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Abstract
Objective—The purpose of this paper is to describe an evidence-based practice (EBP)
curriculum incorporated throughout a chiropractic doctoral program and the study used to evaluate
the effects of the curriculum on EBP knowledge, attitudes, and self-assessed skills and behaviors
in chiropractic students.

Methods—In a prospective cohort design, students from the last entering class under an old
curriculum were compared to students in the first 2 entering classes under a new EBP curriculum
at the University of Western States. The assessment instruments for evaluating study outcomes
were developed for this study and included knowledge exam, behavior and skills self-appraisal,
and practice attitudes. ANOVA was performed using a 3-cohort × 2-quarter repeated cross-
sectional factorial design to assess the effect of successive entering classes and stage of the
students’ education.

Results—There was a statistically significant cohort effect with each succeeding cohort for the
knowledge exam (P < .001). A similar pattern in cohort and quarter effects was found with
behavior self-appraisal for greater time accessing databases such as PubMed. Student self-
appraisal of their skills was higher in the 11th quarter compared to the 9th quarter. All cohorts
rejected a set of sentinel misconceptions about application of scientific literature (practice
attitudes).
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Conclusions—An evidence-based practice curriculum can be successfully implemented in a
chiropractic-training program. The implementation of the EBP curriculum at this institution
resulted in acquisition of knowledge necessary to access and interpret scientific literature, the
retention and improvement of skills over time, and the enhancement of self-reported behaviors
favoring utilization of quality online resources.
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INTRODUCTION
Sackett et al 1 define evidence-based practice (EBP) as the integration of the best available
research evidence in conjunction with clinical expertise and consideration of patient values.
They assert that the well-trained clinician should display the ability to pose clinically
relevant questions and access the clinically relevant literature to find, appraise, and utilize
the best valuable evidence in routine clinical care. Population-based outcome studies have
documented that patients who receive evidence-based therapy have better outcomes than
patients who do not.1–5 Chiropractic educators have also recognized that an important goal
of chiropractic clinical education should be to teach specific EBP skills to chiropractic
students, interns, and doctors.6,7 However, a survey on the prevalence of EBP teaching
published in 2000 revealed few of the 18 responding chiropractic colleges worldwide
required interns to routinely generate clinical research questions or conduct literature
searches.8 There is a dearth of outcomes research relative to EBP and chiropractic education.
A 2004 literature review could only identify 4 studies in the chiropractic arena, most of
which measured only student self-assessment of skills.9

In 2004, the National Center for Complementary and Alternative Medicine at the National
Institutes of Health recognized the importance of enhancing EBP skills in institutions
training complementary and alternative medicine (CAM) practitioners with the release of a
grant initiative using its R25 funding mechanism: “CAM Practitioner Research Education
Project Grant Partnership”. Its specific purpose was to “to increase the quality and quantity
of the research content in the curricula at CAM institutions in the United States where CAM
practitioners are trained….enhance CAM practitioners’ exposure to, understanding of, and
appreciation of the evidenced-based biomedical research literature and approaches to
advancing scientific knowledge.”10

This funding opportunity was the impetus for the University of Western States (UWS) to
incorporate EBP throughout its chiropractic curriculum. The principal goal of this project
was to train doctors of chiropractic to develop the knowledge, skills, and attitudes to
implement the EBP model in practice. Towards this end, a partnership was formed with the
Oregon Health & Science University to train faculty, as well as design and implement a
program fully integrated across the chiropractic curriculum that develops EBP knowledge,
skills and behaviors. Also included in this process was curriculum development with the aim
of formalizing EBP skills in research and critical thinking courses, integrating EBP
applications throughout the chiropractic program, and training students to apply EBP in
formulating patient care. Up until now, published studies in chiropractic education have
focused on single workshop or single course outcomes.11–16 In distinction, this study
measures outcomes from a major revision of a chiropractic curriculum, spanning all 4 years
and crossing departments. Because we could find no existing comprehensive EBP
curriculum in the chiropractic literature,17 the project team had to develop a new
chiropractic EBP curriculum from the beginning.
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The purpose of this report is to describe the new curriculum and to compare learning
outcomes between students educated in the pre-EBP curriculum and students educated in the
new EBP curriculum. Our hypothesis was that the new curriculum would improve EBP
knowledge, attitudes, and self-assessed skills and behaviors.

