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Abstract

Objective

There is a lack of reliable and valid evidence-based practice (EBP) measures for physiother-

apy students. This study validated EBP-student (EBP-S) measures for physiotherapy

students.

Methods

EBP measures developed from previous research were cross-culturally validated for use by

physiotherapy students. The adapted EBP-S consisted of six measures: use of EBP, EBP

activities, EBP knowledge, self-efficacy for EBP, attitudes towards EBP, and perceptions of

the teaching and assessment of EBP in the curriculum. The final version was completed by

physiotherapy students (n = 335). The psychometric properties for each EBP-S measure

were estimated, including construct validity using Rasch model, internal consistency reliabil-

ity using person separation index (PSI), test-retest reliability using intraclass correlation

coefficient (ICC), and differential item functioning (DIF).

Results

Two formative measures (use of EBP and EBP activities) were only linguistically modified

for use with students. A Rasch model was applied to the other four reflective measures. For

knowledge, 55% (6/11) items fit the Rasch model with chi-square fit statistic (χ2) = 34.46, p =

0.08; PSI = 0.85. For self-efficacy, 89% (8/9) items fit the Rasch model with χ2 = 25.11, p =

0.80; PSI = 0.89. For attitudes, 62% (8/13) items fit the Rasch model with χ2 = 61.49, p =

0.00; PSI = 0.71. For perception of the teaching and assessment of EBP in the curriculum,

62% (8/13) items fit the Rasch model with χ2 = 80.99, p = 0.45; PSI = 0.92. perception of the
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teaching and assessment of EBP in the curriculum showed DIF in three items. The ICCs

ranged between 0.80 and 0.98.

Conclusions

The EBP-S measures were validated for physiotherapy students, including the testing of

psychometric properties, which were not tested in the original studies. Further refinements

should be considered for the use of the EBP-S with other groups of students or if changes

are applied to the current curriculum.

Introduction

Evidence-based practice (EBP) involves integrating high-quality evidence with clinical experi-

ence and patients’ preferences when making a clinical decision [1]. As an approach to clinical

decision-making, EBP supports clinicians in the provision of high-quality care for clients [2].

The well-known 5-step EBP process is often referred to as the 5 “A’s” of EBP: ask an answer-

able clinical question; acquire the best available evidence to answer the question from the liter-

ature; appraise the quality of the evidence, its relevance to local context, and its applicability to

practice; apply the evidence in practice by integrating it with expertise and the patient’s views

and values; and assess the effectiveness and efficiency of the application of the evidence and

determine whether to continue to use this evidence [3].

As one of their core responsibilities and central to most professional competency standards,

health care providers, including physiotherapists, are expected to use EBP in their daily prac-

tice [4, 5]. It is widely recognised that for clinicians to embrace and apply EBP, they must be

exposed to what EBP is and how to operationalise it in practice during entry-level education

[6, 7]. The Sicily statement on EBP recommended that all health-care education programs

incorporate EBP training into their curricula [8]. While instruction on EBP for physiotherapy

students is vital, a growing body of literature indicates that the measurement of EBP compe-

tencies is challenging [9–11].

While formal EBP assessments such as the Fresno Test [12] are important, they do not nec-

essarily capture all aspects of progress or the intricacies of the learning process, which self-

assessment can help capture [13]. Self-reported questionnaires can be used to assess the five

EBP steps and the perceived EBP knowledge [14, 15]. In addition, self-report questionnaires

have additional benefits, such as their convenient administration, cost efficiency, time effi-

ciency, and practicality. Research conducted in various disciplines has consistently demon-

strated a lack of correspondence between individuals’ self-reported skills and their actual

objective performance [16]. Hence, self-assessment complements the formal evaluation pro-

cesses to ensure a holistic grasp of EBP knowledge.

As a complex and highly context-specific decision-making process, EBP relies on a number

of individual (e.g., knowledge, self-efficacy, attitudes, and use of EBP) and organizational (e.g.,

resources) factors. Assessing learners on these constructs requires the adoption of several rele-

vant measures. In our previous work [14], we took a step towards answering a resounding call

for the use of valid and reliable measures of EBP [17]. We developed and validated six EBP

measures (use of EBP, EBP activities, knowledge, self-efficacy, attitudes, and resources) using

Rasch measurement theory [18] in English and French among 2016–2017 graduates of the 28

physiotherapy and occupational therapy programs in Canada [14]. Given that our initial EBP

measures were designed for novice clinicians [14], it is imperative to validate these measures
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for students in order to ascertain their efficacy, suitability, and feasibility across diverse user

populations. The process of validating these measures for students enables educators and

researchers to assess the efficacy of instructional methods in teaching EBP, as well as their

user-friendliness and suitability for different scenarios, professional contexts, degrees of exper-

tise, and learning preferences. This validation can also serve as a means to highlight prospec-

tive challenges, difficulties, or areas that require improvement. Those newly developed

measures, which can be used to help identify the factors that influence EBP, can help inform

curriculum design and revisions. Tailored curricula can better prepare physiotherapy students

for their roles as evidence-based practitioners and, ultimately, lead to better patient outcomes

and more effective healthcare delivery.

Given that many of these items were originally constructed for clinicians [14], the measures

require additional refinements before they can be used with students. Therefore, it is necessary

to conduct additional psychometric testing regarding the test-retest reliability, minimal detect-

able change (MDC), feasibility, floor or ceiling effects, standard error of measurement (SEM),

and internal consistency for the two aforementioned measures.

The use of these measures in a different context and in other countries requires robust

cross-cultural adaptation [19]. Consequently, the objectives of this study were to: (1) cross-cul-

turally adapt EBP-student (EBP-S) measures in undergraduate and postgraduate physiother-

apy programs in Hong Kong; and (2) conduct additional psychometric testing of the

properties of the EBP-S measures.

Materials and methods

This study followed the STrengthening the Reporting of OBservational studies in Epidemiol-

ogy (STROBE) checklist for observational studies [20]. Ethical approval for this study was

obtained from The Hong Kong Polytechnic University Institutional Review Board (reference

number: HSEARS20210421001). All participants gave their informed consent in writing or

electronically. The data were collected between May 3, 2021 and May 2, 2022. Our team

accessed the data for purposes of data analysis between September 5, 2022 and March 3, 2023.

Design

This study employed a two-phase process. In Phase 1, we conducted cross-cultural validation

of the measures using several focus groups and pilot testing of the translated version. In Phase

2, we administered the paper or electronic self-report questionnaires to undergraduate and

postgraduate physiotherapy students to evaluate the psychometric properties of the translated

EBP measure. In this second phase, a cross-sectional design was used to test the construct

validity of the EBP-S measures. A subset of participants from Phase 2 were then recruited to

test the internal consistency and test-retest reliability of the EBP-S measures.

EBP-S measures

This study adapted two sets of measures from earlier work [6, 14]. The first set consists of four

measures (use of EBP, EBP activities, knowledge, and self-efficacy) adapted from our original

work among Canadian graduates of OT and PT programs [14]. A total of 49 items represent

the following constructs:

1. Use of EBP: The 9-items measure the actual use of EBP and reflect the 5 steps of the EBP

process [3] over the past six months. A 5-point response scale was used, namely: ‘Never’, ‘1
to 2 times’, ‘Almost every month’, ‘2 to 10 times a month’, and ‘More than 10 times a month’.
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2. EBP Activities: The 7-items evaluate the application of research findings in one’s practice

environment, such as formally/informally sharing the recent research findings with col-

leagues or patients at the working/learning context. It is a 5-point scale, ranging from

“never” to “daily”. The total score ranges from 0 to 140, with higher values indicating

greater participation in EBP activities.

