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Context: For practicing health care professionals, waiting for a teachable moment to identify a gap in knowledge could prove critical.
Other methods are needed to help health care professionals identify their knowledge gaps.

Objective: To assess the effect of performance feedback on Athletic Trainers’ (AT) perceived knowledge (PK) and likelihood to pursue
continuing education (CE).

Design and Setting: Pre-test, post-test control-group design to measure PK and likelihood to pursue CE before and after assessing
actual knowledge (AK) in an on-line classroom (Campus Edition 6; Blackboard Inc.).

Participants: We randomly sampled potential participants (n = 2000) from the National Athletic Trainers’ Association membership
directory and then randomly assigned (n = 103/2000, 5.1%) them to control (n = 58) or experimental groups (n = 45).

Interventions: Performance feedback following the AK assessment in the experimental group.

Main Outcome Measures: We assessed PK and likelihood to pursue CE before and after the AK assessment. We calculated differences
between pre-test and post-test scores and knowledge gap. Two independent samples t-tests examined the effects of feedback on the
dependent measures. Multiple linear regression was used to predict post-test likelihood to pursue CE using three variables: PK, pre-test
likelihood to pursue CE knowledge gap.

Results: We found a significant difference (68.2%) between groups for likelihood to pursue CE (P = 0.01, ES = 0.45). The experimental
group demonstrated a 13.8% (pre-test = 4.12 + 1.32, post-test = 4.78 + 1.13) increase in likelihood to pursue CE, while the control group
increased 4.4% (pre-test = 4.60 + 1.07, post-test = 4.81 + 1.08). Pre-test likelihood to pursue CE was a significant predictor of post-test
likelihood to pursue CE (r = 0.74, R?= 0.55, P = 0.05). We observed a moderate relationship between pre-test knowledge gap and post-
test likelihood to pursue CE (r = 0.31, R2= 0.10, P < 0.01). Pre-test knowledge gap was a significant predictor of post-test knowledge
gap (r=0.88, R?=0.77, P < 0.01).

Conclusions: Knowledge assessment alone increases the likelihood to pursue CE, yet when feedback is provided ATs are more likely
to pursue CE.
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Effect of Performance Feedback on Perceived Knowledge and
Likelihood to Pursue Continuing Education

Lindsey E. Eberman, PhD, ATC and Brady L. Tripp, PhD, ATC

it an ideal platform to present health care providers

with new knowledge that extends beyond entry-level
education. Developments in medical research advance the
depth and breadth of knowledge at a rate that often exceeds
the capabilities of entry-level educators and traditional texts.
Therefore, CE is essential in providing practicing health care
professionals with current methods of recognition and treatment
of injuries and illnesses. In the athletic training profession, CE
provides skills that broaden the body of knowledge beyond
the National Athletic Trainers’ Association (NATA) Education
Competencies of professional education. Exertional heat iliness
and fluid replacement are examples of topics for which research
has yielded new knowledge beyond that of entry-level curricula;
understanding such advanced clinical skills will help practitioners
improve their ability to prevent, recognize, and treat exercise-
associated muscle cramps (EAMC).

T he dynamic nature of continuing education (CE) makes

Exercise associated muscle cramps occur most frequently when
athletes are participating in extreme environmental conditions.’
Although most cases of EAMC are benign, attributed to mineral
deficiencies, and easily treated,? the condition can be extremely
painful, involve multiple muscle groups, and may be associated
with more serious and fatal conditions, such as myopathy,
rhabdomyolysis, and acute renal failure.? The NATA Education
Competencies regarding EAMC are limited in that they are neither
specifically addressed, nor do they reflect new research regarding
prevention, recognition, and treatment. Continuing education is
necessary to inform practitioners of these new advances.