METHODS
Design and Protocol

A prospective cohort design was used to evaluate the effectiveness of the new EBP
curriculum. We compared the last entering class of students under the old curriculum
(control cohort) with students in the first 2 classes matriculating under the new curriculum
(intervention cohorts). Cohort 1 included students enrolled in September 2005 and January
2006 (Table 1). This cohort served as the control group. All curricular changes started the
following academic year and were instituted throughout the 12-quarter program, starting
after Cohort 1 passed through each course or clinical phase of the curriculum. In this way,
Cohort 1 students had no direct exposure to the new curriculum. Cohort 2 (2006 – 2007)
included the first students to receive the new curriculum. For Cohort 3 (2007 – 2008), the
program was more entrenched with some targeted curricular updates incorporated.

Student testing was not designed to evaluate learning from a single course or courses. It
evaluated the effects of the complete new EBP curriculum incorporated throughout the
chiropractic doctoral program. The primary outcome was an objective EBP knowledge exam
score. Secondary outcomes included self-assessment of EBP skills and behaviors, as well as
attitudes related to EBP. Outcomes were assessed at the end of the end of 9th and 11th

quarter. The first follow-up was administered after a limited “on-campus” clinical
experience and a year after the critical thinking and EBP core courses. The final
administration followed the majority of the outpatient clinical internship and two quarters of
a journal club. Baseline data were collected before any exposure to EBP material whether in
the old or new curriculum. The baseline questionnaire included an assessment of EBP
attitudes.

Arrangements were made to administer the questionnaires during class time. Administration
had no unique home because the test did not pertain to any specific course. At baseline, an
investigator introduced the project to the students and asked them to fill out the instrument.
The questionnaires were collect anonymously, and students were asked to create an
identification code that they could remember so that data can be tracked across time. All
data were secured in the Universities Division of Research. Students were given the right to
refuse participation. The trial was approved by the University of Western States Institutional
Review Board (FWA 851).

New EBP Curriculum Intervention
The new EBP curriculum was the program intervention. A paper describing EBP learning
objectives and competencies has been published elsewhere.17 This curriculum document
was based on 5 standards adopted by the Sicily conference on evidence-based medicine.18

The design of the new curriculum is divided into pre-/peri-clinical courses and clinic-based
training. The pre-/peri-clinical curriculum is organized conceptually around 3 concentric
rings (Figure 1). The center ring is composed of 4 core EBP courses. The first 2 are didactic
in nature and the last 2 are modeled after journal clubs. The intermediate ring is a cluster of
1st- and 2rd-year courses which contain critical learning modules dealing with specific EBP
skills and knowledge. These modules complement the core EBP courses. The larger outer
ring consists of the rest of the basic science, diagnosis, and management courses linked by
program-wide EBP curricular threads through the 4 years of the chiropractic program. In
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some cases, these threads are composed of actual assignments (eg, literature searches and
paper assessments); in other cases, the thread is simply a purposeful effort to utilize basic
EBP language and principles in teaching content specific to each of the disciplines (eg,
microbiology, orthopedics, physical therapy, manual therapy).

The new differed from the old curriculum in 3 ways: 1) the research courses were converted
to EBP courses where the content and emphasis emphasized the user rather than the doer of
clinical research, 2) the number of hours in the core courses was increased, and 3) a network
of EBP teaching and learning threads were woven through the regular curriculum, crossing
the usual course, divisional and teaching year boundaries.

Evaluation Instruments
Questionnaire development and evaluation are described in detail in a companion paper.19

The Program Evaluation Committee identified relevant EBP domains. Finding no
instruments that fully met program assessment needs, the Committee developed a
questionnaire to evaluate EBP knowledge, attitudes, self-assessed skills, and self-assessed
behaviors. The primary program outcome was performance on the objective knowledge
component. The secondary outcomes on attitudes, skills, and behaviors are listed in Tables
1and 2.

