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Objective. To quantify the impact of pharmacy students’ clinical interventions in terms of number and
cost savings throughout advanced pharmacy practice experiences (APPEs) using a Web-based documentation program.
Methods. Five hundred eighty doctor of pharmacy (PharmD) students completing ten 4-week APPEs
during the final year of the curriculum were asked to document all clinical interventions they made
using a Web-based documentation tool. Data were collected over 4 academic years.
Results. The total number of interventions made was 59,613, the total dollars saved was $8,583,681,
and the average savings per intervention was $148. The top 3 categories of interventions made by
students were identifying dosing issues, conducting chart reviews, and recommending appropriate
therapy. The top 3 intervention types made by students that resulted in the most dollars saved per
intervention were identifying potential allergic reactions, identifying drug interactions, and resolving
contraindications.
Conclusions. Pharmacy students made important and cost-effective clinical interventions during their
APPEs that resulted in significant savings. Documentation programs can track the number, type, and
value of the interventions that pharmacy students are making.
Keywords: pharmacy student, clinical interventions, cost analysis, APPE, experiential education

these studies dating back to the early 1990s.17 Most either
enrolled few students or were conducted over a relatively
short period of time, often just a few months. Some studies
were limited in terms of experience type or practice sites
and only tracked interventions made during inpatient experiences or in critical care environments at specific institutions. Other studies did not include a financial assessment
and only looked at the number of interventions made by
students and acceptance rates by the primary care providers. This report expands upon the existing literature
and provides more evidence to support the value of pharmacy students during APPEs. It includes 4 years of student interventions over various practice settings and
experience types and provides more detailed information
about the clinical interventions made by students. The
interventions were documented through a commercially
available Web-based documentation program. The most
common student interventions as well as the most economically valuable interventions are presented and discussed. The objective of this study was to quantify the
impact of pharmacy students’ clinical interventions in
terms of number and cost savings throughout advanced
pharmacy practice experiences (APPEs) using a Webbased documentation program.

INTRODUCTION
One of the challenges facing many colleges and
schools of pharmacy is finding enough experiential sites
and preceptors to train students during practice experiences.1,2 This is more difficult than it was a decade ago
for several reasons. There are more pharmacy colleges
and schools today and they are enrolling students who
will all need to complete IPPEs and APPEs. Introductory
pharmacy practice experiences are now a requirement for
all colleges seeking accreditation.3 There is also a higher
demand for residency programs.4 As more practice sites
try to meet this need, it places additional pressure on preceptors to continually mentor more people, be it IPPE
students, APPE students, or residents.1 However, pharmacy students are capable of providing meaningful clinical
services for the practice sites and can generate financial
savings, which have been well documented in the literature.5-16 Mersfelder and Bouthillier published a review of
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prevented using cost saving/cost avoidance estimates
from primary and tertiary literature sources. Clinical
Measures also used ProspectoRx to establish drug pricing
using the calculated average wholesale price (C-AWP)
and average wholesale price (AWP) when the C-AWP
was unavailable.19 For instance, when an intervention,
eg, conducting a chart review, was not tied to a specific
drug, an hourly rate for pharmacist wages was used and
multiplied by the time spent on the activity. (A list of
references used for cost verification by the software company is available from the author upon request.)
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METHODS
For the past 4 years, each PharmD class of approximately 160 students (580 total students participated) were
asked to document their clinical interventions during their
APPEs in the fourth year of the degree program. Each
student completed 10 consecutive 4-week APPEs beginning in May and finishing in April. They were not assigned
to an APPE during three 4-week blocks during this year. At
least 7 of the 10 APPEs they completed were required
patient care APPEs. Patient care APPEs were in ambulatory care practice, inpatient adult medicine or specialty
practice, community pharmacy practice, or hospital
health-system pharmacy practice.
Prior to beginning their APPEs, students were
trained to use Clinical Measures (Elsevier/Gold Standard), a Web-based documentation program purchased
by the college.18 This documentation program was primarily designed for use by health systems as a way of
tracking clinical pharmacist interventions on a regular
basis. By entering the students’ names in as pharmacists
and entering the physician’s name in place of the practice
site, the software was easily modified to collect data on
student interventions at any practice site during any
APPE. It also did not require patient-specific data to be
entered, only information about the specific intervention
made. Preceptors were able to check these interventions
after the students entered them. The system was reasonably priced (approximately $3500 per year). One of the
most impressive features was the ability to generate reports
quickly and easily as PDFs that could illustrate student
interventions and cost savings. Other similar Web-based
systems such as Quntifi and PxDx have been used at other
institutions.15,16 The documentation program allowed students to enter the type of intervention made and whether it
was accepted by the primary health care practitioner. The
program would then calculate a cost savings based on the
intervention type and the drug involved. A list of available
intervention types with major categories and subcategories
is available from the author. The software program kept
a running total of each student’s interventions, the acceptance rates, and the total dollars saved throughout the year.
At no time were any patient-specific data collected. Only
information regarding the type of clinical interventions
made was documented and the associated cost savings
were measured. Students were encouraged to document
all interventions but were not required to do so. The retrospective evaluation of this student data for publication purposes was submitted to the university’s Institutional
Review Board and determined to be exempt.
The Clinical Measures program calculated cost savings based on the direct costs that would have been incurred had the potential adverse outcome not been

