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ABSTRACT. This study aims to examine the value and viability of im-
plementation and maintenance of an assessment tool for clinical rota-
tions. Specifically, the objective of the study was to determine if student
post-test scores were significantly and consistently higher at the conclu-
sion of the rotation as compared with pre-test scores on an ambulatory
care knowledge assessment. Pharmacy practice faculty members devel-
oped learning objectives and multiple-choice questions (MCQ) for com-
monly encountered topics in disease state management. Questions were
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pilot tested, stratified by difficulty level and randomized into assess-
ments for the testing phase. Students (n = 53) completed ten MCQ in
each of three topic areas for a total of thirty questions on the first day of
rotation. Scores were reviewed with students. Thirty questions of similar
difficulty level were administered during the last week of a five-week ro-
tation. Overall improvements from pre-test to post-test scores were
statistically significant (p < 0.001). Statistically significant improvements
from pre-tests to post-tests were noted in the areas of diabetes, dys-
lipidemia, and anticoagulation (p < 0.001). Administering a standardized
assessment tool provides quantitative and qualitative benefits to students
and preceptors including (1) identification of deficiencies in pharmaco-
therapy knowledge base early in the rotation, (2) ability for students to
tailor self-learning activities to address those deficiencies during the ro-
tation, and (3) provision of additional evidence to the students supporting
their accomplishments on rotation. [Article copies available for a fee from
The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address:
<docdelivery@haworthpress.com> Website: <http://www.HaworthPress.com>
© 2005 by The Haworth Press, Inc. All rights reserved.]
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INTRODUCTION

The Accreditation Council for Pharmacy Education Draft Profes-
sional Degree Program Accreditation Standards and Guidelines states
that schools and colleges of pharmacy must design and implement a sys-
temtoassessstudentachievementofstatededucationaloutcomesanduti-
lize the information gathered through this process to continuously
improve the didactic and experiential curricula (1). Experiential educa-
tion is an essential component of pharmacy curricula, however, the vari-
abilityofexperientialsites, thevarietyofday-to-daystudentexperiences,
and the educational training of preceptors at each site may lead to assess-
ment discrepancies in student achievement of global educational out-
comes.

The fundamental goal for students completing experiential education
rotations is to provide direct patient care in an actual patient care setting
(2). More specifically, universal objectives of the hands-on experience
include increased knowledge and skill development for practice. Ex-
periential learning follows a continuum beginning with knowledge, com-
petence, performance and finally, action (3). Each level of the continuum
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depends on the previous level. For example, the learner must “know” the
content to “know how” to apply it to the clinical situation. To adequately
assess student performance in the clinical setting, the evaluator may use a
variety of tools including direct observation, simulated experiences, ver-
bal examinations, discussion, or written examinations (2,4). The litera-
ture suggests that preceptors take a global approach to assessment by
evaluating a student’s baseline practical knowledge, communication
skills, attitude and the ability to integrate these at the level expected of a
pharmacist (4-6). Despite a general understanding that a student’s base-
line knowledge may affect his or her success on rotation, there are limited
examples in the current literature of pre- and post-tests for assessment of
experiential education.

One study of pharmacy students used paired baseline and end rotation
written examinations to determine the potential role in the student learn-
ing and evaluation process (7). Eighty-six students from an inpatient care
rotation participated by completing twenty short answer questions
matched to the educationalobjectivesof the rotation.Overall, the investi-
gator identified pre-tests as a useful measure to assess baseline com-
petencies and individualize instruction. Another study examined the ac-
quisition of knowledge by medical students during a clinical rotation (8).
An optional pre-test and mandatory post-test was administered to the stu-
dents using a question bank of multiple-choice questions (MCQ). In con-
trast to the study in pharmacy students, the medical students received a
performance analysis for the pre-test describing the individual student
performance compared to his or her colleagues in the clerkship group and
individual student results in specificdisciplines (i.e., pulmonary, cardiol-
ogy) (8). This information afforded students with areas of strength and
weakness for concentration.