Knowledge (primary outcome)—A detailed description on the development and
psychometric characteristics of this measure is presented in a companion paper.19 Version
1.0 of the knowledge exam, which consisted of 20 multiple-choice items covering 10
domains of EBP knowledge, was used for this report. The 10 domains were research
questions and finding evidence; biostatistics; study design and validity; critical appraisal of
therapy studies, diagnostic studies, preventive studies, harm studies, prognosis studies, and
systematic reviews; and clinical application. Across all of the knowledge items, the internal
consistencies of the 9th and 11th quarter knowledge exam score were KR20 = 0.53 and 0.6,
respectively. Note that this is a lower-bound estimate of test reliability.20 Scores are reported
as the percentage of items answered correctly.

Self-Rated Skills and Behavior (secondary outcomes)—This component was
devoted to the self-appraisal of one’s ability to apply EBP knowledge. The skills self-
appraisal consisted of four, 7-point Likert scale questions asking the respondent to self-
appraise their understanding of basic biostatistical concepts and their ability to find,
critically appraise, and integrate clinical research into their clinical practice. The behavior
self-appraisal included 3 items asking respondents to evaluate the time spent reading
original research, accessing PubMed and applying EBP methods to patient care. Because
these items were not constructed to form an overall scale, items were examined individually.

Attitudes (secondary outcomes)—This section consisted of nine 7-point Likert scale
items that focused on attitudes relative to the weighing of research evidence as compared to
expert and clinical opinion, whether all types of evidence are equal, the need to access and
stay abreast of the most current information and the ability to critically review research
literature. Because these items were not constructed to form an overall scale, items were
examined on an individual basis.

Only two questions are reported for the baseline administration (Table 1), because they did
not require any programmatic knowledge or experience to understand the questions. Only
five of the items were included in Table 2. We decided before performing the final analysis
that the other four were too ambiguous for meaningful interpretation. For example,
“Research evidence is more important than clinical experience in choosing the best
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treatment for a patient.” Agreeing or disagreeing with this statement could reflect a positive
EBP attitude depending on the context the respondent used.

Statistical Analysis
Baseline characteristics were tabulated by cohort and compared for differences between
groups (Table 1). Analysis of variance (ANOVA) was used for scaled variables, and chi
squared was used for categorical data. Outcomes (Table 2) were analyzed with ANOVA
using a 3-cohort × 2-quarter factorial design. Main effects of cohort (comparison of three
cohorts), main effects of quarter (comparison of 9th and 11th quarters) and the cohort by
quarter interaction effects were examined. In the case of statistically significant cohort main
effects, we compared pairwise the three cohorts using a Sidak correction for multiple
comparisons in a post hoc analysis. We noted statistically significant pairwise comparisons
(P < .05) in Table 2.

Note that we could not treat the two levels of the quarter factor (9th and 11th quarters) as
repeated measures in the analysis, because of inconsistencies in the ID number used by the
participants. Baseline covariates were also excluded from the analysis because baseline and
follow-up data could not be linked. The repeated cross-sectional design with follow-up
quarters treated as independent does not bias the main effect of quarter, although the
significance test is likely more conservative.21

For the primary outcome, the knowledge test score, the mean difference (MD) and 95%
confidence intervals are included in the text. For added perspective, we computed the effect
size as the standardized mean difference (SMD) using Cohen’s d.22

An additional analysis was conducted to determine whether attitudes towards EBP differed
between baseline and the follow-up quarters. Attitudinal differences were evaluated as the
quarter main effect of quarter in a 3-cohort × 3-quarter ANOVA by adding baseline to the
analysis. Finally, the relationship of knowledge with attitudes and self-appraised behavior
and skills was assessed using Pearson’s r at both follow-ups (9th and 11th quarters).

Because of the large sample size, we had >90% power to detect even a modest 0.4 between-
groups effect size at the two-sided .05 level of significance.22 Statistical significance was set
at .05 for all tests. Analysis was performed using SPSS 19.0 (Chicago, IL) and Stata 11.2
(College Station, TX).

