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Abstract
Background: Health care educators need valid and reliable tools to assess evidence based practice (EBP) knowledge 
and skills. Such instruments have yet to be developed for use among physical therapists. The Fresno Test (FT) has been 
validated only among general practitioners and occupational therapists and does not assess integration of research 
evidence with patient perspectives and clinical expertise. The purpose of this study was to develop and validate a 
modified FT to assess EBP knowledge and skills relevant to physical therapist (PT) practice.

Methods: The FT was modified to include PT-specific content and two new questions to assess integration of patient 
perspectives and clinical expertise with research evidence. An expert panel reviewed the test for content validity. A 
cross-sectional cohort representing three training levels (EBP-novice students, EBP-trained students, EBP-expert faculty) 
completed the test. Two blinded raters, not involved in test development, independently scored each test. Construct 
validity was assessed through analysis of variance for linear trends among known groups. Inter and intra-rater reliability, 
internal consistency, item discrimination index, item total correlation, and difficulty were analyzed.

Results: Among 108 participants (31 EBP-novice students, 50 EBP-trained students, and 27 EBP-expert faculty), there 
was a statistically significant (p < 0.0001) difference in total score corresponding to training level. Total score reliability 
and psychometric properties of items modified for discipline-specific content were excellent [inter-rater (ICC (2,1)] = 
0.91); intra-rater (ICC (2,1)] = 0.95, 0.96)]. Cronbach's α was 0.78. Of the two new items, only one had strong 
psychometric properties.

Conclusions: The 13-item modified FT presented here is a valid, reliable assessment of physical therapists' EBP 
knowledge and skills. One new item assesses integration of patient perspective as part of the EBP model. Educators 
and researchers may use the 13-item modified FT to evaluate PT EBP curricula and physical therapists' EBP knowledge 
and skills.

Background
Evidence based practice (EBP) is the integration of the
best available research evidence with clinical expertise
and patients' unique perspectives and circumstances to
optimize healthcare outcomes[1]. EBP knowledge and
skills have become foundational principles for all health
care professionals[2]. The introduction in 1992 of formal
methods for teaching evidence based medicine[3]
prompted health care educators to integrate EBP core
principles into their curricula[4-8]. To guide and measure

this transformation, educators need comprehensive,
valid, and practical instruments to assess learners' EBP
knowledge and skills.

Educators are encouraged to develop EBP curricula
that address the 5-step model described in the Sicily
Statement on Evidence Based Practice[2] as core princi-
ples of EBP (Table 1). A comprehensive EBP knowledge
and skills assessment should be based on this 5-step
model. Although over one hundred instruments for eval-
uating EBP curriculum effectiveness have been identi-
fied[9], only one - the Fresno Test (FT)[10] - has
established validity and reliability and covers a broad
range of EBP knowledge and skills.
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The original FT consists of two clinical scenarios, 7
short answer questions, and 5 fill-in-the-blank questions
that assess knowledge and skills from steps 1-3 of the EBP
model. Scoring the FT is based on a rubric with descrip-
tions and examples of "excellent", "strong", "limited",
"minimal" and "not evident" answers for each question.
The instrument and scoring rubric are discipline-specific,
and the psychometric properties of the original FT have
been reported only for family medicine residents and fac-
ulty members[10].

The FT is a commonly used outcome measure of EBP
knowledge and skills[11-13]. However, because it is disci-
pline-specific, use in disciplines other than family medi-
cine require modification and validation. The 7-item
adapted FT[14] developed for occupational therapists
demonstrated acceptable psychometric properties and
was responsive to change in EBP-novice occupational
therapist learners. The adapted FT includes occupational
therapy-specific clinical scenarios and scoring rubric
examples. In addition to modifying discipline-specific
content, the instrument developers deleted 5 fill-in-the-
blank questions because the educational intervention
under investigation did not address the topics assessed by
those items (statistical calculation skills and knowledge
about diagnostic and prognostic study design)[14]. How-
ever, many EBP curricula include these topics[15-19] and
the 5 deleted items demonstrated strong psychometric
properties in the original FT[10]. Hence, the consequence
of deleting the 5 fill-in-the-blank items is to narrow the
instruments' assessment of core EBP principles for many
curricula.

The physical therapy profession has embraced the
inclusion of EBP in professional curricula[20,21]. To date
however, only self-report instruments have been devel-
oped to assess EBP knowledge and skills among physical
therapists[22,23]. Neither the original FT (specific to
family medicine physicians), nor the adapted FT (specific
to occupational therapists), is appropriate for assessment
of physical therapists. Assessment of EBP curricula effec-
tiveness in physical therapy education requires the devel-
opment of a valid and reliable assessment of physical
therapists' EBP knowledge and skills.