When utilizing MCQ for assessment, the questions should be clear,
concise and correspond to measurable objectives (9). In medical educa-
tion, Miller proposed a weighting of evaluation methods, where recall of
factual knowledge through MCQ weighs the least and direct observation
of student activity weighs the most (3). The model consists of four tiers of
clinical assessment: knows (knowledge); knows how (competence);
shows how (performance); and does (action). Since student performance
builds on prior levels, observing student performance on a pre- and
post-test may assist the preceptor with development of a comprehensive
assessment plan that includes all levels of Miller’s Model. While MCQ
testing has not been specifically validated for rotation assessment, such
testingmay lead to knowledgeof how thepre- and post-testmayassist the
preceptor in developing a comprehensive assessment plan and facilitat-
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ing student progression to the higher order activities (i.e., performance
and action). The objectives of this investigation were to (1) examine the
value and viabilityof implementationand maintenanceof the assessment
tool for clinical rotations; and (2) determine if post-test scores on topic
specific MCQ are significantly and consistently higher at the conclusion
of a pharmacy student rotation as compared with pre-test scores.

METHODS

Discovery Process

The concept of pre- and post-rotation assessment started with a single
faculty member who designed an assessment process for an ambulatory
care rotation. This faculty member developed and implemented over the
course of one academic year a set of learning objectives, a pre-test, and a
post-test. Topics in this assessment included anticoagulation, diabetes,
and dyslipidemia. Anecdotally, the faculty member reported that the as-
sessmentshelpedher to identifybaselinestudentdeficienciestodirected-
ucational sessions and motivate students to prepare and participate in
topic discussions. Students remarked that the post-test served as positive
reinforcement for learning.

As a result of these experiences, the concept was introduced at a De-
partment of Pharmacy Practice retreat. Break-out sessions were orga-
nized by practice area to discuss the goals of a pre- and post-rotation
assessment, pros and cons of such assessments, possibility of expansion,
and ideas for development and implementation. A group of thirteen am-
bulatory care and advanced community practice faculty with significant
interest in the topic proceeded with the development of an assessment
tool. The faculty preceptors involved in the project had diverse clinical
practice sites in ambulatory care or advanced community practice, albeit
the majority of their rotations were ambulatory care in nature. Ambula-
tory rotations included broad primary care experiences in areas such as:
anticoagulation, dyslipidemia, diabetes care, hypertension, and smoking
cessation.

Development Process: Topic Selection and Test Bank

The process for topic selection and developmentof the test bank is out-
lined in Figure 1. Faculty identified ten chronic disease state topics com-
monly encountered by students on rotation in their practice sites:
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FIGURE 1. Development of Learning Objectives and Pilot Test Bank
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anticoagulation, atrial fibrillation, asthma, depression, diabetes, dyslip-
idemia, hypertension, immunizations, smoking cessation and thyroid
disorders. Faculty selected topics by the likelihood of use in assessment
on rotations by choosing the top three topics of interest. Based on limited
interest of the faculty involved in the project, depression and immuniza-
tions were excluded, with eight topics remaining.

Pairs of faculty consisting of an author and reviewer were assigned to
each topic. Faculty reviewed guidelines for writing educational objec-
tives and MCQ (9). After this reinforcement training, faculty pairs devel-
oped a set of learning objectives for each topic and identified a set of
recommended readings, such as current practice guidelines, textbook
chaptersor reviewarticles.Pairs thendraftedfiftyquestionsper topicarea
corresponding to the learning objectives. Each faculty pair created MCQ
with five choices (A-E). The choice of all of the above was avoided due to
decreased validity with this option (9). Additionally, none of the above
choices were avoided based on recommendations in the literature (9).
Following the drafting of questions, faculty met through a series of ses-
sions to review and revise the test bank for agreement with the following:
correlation with objectives, absence of ambiguity, reflection of actual
practice, clear consensus of a correct answer and required analysis, inter-
pretation, application and/or judgment to test higher level application
(8,10). Extensive revisions to assessment questions and objectives oc-
curred as a result of this quality assessment.