RESULTS
The 3 study cohorts included 370 students of which 92% (339) filled out the baseline
survey, 82% (305) the 9th quarter survey, and 49% (180) the 11th quarter survey (Table 1).
The participants had a mean age of 27 and two-thirds were male. There was 1 notable
difference among cohorts. The new-curriculum students were more likely to have attended
college within 2 years of matriculation (P = .008). Cohort 3 also reported a slightly greater
number of research methods courses prior to entering the program, but small cohort
differences with large group variability suggests little effect on outcomes (MD = 0.7 to 0.8,
SD = 2.3 to 3.3, P = .051). The reason for attending UWS and attitudes on scientific
literature were well balanced across cohorts.

Knowledge Exam
The primary outcome, knowledge exam score, is shown in Figure 2 and Table 2. There was
a statistically significant cohort effect (P < .001), such that each subsequent cohort
performed better than the previous ones (pairwise P < .05). The greatest difference was
between Cohort 3 and the control group Cohort 1: mean difference (MD) = 11.8 (95% CI =
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7.7 to 15.9). The SMD = 0.9 and is considered a large effect size.22 Cohort 2 also performed
better than the control Cohort 1: MD = 4.5 (0.4 to 8.5); the SMD = 0.3 was small in
magnitude. The difference between the two new-curriculum cohorts favored Cohort 3 over
Cohort 2 with MD = 7.3 (3.6 to 11.0), a moderate effect size with SMD = 0.5. There was
also a small effect of quarter with students performing better in 11th than 9th quarter (P < .
05): MD = 3.1 (95% CI = 0.4 to 5.8) and SMD = 0.2. The cohort × quarter interaction effect
was not significant.

Behaviors Self-Appraisal
The time spent accessing online databases such as PubMed showed a shift by the students
toward more than 1 hour per week. The pattern of outcomes paralleled that of the knowledge
exam score with statistically significant cohort and quarter effects (P < .001) and later
cohorts reporting more usage than earlier ones. Similarly, cohort and quarter effects were
significant for the time reading journal articles, with Cohort 3 reading more than the other
two cohorts and 11th quarter reading more than 9th quarter. There was also a cohort effect
for the use of an EBP approach. However, in this case, Cohort 2 reported less utilization,
while the Cohort 3 and the control cohort had comparable results.

Skills Self-Appraisal
All 3 cohorts tended to rate their competency in research retrieval, critical appraisal, and
integration into practice as slightly above the midway point between not at all competent
and very competent. The students felt they had somewhat more skill in 11th quarter than in
9th quarter (P < .05), but there were virtually no differences between cohorts. The exception
was appraisal of competence in statistics, where the control cohort reported a superior
understanding to the cohorts that received some statistical training (P = .007). There was no
trend in understanding over quarter.

Practice Attitudes
Student attitudes tended to be slightly favorable to EBP, within 1.5 units of the neutral
stance (4) on the 7-point Likert scale. Interestingly, the control cohort had the most
favorable attitude toward reading the literature (P < .001) and Cohort 2 was more ambivalent
about prioritizing research interpretation skills for continuing education (P = .031). All three
cohorts disagreed with the propositions that an abstract contained all relevant information,
texts were more effective than original articles, and that a case study was more informative
than a randomized trial. There was an interaction effect between cohort and quarter (P = .
018); the control cohort had a less favorable attitude toward the randomized trial in 11th

quarter than in 9th quarter, while the opinions of the other cohorts remained stable over the
quarters.

Time Trends in Attitudes
The attitudes towards spending 2 to 3 hours per week reading scientific literature and
making EBP continuing education a high priority both declined between baseline and the
follow-up (P < .001). The changes in the attitude toward reading were −0.7 (−1.0 to −0.5)
for 9th quarter and −0.8 (−1.1 to −0.5) in 11th quarter. The changes in the attitude towards
continuing education were −0.6 (−0.9 to −0.4) in 9th quarter and −0.8 (−1.1 to −0.5) in 11th

quarter as shown in Figure 3.

Knowledge Correlates
The knowledge scores were poorly correlated with the attitudes and self-appraised
competency variables for both the 9th and 11th quarters. All correlations were |r| < 0.3 with
only two variables attaining |r| > 0.2.