3. Knowledge about EBP: This is an 11-item measure that evaluates a student’s basic knowl-

edge of EBP. Participants are required to report their understanding of research terminol-

ogy, including statistical and methodological jargon. A 5-point scale of response options

was used, including ‘Never heard the term’, ‘Have heard it but do not understand’, ‘Have
some understanding’, ‘Understand quite well’, and ‘Understand and could explain to others’.
A greater understanding indicates more comprehensive knowledge about EBP.

4. Self-efficacy: The 9-items measure participants’ confidence in implementing EBP in clinical

practice. On an 11-point scale ranging from 0% to 100%, participants are instructed to rate

their level of confidence on their current ability to apply the 5 steps of the EBP process. A

greater percentage indicates higher confidence in applying the 5 steps.

The second set of measures targets 1) attitudes towards EBP and 2) students’ perceptions of

the teaching and assessment of EBP in the curriculum. The items were adapted from a previ-

ous study involving occupational therapy students at a Canadian university [6]. A total of 53

items representing the following measures were used:

5. Attitudes towards EBP: This 13-item measure evaluates a student’s views towards EBP. All

items use a 7-point Likert scale, including ‘Strongly disagree’, ‘Disagree’, ‘Somewhat dis-
agree’, ‘Neither disagree nor agree’, ‘Somewhat agree’, ‘Agree’, and ‘Strongly agree’.

6. Perception of the teaching and assessment of EBP in the curriculum: This scale consists of four

subscales:

i. Overall perception of EBP in the curriculum: This 13-item subscale measures students’

general impressions of EBP in their curriculum, including their feelings of the program’s

readiness and instructors’ abilities to deliver EBP.

ii. Perception of EBP Training in the curriculum: This 12-item subscale evaluates students’

impressions about the strategies used to teach the EBP’s 5 steps in their curriculum.

iii. Perception of EBP evaluation in the curriculum: This 4-item subscale evaluates students’

impressions about the assessment of EBP in their curriculum.

iv. Students’ experience of EBP in clinical placements: This 11-item subscale evaluates stu-

dents’ impressions of the learning resources and the application of EBP in the clinical

context during fieldwork.

All the subscale’ items use a 7-point Likert scale, which includes ‘Strongly disagree’, ‘Dis-

agree’, ‘Somewhat disagree’, ‘Neither disagree nor agree’, ‘Somewhat agree’, ‘Agree’, and

‘Strongly agree’.

Phase I: Cross-cultural validation

To use the EBP measures with students, we first evaluated the influence of classroom context

on the application of EBP. Upon careful examination of our original work [14], we determined

that the items on resources and attitudes towards EBP were inappropriate for students because

these students have not yet been employed and, as such, cannot comment on these items that

relate to the workplace. Instead, we used and adapted measures pertaining to attitudes
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regarding EBP and perceptions of the impact of education on EBP from a prior study con-

ducted among students in one Canadian occupational therapy program [6].

Linguistic and psychometric validation was undertaken using a cross-cultural adaptation

method [19]. As English is the language of instruction in Hong Kong, these measures were

translated from North American English to Hong Kong English to ensure conceptual equiva-

lence. We initially obtained permission to adapt the two sets of measures from the developers,

who are involved in this study. The translation and cross-cultural adaptation process followed

the recommended guidelines [19]. The S1 File details the 6-stage process followed by this

paper.

Phase II: Testing the psychometric properties

We prepared both printed and online surveys to test the psychometric properties of the final

Hong Kong English EBP-S measures following the recommended standards [21–23]. The

structural validity of the EBP-S measures was tested using Rasch analysis [14].

Participants. The participants were students from four cohorts: two from the undergrad-

uate physiotherapy program (BSc in their third (BSc-Y3) and fourth (BSc-Y4) year of study),

and two from the postgraduate physiotherapy programs (entry level MPT in their second year

(MPT-Y2) and MSc in the Manipulative Physiotherapy program in their second year (MSc-

Y2). These students were chosen because they had prior EBP training and had completed at

least one clinical placement. A minimum sample size of 200 students was planned because this

is the recommended sample size for conducting Rasch analysis (200 and 500 participants [24–

26]. For the test-retest reliability, the enrolment of 100 students was planned, which is the sug-

gested ‘adequate’ sample size by the COSMIN checklist [22, 27]. According to the checklist, a

sample size of � 100 participants is considered adequate, while a sample size of 50–99 is con-

sidered good, 30–49 is considered moderate, and < 30 is considered poor [22, 27].

Recruitment and data collection. Participants were recruited from a research-intensive

university in Hong Kong. A draw of vouchers worth up to HK$200 (~US$25) was offered to

increase survey participation, a recommended method for data collection [28]. After two

weeks, those interested participants to take the retest survey received a reminder email. Retest

surveys were given 2–3 weeks later with two e-reminders to avoid recall bias [22] and changes

in EBP knowledge that could occur with additional classroom instruction.

Participants were recruited using three invitation methods: face-to-face following in-class

practical sessions with a printed survey; online with an electronic survey; and posters placed

around the academic department. The study goal and survey time (10–15 minutes) were ver-

bally, written, or electronically described. The electronic survey was created using the Qualtrics

software (Qualtrics Survey2020, Utah, USA; https://www.qualtrics.com/) with a QR code.

Data analysis. For continuous variables, descriptive statistics were given using means

(standard deviation (SD)), and for categorical variables, frequencies (percentages). All descrip-

tive and measurement analyses were carried out using the Statistical Analysis Software (SAS)

(version 9.4) [29] and the Statistical Package for the Social Sciences (SPSS v.2) [30]. All Rasch

analyses were carried out using the Rasch Unidimensional Measurement Model (RUMM)

Software (version 2030) [31].

Rasch analysis. The reliability and validity of the EBP-S measures were tested using Rasch

analysis [14]. Rasch is a unidimensional model that ranks the difficulty of the items (from easy

to hard) based on the ability distribution of respondents, a process known as item hierarchy.

This implies that students with greater abilities (i.e., more experienced in using EBP steps) are

expected to choose the higher response options, and vice versa. The items were then ordered

along a continuum, from those items requiring little ability to respond at the bottom to those
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requiring exceptional skill at the top. Item hierarchy can be tested using an item map [32].

Masters’ partial credit Rasch polytomous model was used in our analyses, as this model is suit-

able for ordinal response options [33]. As previously indicated in our original study [14], two

measures fit a formative model (use of EBP and EBP activities), which indicates that Rasch

analysis is not needed. On the other hand, four measures align with a reflective model: atti-

tudes, self-efficacy, knowledge, and resources. For these measures and for the perception of

the teaching and assessment of EBP in the curriculum, we conducted a Rasch analysis. The fol-

lowing steps were followed to verify the assumptions of the Rasch model for the EBP-S mea-

sures that fit a reflective conceptual model:

Item response thresholds. All the items tested in the four EBP-S measures were polytomous,

with at least 5 response categories. The boundaries between neighbouring categories are

referred to as thresholds. These thresholds denote locations on the latent variable where the

probability of any of the adjacent categories is equal [34, 35]. It is expected that these thresh-

olds would be ordered, indicating that the transition from one score to the next is in line with

the rise in the latent variable. This is referred to as monotonicity, which is one of the assump-

tions of the Rasch model that was checked using the item threshold parameters, a threshold

map, and category probability curves. If the thresholds were disordered, the item was rescored

by collapsing the adjacent response options. In certain items, the collapsing of the response

options reduces the responses to become binary.