The original and adapted versions of the FT assess only
steps 1-3 of the EBP model (ask, acquire, appraise); they
do not assess step 4-the ability to integrate patient per-
spectives and clinical expertise with the best available
research evidence[24]. Knowledge and skills for integrat-
ing patient perspectives and clinical expertise with
research evidence are integral to the definition and cen-
tral premise of EBP[1]. Failing to assess this knowledge
sends an implicit message to learners that it is not impor-
tant. Although other aspects of EBP (e.g., self-reflection
[step 5], behaviour, beliefs, and care outcomes) are best
assessed by other instruments, it is reasonable to expect
the FT to address the core principles of EBP knowledge
and skills from 4 of the 5 steps of the EBP model.

The purpose of this study was to develop and validate a
modified FT to assess physical therapists' EBP knowledge
and skills. Discipline-specific content of the original FT
was modified and two questions were added to more
comprehensively assess core EBP principles described in
the 5-step model.

Methods
Modified Fresno Test Development
Development of the modified FT consisted of three
phases: 1) discipline-specific modification, 2) develop-
ment of new items, and 3) establishment of content valid-
ity.
Phase 1: Discipline-specific modification
The author identified all elements (scenarios, questions,
grading rubric) of the original FT requiring discipline-
specific modification. The essential components of each
element requiring modification were identified and
recorded and a template was developed for discipline-
specific modification. For example, the fundamental
structure for Clinical Scenario 1 was identified as:

3-4 sentences that:
° Introduce a discipline-specific patient, problem, 
and brief salient history (e.g. chronic vs. acute)
° Provide information that clarifies the patient's 
diagnosis
° Introduce the primary objective for treatment

Table 1: The 5-step EBP model

Step Activity

Step 1 Ask: 
Translation of uncertainty into a focused, 
searchable clinical question

Step 2 Acquire: 
Search for and retrieval of research evidence

Step 3 Appraise: 
Critical appraisal of research evidence for validity 
and clinical importance

Step 4 Apply: 
Integration of research evidence with patient 
perspectives and clinical expertise; application of 
appraised evidence to practice

Step 5 Assess: 
Evaluation of performance/reflection
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° Introduce a potential intervention and compari-
son that the practitioner wants to know more 
about

Physical therapy-specific content was developed fol-
lowing this template. Discipline-specific content requir-
ing modification consisted of 3 clinical scenarios, 4
question stems, and the scoring rubric for 5 items.
Phase 2: Instrument expansion
To expand the scope of the original FT, the author devel-
oped two short answer questions and a corresponding
scoring rubric (Additional File 1). Item 8 was designed to
assess knowledge and skills associated with acquiring
information about patient perspectives and circum-
stances. Item 9 was designed to assess knowledge and
skills associated with integration of clinical expertise into
evidence-based clinical decision making. These items
were then modified in response to expert panel feedback
(see Phase 3).
Phase 3: Content validity
Content validity of the modified FT was established
through formal feedback from four PT EBP experts. The
panelists were PT EBP educators representing diverse
academic and geographic settings (panelist 1: entry-level
doctoral education, Western US; panelist 2: entry-level
masters education, Eastern Canada; panelist 3: post-pro-
fessional education, Northeastern US; panelist 4: clinical
educator, Southeastern US). Panelist feedback addressed
item clarity, difficulty, and importance.

The modified FT's content validity was supported by
consensus among the expert panel that the test is a com-
prehensive assessment of important EBP knowledge and
skills for physical therapists. However, the panel recom-
mended several changes. First, the panel suggested that
the wording of items 1-7 required clarification. The 7-
item adapted FT[14] included modifications to items 1-7
that addressed the panel's concerns about clarity. There-
fore, the wording and structure presented in the adapted
FT was adopted for items 1-7 including reduction of the
number of clinical scenarios (3 to 2) and the number of
clinical questions (3 to 1). Second, two panelists believed
that the calculation items were too difficult or not perti-
nent to physical therapy practice and research literature.
To address this concern, the value of calculation items
was reduced from 32 to 28 points and one calculation
(Negative Predictive Value) was replaced with a question
requiring interpretation of an alpha and p-value. The new
version of the test contained 14 items (9 short answer, 5
fill-in-the-blank, and 232 possible points). Table 2 illus-
trates the categories of EBP knowledge and skills
assessed. Additional File 1 contains the complete test and
scoring rubric.

