time. We recog-

nize that a convenience sample of students from two educational institutions in two different

countries may have hampered generalizability of the study. Furthermore, there was heteroge-

neity among the Norwegian master students regarding EBP exposure, as a newly started mas-

ter program had not integrated EBP to the same extent as the two other programs.

We included sufficient participants to analyze agreement between self-reported and objec-

tively assessed knowledge. Due to the smaller sample size of master students and Canadian stu-

dents, agreement values between levels of EBP exposure should be interpreted with caution.

We did not want variations in resources to influence the answers, and our participants

answered the questionnaire under similar conditions. By administering the questionnaire

anonymously in classrooms, we excluded a large proportion of eligible students.

Conclusion

We found overall low agreement between healthcare students self-reported and objectively

assessed knowledge of EBP terminology. The self-reported EBP2 Terminology domain dis-

criminated between levels of EBP exposure. As a measurement tool, the EBP2 Terminology

scale may be useful to discriminate between levels of EBP exposure.

As a discriminatory tool for the purpose of academic promotion or clinical certification,

users should be aware that self-ratings would be higher than objectively assessed knowledge.
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undergraduate nursing students’ knowledge, attitudes and skills in evidence-based practice: a

Self-reported and objective knowledge of EBP terminology

PLOS ONE | https://doi.org/10.1371/journal.pone.0200313 July 12, 2018 11 / 13

https://doi.org/10.1186/1472-6920-5-1
http://www.ncbi.nlm.nih.gov/pubmed/15634359
http://www.wcpt.org/policy/ps-education
http://www.efnweb.be/wp-content/uploads/EFN-Competency-Framework-19-05-2015.pdf
http://www.isrrt.org/isrrt/Framework_for_Education_2014.asp
https://doi.org/10.1186/1472-6920-11-78
http://www.ncbi.nlm.nih.gov/pubmed/21970731
https://doi.org/10.1001/jama.296.9.1116
https://doi.org/10.1001/jama.296.9.1116
http://www.ncbi.nlm.nih.gov/pubmed/16954491
https://doi.org/10.2182/cjot.2010.77.4.4
http://www.ncbi.nlm.nih.gov/pubmed/21090063
https://doi.org/10.1002/oti.1398
http://www.ncbi.nlm.nih.gov/pubmed/26148335
https://doi.org/10.1371/journal.pone.0200313


systematic review protocol. JBI Database of Systematic Reviews & Implementation Reports. 2017; 15

(8):1979–86.

11. Ruzafa-Martinez M, Lopez-Iborra L, Moreno-Casbas T, Madrigal-Torres M. Development and validation

of the competence in evidence based practice questionnaire (EBP-COQ) among nursing students.

BMC Med Educ. 2013; 13:19. https://doi.org/10.1186/1472-6920-13-19 PMID: 23391040

12. Upton P, Scurlock-Evans L, Upton D. Development of the Student Evidence-based Practice Question-

naire (S-EBPQ). Nurse Educ Today. 2016; 37:38–44. https://doi.org/10.1016/j.nedt.2015.11.010 PMID:

26627595

13. Johnston JM, Leung GM, Fielding R, Tin KY, Ho LM. The development and validation of a knowledge,

attitude and behaviour questionnaire to assess undergraduate evidence-based practice teaching and

learning. Med Educ. 2003; 37(11):992–1000. PMID: 14629412

14. McEvoy M, Williams M, Olds T. Development and psychometric testing of a trans-professional evi-

dence-based practice profile questionnaire. Med Teach. 2010; 32:e373—e80. https://doi.org/10.3109/

0142159X.2010.494741 PMID: 20795796

15. Lewis L, Williams M, Olds T. Development and psychometric testing of an instrument to evaluate cogni-

tive skills of evidence based practice in student health professionals. BMC Med Educ. 2011; 11:77.

https://doi.org/10.1186/1472-6920-11-77 PMID: 21967728

16. Hendricson WD, Rugh JD, Hatch JP, Stark DL, Deahl T, Wallmann ER. Validation of an instrument to

assess evidence-based practice knowledge, attitudes, access, and confidence in the dental environ-

ment. J Dent Educ. 2011; 75(2):131–44. PMID: 21293036

17. Spurlock D, Wonder AH. Validity and Reliability Evidence for a New Measure: The Evidence-Based

Practice Knowledge Assessment in Nursing. J Nurs Educ. 2015; 54(11):605–13. https://doi.org/10.

3928/01484834-20151016-01 PMID: 26517071

18. Fritsche L, Greenhalgh T, Falck-Ytter Y, Neumayer H, 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: British Medical Journal. 2002; 325(7376):1338–41. PMID:

12468485

19. Ilic D, Nordin RB, Glasziou P, Tilson JK, Villanueva E. Development and validation of the ACE tool: assess-

ing medical trainees’ competency in evidence based medicine. BMC Med Educ. 2014; 14(1):1–6.