Overall, person and item fit to the Rasch model. To assess how the item/person differs from

the expected responses generated by the Rasch model, we assessed the model fit using stan-

dardized fit residuals. The items and person were considered fit if the residual values were

within ± 2.5 [34, 35]. Items with greater residual values than +2.5 may indicate multidimen-

sionality, while items with lower values than -2.5 may indicate redundancy. These misfit items

are now functioning the way they intended to be; therefore, they were removed from the con-

struct. Using the summary fit residual statistics, the overall model fit was tested by a non-sig-

nificant chi-square fit statistic (χ2) with a p-value > 0.05 post-Bonferroni adjustment and a

non-significant F statistic for the available items. This indicates homogeneity of the items

among groups with different scores [34, 35].

Unidimensionality indicates that all items within a construct should measure a single latent

variable. Unidimensionality was examined using the principal component analysis of the

residuals, which identified and contrasted two sets of items with opposing loadings using inde-

pendent t tests [34, 35]. For each measure’s items to be considered unidimensional, less than

5% of t-test values should be significant, falling outside ± 1.96 [36].

Structural validity. Structural validity for a measure was tested by examining the item distri-

bution over the hierarchical linear continuum from least to greatest difficulty. To do this, we

examined the statistical and graphical distribution of the items. Ideally, the location of the item

or person on the continuum should be centred at 0 and have a standard deviation (SD) of 1.

We identified items with identical locations, which may imply item redundancy. In addition,

we inspected any gaps throughout the estimated targeted range (−4 to +4 logits).

Local item dependence. Local item dependence is when ratings on one item within the same

construct are reliant on scores of another item [37]. To identify dependent items, we examined

the residual correlations between pair-wise items after accounting for the latent component.

Any correlation greater than 0.3 was deemed dependent, affecting the measure’s reliability. To

address this issue, two solutions were considered: creating a "super item" by combining the

response options of the items, or retaining the item with the best phrasing [37]. The research

team met to compare the degree of linguistic intricacy between two highly correlated items

and opted for the one presented in a simplified language.
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Differential item functioning (DIF). One of the Rasch model requirements is the lack of DIF.

The presence of DIF suggests the occurrence of item bias, which demonstrates that different

subgroups within the same sample perform differently on the same measure item. In this

study, DIF was examined across the EBP-S measures by academic cohort, prior research expe-

rience, grade point average (GPA), and sex. There was a consensus among the research team

regarding these variables as the source of students’ divergent responses. An item was deter-

mined to have DIF if the F test employing a two-way analysis of variance was significant. In

addition, we visually examined the item characteristic curve to see whether it supported the

statistical finding. We explored both splitting the score and removing the item as potential

solutions.

Internal consistency reliability. The Cronbach’s alpha (α) coefficient, an indicator of

internal consistency reliability, was not calculated for the measures that fit the formative

model, namely: use of EBP and EBP activities, as recommended [38]. For the other four mea-

sures, internal consistency reliability was examined using the Person Separation Index (PSI)

using the baseline sample, which in Rasch analysis is equivalent to Cronbach’s α. A Cronbach’s

α value between 0.70 and 0.95 is considered acceptable [39, 40].

Test–retest reliability. The relative test-retest reliability of the six EBP-S measures was

tested using the two-way random effects, absolute agreement, and intraclass correlation coeffi-

cient model 2.1 (ICC (2,1) AGREEMENT). The ICC (2,1)AGREEMENT was calculated using the for-

mula provided by Shrout and Fleiss (1979) [41]:

ICCð2; 1ÞAGREEMENT ¼
s2
x

s2
x þ s2

y þ s2
residual

Where, s2
x = variance between students, s2

y = variance due to systematic differences between

the two survey administrations, s2
residual = residual variance.

The ICC cut-off values are: <0.50 (poor), 0.50 to 0.75 (moderate), 0.75 to 0.90 (good), and

>0.90 (excellent) [42]. For individual comparisons over two-time points, an ICC of � 0.90 is

deemed sufficient [21, 43]. For group comparisons, an ICC of � 0.70 is considered sufficient

[21, 43].

SEM and sensitivity to change. SEM measures the inaccuracy in the scores that cannot

be attributable to real changes. For each EBP-S measure, we calculated the SEMAGREEMENT

using the square root of the variance due to systematic differences between the two survey

administrations and the residual variance. These values were derived from the ICC (2,1)AGREE-

MENT using the following formula [44]:

SEM ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2
y þ s2

residual

q

Where sT
2 = total variance.

In our study, the SEM represents the standard deviation of the students’ scores over two

time points.

MDC indicates the smallest change required by each student between two repeated mea-

sures to guarantee that the observed change is not attributed to measurement error [45]. The

MDC values for each EBP-S measure were calculated using the SEM, with a confidence inter-

val of 90% or 95%. MDC with a 95% confidence interval (MDC95) was computed using the fol-

lowing formula [46]: MDC95 ¼ 1:96 � SEM �
ffiffiffi
2

p
. The MDC with a 90% confidence interval

(MDC90) was computed using the following formula [46]: MDC90 ¼ 1:64 � SEM �
ffiffiffi
2

p
.
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Feasibility and floor and ceiling effects

To assess the data feasibility, we counted the number of missing data for each EBP-S measure

in the baseline data. We examined the floor and ceiling effects, which were defined as the pres-

ence of �15% of participants with the lowest or highest possible score [21] for two EBP-S mea-

sures: use of EBP and EBP activities. For the other four measures, we examined the floor and

ceiling effects using the person-item distribution map provided by Rasch analysis.

Results

Phase I: Cross-cultural validation

The translation Stages (I-IV) were conducted as specified in the methods. A number of uncer-

tainties were identified, discussed, and resolved. The S1 Table details the major and minor

modifications made to the items of the EBP-S measures. In Stage V, 52 participants were

recruited to review the pre-final version and participate in the cognitive debriefing. The char-

acteristics of the pilot study are summarized in the S2 Table. Cognitive debriefing interviews

demonstrated that items on the six measures were understandable and relevant. On average, it

took 13.5 minutes to complete the survey. Fig 1 demonstrates the validation process of the

EBP-S measures.

Phase II: Testing the psychometric properties

Characteristics of the study participants. The final versions of the Hong Kong EBP-S

measures, produced by Stage VI, were included in the survey. We invited a total of 368 stu-

dents: 152 BSc-Y3, 137 BSc-Y4, 48 MPT-Y2, and 31 MSc-Y2. Of the 368, 335 students

responded to the survey (response rate = 91%); BSc-Y3 (n = 138), BSc-Y4 (n = 123), MPT-Y2

(n = 45), and MSc-Y2 (n = 29). Table 1 presents the baseline participant characteristics. For

the retest survey, 50 students provided responses. The second survey was completed over a

period of 17 days, with a range of 14 to 20 days. The S3 Table contains the follow-up subsample

characteristics.