Test takers
A cross-sectional convenience sample (n = 108) repre-
senting 3 EBP training levels (EBP-novice PT students,
EBP-trained PT students, and EBP-expert PT faculty)
completed the test. EBP-novice students were first year of
Doctor of Physical Therapy (DPT) students (n = 96) at
the University of Southern California (USC). EBP-trained
students were third year DPT students (n = 91) at USC.
EBP-expert faculty were recruited through an email list-
serve for PT educators (general-list@aptaeducation.org;
approximately 700 members). PT educator respondents
affirmed EBP expertise and experience teaching EBP
prior to completing the test. Table 3 details each group's
EBP training and experience. This study was approved by
the University of Southern California Institutional
Review Board (HS-07-00465) and all participants gave
informed consent to participate.

Raters
Two individuals, experienced in teaching EBP to physical
therapy students and not involved in test development,
served as raters for the study. Rater training occurred in
three parts. First, both raters attended a 2-hour author-
lead introduction to the modified FT, the scoring rubric,
and a standardized data collection form. During the
meeting, the author reviewed and discussed scoring for a
sample test. Next, each rater spent 2.5 hours rating 5 pilot
tests including samples from each of the three EBP train-
ing groups. During this practice period, the author was
available for consultation and questions. Finally, an addi-
tional 1.5 hour author-lead meeting was held during
which raters and the author compared and discussed
scores for the pilot tests. Score discrepancies were
explored and resolved.

Both raters independently scored each test and re-
scored 22 randomly selected tests two weeks later. Raters
were masked to each other's scores and to their own
scores for re-test reliability. The retest number of 22 was
selected based upon a power analysis recommended by
Walter et al.[25] for reliability studies given α = 0.05 and β
= 0.20 for a null ICC = 0.50 and anticipated ICC = 0.80.

Testing
The author used commercially available survey software
(©1999-2009 SurveyMonkey.com) to administer the test
and to download de-identified data to a database. Test
takers were allowed up to 60 minutes to complete the
test. No external resources were permitted except for a
calculator and note paper. An open text field for volun-
tary participant comments was provided at the conclu-
sion of the test. Student test-takers were supervised in a
computer lab. Faculty completed the test remotely and
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confirmed an honor statement before and after the test
stating that they did not use external resources.

Data Analysis
Inter and intra-rater reliability were calculated using
intraclass correlation coefficient [ICC (2,1)] for total
score and individual item analysis. ICC values were inter-
preted as: excellent reliability ≥0.8, moderate reliability =
0.60-0.79, and questionable reliability < 0.60[26]. Internal
consistency was calculated using Cronbach's α. Known
groups validity was determined by analysis of variance for
linear trends.

The author defined a passing score as > 50% of available
points for individual items. The passing score was inten-
tionally set lower than the passing score defined as "mas-
tery of the material" by Ramos et al.[10], to reduce the
risk of a floor effect among EBP-novice students. Item
discrimination index (IDI) was calculated for each ques-
tion by separating participants' total scores into quartiles
and then subtracting the proportion of participants in the
bottom quartile who passed that item from the propor-
tion of participants in the top quartile who passed the
same item[27]. IDI ranges from -1.0 to 1.0 and represents
the difference in passing rate between test takers with
high overall scores (top 25%) and low overall scores (bot-
tom 25%). IDI > 0.2 was considered acceptable[27].

Correlation between item score and total score, cor-
rected item-total correlation (ITC), was assessed using
Pearson product-moment correlation coefficients. ITC >
0.3 was considered acceptable[28]. Item difficulty was
characterized by calculating the proportion of test takers
who achieved a passing score for each item. Chi-square

analysis was used to compare individual item pass rates
by group; a p-value < 0.05 was considered statistically sig-
nificant. Data were analyzed using SPSS (Version 16.0).

Results
A total of 108 individuals (31 EBP-novice PT students, 50
EBP-trained PT students, and 27 EBP-expert PT faculty)
enrolled in the study and completed the modified FT.

Total score reliability
Modified FT inter-rater reliability was excellent: ICC
(95% Confidence Interval) = 0.91 (0.87 - 0.94). Intra-rater
reliability was excellent for both raters: Rater 1 ICC = 0.95
(0.90 - 0.98); Rater 2 ICC = 0.96 (0.90 - 0.98). Internal
consistency was acceptable (Cronbach's α = 0.78)[29].