Pilot Test

Following the review by faculty, a pilot test was administered to phar-
macy students (n = 142) at the completion of their second professional
year. The test was a mandatory activity for the Introductory Practice Ex-
perience III, a required course for second year students. Ten points repre-
senting approximately 5% of the course grade were assigned to the
activityas incentive for studentparticipation.The 500 MCQ bank was di-
vided and each student received an exam consisting of 80 items given
over 110 minutes (Figure 2). Each question was tested by 28-30 students.
Students were encouraged not to prepare or study for the exam, but to an-
swer the questions to the best of their ability. All students had completed
didactic coursework in each of the topic areas. Five points were allocated
for completion of the assessment and up to five points were assigned
based on performance. As an added incentive, each student was provided
with individual feedback by topic area on how best to prepare for
rotations.
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Refining the Test Bank

The overall mean on the pilot examination was 61%. Following pilot
administration, thefollowingruleswereappliedinorder torefinethefinal
test bank: (1) eliminate items with � 50% correct response AND point
biserial < 0.05, (2) eliminate items � 20% correct response AND point
biserial < 0.25, (3) eliminate items with lowest point biserial to yield 40
questions per topic area. The remaining questions (n = 320) were then
stratified by level of difficulty based on total correct response rate. While
this method of refining the test bank has not been previously validated, it
served as a means of eliminating poorly performing or poorly discrimi-
nating questions from the bank.

Methods of Rotational Assessment and Performance Feedback

Questions were randomly assigned into sets of 10 MCQ per topic area
with levels of difficulty evenly distributed. The MCQ were collated and
compiled into one exam. A new comprehensive exam was created for
each rotation block; however, the post-test for one rotation became the
pre-test for the next rotation block. Once the exam was distributed, each
preceptor selected three out of the eight prepared topics in a non-random-
ized fashion to form the test.Theselectionprocess was based on expected
emphasis of that topic during the rotation. Doctor of Pharmacy students
on rotation with faculty involved in the project completed ten MCQ per
topic area for a total of thirty questions on the first day of the rotation. Stu-
dents were not expected nor encouraged to study for the pre-test. The
pre-test servedasabaselineassessmentof studentknowledgeforboth the
preceptor and the student. In addition, it allowed students to tailor
self-learning strategies to address their individual deficiencies. The pre-
ceptor graded the tests and scores were reviewed with each student to
identify areas of deficiency early in the course of the rotation. Preceptors
hadseveraloptionsat thispoint to improvestudent learning.For instance,
preceptors could emphasize the deficient therapeutic areas during direct
patient care experiences, disease state discussions, and case presenta-
tions, or require a presentation from the student pertaining to the deficient
area. The methods that preceptors used to provide feedback to students
was not pre-specified or quantified in the present study.

During the last week of the rotation (week 5), preceptors administered
apost-test consistingof randomlyselectedquestions fromthe testbankof
similar difficulty and content to the pre-test. The post-tests were graded
and feedback was provided to each student by the completion of the rota-
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tion.The test scoreswerenotusedasadirectmethodof thepreceptor’sas-
sessment for the rotation grade. Quantitative indicators of improvement
included overall and topic specific pre-and post-test scores. Qualitative
student to preceptor and preceptor to author feedback on the value and vi-
ability of the pre-post test process was also obtained by casual feedback
by preceptors to investigators.

Statistical Analysis

DatawerecompiledandanalyzedwithSPSS® software (Version 12.0,
SPSS Inc., Chicago, IL). Continuous level data (test scores) were com-
pared using the paired t-test.

RESULTS

Sixty-six students participated in the examinationprocess over one ac-
ademic year. Of the 66, two were excluded due to lack of pre-test data,
while 11 were excluded due to lack of post-test data. Fifty-three complete
sets of pre- and post-tests were evaluated. Seven topic areas were in-
cluded in the analysis. Thyroid disease was excluded from the analysis
because the subset of questions was not used. Overall improvements in
mean pre-test scores (18.43 of 30 possible points) to post-test scores
(23.21of30possiblepoints) in thecombinedtopicareaswerestatistically
significant (p<0.001).Statisticallysignificant improvementswerenoted
in the topic areas of diabetes, dyslipidemia, and anticoagulation (p <
0.001). The results of the pre-test and post-tests, stratifiedby topic, can be
found in Table 1.