Use of EBP. Students indicated that they needed to use the EBP steps multiple times

across different course subjects because many subjects require students to do seminar presen-

tations. This consists of conducting a literature search and applying the findings to case studies

or patient scenarios. During Stage 1, students suggested that to give more meaningful scoring,

a rescore to the response options for each item should be applied as follows: “No Use” for the

“Never” option; “Minimal Use” for “1 to 2 times”; “Regular Use” for both “Almost every

month” and “2 to 10 times a month”; and “High Use” for “More than 10 times a month”.

Table 2 presents the results for the “use of EBP” measure. The new total score ranges from 0 to

27 and is calculated by multiplying the response options for each item by the number of items.

To facilitate the interpretation of the new total score, we created cut-off points by averaging

the distance between the minimum and maximum cross-products of response options and

number of items, similar to our previous approach [47]. Then, we interpreted the distance

between these midpoints (S2 File). The total score for the "use of EBP" measure can therefore

be described as follows: "No Use" for a total score range of (0 to 4.5)/27, "Minimal Use" for (4.6

to 13.5)/27, "Regular Use" for (13.6 to 22.5)/27, and "High Use" for (22.6 to 27)/27.

EBP activities. For this measure, we did not alter the scoring of the original measure,

including its total score. Students who participated in the pilot study (Phase I) concurred with

the response options provided for the items, as some students engaged in the activities listed in

this measure daily, weekly, biweekly, or monthly. Consequently, the committee approved the
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student feedback with no modifications. Table 3 presents the results of the EBP activities

measure.

Knowledge about EBP. Table 4 presents the results of the Rasch analysis for the original

11 items on knowledge about EBP. All items had disordered thresholds and were rescored by

Fig 1. The validation process of the six EBP-S measures.

https://doi.org/10.1371/journal.pone.0298611.g001
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Table 1. Characteristics of the baseline study participants (n = 335).

Characteristics BSc–Y3 BSc–Y4 MPT-Y2 MSc-Y2 All

N (%) 138 (41.2) 123 (36.7) 45 (13.4) 29 (8.7) 335 (100)

Gender, n (%)

Male 78 (56.5) 70 (56.9) 18 (40.0) 21 (72.4) 187 (55.8)

Female 60 (43.5) 53 (43.1) 27 (60.0) 8 (27.6) 148 (44.2)

Age (years)

mean (SD) 19.9 (0.6) 20.7 (0.6) 27.8 (4.0) 28.3 (3.8) 22 (3.7)

GPA, n (%)

2.3–3.0 18 (13.0) 9 (7.3) 14 (31.1) 1 (3.5) 42 (12.5)

3.0–3.3 54 (39.1) 41 (33.3) 10 (22.2) 4 (13.8) 109 (32.5)

3.4–3.7 25 (18.1) 18 (14.6) 4 (8.9) 8 (27.6) 55 (16.4)

3.8–4.0 2 (1.5) 1 (0.8) 0 (0.0) 0 (0.0) 3 (0.9)

Prefer not to say 38 (27.5) 54 (43.9) 17 (38.8) 16 (55.2) 125 (37.3)

Missing 1 (0.7) 1 (0.3)

Prior research experience#, n (%)

No 127 (92.0) 117 (95.1) 34 (75.6) 18 (62.1) 296 (88.4)

Yes 11 (8.0) 6 (7.3) 11 (24.4) 9 (31.0) 37 (11.0)

Missing 2 (6.9) 2 (0.6)

SD: Standard Deviation; GPA: Grade Point Average; BSc–Y3: Bachelor of Science–year 3; BSc–Y4: Bachelor of Science–year 4; MPT-Y2: Masters in physical therapy;

MSc–Y2: Master of Science in manipulative therapy–year 2; #: Prior research experience was defined by either participating in a capstone project during a prior BSc or

by working previously as a research assistant.

https://doi.org/10.1371/journal.pone.0298611.t001

Table 2. Results of analysis for the “use of EBP” measure.

Instructions: In the past 6 months, how often have you________
Item Description of Item: Never 1 to 2

times

Almost every

month

2 to 10 times

a month

More than 10

times a month

1 Identified a gap in your knowledge related to a patient or case situation (e.g., history,

assessment, treatment)?

No

Use

Minimal

Use

Regular Use High Use

2 Formulated a question to guide a literature search based on a gap in your knowledge? No

Use

Minimal

Use

Regular Use High Use

3 Effectively conducted an online literature search to address the question? No

Use

Minimal

Use

Regular Use High Use

4 Critically appraised the strengths and weaknesses of research methods (e.g.,

appropriateness of study design, recruitment, data collection and analysis)?

No

Use

Minimal

Use

Regular Use High Use

5 Critically appraised the measurement properties (e.g., reliability and validity,

sensitivity and specificity) of standardized tests or assessment tools you are

considering using in your practice?

No

Use

Minimal

Use

Regular Use High Use

6 Interpreted study results with the use of statistical tests and procedures (e.g., t-tests,

logistic regression?)

No

Use

Minimal

Use

Regular Use High Use

7 Determined if evidence from the research literature applies to your case study’s

situation?

No

Use

Minimal

Use

Regular Use High Use

8 Determined on an appropriate course of action based on integrating the research

evidence, clinical judgment and patient or client preferences?

No

Use

Minimal

Use

Regular Use High Use

9 Continually evaluated the effect of your course of action on your patient’s/client’s

outcomes?

No

Use

Minimal

Use

Regular Use High Use

https://doi.org/10.1371/journal.pone.0298611.t002
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collapsing the categories "never heard the term" and "have heard it but don’t understand".

After rescoring, five items were removed because of a misfit with the Rasch model. One item

showed dependency on another (items 1, 2). We kept the item with the best wording and

removed item 2. There were no DIF by academic cohort, prior research experience, GPA, or

sex. The remaining six items formed the knowledge measure for the students (χ2 = 34.46,

df = 24, p = 0.08). Fig 2A illustrates the threshold map for the final 6-item knowledge measure,

displaying the items from the simplest (randomized controlled trial) to the most difficult

(meta-analysis). Fig 2B depicts the targeting map, which presents how participants were tar-

geted by the items. This figure demonstrates that the students were reasonably well targeted by

the final six items, with a mean person location of 0.29 (expected 0) and a standard deviation

(SD) of 2.05 (expected 1).

Self-efficacy towards EBP. Table 5 presents the results of the Rasch analysis for self-effi-

cacy towards EBP. All items were rescored because of disordered thresholds. The lower catego-

ries ("0%", "10%", and "20%") were collapsed for five entries (items 4, 5, 6, 7, 8, and 9). For two

items, the categories ("0%", "10%", "20%", and "30%") were collapsed (items 2, 3). A severely

disordered item was rescored using binary categories (item 1). Item 6 was further rescored to

merge the middle ("30%" with "40%" and "50%" with "60%") and higher ("70%", "80%", "90%",

Table 3. Results of analysis for “EBP activities” measure.

Instructions: In your clinical placement, how often have you____________

Item Description of Item Never Monthly or

less

Bi-

weekly

Weekly Daily

1 Integrated research evidence with your expertise? 0 1 2 4 20

2 Informally (e.g., chatting) shared and discussed literature/research findings with colleagues at your

educational organization?

0 1 2 4 20

3 Formally (e.g. during team meetings) shared and discussed literature/research findings with colleagues at

your educational organization?