Known groups validity
The three groups with known differences in EBP training
had distinct differences in total score on the modified FT
(Figure 1). There was a statistically significant linear
trend (p < 0.0001) for sequentially improved mean score
by group corresponding to level of training: EBP-novice
students, 92.8 (40.0% total points); EBP-trained students,
118.5 (51.1%); EBP-expert faculty, 149.0 (64.2%). Absolute
difference in performance between EBP-novice and EBP-
trained students was 11.1% (25.7 points) and between
EBP-trained students and EBP-expert faculty was 13.1%
(30.5 points).

Individual item analysis
Table 4 describes individual item results for inter-rater
reliability, intra-rater reliability, IDI, ITC, and item diffi-
culty (pass rate). Intra-rater reliability was moderate to

Table 2: Modified and Original Fresno Tests: Percentage and point allocation to EBP steps 1-4

EBP Step Original Fresno Test 14-item Modified Fresno Test 13-item Modified Fresno Test*

Step 1: Ask 11% (24) 10% (24) 11% (24)

Step 2: Acquire 23% (48 ) 21% (48) 21% (48)

Step 3: Appraise 
(Qualitative questions)

49% (104 ) 45% (104) 46% (104)

Step 3: Appraise 
(Quantitative questions)

17% (36 ) 14% (32) 14% (32)

Step 4: Apply - 10% (24 ) 7% (16 )

Total Points 212 232 224

Reported as percentage of total score (point value)
* Recommended version for physical therapists. Item 9 removed from the "Step 4: Apply" category secondary to unacceptable psychometric 
properties.
EBP: Evidence Based Practice
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excellent for both raters for all items (ICC = 0.62 - 1.0).
Inter-rater reliability was moderate to excellent (ICC =
0.61 - 0.99) for all items with the exception of items 8 and
9 (the two new items) which had ICC = 0.47 and 0.41,
respectively. IDI was acceptable (> 0.2) for all items. ITC
was acceptable (> 0.3) for all items with the exception of
item 9 (ITC = 0.20). There was a statistically significant
difference between groups for item pass rate with the
exception of items 1, 2, and 9.

Post hoc analysis
Post hoc analysis of a 13-item modified FT (item 9
removed) demonstrated enhanced total score reliability
and internal consistency (Table 5).

Time to completion and participant comments
All participants completed the test within the 60 minutes
allotted. Minutes to test completion (mean ± standard
deviation) were: EBP-novice students, 33.2 ± 8.7; EBP-
trained students, 34.8 ± 10.0; and EBP-expert faculty, 40.5
± 15.5. Twenty-one test-takers (19%) volunteered feed-

back about the test. Of those, 12 (5 EBP-trained students,
7 EBP-expert faculty) commented that access (e.g. inter-
net access) to formulas for statistical calculations should
be permitted.

Discussion
This study demonstrates that the modified FT is a valid
and reliable instrument for assessing EBP knowledge and
skills among physical therapists. The modified FT pro-
vides a physical therapy-specific assessment of core prin-
ciples identified in steps 1 through 4 of the EBP model.
Previous versions of the FT[10,14] do not assess knowl-
edge and skills for integrating patient perspective and
clinical expertise in EBP. One new question, associated
with integration of patient perspectives in EBP, demon-
strated satisfactory psychometric properties and should
be included in the modified FT. With consideration of the
limitations discussed below, educators and researchers
are encouraged to use the 13-item version of the modified
FT to evaluate PT EBP curricula and physical therapists'
EBP knowledge and skills.

Table 3: Characteristics of 3 groups of test takers with known levels of EBP training

Group n Amount, topic, and timing of EBP training prior to testing

EBP-novice 
PT students

31 4 months prior:

▪ Introduction to EBP (2 hours)

▪ Introduction to searching (2 hours) (PubMed)

▪ Introduction to appraisal (2 hours)

1 week prior:

▪ How to write a searchable clinical question (1 hour)

EBP-trained  
PT students

50 3 years prior:

▪ Introduction to EBP (6 hours per above)

▪ EBP course 1 (question development, searching, appraisal, application to practice; 32 hours)

2 years prior:

▪ EBP course 2 (introduction to statistics; 32 hours)

Previous year:

▪ Integration of EBP into advanced and clinical course work (time varied)

EBP-expert PT faculty 27 Years teaching EBP: Percentage of faculty participants

▪ 1-2 years: 7%

▪ 3-5 years: 41%

▪ 6-10 years: 31%

▪ > 10 years: 21%

PT = physical therapist, EBP = evidence based practice
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Total score reliability
Total score reliability was excellent for two independent,
blinded raters, unfamiliar with any version the FT prior
to this study. Previous versions of the FT have also dem-
onstrated excellent reliability. However, raters for the
original FT were involved in development of the test and
scoring rubric[10] and the adapted FT required scoring
rubric revision before acceptable reliability was
achieved[14]. Hence, the modified FT demonstrated
excellent reliability under more rigorous and generaliz-
able conditions than has been previously reported.