Practitioners must be motivated to seek out CE and gain new
knowledge about EAMC and exertional heat iliness in order for
patients to benefit from current medical research. Adult learning
theory suggests that the ideal learner is interested in the application
of new knowledge and self-directed, and is therefore capable of
directing his or her own learning.® Self-directed learners choose
what to learn, taking into account both personal and professional
experiences.® These experiences help self-directed learners set
educational content, make education decisions, and set goals,
which are the 3 critical steps of the adult learning process.*
The self-directed learner initiates the educational process after
reflecting on his or her own understanding of the topic and
identifying a knowledge gap. Once aware of the knowledge gap,
the self-directed learner then seeks methods, such as individual
learning or CE, to address the gap. Researchers measure such
knowledge gaps by comparing perceived knowledge defined as
what the learner thinks he or she knows, with actual knowledge
what the learner actually knows.>'© A poor relationship exists,
however, between perceived knowledge and actual knowledge®1°
suggesting that most learners are unaware of their knowledge
gap or are not self-directed and are therefore not likely to pursue
CE. Without adequate professional or personal experiences,
all learners, even self-directed learners, may require external
feedback to identify the gap in their knowledge. Once a learner

identifies a knowledge gap, the likelihood of pursuing CE may
improve.''-14

In an ideal clinical simulation or formal education, a learner
can easily identify a shortcoming and resolve it through further
study. For practicing health care professionals, however, waiting
for a personal experience to identify a knowledge gap for the
recognition and treatment of an emergent condition could prove
critical to the patient. Another method is needed to provide
health care professionals the opportunity to become aware of
any such knowledge gap. External feedback has been shown
as an effective means of initiating such awareness and exploring
CE opportunities in various professions.”®'” No research has
quantified the effects of external performance feedback on athletic
trainers’ (AT) perceived knowledge and likelihood to pursue CE.
Therefore, our purpose was to identify the effects of performance
feedback on AT perceived knowledge and likelihood to pursue
CE. Because of the risk of the potential grave consequences of
poorly managed exertional heat illnesses, we chose to assess
AT perceived and actual knowledge of current standards for the
prevention, recognition, and treatment of EAMC.

METHODS
Research Design

We measured the effect of performance feedback on perceived
knowledge and likelihood to pursue CE using a pre-test post-
test control-group design. We measured each AT perceived
knowledge and likelihood to pursue CE prior to and after assessing
his/her actual knowledge. Immediately following a knowledge
assessment, we provided members of the experimental group
with performance feedback consisting of both item-by-item and
summative feedback. The control group received no external
performance feedback. The two dependent variables were
perceived knowledge and likelihood to pursue CE regarding the
prevention, recognition, and treatment of EAMC. The independent
variable was external performance feedback.

Participants

We used the NATA membership directory to select a random
sample of ATs (n = 2000). We then randomly assigned ATs to the
experimental and comparison groups. Of the 2000 invitations
sent, 103 individuals volunteered to participate in the study
(response rate = 5.15%; control group n = 58, experimental
group n = 45). Levene’s statistic indicated that the groups were
heterogeneous on three of the five demographic variables (Table
1), therefore we compared the groups using parametric statistics.
The groups were not significantly different with regard to
occupational region, occupational setting, and level of expertise.
The groups were significantly different, but with very little effect,
with regard to gender (t,,, = 2.45, P = .02, ES = 0.12 [small])
and level of education (F,. ,=5.48, P=0.02, ES= 0.04 [small)).

1,101
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Instrumentation

We used two instruments to measure the dependent variables:
the Perceived Knowledge Questionnaire (PKQ) and the Actual
Knowledge Assessment (AKA).

Perceived Knowledge Questionnaire

The PKQ is a 16-item questionnaire (Table 2) we modified from
a validated 5-item subjective knowledge assessment tool.®
The original instrument was implemented with a 7-point Likert-
scale' which provided participants with a centralized option.™
We preferred a 6-point Likert-scale, so we performed a test-
retest crossover pilot study design (n = 18 AT and AT students) to
compare results of the PKQ employing a 6-point scale. Fourteen
of the 16 items as well as the mean of all the item-correlations
demonstrated strong®® (0.50-1.00) reliability. In light of such
strong correlations and to obtain greater variance in answers, we
decided to employ the 6-point scale.