0 1 2 4 20

4 Shared and discussed literature/research findings with patients/clients? 0 1 2 4 20

5 Read published research reports? 0 1 2 4 20

6 Allocated time to read research? 0 1 2 4 20

7 Attended in-services/workshops/courses in your organization about EBP? 0 1 2 4 20

https://doi.org/10.1371/journal.pone.0298611.t003

Table 4. Results of Rasch analysis for the original items of the “Knowledge about EBP” measure.

Instructions: Please indicate your level of agreement with the following statements: 5-point Likert Scale
Item Description of Item Response

option

rescored

Results

Item misfit Local item dependency DIF

1 Reliability of outcome measures
p

No Yes No

2 Validity of outcome measures
p

No Yes with items 1 (Item 2 deleted) No

3 Sensitivity/Specificity of outcome measures
p

No No No

4 Meta-analysis
p

No No No

5 Confidence Interval
p

Yes (deleted) No No

6 Systematic Review
p

No No No

7 Number needed to treat
p

Yes (deleted) No No

8 Statistical significance
p

No No No

9 Minimally important change (MIC)
p

Yes (deleted) No No

10 Treatment effect size
p

Yes (deleted) No No

11 Randomized controlled trial (RCT)
p

No No No

https://doi.org/10.1371/journal.pone.0298611.t004
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and "100%") categories. For six items, the upper three categories ("80%", "90%", and "100%")

were merged together (items 2, 3, 4, 5, 7, and 9). All nine items fit the Rasch model. Item 8

showed dependency with item 9, and as the best-worded item was retained, item 8 was

removed. There was no DIF for any of the items. The remaining eight items formed the knowl-

edge measure for the students (χ2 = 25.11, df = 32, p = 0.80). The threshold map for the final

self-efficacy measure is shown in Fig 3A, with item 1 being the simplest and item 5 being the

most difficult. Fig 3B presents the targeting map, which shows a reasonably well targeting of

the sample by the remaining 8 items, with the person mean location (SD) = -0.35 (1.39).

Attitudes towards EBP. The findings of the Rasch analysis for attitudes towards EBP are

shown in Table 6. Five severely disordered items were rescored by collapsing their categories

into binary items (items 1, 2, 3, 4, and 5). The lower and middle categories ("Strongly disagree",

“Disagree", "Somewhat disagree", and "Neither disagree nor agree") were collapsed as 0, while

Fig 2. a Threshold map and b targeting map of “Knowledge about EBP” construct.

https://doi.org/10.1371/journal.pone.0298611.g002
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the upper categories ("Somewhat agree", "Agree", and "Strongly agree") were merged as 1. The

remaining 8 items had negative meaning; therefore, we rescored them by reversing the order

of the category options. One item misfit the Rasch model, thus it was removed (item 10). How-

ever, five items demonstrated interdependence (items 1, 2, 3, 4, and 5). The item with the best

wording was retained, resulting in the removal of items 1, 2, 3, and 4. The remaining 8 items

formed the attitudes towards EBP measure for the students; nonetheless, the global fit was

poor (χ2 = 61.49, df = 32, p = 0.00). Fig 4A shows the final gradient distribution of the attitudes

towards EBP items, from the least to the most difficult. Fig 4B shows a reasonably well target-

ing of the sample by the remaining 8 items, with the person mean location (SD) = 0.19 (0.70).

It also shows more items at the lower and upper ends of the attitude’s continuum with no

students.

Perception of the teaching and assessment of EBP in the curriculum. Table 7 presents

the results of the Rasch analysis for the perception of the teaching and assessment of EBP in

the curriculum. The response options in the lower categories for 20 items were disordered.

Nine items were rescored by combining the lower categories "Strongly disagree" and "Dis-

agree" (items 3, 6, 10, 12, 13, 20, 21, 22, and 36). Eleven items were rescored by collapsing the

lower three categories ("Strongly disagree", "Disagree", and "Somewhat disagree") (items 1, 2,

4, 8, 9, 21, 23, 25, 26, 29, and 40). Four items misfit the Rasch model and were eliminated

(items 6, 20, 22, and 32). Twenty-five items demonstrated dependency on one or more other

items (items 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 27, 28, 30, 31, 38, 39, and

40). We kept the best-worded items and removed 14 others (items 2, 3, 5, 7, 9, 10, 12, 15, 16,

17, 18, 28, 31, and 39). Three items showed DIF: two by academic cohort (items 30 and 35)

and one by prior research experience (item 33). Items 30 and 35 were split by the academic

cohort to maintain their inclusion in this construct. However, the split items were highly cor-

related with two other items (items 33 and 34); hence, we eliminated the split items, resulting

in the removal of items 30 and 35 from the construct. We split item 33 into two items: one for

those who answered “Yes” for prior research experience and one for those who answered "No".

However, the "Yes" split item was highly correlated with item 40; hence, it was removed due to

its high dependency.

Table 5. Results of Rasch analysis for the original items of the “Self-efficacy towards EBP” measure.

Instructions: Please indicate your level of agreement with the following statements: 5-point Likert Scale
Item Description of Item Response

option

rescored

Results

Item

misfit

Local item dependency DIF

1 Identify a gap in your knowledge related to a patient or client situation (e.g., history, assessment,

treatment)?

p
No No No

2 Formulate a question to guide a literature search based on a gap in your knowledge?
p

No No No

3 Effectively conduct an online literature search to address the question?
p

No No No

4 Critically appraise the strengths and weaknesses of study methods (e.g., appropriateness of study design,

recruitment, data collection and analysis)?

p
No No No

5 Critically appraise the measurement properties (e.g., reliability and validity, sensitivity and specificity) of

standardized tests or assessment tools that you are considering using in your practice?

p
No No No

6 Interpret study results obtained using statistical tests and procedures (e.g., t-tests, logistic regression)?
p

No No No

7 Determine if evidence from the research literature applies to your patient’s/client’s situation?
p

No No No

8 Decide on an appropriate course of action based on integrating the research evidence, clinical judgment

and patient or client preferences?

p
No Yes with item 9 (item 8

deleted)

No

9 Continually evaluate the effect of your course of action on your patient’s/client’s outcomes?
p

No Yes with item 8 (item 8

deleted)

No

https://doi.org/10.1371/journal.pone.0298611.t005
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The remaining 20 items reflecting the perception of the teaching and assessment of EBP in

the curriculum fit the Rasch model and formed a measure (χ2 = 80.99, df = 80, p = 0.45). Fig

5A shows the threshold map for the final perception of the teaching and assessment of EBP in

the curriculum, with the "No" split for item 33 being the easiest and item 21 being the most dif-

ficult item. Fig 5B presents the targeting map, displaying that our sample is well targeted by the

20 items, with a mean location (SD) of 0.25 (0.93).

Test-retest reliability. Table 8 presents the test-retest reliability results of the six EBP-S

measures. The test-retest sample size was the same for all measures (n = 50), except for the

“perception of the teaching and assessment of EBP in the curriculum” (n = 46). Excluding self-

Fig 3. a Threshold map and b targeting map of “Self-efficacy toward EBP” construct.

https://doi.org/10.1371/journal.pone.0298611.g003
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efficacy and attitudes, all measures on the retest showed a slight decline in scores. There was

no significant test-retest mean difference across the EBP-S measures, other than knowledge,

which showed an 8% change from the baseline score. The ICCAGREEMENT values ranged from

good for five measures (use of EBP, knowledge, self-efficacy, attitudes, and perception of the

teaching and assessment of EBP in the curriculum) to excellent for one measure (EBP

activities).