Rater training may have contributed substantially to the
test's reliability. Nine of the 14 items require subjective
scoring based on a complex rubric (Additional File 1).
Use of pilot tests provided an opportunity for clarification
of scoring procedures and may be an essential ingredient
for achieving inter-rater reliability. Additionally, scoring
the modified FT is time intensive and reliability may be
dependent on raters having sufficient time to complete
the scoring process. Scoring time of 10-15 minutes per
test should be allocated for practiced scorers.

Validity
The considerable difference in performance for each suc-
cessive EBP training group (EBP-novice PT students,
EBP-trained PT students, and EBP-expert PT faculty)
provides strong support for the construct validity of the
modified FT. Scores for the EBP-novice and EBP-expert
groups are comparable to novice and expert scores on the
original FT[10]. Expanding upon previous work, the
modified FT maintained discriminative validity under the
more challenging condition of a third, mid-level training
group (EBP-trained PT students).

It is important to consider that the differences between
groups could have been influenced by clinical experience.
However, no floor effect was observed among EBP-nov-
ice students who had some EBP training but no clinical
experience. Likewise, the EBP-expert cohort, with exten-
sive clinical experience, did not demonstrate a ceiling
effect. This indicates that EBP knowledge and skills-not
clinical experience-was the primary construct being
tested.

Longitudinal studies are needed to understand the
modified FT's responsiveness to change over time.
McCluskey and Bishop[14] considered a 10% change on
the adapted FT to be educationally important. The differ-
ence in mean scores between successive groups in this
study exceed 10% suggesting that the test has potential
for responding to change in EBP skills over time.

Individual items: discipline-specific modification
Generally, the 12 items modified for discipline-specific
content from the original FT (items 1-7 and 10-14) dem-
onstrated strong psychometric properties (i.e., moderate
to excellent inter and intra-rater reliability, acceptable IDI
and ITC, statistically significant difference in pass rates
between groups). The only deficits noted were the
absence of a statistically significant difference in group
pass rates for item 1 (ask a focused question) and item 2
(sources for evidence). These two items had acceptable
IDI scores. This suggests that although the items discrim-
inate between high and low performing test takers (IDI),
they do not assess knowledge or skills that are distinctly
different among groups with known differences in EBP
training. This trend is evident in previous versions of the
FT[10,14] and may indicate that developing a focused
clinical question and evaluating sources of evidence are
mastered early in EBP education.

The items requiring statistical calculations (items 10-
12) were among the most difficult for all groups. This
does not make the items of poor value. The psychometric
properties for these items were acceptable and the items
provide important insight into the effectiveness of quan-
titative components of curricula. To minimize arithmetic
errors, future versions of the modified FT should use 'nat-
ural frequency'[30] values that test-takers can compute
without need for a calculator. For example, item 10 of the
current version requires calculation of sensitivity using
the values '9' and '29' (sensitivity = 9/29 = 31%). Natural
frequency values such as '10' and '30' (sensitivity = 10/30
= 33%) are easier to compute.

Test takers suggested that access outside resources,
specifically to reference statistical equations for items 10-
12, would enhance the test's ecological validity (as most
clinicians have routine access to the internet). The author
views this suggestion with caution. First, asking test tak-

Figure 1 Modified Fresno Test scores by group. Box and whisker 
plot of modified Fresno Test scores for EBP-novice PT Students (n = 31), 
EBP-trained PT Students (n = 50), and EBP-expert PT Faculty (n = 27). 
The central box spans from the lower to the upper quartile, the middle 
line represents the median, the '+' sign represents the mean, the whis-
kers extend from the 10th percentile to the 90th percentile of scores. 
Analysis of variance for linear trends was p < 0.0001.
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ers to recall information (including equations) assesses a
deeper level of knowledge than can be achieved with
open access to resources. Second, allowing access to out-
side resources, namely the internet, would impact the
validity of all test items. However, given the overall poor
performance on items involving calculations, a compro-
mise would be to provide the equations within the test
while continuing to restrict general access to outside
resources. This change would require additional valida-
tion.

Individual items: new content
The new items (8 and 9) of the modified FT were devel-
oped to address incongruence between the definition of
EBP[1] and the contents of the original FT. Standard cur-

ricula teach that EBP is the integration of best available
research evidence, clinical expertise, and patient perspec-
tives and circumstances. Although the original FT
addresses learners' knowledge and skills for finding and
appraising the best available research evidence, it does
not address the integration of clinical expertise and
patient perspectives and circumstances.