The 5-item subjective knowledge assessment tool was validated
to interchange a variety of constructs from several disciplines.
We were able to insert the concepts of prevention (5-items),
recognition (5 items), and treatment (5 items) of EAMC directly
into the instrument for our purposes. The 16" item was used to
determine each participant’s likelihood to pursue CE. Previous

investigations have identified the self-perceived CE needs of ATs?'
and deterrents to obtaining CE units,?? but neither measured the
likelihood to pursue CE.

Actual Knowledge Assessment

The 25-item AKA quantified each participant’s understanding
of the prevention, recognition, and treatment of EAMC that was
developed from the Inter-Association Task Force and NATA position
statements on exertional heat iliness and fluid replacement.?325
These position statements define the professional standards for
athletic trainers. We solicited 3 experts to review the AKA for
clarity, accuracy, and reflection of current knowledge regarding
exertional heat illnesses and fluid replacement. The panel
scored each item’s level of clarity (4-point Likert scale), accuracy
(dichotomous: Yes or No), and level of agreement (4-point Likert
scale) that the item reflects current knowledge. An analysis
of the panel’s agreement with the AKA revealed strong clarity
(mean= 4+0), strong accuracy (3 items deemed inaccurate by 2
or more panelists), and strong agreement on reflection of current
knowledge (mean= 4+0). More importantly, the experts provided
comments for item improvement which were incorporated into the
instrument. Each expert was a member of the NATA’s Exertional
Heat lliness or Fluid Replacement Task Force or a researcher with
publications along this area of expertise.

Table 1. Demographic Characteristics of Experimental (n = 45) and Control Groups (n = 58)

Experimental Control
Characteristic n % n %
Gender Male 18 40.0 37 63.8
Female 27 60.0 21 36.2
Occupational Region District 1 0 0.0 1 1.7
District 2 7 15.6 4 6.9
District 3 4 8.9 9 15.5
District 4 11 24.4 12 20.7
District 5 3 6.7 7 121
District 6 5 111 6 10.3
District 7 3 6.7 3 5.2
District 8 5 111 2 3.4
District 9 5 111 11 19
District 10 2 4.4 3 5.2
Occupational Setting Professional Sports 0 0.0 3 5.2
College/University 20 44.4 25 43.1
Secondary/Intermediate School 11 24.4 18 31
Sports Medicine Clinics 5 111 1 1.7
Industrial/Occupational Setting 1 2.2 1 1.7
Physician’s Office/Hospital 1 2.2 1 1.7
Other 7 15.6 9 15.5
Level of Education Doctoral 2 4.4 5 8.6
Masters 25 55.6 42 72.4
Bachelors 18 40.0 11 19
Level of Expertise More than 5 years of working experience 26 57.8 33 56.9
5 years or fewer of working experience 19 42.2 25 431
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Table 2. Correlation Analysis to Employ a 6-point Likert Scale in the Perceived Knowledge Questionnaire