Internal consistency reliability. The PSI values for knowledge, self-efficacy, attitudes,

and perception of the teaching and assessment of EBP in the curriculum were 0.85, 0.89, 0.71,

and 0.92, respectively (Table 8). The values of the PSI suggest acceptable internal consistency

for all EBP-S measures.

SEM and sensitivity to change. Table 8 presents the SEMAGREEMENT, MDC, MDC90 and

MDC95 values using the scoring method for the EBP-S measures, including the Rasched mea-

sures. The SEMAGREEMENT values for all EBP-S measures ranged between 2.3% and 7.7% rela-

tive to the overall scale range. As all of these measures are less than 10%, the measurement

error for these measures is satisfactory [48]. The MDC95 values for the EBP-S measures varied

between 2.3 units for knowledge and 15 units for the perception of the teaching and assess-

ment of EBP in the curriculum.

Feasibility and floor and ceiling effects. There were no missing values for three EBP-S

measures in the baseline data: use of EBP, EBP activities, and perception of the teaching and

assessment of EBP in the curriculum. Knowledge (11.6%), self-efficacy (17%), and attitudes

(11.9%) had missing data. The use of EBP, EBP activities, attitudes towards EBP, and percep-

tion of the teaching and assessment of EBP in the curriculum exhibited neither a floor nor a

ceiling impact. Self-efficacy had some floor impact, although it was 15%. Knowledge about

EBP demonstrated both floor and ceiling effects; however, the values were less than 15%.

Table 9 summarizes the results of the Rasch analyses for the EBP-S measures.

Table 6. Results of Rasch analysis for the original items of the “Attitudes towards EBP” measure.

Instructions: Please indicate your level of agreement with the following statements: 5-point Likert Scale
Item Description of Item Response

option

rescored

Results

Item misfit Local item dependency DIF

1 EBP is considered an essential element of my clinical practice
p

No Yes with Item 5

(Item 1 deleted)

No

2 EBP adds credibility to my profession
p

No Yes with Item 5

(Item 2 deleted)

No

3 Using EBP improves the quality of care delivered to clients
p

No Yes with Item 5

(Item 3 deleted)

No

4 Using EBP helps a clinician stay informed about new treatment interventions
p

No Yes with Item 5

(Item 4 deleted)

No

5 It is important for clinicians to keep up-to-date with research evidence
p

No Yes No

6 EBP ignores the client’s preferences** p
No No No

7 Research findings are presented in a language that is difficult to understand** p
No No No

8 Applications to clinical practice are not always outlined in research studies** p
No No No

9 EBP is a cook-book approach to therapy** p
No No No

10 EBP disregards clinical experience** p
Yes No No

11 Clinical experience is more important than research evidence when making clinical decisions ** p
No No No

12 EBP takes too much time** p
No No No

13 EBP is only possible when the appropriate resources are available** p
No No No

**Items response options were reversed as the meaning is negative.

https://doi.org/10.1371/journal.pone.0298611.t006
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Discussion

This study culturally adapted and modified a six-domain, 89-item EBP-S measure [6, 14] origi-

nally developed for a Canadian context to a Hong Kong version for undergraduate and gradu-

ate physiotherapy students in accordance with the recommended guidelines [19]. As

compared to the original study [14], two measures fit the formative model without item reduc-

tion (use of EBP (9 items) and EBP activities (7 items)) and two measures fit the reflective

model with item reduction using Rasch analysis (self-efficacy (8 items) and knowledge (6

items)). For the second source of measures [6], two measures fit the reflective model with a

Fig 4. a Threshold map and b targeting map of “attitudes towards EBP” construct.

https://doi.org/10.1371/journal.pone.0298611.g004
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Table 7. Results of Rasch analysis for the original items of the “Perception of the teaching and assessment of EBP in the curriculum” measure.

Instructions: Please indicate your level of agreement with the following statements: 5-point Likert Scale
Item Description of Item Response

option

rescored

Results

Item

misfit

Local item

dependency

DIF

1 EBP is an integral part of the curriculum
p

No No No

2 It is the responsibility of the program to help me become an evidence-

based clinician

p
No Yes with Item 1 and

3

(Item 2 deleted)

No

3 EBP is integrated in all of our professional courses
p

No Yes with Item 1, 4,

and 31

(Item 3 deleted)

No

4 This program has provided me with a strong foundation in EBP
p

No No No

5 This program emphasizes the importance of personal judgment when

it comes to implementing EBP

No Yes with Item 4

(Item 5 deleted)

No

6 I feel comfortable asking professors to explain research findings that I

do not understand

p
Yes No No

7 I feel comfortable asking professors to explain the clinical applications

of research evidence

No Yes with Item 6, 8, 9

(Item 7 deleted)

No

8 My teachers present the clinical applications of research evidence
p

No No No

9 My professors are good role models for EBP
p

No Yes with Item 6 and

8

(Item 9 deleted)

No

10 My professors demonstrate positive attitudes towards EBP in the

classroom

p
No Yes with Item 8

(Item 10 deleted)

No

11 Guest clinical lecturers demonstrate positive attitude towards EBP in

the classroom

No No No

12 Guest clinical lecturers are good role models for EBP
p

No Yes with Item 3 and

11

(Item 12 deleted)

No

13 Guest clinical lecturers help me understand how to incorporate

evidence into practice in today’s clinical environment or case study

p
No No No

14 I have received adequate training in order to formulate an answerable

research question in the PICO format

No No No

15 I have received adequate training in order to search for scientific

articles

No Yes with Item 14,

16, 17 and 18

(Item 15 deleted)

No

16 I have received adequate training in order to critically appraise the

scientific articles I find

No Yes with Item 15,

17, 18 and 19

(Item 16 deleted)

No

17 I have received adequate training in order to understand the different

levels of evidence for treatment effectiveness

No Yes with Item 14,

15, 16, 18 and 19

(Item 17 deleted)

No

18 I have received adequate training to help me understand different

kinds of scientific research designs (randomized control trail, cohort

study, cross-sectional) in order to implement EBP

No Yes with Item 14,

15, 16, 17 and 19

(Item 18 deleted)

No

19 I have received adequate training on how to apply the results of various

studies to clinical case scenarios

No No No

20 I need more EBP training in order to apply it in practice** p
Yes No No

21 My assigned course readings help me keep up-to-date with research

evidence

p
No No No

22 I would rather learn about interventions from currently practicing

clinicians than from scientific literature

p
Yes No No

23 Clinical case scenarios help me apply EBP in the classroom
p

No No No

24 My coursework (e.g. assignments, readings, papers, quizzes) helps me

to understand how I can apply EBP in the clinical context

p
No No No

(Continued)
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reduction in the items using Rasch analysis (attitudes towards EBP (6 items) and perception of

the teaching and assessment of EBP in the curriculum (20 items)). The resulting questionnaire

demonstrated excellent psychometric properties. The findings support the use of the Hong

Kong EBP-S measure in future educational programs to elicit individual and contextual factors

among EBP learners.

Use of EBP and EBP activities

The two measures underwent minimal modifications, primarily involving linguistic adjust-

ments to align with the specific cultural and linguistic nuances of the local setting.