DISCUSSION

The results of this study are consistent with other studies conducted
with medical and pharmacy students (7,8,11). Post-test scores were sig-
nificantly higher than pre-test scores. Administering a standardized as-
sessment tool provided quantitative and qualitative benefits to students
and preceptors. These benefits included the ability to identify the need for
improvement in pharmacotherapy knowledgebase early in the rotation,
the ability for students to tailor self-learning activities to address those
needs during the rotation, and the provision of additional evidence to the
student supporting their accomplishments on rotation. This process also
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provided opportunities for collaboration between colleagues, refined
facultyobjectiveanditemwritingskills,andheightenedpreceptoraware-
ness of student needs during rotation.

Preceptors involved in the project reported multiple benefits to utiliz-
ing the pre-test and post-tests. Following completion of the pre-test, pre-
ceptors reported a heightened awareness of the student’s deficient areas.
It was the preceptor’s discretion to change rotation activities as a result of
the pre-test and allow students to gain experience in an area identified as
deficient. Future studies may wish to formally document how pre-test
scores were used in tailoring rotationactivities.Even if preceptorsdid not
restructure the rotation activities, they had the opportunity to link the
testedconceptswithdirectpatientcareexperiences to improvestudent re-
tention of the material. Preceptors also noted the results of the pre-test
prompted students to focus their self-directed learning in a deficient topic
area. Students using portfolios in self-assessment may be able to use
resultsofpre-testingtodevelopanindividualizedplanforself-learning.

Finally, preceptors reported that completion of the pre- and post-test
andsubsequent improvementprovidedadditionalevidence to thestudent
supporting their accomplishments on rotation. The results of the pre- and
post-tests were not included in the rotation grade; however, the results
provided additional information for the preceptor to thoroughly assess
student performance. MCQ are appropriate to use for assessment if stu-
dents “know” and “know how” to utilize the factual information (2). Pre-
ceptor observation of student activities in the clinical setting cannot be
replacedbyMCQassessments.However,preceptors’overallassessment
maybeenhanced through inclusionof pre-post rotationassessment inad-
dition to direct observation. A logical next step is to determine if the as-
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TABLE 1. Comparison and Pre- and Post-Test Scores in Each Topic Area
(Maximum Achievable Score = 10)

Topic N Pre-Test Score
Mean (SD)

Post-Test Score
Mean (SD)

P value

Anticoagulation 31 6.45 (1.95) 8.87 (1.15) < 0.001

Asthma 6 6.17 (1.47) 6.83 (1.47) 0.286

Atrial Fibrillation 21 6.05 (1.75) 6.86 (1.95) 0.108

Diabetes 25 6.40 (1.35) 8.24 (1.17) < 0.001

Hypertension 18 6.00 (2.00) 6.89 (1.49) 0.088

Dyslipidemia 48 5.85 (1.83) 7.42 (1.78) < 0.001

Smoking Cessation 5 6.60 (0.548) 8.00 (1.58) 0.135



sessmentprocess impacts studentperformance inother rotationactivities
assessed by observation only.

In onestudy, acomprehensiveexaminationwas developedwith the in-
tent of individualizing student placement in experiential courses and, if
appropriate, identifying students requiring remediation (12). The results
did not demonstrate a correlation between the results on the comprehen-
sive examination and grades in experiential courses. However, the au-
thors identified the exam as a useful tool to identify students requiring
remediation. Perhaps limiting the assessment topics in the present study
tothreeorfour inonerotationtype,willallowstudents tobetterfocus their
attention. If each rotation type initiateda similarpre- and post-test assess-
ment, it is possible that specific objectives of the Gehres study can be
achieved: (1) student deficiencies in specific therapeutic areas would be
identified; and (2) remedial learning materials can be developed. The re-
lationship between a comprehensive examination and rotation grades
could be explored to strengthen the experiential education curriculum
andenhancecorrespondingassessment tools. It is also important todeter-
mine the impact of pre-post rotation assessment on student motivation.
Doescompletionofapre-testassessingbaselineknowledgemotivatestu-
dents to perform at a higher level during the rotation? If so, students may
develophigher levelskillsearlier in thecourseof therotation,andrespon-
sibilities can be matched to their respective level.