20. Tilson JK. Validation of the modified Fresno test: assessing physical therapists’ evidence based prac-

tice knowledge and skills. BMC Med Educ. 2010; 10:38. https://doi.org/10.1186/1472-6920-10-38

PMID: 20500871

21. Spek B, Wieringa-de Waard M, Lucas C, van Dijk N. Competent in evidence-based practice (EBP): vali-

dation of a measurement tool that measures EBP self-efficacy and task value in speech-language ther-

apy students. Int J Lang Commun Disord. 2013; 48(4):453–7. https://doi.org/10.1111/1460-6984.12015

PMID: 23889840

22. Zell E, Krizan Z. Do People Have Insight Into Their Abilities? A Metasynthesis. Perspect Psychol Sci.

2014; 9(2):111–25. https://doi.org/10.1177/1745691613518075 PMID: 26173249

23. Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M. A comparison of direct versus self-

report measures for assessing physical activity in adults: a systematic review. International Journal of

Behavioral Nutrition and Physical Activity. 2008; 5(1):56.

24. Lai NM, Teng CL. Self-perceived competence correlates poorly with objectively measured competence

in evidence based medicine among medical students. BMC Med Educ. 2011; 11:25. https://doi.org/10.

1186/1472-6920-11-25 PMID: 21619672

25. Aguirre-Raya KA, Castilla-Peón MF, Barajas-Nava LA, Torres-Rodrı́guez V, Muñoz-Hernández O, Gar-

duño-Espinosa J. Self-perception and knowledge of evidence based medicine by physicians. BMC Med

Educ. 2016; 16(1):166.

26. Khan KS, Awonuga AO, Dwarakanath LS, Taylor R. Assessments in evidence-based medicine work-

shops: loose connection between perception of knowledge and its objective assessment. Med Teach.

2001; 23(1):92–4. https://doi.org/10.1080/01421590150214654 PMID: 11260751

27. Hagedorn Wonder A, McNelis AM, Spurlock D Jr., Ironside PM, Lancaster S, Davis CR, et al. Compari-

son of Nurses’ Self-Reported and Objectively Measured Evidence-Based Practice Knowledge. J Contin

Educ Nurs. 2017; 48(2):65–70. https://doi.org/10.3928/00220124-20170119-06 PMID: 28135379

28. Bennett S, Hoffmann T, Arkins M. A multi-professional evidence-based practice course improved allied

health students’ confidence and knowledge. J Eval Clin Pract. 2011; 17(4):635–9. https://doi.org/10.

1111/j.1365-2753.2010.01602.x PMID: 21114802

29. Lewis LK, Wong SC, Wiles LKM, McEvoy MP. Diminishing Effect Sizes with Repeated Exposure to Evi-

dence-Based Practice Training in Entry-Level Health Professional Students: A Longitudinal Study. Phy-

siother Can. 2016; 68(1):73–80 8p. https://doi.org/10.3138/ptc.2015-10E PMID: 27504051

Self-reported and objective knowledge of EBP terminology

PLOS ONE | https://doi.org/10.1371/journal.pone.0200313 July 12, 2018 12 / 13

https://doi.org/10.1186/1472-6920-13-19
http://www.ncbi.nlm.nih.gov/pubmed/23391040
https://doi.org/10.1016/j.nedt.2015.11.010
http://www.ncbi.nlm.nih.gov/pubmed/26627595
http://www.ncbi.nlm.nih.gov/pubmed/14629412
https://doi.org/10.3109/0142159X.2010.494741
https://doi.org/10.3109/0142159X.2010.494741
http://www.ncbi.nlm.nih.gov/pubmed/20795796
https://doi.org/10.1186/1472-6920-11-77
http://www.ncbi.nlm.nih.gov/pubmed/21967728
http://www.ncbi.nlm.nih.gov/pubmed/21293036
https://doi.org/10.3928/01484834-20151016-01
https://doi.org/10.3928/01484834-20151016-01
http://www.ncbi.nlm.nih.gov/pubmed/26517071
http://www.ncbi.nlm.nih.gov/pubmed/12468485
https://doi.org/10.1186/1472-6920-10-38
http://www.ncbi.nlm.nih.gov/pubmed/20500871
https://doi.org/10.1111/1460-6984.12015
http://www.ncbi.nlm.nih.gov/pubmed/23889840
https://doi.org/10.1177/1745691613518075
http://www.ncbi.nlm.nih.gov/pubmed/26173249
https://doi.org/10.1186/1472-6920-11-25
https://doi.org/10.1186/1472-6920-11-25
http://www.ncbi.nlm.nih.gov/pubmed/21619672
https://doi.org/10.1080/01421590150214654
http://www.ncbi.nlm.nih.gov/pubmed/11260751
https://doi.org/10.3928/00220124-20170119-06
http://www.ncbi.nlm.nih.gov/pubmed/28135379
https://doi.org/10.1111/j.1365-2753.2010.01602.x
https://doi.org/10.1111/j.1365-2753.2010.01602.x
http://www.ncbi.nlm.nih.gov/pubmed/21114802
https://doi.org/10.3138/ptc.2015-10E
http://www.ncbi.nlm.nih.gov/pubmed/27504051
https://doi.org/10.1371/journal.pone.0200313


30. Long K, McEvoy M, Lewis L, Wiles L, Williams M, Olds T. Entry-level evidence-based practice (EBP)

training in physiotherapy students—Does it change knowledge, attitudes and behaviours? A longitudi-

nal study. IJAHSP. 2011; 9(3).