Knowledge about EBP

The final six items fit the Rasch model with a mean value > 0, suggesting that the students

reported a higher level of knowledge about EBP than was expected. Given that BSc-Y4,

MPT-Y2, and MSc-Y2 students had conducted some research as part of their capstone

Table 7. (Continued)

Instructions: Please indicate your level of agreement with the following statements: 5-point Likert Scale
Item Description of Item Response

option

rescored

Results

Item

misfit

Local item

dependency

DIF

25 I am comfortable using systematic reviews to gather evidence
p

No No No

26 I am encouraged to use research in my class assignments
p

No No No

27 I receive feedback from my professors about the quality of scientific

evidence I use in my assignments

No No No

28 Exams adequately evaluate my learning of EBP concepts No Yes with Item 27

(Item 28 deleted)

No

29 Assignments adequately evaluate my learning of EBP concepts
p

No No No

30 During my clinical placement, I had opportunities to apply the EBP

knowledge and skills acquired from my academic program

No No By cohort (Item 30 deleted)

31 The settings in which I had my clinical placement promoted EBP No Yes with Item 3 and

30

(Item 28 deleted)

No

32 I did not have enough time to use EBP during my clinical placement** Yes No No

33 My clinical educators were good role models for using EBP No No By Prior research experience (item split,

“Yes” item deleted due to dependency

with item 40)

34 During my clinical placement, I had adequate time to search for

evidence

No No

35 In my clinical placement, I was encouraged to implement EBP No No By cohort (Item 35 deleted)

36 During my clinical placement, I saw the value of using EBP to guide

clinical decisions

p
No No No

37 During my clinical placement, I had access to the required resources to

search for evidence

No No No

38 I was sufficiently prepared to implement EBP when I began my clinical

placement

No No No

39 During my clinical placement, I felt comfortable discussing the

application of EBP with my supervisor

No Yes with Item 38

and 40

(Item 39 deleted)

No

40 My clinical educator provided feedback on my EBP skills
p

No No No

**Items response options were reversed as the meaning is negative.

https://doi.org/10.1371/journal.pone.0298611.t007
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projects, this finding was not surprising and is consistent with the results of the Canadian

physiotherapy and occupational therapy new graduates study using the original measure [14].

This result was also consistent with previous EBP measures developed in nursing across coun-

tries using Rasch analysis [49–52]. Although these six items covered almost the entire range of

the continuum (from -4 to + 4), our sample was not adequately targeted by these items.

Although the original measure had eight questions [14], the knowledge items were considered

to be insufficient. Future refinement of the knowledge about EBP construct should consider

including additional items. Knowledge about EBP had good internal reliability, indicating that

the items could adequately differentiate our students along the continuum, a finding that is

comparable to the original study [14].

Fig 5. a Threshold map and b targeting map of “Perception of the teaching and assessment of EBP in the curriculum”

construct.

https://doi.org/10.1371/journal.pone.0298611.g005
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Self-efficacy towards EBP

The remaining eight items fit the Rasch model, and our sample was reasonably well targeted

by these items. The mean person fit of < 0 suggests a lower degree of self-efficacy for EBP than

expected. This finding contradicts the results of the Canadian study using the original mea-

sure, which indicated a higher degree of self-efficacy [14]. The discrepancy may be because the

original measure was administered to recent graduates who had completed their EBP training,

while most learners in our sample consisted of undergraduates in their third and final year of

study who likely need more time to develop confidence in their abilities to apply EBP. Indeed,

there is a body literature suggests that confidence is a function of time, exposure to a construct,

and an opportunity to practice [53, 54].

Table 8. Test retest reliability of the EBP-S measures (n = 50).

Characteristics Use of EBP EBP Activities Knowledge about

EBP

Self-efficacy Attitudes

towards EBP

Perception of the teaching and assessment

of EBP in the curriculum

n 50 50 50 50 50 46

Number of items 9 7 6 8 8 20

Scale range 0–27 0–140 0–18 0–38 0–43 0–100

Mean ± SD score 1st measure 12.82 (5.29) 20.94 (22.60) 11.2 (4.05) 17.6 (8.74) 19.6 (5.51) 58.9 (10.66)

Mean ± SD score 2nd measure 12.68 (5.42) 20.92 (22.82) 10.3 (4.17) 18.6 (9.42) 20.0 (4.92) 55.9 (13.56)

Mean difference absolute (95%

CI)

-0.14 (-0.76

to 1.04)

-0.02 (-1.47 to

1.51)

-0.88 (-1.66 to

0.10)

1.0 (-0.62 to

2.62)

0.38 (-0.80 to

1.56)

-2.9 (-5.8 to 0.02)

Mean difference relative to score

of 1st measure

0.7% 0.1% 8% 5.7% 2% 4.9%

P value for mean difference 0.76 0.98 0.03 0.22 0.52 0.05

Missing data for the 1st measure 0% 0% 11.6% 17% 11.9% 0%

Internal consistency* 0.85 0.89 0.71 0.92

ICCAGREEMENT 0.91 0.98 0.96 0.89 0.82 0.80

95% CI for ICC 0.83 to 0.95 0.97 to 0.99 0.75 to 0.92 0.81 to 0.94 0.68 to 0.90 0.64 to 0.89

P value for ICC < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

SEMAGREEMENT 1.6 3.2 0.8 3 2.2 5.4

SEMAGREEMENT (relative to scale

range)

5.7% 2.3% 4.2% 7.7% 5% 5.5%

MDC 2.3 4.5 1.2 4.3 3.1 7.4

MDC90 3.7 7.4 1.9 7.0 5.1 12.6

MDC95 4.5 8.9 2.3 8.3 6.1 15.0

*Calculated using Person Separation Index (PSI)

https://doi.org/10.1371/journal.pone.0298611.t008

Table 9. Summary of the Rasch analyses for the EBP-S measures.

Construct Items Thresholds N at

ceiling

p-value for global

fit

PSI Threshold

range

Item location, mean

(SD)

Person location, mean

(SD)Start Finish

Knowledge 11 6 18 296 (88%) 0.08 0.85 -4.3 to 3.8 0.00 (0.63) 0.29 (2.05)

Self-efficacy 9 8 38 278 (83%) 0.80 0.89 -2.2 to 3.3 0.00 (0.60) -0.35 (1.40)

Attitudes 13 8 43 295 (88%) 0.00* 0.71 -6.1 to 3.8 0.00 (1.13) 0.19 (0.70)

Perception of EBP in

education

40 20 100 335

(100%)

0.45 0.92 -3.5 to 4.7 0.00 (0.46) 0.25 (0.93)

All 73 39

EBP: Evidence-based practice; PSI: Person Separation Index; SD: Standard deviation; PSI: Person Separation Index; *All items fit the Rasch model, but improvements

are still needed

https://doi.org/10.1371/journal.pone.0298611.t009
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Self-efficacy towards EBP demonstrated good internal reliability, which is comparable to

the original measure [14, 55] and other measures of self-efficacy towards EBP [56, 57].

Attitudes towards EBP

The final 8 items on attitudes towards EBP fit the Rasch model, but our sample was inadequately

targeted by the items. Our sample’s mean person fit was > 0, showing that our students’ scores

about attitudes towards EBP exceeded the expected values. This is an unsurprising result given

that most learners in health professions such as nurses, physiotherapists, and occupational ther-

apists report having positive attitudes towards EBP [47, 58, 59]. This is likely the outcome of the

growing emphasis on the importance of EBP in health care and the many changes in health pro-

fession education programs globally to include EBP content [4, 5]. However, multiple items in

the lower (� -2.0 logits) and upper (� 2.0 logits) ends of the continuum range without any par-

ticipants. Although all eight items fit the Rasch model, there is a global misfit in the construct,

suggesting that the items should be further revised. This misfit may be explained by the nature

of our sample; we recruited students who may have had little exposure to EBP compared to the

original measure, which recruited recent graduates within 6 weeks of program completion.