Haas et al. Page 6

J Manipulative Physiol Ther. Author manuscript; available in PMC 2013 November 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



DISCUSSION
Outcomes

The data from this study point towards mixed results for the first 2 cohorts of the new EBP-
enriched curriculum. The main success is reflected in the favorable trend of the primary
outcome: EBP knowledge scores improved over the first years of the new curriculum (Table
2). Each cohort demonstrated a better score than the previous with a moderate to large
advantage in effect size for Cohort 3 over the others. The improvement in EBP knowledge is
consistent with what others have reported in systematic reviews of the health education
literature.23,24 These results are particularly encouraging because the knowledge tests were
given nine months or longer after the main EBP conceptual courses were taught. This is in
distinction to the norm in the literature where the assessment usually occurs soon after an
EBP course or workshop, for example, two weeks after completion as in the recent study by
Windish.25 Hopefully, our data offer insight into the understanding of this material, as well
as its retention.

Interestingly, the average score on Windish’s25 biostatistics and study design exam was
58%, which was strikingly similar to our average scores (44.2% to 59.8%). Although we
compare different tests on different populations (medical residents vs. chiropractic interns),
these relatively low averages for both populations speak to the difficulty of learning and
retaining this difficult material. The superior performance of Cohort 3 over Cohort 2, the
first students receiving the new curriculum, might be explained by an increasing breadth and
depth of EBP material, increased experience of the faculty, and/or changing expectations
associated with entrenchment of the new curriculum. The picture should be made clearer
over time as Cohorts 4 through 8 complete the program.

While “leakage” of the test content and questions over time could theoretically have
accounted for some of the apparent intervention cohort improvements, it seems relatively
unlikely because the exams were not tied to grades, advancement, or even individual
recognition or self-esteem (students were not notified of their individual grades). We took
steps to ensure exam security by using multiple proctors and accounted for all exam forms.
In addition, had leakage been a significant problem, improvement within cohort from 9th to
11th quarter would be expected to have been of the magnitude of the improvement seen
across cohorts.

Also of note was a modest improvement in behavior and knowledge in just two quarters
(quarter effect in Table 2). This contrasts with a decline in statistical and research
knowledge reportedly seen in senior medical residents compared to junior residents.26 Our
success may, in part, be due to the continued exposure to this knowledge base through the
journal club courses positioned in our 4th year of training. Alternatively, the change could be
related to sampling error introduced if poorer students did not return the 11th quarter survey.
The improved test scores could also simply reflect test-taking experience, although the fact
that the tests were given approximately six months apart makes this less likely. The
differences in behavior between 9th and 11th quarters cannot be explained by differential
assignments requiring journal articles across cohorts.

Despite the improving knowledge and changing behavior, there were generally no notable
differences between cohorts in skills self-appraisal. Students accessed more information but
did not feel more competent in retrieval and understanding of research literature. In fact, the
more experienced cohorts felt slightly less competent in understanding statistics than the
inexperienced control cohort did. Also, experience over time did seem to affect skills self-
appraisal to some degree, with students demonstrating increased confidence between 9th and
11th except for statistical understanding. Perhaps, our findings reflect that the new
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curriculum students, have developed an appreciation of the complexities of modern research
reporting25 and a better understanding of their own limitations. Although data are not
available on chiropractors, Horton and Switzer27 report that medical physicians are able to
understand only about 21% of research articles.

Favorable trends were also seen in self-reported behavior with increasing access of
databases such as PubMed and reading research articles. What is not clear, however, is
whether these behaviors were simply the result of more mandatory course work or reflect
true self- directed inquiry. To be really meaningful, the search ethic must be internalized.
Unfortunately, some of the data from the attitudes survey cast doubt on this explanation.

To our surprise, the control cohort was more likely to agree “reading current scientific
literature is important” than the new curriculum students, despite their greater reading
responsibility. In fact, the appreciation for reading scientific literature was at its apex at
baseline prior to the experience. This attitude decline was clearly apparent in the waning
belief that critical appraisal skills were a priority for continuing education (Figure 3). This
may be related to the stress of a demanding program. There may also be a factor of creeping
nihilism. It may require some years for EBP to become fully integrated in University culture
and seen as a practice standard rather than an additional rite of passage. Finally, much of the
critical assessment training relentlessly exposes the flaws, many of them serious, in research
studies. Unless that experience is counter-balanced by seeing EBPs useful application in a
clinic setting the luster of keeping up with the literature begins to fade.