The new item that assessed learners' ability to obtain
information about patient perspective (item 8) demon-
strated strong psychometric properties with the excep-
tion of inter-rater reliability. Questionable inter-rater
reliability was not unexpected given that previously
developed FT items and their corresponding scoring
rubrics have had the benefit of repeated testing and mod-

Table 4: Psychometric properties by individual test item

Reliability Pass Rate

Item Inter-rater
(n = 108)

Intra-rater 1
(n = 22)

Intra-rater 2
(n = 22)

IDI
(n = 108)

ITC
(n = 108)

All
(n = 108)

Novice
(n = 31)

Trained
(n = 50)

Expert
(n = 27)

p-value†

1 0.92 0.97 0.95 0.39 0.44 75% 68% 74% 85% 0.30

2 0.90 0.83 0.96 0.46 0.40 71% 68% 74% 70% 0.83

3 0.89 0.95 0.89 0.64 0.65 56% 32% 60% 78% < 0.01

4 0.83 0.87 0.81 0.68 0.64 80% 52% 92% 89% < 0.01

5 0.73 0.96 0.81 0.61 0.52 56% 39% 56% 74% 0.03

6 0.69 0.77 0.62 0.46 0.52 76% 61% 72% 100% < 0.01

7 0.78 0.91 0.72 0.54 0.66 24% 3% 18% 59% < 0.01

8 0.47 0.62 0.95 0.61 0.46 36% 42% 78% 81% < 0.01

9 0.41 0.76 0.78 0.25 0.20 65% 58% 66% 70% 0.60

10 0.99 0.99 1.0 0.50 0.57 17% 3% 2% 59% < 0.01

11 0.96 0.97 0.96 0.29 0.62 10% 0% 4% 33% < 0.01

12 0.61 0.91 0.67 0.39 0.41 20% 10% 12% 48% < 0.01

13 0.91 1.0 1.0 0.54 0.48 25% 19% 14% 52% < 0.01

14 0.94 1.0 1.0 0.54 0.44 38% 16% 32% 74% < 0.01

† Chi-square analysis for difference in pass rate between EBP-novice PT students, EBP-trained PT students, and EBP-expert PT faculty
IDI = Item Discrimination Index, ITC = Item-total correlation



Tilson BMC Medical Education 2010, 10:38
http://www.biomedcentral.com/1472-6920/10/38

Page 8 of 9
ification. Given the value added by the content assessed
and the overall psychometric properties, inclusion of this
item (8) for future use of the modified FT is recom-
mended with enhanced attention to rater training to facil-
itate inter-rater reliability.

The new item that assessed learners' ability to integrate
clinical expertise (item 9) demonstrated questionable
inter-rater reliability, unacceptable IDI and ITC, and did
not demonstrate a statistically significant difference in
pass rate between groups. In its current form, item 9 can-
not be recommended for future use. However, the
intended topic of assessment remains important. Future
testing of the item with the addition of a clinical scenario
that establishes a clear need to integrate clinical expertise
and research evidence is warranted.

Limitations
This study has three primary limitations to consider.
First, the expert panel was limited to four individuals who
were only consulted at the beginning of test development.
The four individuals represented diverse PT EBP educa-
tional environments, however, a larger panel would have
added to the generalizability of the test's content validity.
Additionally, a more iterative process wherein the test
was sent back to the panel to gain additional consensus
and feedback would have strengthened the study design.

Second, practicing clinicians with limited EBP training
were not included in the sample population. Therefore,
generalization to this important cohort of learners is lim-
ited. The 7-item adapted FT[14] was tested among prac-
ticing occupational therapists[13]. Given that the adapted
FT was sensitive to change among therapists with low
scores at baseline but not those with high scores, the
more comprehensive modified FT may demonstrate
enhanced sensitivity to change among intermediate and
advanced clinician learners.

Third, as discussed previously, one of the new items
demonstrated unsatisfactory psychometric properties.
This item is not recommended for future use without
modification and retesting. Fortunately, the item repre-
sents a small percentage of the overall modified FT score
and the impact of removing it is only to strengthen
already robust reliability and validity results. Future work
is needed to effectively assess skills associated with the
integration of clinical expertise as a component of the
EBP model.