Spearman’s rho

Item Description Correlation P value
1 | know pretty much about preventing EAMC. 0.85 < 0.001
2 I do not feel very knowledgeable about preventing EAMC. (reverse scored) 0.94 < 0.001
3 Among my colleagues, I’m one of the “experts” on preventing EAMC. 0.82 < 0.001
4 Compared to most other ATs, | know less about preventing EAMC. (reverse scored) 0.64 0.005
5 When it comes to preventing EAMC, | really don’t know a lot. (reverse scored) 0.67 0.003
6 | know pretty much about recognizing EAMC. 0.78 < 0.001
7 | do not feel very knowledgeable about recognizing EAMC. (reverse scored) 0.88 < 0.001
8 Among my colleagues, I’'m one of the “experts” on recognizing EAMC. 0.90 < 0.001
9 Compared to most other ATs, | know less about recognizing EAMC. (reverse scored) 0.39 0.11
10 When it comes to recognizing EAMC, | really don’t know a lot. (reverse scored) 0.94 < 0.001
11 | know pretty much about treating EAMC. 0.83 < 0.001
12 | do not feel very knowledgeable about treating EAMC. (reverse scored) 0.85 < 0.001
13 Among my colleagues, I’'m one of the “experts” on treating EAMC. 0.84 < 0.001
14 Compared to most other ATs, | know less about treating EAMC. (reverse scored) 0.35 0.15
15 When it comes to treating EAMC, | really don’t know a lot. (reverse scored) 0.79 < 0.001
16 | am likely to pursue continuing education to improve my knowledge of EAMC. 1.00 < 0.001

Mean = 0.78
SD = 0.19

Procedures

The Institutional Review Board approved the investigation prior to
soliciting potential participants, whom we contacted via electronic
mail with instructions and an individualized access code for the
secure testing site (Campus Edition 6; Blackboard Inc.). The
testing site was accessible for approximately 6 weeks after the
initial email. Upon accessing the test site (implying consent to
participate), each participant answered 6 demographic questions,
followed by the pre-test PKQ and then the AKA. Immediately
following the AKA, each member of the experimental group
received both summative feedback (total and percent of correct
questions and an item-by-item feedback regarding every question
in the AKA. The item-by-item feedback detailed each question
including the list of possible responses, the participant’s chosen
response, the correct response, and then the correct response
in sentence format (Figure 1). Members of the comparison group
did not receive any feedback. All participants then completed the
post-test PKQ.

Statistical Analysis

We imported the data from the test-delivery system into SPSS
Statistical Package for Windows (Version 15.0) for statistical
analysis. We calculated descriptive statistics for dependent
measures and all demographic data. To quantify the effects of
the AKA and the independent variable, we calculated the variable
‘change in PKQ’ as the difference between pre and post PKQ
scores and the variable ‘change in likelihood to pursue CE’ in the
same manner. We isolated the effects of the feedback provided
by comparing these variables between the two groups using
two independent samples t-tests. To identify knowledge gap, we
calculated z-scores from the dependent measures and measured

the differences (ie, Pre-test knowledge gap = Z-score (Pre-test
PKQ) — AKA).

We used multiple linear regression (MLR) to identify the prediction
qualities of the dependent variables and the demographic
characteristics (gender, occupational setting, occupational
location, level of expertise, level of education). We chose this

Question: Sweat rate generally increases after a period of
acclimatization, typical after of heat exposure, requiring a
greater fluid intake for a similar bout of exercise.

Student Value Correct Feedback
Response Answer

A. 0-5 days 0%

B. 7-12 days 0% Incorrect
C. 10-14 days 100% J

D. 15-20 days 0%

Score: 0%

General Feedback:

Sweat rate generally increases after a period of acclimatization,
typical after 10 to 14 days of heat exposure, requiring a greater
fluid intake for a similar bout of exercise.

Figure 1. Item-by-item performance feedback including the
question, list of possible responses, participant’s response
(italics), and correct response (y/) were provided.
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method of analysis because it is more flexible than a traditional
ANOVA. We analyzed the relationship between the dependent
variables, post-test perceived knowledge and likelihood to pursue
CE using MLR. We used MLR to identify the degree to which pre-
test knowledge gap can predict post-test knowledge gap. We
also used MLR to identify the degree to which knowledge gap can
predict likelihood to pursue CE. Finally, we analyzed the degree
to which gender, occupational setting, occupational region,
level of expertise, and level of education affected the predictive
relationship between knowledge gap and likelihood to pursue CE
using MLR. We set the a-priori alpha level at p < 0.05.