For other educators interested in implementing a similar process, it is
important to note this is a time intensive process. Educators are encour-
aged to tie this process into their current institutional assessment pro-
gram. Doing so may assist with streamlining assessment tools and
decreasing the duplication of time or efforts designed to assess student
learning.Developmentof theobjectivesand test instrument,pilot testing,
test administration and grading of tests during the rotation may require a
significantamountof time,especially if multiple facultyatdifferent loca-
tions are collaborating on such a project. Also, with changes in clinical
practice, continuous updating of learning objectives and items is re-
quired.As theultimategoalofarotationis toobservestudentsperforming
actual patient care, testing which may assist a student in achieving this
goal maintainsutility (7) .Therefore, the investigatorsbelieve the pre-test
is the most useful component of this process. Faculty may be interested in
implementing pre-testing alone to identify opportunities for improve-
ment early in a rotation. This requires development of a smaller test bank
and devotes less time to individual student testing.

One potential solution to the time intensive process of paper examina-
tions would be utilization of a computerized examination process with
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automated scoring. Computerized exams and grading would reduce the
time required for the preceptor to grade individual tests and offer the po-
tentialadvantageof immediatefeedbackto thestudents regardingcurrent
performance. In one medical school-based study, a web-based question
database was developed for student self-assessment of learning on an ob-
stetrics and gynecology rotation (13). The system allows for test ques-
tions in varied formats, including essay, extended-matching and short
fill-in response. Students received questions from the database in the
form of 10-question quizzes. Feedback was provided after each question,
as well as in summary at the end of each quiz. Authors noted that the com-
puterized testing process helped to identify student deficiencies early in
the rotation.

One limitation to the present study included the small sample size and
corresponding limited interpretation of changes between pre- and
post-test scores, especially in those topic areas not frequently used, such
as asthma and smoking cessation. While the test items were assessed for
content validity by matching competency goals with the content of the
items in the test bank, a formal task analysis of the rotation itself and a
principal component analysis of questions within the bank was not per-
formed. Tasks and responsibilities of students may have varied at differ-
ent rotation sites and individual preceptor teaching style may have an
impact on student learning. As a result, students may have performed
better on the post-test in topics in which they received repeated exposure,
rather thanoccasionalexposure.Alternatively,adifferenceinknowledge
may not be achieved for those topics in which superior baseline knowl-
edge was evident. For example, if students had been exposed to
anticoagulation in a previous rotation, baseline scores for fundamental
knowledge would be high. While the rotation would afford potential to
explore specialty areas of anticoagulation, the rotation would not likely
affect thealreadyhighdegreeof coreknowledgeof this contentarea.Fur-
ther, while categorization of the test items by level of difficulty assists in
creatingapre-andpost-test similar indifficulty level, there isnocertainty
that the tests are equivalent. This could be one reason improvements in
scores were observed in some topic areas, but not in others.

While the process of writing and screening test items refined our test
bank from pilot to the final bank, future studies may wish to subject the
items to a test of internal consistency, such as the Kuder-Richardson 20
(KR�20). Item-response theory, includingRaschmodeling,mayalsobe
used to refine the tool used in estimating individual abilities across con-
tent areas. Future efforts may also discern the type of testing (multiple-
choice,directobservation, simulatedexperiences,verbal examinations, or
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written examinations) that provides the most useful baseline assessment
in the clinical setting. Future research also may include gathering student
feedback to further analyze the perceived impact by students. Anec-
dotally, students reported post-test scores helped boost their confidence
and provided direct evidence of learning during the rotation. This may be
particularly important since the majority of pharmacy students are now
female(14). Inonestudyofmedicalstudentsonasurgeryrotation, female
students significantly underestimated their performance in self-assess-
ment compared with formative and summative evaluations provided by
feedback (15).

CONCLUSION

This project demonstrated overall post-test scores which were signifi-
cantly and consistently higher at the conclusion of a rotation as compared
with pre-test scores. The pre-testing tool provides both quantitative and
qualitativebenefits tobothstudentsandpreceptors, furtherenhancing the
ability to tailorexperiential learningduringrotations to the individualstu-
dent. Implementing a pre- and post-test assessment activity warrants fur-
ther investigation to determine if student outcomes such as increased
confidence, improved problem solving ability, and improved ability to
provide pharmaceutical care, are achieved.
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