Conclusions
The modified FT is a valid, reliable assessment of core
principle EBP knowledge and skills for physical thera-
pists. The 13-item modified FT expands on the original
FT by addressing integration of patient perspective as
part of the EBP model. Scoring the modified FT is time
intensive; recommendations for rater training are pro-
vided. Educators and researchers are encouraged to use
the 13-item version of the modified FT to assess PT EBP
curricula and physical therapists' EBP knowledge and
skills.

Additional material

Competing interest
The author declares that they have no competing interests.

Authors' contributions
JT conducted all phases of the study: design, data collection, data analysis,
writing, and approval of the manuscript.

Acknowledgements
The author would like to acknowledge the following individuals for their valu-
able contributions to this study: manuscript review by Linda Fetters, PhD, PT, 
FAPTA, James Gordon, EdD, PT, FAPTA, Donovan Steutel, MS; statistical consulta-

Additional file 1 Modified Fresno Test for physical therapists with 
scoring rubric.

Table 5: Total score reliability for 14-item and 13-item versions of the modified FT

14-item Modified FT 13-item Modified FT
(item 9 removed)

Intra-rater Reliability* 0.91 (0.87 - 0.94) 0.92 (0.88 - 0.94)

Intra-rater Reliability*
(Rater 1)

0.95 (0.90 - 0.98) 0.96 (0.91 - 0.98)

Intra-rater Reliability*
(Rater 2)

0.96 (0.90 - 0.98) 0.96 (0.91 - 0.98)

Internal Consistency** 0.78 0.79

* Reported as ICC (95% Confidence Interval)
** Reported as Cronbach's alpha

http://www.biomedcentral.com/content/supplementary/1472-6920-10-38-S1.DOC


Tilson BMC Medical Education 2010, 10:38
http://www.biomedcentral.com/1472-6920/10/38

Page 9 of 9
tion by Steven Cen, PhD; expert panel members Sarah Blanton, DPT, Linda Fet-
ters, PhD, PT, FAPTA, Rob Landel, PT, DPT, NCS, Nancy Salbach, PhD, PT; raters 
Jody Cormack, DPT, MS Ed and Jill Stewart, PT, MS; student research volunteer 
Termeh Toufanian, SPT; and student and faculty participants.

Author Details
Division of Biokinesiology and Physical Therapy, University of Southern 
California, Los Angeles, California, USA

References
1. Straus S, Richardson S, Glasziou P, Haynes B, (Eds): Evidence-Based 

Medicine: How to Practice and Teach EBM 2005, 3:.
2. Dawes M, Summerskill W, Glasziou P, Cartabellotta A, Martin J, Hopayian K, 

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

3. Evidence-based medicine. A new approach to teaching the practice of 
medicine. Evidence-Based Medicine Working Group.  JAMA 1992, 
268(17):2420.

4. Caldwell K, Coleman K, Copp G, Bell L, Ghazi F: Preparing for professional 
practice: how well does professional training equip health and social 
care practitioners to engage in evidence-based practice?  Nurse Educ 
Today 2007, 27(6):518-528.

5. Chipchase LS, Williams MT, Robertson VJ: Factors affecting curriculum 
content and the integration of evidence-based practice in entry-level 
physiotherapy programs.  J Allied Health 2007, 36(1):17-23.

6. Coppus SF, Emparanza JI, Hadley J, Kulier R, Weinbrenner S, Arvanitis TN, 
Burls A, Cabello JB, Decsi T, Horvath AR, et al.: A clinically integrated 
curriculum in evidence-based medicine for just-in-time learning 
through on-the-job training: the EU-EBM project.  BMC Med Educ 2007, 
7:46.

7. Forrest JL, Miller SA: Integrating evidence-based decision making into 
allied health curricula.  J Allied Health 2001, 30(4):215-222.

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

9. Shaneyfelt T, Baum KD, Bell D, Feldstein D, Houston TK, Kaatz S, Whelan C, 
Green M: Instruments for evaluating education in evidence-based 
practice - A systematic review.  JAMA 2006, 296(9):1116.

10. Ramos KD, Schafer S, Tracz SM: Validation of the Fresno test of 
competence in evidence based medicine.  BMJ (Clinical research ed) 
2003, 326(7384):319.

11. Dinkevich E, Markinson A, Ahsan S, Lawrence B: Effect of a brief 
intervention on evidence-based medicine skills of pediatric residents.  
BMC Med Educ 2006, 6:1.

12. Kim S, Willett LR, Murphy DJ, O'Rourke K, Sharma R, Shea JA: Impact of an 
Evidence-Based Medicine Curriculum on Resident Use of Electronic 
Resources: A Randomized Controlled Study.  Journal of General Internal 
Medicine 2008, 23(11):1804-1808.