The findings regarding attitudes are complex and difficult to explain. They reflected a
disconnect between increasing knowledge and decreasing prioritization with keeping up
with the literature. On the other hand, some of the findings were more congruent. For
example, Cohort 3, which had the best overall knowledge scores, felt that a case study was
not more relevant than a randomized trial to understanding a condition. This is an important
distinction for graduates to appreciate, especially in realms where case studies often
outnumber RCTs, as is the case, for example, with conservative care for spinal canal
stenosis.28

Overall, it was expected that knowledge proficiency would be more strongly correlated with
various attitudes, skills, and behaviors. Surprisingly, this was not the case. The data overall
reflect significant improvement in knowledge, but a lag in attitudes and lack of clarity about
whether we are achieving our behavioral objectives.

In a systematic review of RCTs and non-randomized trials, Coomarasamy et al24 reported
that single course educational programs could succeed in improving EBP knowledge, but
not attitudes and behavior. On the other hand, programs that integrated EBP activities in a
clinic setting were able to achieve better outcomes in all three domains. Although our
integrated program is not at all comparable to a single course, the penetration into the clinic
setting was very weak, especially in its first years of implementation. Although floor
clinicians did receive training in EBP skills, the usual barriers of time and resources remain
obstacles. Until this last critical component of the program is effectively implemented in the
university clinics, improvement in attitudes and behaviors may remain problematic.

Limitations
An innovation of our EBP program was the evaluation of the program globally, as opposed
to assessment for an individual course (eg, Lasater et al29). This gives a broader picture of
the program, but requires broader examination and makes it more difficult to identify
curricular elements related to outcomes. In part, this was resolved by the use of a curricular
map that shows where test content is being taught. Using the map and knowledge
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questionnaire results, we were able to identify a concept being incorrectly conveyed in the
classroom.19

Follow-up also became a challenge because the survey was not a required element for a
particular course evaluation and there was no unique home for questionnaire administration.
Furthermore, students could not be identified when they were unavailable during
questionnaire administration because of the anonymity protocol. The resulting low 11th

quarter follow-up rate may have biased quarter effects. However, the direction of bias is
indeterminate and follow-up is misleading because it omits dropouts and leaves of absence.
Response rate in 11th quarter has since been remedied by contacting students who do not
sign a class attendance list. The questionnaire has also been made mandatory, but students
maintain the right to refuse the use of the data for research purposes.

The 4-year length of the chiropractic education program put a limitation on the number of
cohorts we could follow. We have since received a second R25 grant to further build the
EBP program. Data will be collected on additional cohorts that will permit us to assess time
trends over eight cohorts to determine the effects of ongoing improvement in student
curriculum and expansion of faculty training. Ultimately, we need to see changes in practice
behavior. Hence, an essential part of our program evaluation and refinement is ongoing
assessment of graduate practice activities and EBP needs assessment.

One other potential limitation is that we used self-report measures to assess participants’
behaviors and skills. Whereas written items and multiple choice questions are appropriate
for core clinical knowledge,30 they only assess one component of the EBP skill set. Self-
assessment of skills and behavior although of value, is prone to recall bias and subject to
participants factoring in other variables that may affect the perception of their own
behavior.31 However, self-report was the most feasible data collection method available;
more time-intensive and expensive methods (e.g., observation) for assessing skills and
behaviors are not without their own sources of potential biases and error.

CONCLUSION
The implementation of a broad-based EBP curriculum in a chiropractic training program is
feasible and can result in 1) the acquisition of knowledge necessary to access and interpret
scientific literature, 2) the retention and improvement of these skills over time, and 3) the
enhancement of self-reported behaviors favoring utilization of quality online resources. It
remains to be seen whether EBP skills and behaviors can be translated into private practice.
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Fig 1.
Curriculum development
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Fig 2.
Mean knowledge exam scores (100-point scale) for the three cohorts at 9th and 11th quarter.

Haas et al. Page 13

J Manipulative Physiol Ther. Author manuscript; available in PMC 2013 November 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Fig 3.
Mean ratings of attitude toward priority of EBP continuing education (1 to 7 Likert scale)
for the three cohorts at baseline, 9th quarter, and 11th quarter.
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