The internal consistency of the attitudes towards EBP is acceptable, suggesting that the

items can adequately divide students along the continuum. Our original work showed unac-

ceptable internal reliability for the attitudes measure [14]. Our findings also contrast with a

previous study that employed the Rasch model to examine the internal reliability of the atti-

tudes measure, demonstrating a good value [60]. These differences in the internal consistency

may be attributed to using Rasch with small samples for both the original measure [14] and

the previous study [60] and confirm the importance of having a sufficiently large sample size

in measurement work of this nature.

Perception of the teaching and assessment of EBP in the curriculum

The final 20 items reflecting the perception of the teaching and assessment of EBP in the cur-

riculum fit the Rasch model and targeted our sample well. The mean value for our sample

was > 0, suggesting that students’ perception of their EBP education in the curriculum was

more favorable than expected. The number of items available for this measure almost covers

the hierarchical continuum scale. Three items showed DIF: items 30 and 35 by academic

cohorts, and item 33 by prior research experience. Item 30 showed that BSc-Y3 students

reported lower levels of agreement about having opportunities to apply the EBP knowledge

and skills in their clinical placement. Item 35 also showed that BSc-Y3 students felt that they

were less encouraged to implement EBP during their clinical placement compared to other

cohorts. This is unsurprising because this cohort only had 10 days of clinical placement, which

is likely insufficient to develop a clear idea about the impact of their education on EBP during

their clinical placement. Moreover, our data were collected during the COVID-19 pandemic,

when all face-to-face teaching and clinical placement pivoted to online formats. This transfor-

mation significantly impacted the learning process, from knowledge acquisition to application,

in all Hong Kong postsecondary institutions [61]. Item 33 revealed that students who had

prior research experience, either from previous capstone projects or from working as research

personnel, were less likely to agree that their clinical educators were effective role models for

EBP use. It appears that students with prior research experience may have differing expecta-

tions and perceptions regarding the application and modeling of EBP. Students may believe

that some of their educators were successful in demonstrating EBP, while others did not meet

their expectations due to a lack of knowledge, a hefty workload, or resistance to change. These

challenges were also cited by clinical educators [62].
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The internal consistency of this measure was excellent. A similar finding was reported by

the Osteopathy Clinical Teaching Questionnaire [63], which explores the students’ perceptions

of the instructors’ clinical teaching during clinical placement.

Measurement properties

For internal consistency and measurement error, the values of PSI and SEMAGREEMENT are

good and acceptable for all measures. However, for test-retest reliability, it is hard to draw con-

clusions due to the large 95% CI. In terms of feasibility, three measures had missing data for

the total scores, which ranged between 11.6% and 17.0%. However, there is no consensus

regarding the acceptable amount of missing data for a measure to establish its feasibility. In

statistics, for future use of the measure, missing data of �5% can be handled by single imputa-

tions [64]; 5–10% can be managed by listwise deletion, imputation, or likelihood-based meth-

ods [65]; and >10% can be handled by multiple imputations [66].

Strengths and limitations

This study had several strengths. First, the sample size was adequate to test the construct valid-

ity using Rasch analysis and reliability [24–27]. Second, our study had a high participation

rate, which was likely the result of providing incentives [67]. Third, this is the first study to

investigate the psychometric properties of students’ perceptions about the teaching of EBP in

physiotherapy curricula. This new measure is more specific to EBP than the previous mea-

sures, which evaluated the students’ perceptions of instructors and the learning process in gen-

eral [68–71].

As with any study, ours has limitations. First, our sample was diverse, ranging from stu-

dents with only a few days of clinical placement to graduates with several years of clinical expe-

rience. This diversity was evident in our DIF results. Second, we administered 89 items that

required 15 minutes to complete, which might negatively impact the participants’ concentra-

tion in answering the questions. However, after using Rasch, the number of items was reduced

to 55, which will decrease the time required to complete the questionnaire and may enhance

the completion rate in the future. Third, although the Rasch analysis revealed that the items

had captured a broad range of the hierarchical continuum, there are gaps in some locations,

affecting the precision of the person ’s estimates within these gaps. Fourth, despite the large

sample size, participation was limited to physiotherapy students from a single tertiary institu-

tion. Although three other local institutions offer physiotherapy programs in Hong Kong,

these institutions were recently founded and may have distinct EBP curriculum formats.

Therefore, our findings may not be generalized to these institutions. Furthermore, any modifi-

cations made to the current curriculum would necessitate replicating this study to determine

the potential inclusion of additional items within these constructs, aligning them with the

revised curriculum. Future studies including these institutions are warranted to establish gen-

eralizability. Fifth, the knowledge about EBP measure in our study is limited to statistical and

methodological terms, a limitation identified in the original work [14]. This measure should

include items that assess students’ understanding of the 5 steps of the EBP process [3] as

opposed to research-related terms such as sensitivity and specificity. Therefore, we may need

to develop another measure of knowledge about using EBP steps instead of knowledge of sta-

tistical and methodological terms. In reality, both measures are required. Sixth, the data were

collected during the COVID-19 pandemic, which may have influenced the students’ responses

given that their entire education, including EBP, was shifted to online formats [72, 73]. Last,

our measures rely on self-report to collect data about EBP, which may not reflect the actual stu-

dent competence in these various constructs [74–76]. While self-reported measures are a more
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practical option when time, resources, and logistics are limited [77], the evaluation of educa-

tion on EBP may need the integration of self-reported and performance-based measures as

some EBP steps, such as developing appropriate keywords for the research question and

searching the literature.

Future implications

Psychometric properties, such as the minimal important change, should be tested to help inter-

pret the score changes over time. The knowledge measure must be expanded to encompass the

five phases of the EBP process [3]. The validation of EBP-S measures will enable the identifica-

tion of the major factors influencing students’ use of EBP. This will make it possible to examine

the mechanism of action of these factors [47], allowing researchers to develop a theoretical and

statistical model that may influence the design of interventions that can bring about changes

in what and how we teach EBP [78]. This will be explored in a subsequent analysis using this

large data set.

Conclusions

This study validated EBP-S measures for physiotherapy students. The psychometric properties

of each EBP-S measure (use of EBP, EBP activities, knowledge about EBP, self-efficacy, atti-

tudes towards EBP, and perception of the teaching and assessment of EBP in the curriculum)

were estimated using cross-cultural validity, structural validity, internal consistency, test-retest

reliability, SEM, and MDC. The findings indicated that the EBP-S measures possessed good

psychometric properties. Rasch analysis revealed that some constructs (attitudes, knowledge,

and self-efficacy) have room for improvement. The internal consistency and reliability

appeared to be acceptable for all constructs. These measures can be used to identify the deter-

minants of EBP within the specific physiotherapy curriculum in Hong Kong. However, it is

crucial to recognize that enhancing the students’ knowledge and skills in EBP necessitates cer-

tain modifications to the curriculum. Consequently, it becomes imperative to replicate this

study in order to ascertain the potential inclusion of additional items within these constructs,

aligning with the revised curriculum.
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