RESULTS
Effect of Performance Feedback

We identified no significant differences with the independent
samples t-tests between groups on difference-scores of the pre
and post PKQ means (t,,,= -0.66, P = 0.50, 1-B = 0.54). However,
we found a 68.4% significant difference (t,,, = 2.72, P = 0.01,
ES = 0.45) between groups in the change scores for likelihood
to pursue CE because of the performance feedback. The
experimental group demonstrated a 13.7% increase in the
likelihood to pursue CE after the AKA in the experimental group,
as compared to only a 4.3% in the group receiving no feedback.

Predicting Post-Test Likelihood to Pursue Continuing
Education

Pre-test likelihood to pursue CE was a significant predictor of
post-test likelihood to pursue CE (r = 0.73, R?= 0.53, P < 0.01).
This model of predicting post-test likelihood to pursue CE was
enhanced when the variable ‘group’ was included; ‘group’
accounted for a significant amount of unique variance in the
model (r = 0.74, R?= 0.55, P = 0.05). The finding indicates that
pre-test likelihood to pursue CE is a significant predictor of post-
test likelihood to pursue CE in the experimental group.

Y =0.76X - 0.34X

CEpost CEpre group

+224 +E

We observed a moderate relationship between pre-test knowledge
gap and post-test likelihood to pursue CE (r = 0.31, R>= 0.10,
P < 0.01) regardless of group allocation:

Y =0.31X

CEpost KGpre

+4.80+E

None of the demographic variables were significant predictors
between pre-test and post-test measures of knowledge gap and
post-test likelihood to pursue CE.

Predicting Post-Test Knowledge Gap

Pre-test knowledge gap, the difference between perceived
knowledge and actual knowledge, was a significant predictor of
post-test knowledge gap (r = 0.88, R?= 0.77, P < 0.01):

Y =0.88X

KGpost KGpre

+0.002 + E

DISCUSSION
Effect of Performance Feedback

The primary purpose of this investigation was to measure the
effect of performance feedback on perceived knowledge and
likelihood to pursue CE regarding EAMC. We hypothesized that
providing participants with performance feedback would affect
both their post-test perceived knowledge and likelihood to pursue
CE. Our findings suggest that performance feedback did not have
a significant effect on perceived knowledge, but did significantly
increase the likelihood to pursue CE regarding EAMC (68.4%
difference between groups). These results indicate that providing
ATs with an AKA and performance feedback can facilitate a learner
to recognize the need to seek out new knowledge, but may not
necessarily change their perception of their own knowledge gap.

This finding contradicts previous literature suggesting feedback
will alter perceived knowledge;?2% however it supports the reports
that feedback will alter participant information-seeking behavior.
When there is a large discrepancy between goals and outcome
feedback, perceived knowledge is altered and, often, goals are
realigned.?62°3° Qur investigation only resulted in a small change in
pre-test and post-test perceived knowledge scores. This smaller
discrepancy may not have warranted the changes in perceived
knowledge, but did refocus goals toward gathering CE for the
prevention, recognition, and treatment of EAMC. In planning new
CE opportunities, including knowledge assessments prior to
participation may help ATs set more focused goals to meet their
knowledge needs.

Predictive Relationships Between Variables
Perceived Knowledge

Self-efficacy theory suggests that students’ perception of ability
is positively related to his or her level of engagement in strategies
to improve a task.® Further, as a student’s interest in learning for
the sake of improving knowledge increases, the use of strategies
to improve knowledge also increases.®?%* A strong relationship
between perceived knowledge and likelihood to pursue CE has
been theorized in the literature. Although our results failed to
indicate this relationship, the role of perceived knowledge is one
important component to guiding CE. Needs assessments, often
driven by the learner’s current patient care needs, have been used
to plan CE.**% An assessment of knowledge prior to acquiring
learners’ perceived needs may be more effective in focusing CE
curricula.