31. Caspi O, McKnight P, Kruse L, Cunningham V, Figueredo AJ, Sechrest L. Evidence-based medicine:

discrepancy between perceived competence and actual performance among graduating medical stu-

dents. Med Teach. 2006; 28(4):318–25. https://doi.org/10.1080/01421590600624422 PMID: 16807169

32. Young JM, Glasziou P, Ward JE. General practitioners’ self ratings of skills in evidence based medicine:

validation study. BMJ. 2002; 324(7343):950–1. PMID: 11964341

33. Norwegian Ministry of Health and Care Services. Health&Care21 [HelseOmsorg21—Et kunnskapssys-

tem for bedre Folkehelse] Oslo: Ministry of Health and Care Services; 2015.

34. Norwegian Association of Higher Education Institutions. The UHR project Common content for the

health and social care educations [UHR-prosjektet Felles innhold i de helse- og sosialfaglige profesjon-

sutdanningene]. Universites- og Høgskolerådet; 2015.

35. Canadian Nurses Association. Position statement: Evidence-informed decision-making and nursing

practice 2010 [Available from: https://cna-aiic.ca/~/media/cna/page-content/pdf-en/ps113_evidence_

informed_2010_e.pdf.

36. Titlestad KB, Snibsoer AK, Stromme H, Nortvedt MW, Graverholt B, Espehaug B. Translation, cross-

cultural adaption and measurement properties of the evidence-based practice profile. BMC Res Notes.

2017; 10(1):44. https://doi.org/10.1186/s13104-017-2373-7 PMID: 28086967

37. RDocumentation. CI5Cats 2015 [Available from: https://www.rdocumentation.org/packages/

kappaSize/versions/1.1/topics/CI5Cats.

38. Gisev N, Bell JS, Chen TF. Interrater agreement and interrater reliability: Key concepts, approaches,

and applications. Research in Social and Administrative Pharmacy. 2013; 9(3):330–8. https://doi.org/

10.1016/j.sapharm.2012.04.004 PMID: 22695215

39. IBM Corp. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp; 2013.

40. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation

for Statistical Computing; 2013.

41. Altman DG. Practical statistics for medical research. London: Chapman and Hall; 1991.

42. Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-report measures for

assessing height, weight and body mass index: a systematic review. Obes Rev. 2007; 8(4):307–26.

https://doi.org/10.1111/j.1467-789X.2007.00347.x PMID: 17578381

43. Ehrlinger J, Johnson K, Banner M, Dunning D, Kruger J. Why the Unskilled Are Unaware: Further

Explorations of (Absent) Self-Insight Among the Incompetent. Organ Behav Hum Decis Process. 2008;

105(1):98–121. https://doi.org/10.1016/j.obhdp.2007.05.002 PMID: 19568317

44. Blanch-Hartigan D. Medical students’ self-assessment of performance: results from three meta-analy-

ses. Patient Educ Couns. 2011; 84(1):3–9. https://doi.org/10.1016/j.pec.2010.06.037 PMID: 20708898

Self-reported and objective knowledge of EBP terminology

PLOS ONE | https://doi.org/10.1371/journal.pone.0200313 July 12, 2018 13 / 13

https://doi.org/10.1080/01421590600624422
http://www.ncbi.nlm.nih.gov/pubmed/16807169
http://www.ncbi.nlm.nih.gov/pubmed/11964341
https://cna-aiic.ca/~/media/cna/page-content/pdf-en/ps113_evidence_informed_2010_e.pdf
https://cna-aiic.ca/~/media/cna/page-content/pdf-en/ps113_evidence_informed_2010_e.pdf
https://doi.org/10.1186/s13104-017-2373-7
http://www.ncbi.nlm.nih.gov/pubmed/28086967
https://www.rdocumentation.org/packages/kappaSize/versions/1.1/topics/CI5Cats
https://www.rdocumentation.org/packages/kappaSize/versions/1.1/topics/CI5Cats
https://doi.org/10.1016/j.sapharm.2012.04.004
https://doi.org/10.1016/j.sapharm.2012.04.004
http://www.ncbi.nlm.nih.gov/pubmed/22695215
https://doi.org/10.1111/j.1467-789X.2007.00347.x
http://www.ncbi.nlm.nih.gov/pubmed/17578381
https://doi.org/10.1016/j.obhdp.2007.05.002
http://www.ncbi.nlm.nih.gov/pubmed/19568317
https://doi.org/10.1016/j.pec.2010.06.037
http://www.ncbi.nlm.nih.gov/pubmed/20708898
https://doi.org/10.1371/journal.pone.0200313