13. McCluskey A, Lovarini M: Providing education on evidence-based 
practice improved knowledge but did not change behaviour: a before 
and after study.  BMC Med Educ 2005, 5:40.

14. McCluskey A, Bishop B: The Adapted Fresno Test of competence in 
evidence-based practice.  J Contin Educ Health Prof 2009, 29(2):119-126.

15. Barratt A, Wyer PC, Hatala R, McGinn T, Dans AL, Keitz S, Moyer V, Guyatt G, 
Teaching Tips Working G: Tips for learners of evidence-based medicine: 
1. Relative risk reduction, absolute risk reduction and number needed 
to treat.  Canadian Medical Association Journal 2004, 171(4):353-358.

16. Montori VM, Kleinbart J, Newman TB, Keitz S, Wyer PC, Moyer V, Guyatt G: 
Evidence Based Med Teaching Tips w: Tips for learners of evidence-
based medicine: 2. Measures of precision (confidence intervals).  
Canadian Medical Association Journal 2004, 171(6):611-615.

17. McGinn T, Jervis R, Wisnivesky J, Keitz S, Wyer PC: Evidence-Based Med 
Teaching T: Tips for teachers of evidence-based medicine: Clinical 
prediction rules (CPRs) and estimating pretest probability.  Journal of 
General Internal Medicine 2008, 23(8):1261-1268.

18. Richardson WS, Wilson MC, Keitz SA, Wyer PC: Grp EBMTSW: Tips for 
teachers of evidence-based medicine: Making sense of diagnostic test 

results using likelihood ratios.  Journal of General Internal Medicine 2008, 
23(1):87-92.

19. Prasad K, Jaeschke R, Wyer P, Keitz S, Guyatt G: Tips for teachers of 
evidence-based medicine: Understanding odds ratios and their 
relationship to risk ratios.  Journal of General Internal Medicine 2008, 
23(5):635-640.

20. Evaluative Criteria for Accreditation of Education Programs for the 
Preparation of Physical Therapists.  Commission on the Accreditation of 
Physical Therapy Education 2006.

21. Evidence Based Practice: An International Perspective.  London: World 
Conference for Physical Therapy 2001:1-39.

22. Jette DU, Bacon K, Batty C, Carlson M, Ferland A, Hemingway RD, Hill JC, 
Ogilvie L, Volk D: Evidence-based practice: beliefs, attitudes, 
knowledge, and behaviors of physical therapists.  Phys Ther 2003, 
83(9):786-805.

23. Salbach NM, Jaglal SB, Korner-Bitensky N, Rappolt S, Davis D: Practitioner 
and organizational barriers to evidence-based practice of physical 
therapists for people with stroke.  Phys Ther 2007, 87(10):1284-1303. 
discussion 1304-1286

24. Mawer c: Does Fresno assess real-life EBM skills? (Rapid Response).  Br 
Med J 2003.

25. Walter SD, Eliasziw M, Donner A: Sample size and optimal designs for 
reliability studies.  Statistics in Medicine 1998, 17(1):101-110.

26. Richman J, Makrides L, Prince B: Research methodology and applied 
statstics.  Physiother Can 1980, 32:253-257.

27. Aiken LR: Relationships Between the Item Difficulty and Discrimination 
Indexes.  Educational and Psychological Measurement 1979, 39(4):821-824.

28. Garson DG: Statnotes: Topics in Multivariate Analysis.  2010.
29. Portney LG, Watkins MP: Foundations of clinical research: applications 

to practice.  Upper Saddle River, N.J.: Pearson/Prentice Hall; 2009. 
30. Sedlmeier P, Gigerenzer G: Teaching Bayesian reasoning in less than two 

hours.  Journal of Experimental Psychology-General 2001, 130(3):380-400.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6920/10/38/prepub

doi: 10.1186/1472-6920-10-38
Cite this article as: Tilson, Validation of the modified Fresno Test: assessing 
physical therapists' evidence based practice knowledge and skills BMC Medi-
cal Education 2010, 10:38

Received: 21 December 2009 Accepted: 25 May 2010 
Published: 25 May 2010
This article is available from: http://www.biomedcentral.com/1472-6920/10/38© 2010 Tilson; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Medical Education 2010, 10:38

http://www.biomedcentral.com/1472-6920/10/38
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15634359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1404801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17064821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17425187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18042271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11828582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17493274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16954491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18769979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16364181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19530195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15313996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15367466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18491194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18064524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18181004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12940766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17684088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9463853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11561916
http://www.biomedcentral.com/1472-6920/10/38/prepub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