Knowledge Gap

The MLR we employed indicated that a pre-test knowledge
gap was a significant predictor of a post-test knowledge gap.
Previous reports, which only provide an assessment of perceived
knowledge prior to a test, suggest that perceived and actual
knowledge are poorly correlated.>* In contrast to these reports
that correlated pre-and post-test values, we calculated the
difference between perceived knowledge and actual knowledge
and sought to answer the applicable question: Can pre-test
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values predict the post-test knowledge gap? Our results indicate
that a pre-test knowledge gap was indeed a strong and significant
predictor of a post-test knowledge gap. These findings imply that
early identification of a knowledge gap may help to guide more
specific learning to meet a deficit. Needs assessments to plan CE
have used only perceived needs® to articulate a potential topic for
CE.®*%" These learners are often unaware of their knowledge gaps
and are likely to report their needs based on a current problem,
not an identified knowledge deficit. Further, the “clinical care gap”
described as the difference between evidence and practice in
medical CE literature, is also unknown by practitioners. Therefore,
perceptions alone will fail to resolve the gap, unless some means
to identify the knowledge deficit is utilized.

Predictors of Pursuing Continuing Education and Perceived
Knowledge

Our findings indicate that a pre-test knowledge gap was a
moderate and significant predictor of post-test likelihood to
pursue CE. However, performance feedback did not significantly
enhance the relationships between these variables. No researcher
has incorporated the theory of external or performance feedback
in investigations that compare actual and perceived knowledge.
Research suggests that learners are more effective when
responding to externally provided feedback,'®" like that provided
through peer evaluation, teacher remarks on class work, or
answer sections of a textbook.*® This external feedback is most
often provided after a task is completed and is therefore feedback
about performance aimed at improving student scores on the
task.®®

Performance feedback may also serve an alternative purpose,
particularly with self-directed or adult learners. Self-directed
learners who experience an impediment to learning, which may
come in the form of negative performance feedback, will trigger
reassessment of the educational goal.“’ Our findings support the
theory that performance feedback that identifies a knowledge
gap may trigger a learner to reassess and subsequently increase
the likelihood of engaging in CE opportunities.”""* Our results
suggest this change may be a result of test taking, where internal
and external feedback are both affecting the outcome. We may
then conclude that test taking prior to instruction may have a
significant impact on the subsequent learning. These implications
are far-reaching, from a first-year Introduction to Athletic Training
course to post-professional education, in that identifying what is
not known can guide students in acquiring new knowledge.

Limitations

The most significant and inevitable limitation of our investigation
is participant self-selection. Although the effect size statistics
suggest that a sufficient sample was acquired to identify a
meaningful difference between groups, few ATs (response
rate= 5.15%) chose to participate in an EAMC content-specific
educational assessment. We understand that CE seeking
behavior is multifactorial and the response rate may indicate
that athletic trainers do not inherently seek opportunities to test
their knowledge in the manner provided. Future research should
employ similar methods but attempt to differentiate between

internal and external feedback. Also, we did not identify actual
CE seeking behavior and therefore future investigations should
observe these actual behaviors.

CONCLUSIONS

Performance feedback increased participants’ likelihood to
pursue CE; however, it did not alter AT perceived knowledge
scores. Although the performance feedback we provided did not
enhance the participants’ abilities to recognize their knowledge
deficit after testing, it did increase their likelihood to pursue new
knowledge. In this study, we found that learners were able to
reflect on their experience by reporting that they would likely seek
methods to meet their inadequacy.

Knowledge gap was a significant predictor of likelihood to pursue
CE, regardless of whether performance feedback was provided.
Individuals often overestimate actual knowledge and thereby
create a barrier to acquiring new information.?8-%0 Perhaps internal
feedback, as a result of self-assessment through test-taking
as we employed, rather than the previously suggested external
feedback, may be the trigger necessary to seek new knowledge
through CE.

For ATs, amore self-directed approach to acquiring new knowledge
should be employed. Further, planning CE opportunities should
include methods of pre-assessment to aid in more focused
knowledge acquisition.
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