RESULTS
The number of students participating from each class
from 2009-2013 ranged from 134 to 156 per year. The
total number of interventions documented in Clinical Measures during this 4-year period was 59,613 (Figure 1) and
represented a total cost savings of $8,583,681 (Figure 2).
The average dollars saved per student intervention was
$148. Students spent 513,143 minutes making interventions, or an average of 8.6 minutes per intervention (Table
1). The most common interventions made by pharmacy
students were conducting chart reviews, fixing dosing
issues, and ensuring appropriate therapy with preceptor
approval. These interventions were consistently the top
3 student interventions made every year. Prevention of
allergic reactions, identification of potential drug interactions, and resolving contraindications netted the most dollars saved per individual intervention, but these interventions
were not those most frequently documented by students. Interventions to prevent allergic reactions, for example, made
up only 0.7% of the total pharmacy student interventions
(Table 2).

DISCUSSION
Pharmacy students made valuable clinical interventions during their APPEs that translated into financial

Figure 1. Pharmacy student interventions by total volume
during advanced pharmacy practice experiences.
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Table 2. Volume and Average Dollars Saved per Intervention
by Pharmacy Students During Advanced Pharmacy Practice
Experiences
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Intervention Type

Allergy prevented
400 (0.7)
Appropriate therapy
7,615 (12.8)
Chart review
17,586 (29.5)
Clarification/illegible
1,025 (1.7)
order
Contraindication
876 (1.5)
Drug interactions
1,041 (1.7)
Dosing issues
19765 (33.2)
Duplicate therapy
997 (1.7)
IV to PO
2,605 (4.4)
Medication reconciliation 4,838 (8.1)
Non-formulary
596 (0.9)
Other
2,247 (3.8)

Figure 2. Pharmacy student interventions by total dollars
saved during advanced pharmacy practice experiences.

savings. The total dollar amount saved in this study was
only an estimate and is subject to some limitations. Some
medications were not available to document in Clinical
Measures. This was especially true for any new medications that had been approved but had not been added to the
software program yet. In such cases, the pharmacy student
was unable to record the intervention. Also, the dollars
saved were not specific to any particular practice site or
institution. Therefore, the documented savings by each
pharmacy student at any given practice site served as an
estimate of the financial benefit of precepting students in
general. There was some variability in findings between
each class and between students because of differences in
APPE schedules. Every student was required to complete
at least 7 patient care APPEs, but some students may have

Average Amount
Saved Per
Intervention, $
1090
228
42
333
785
910
179
231
58
0
25
0

Abbreviations: IV 5 intravenous; PO 5 oral.
a
Volume is expressed as number of interventions made and as percent of total interventions.

chosen patient care experiences for all 10 of their APPEs.
The students who completed 10 patient care APPEs
would have had more opportunities to document clinical
interventions compared to students taking non-patient
care elective APPEs. Even with these differences, the
percentages of intervention types made by students across
all 4 years appeared similar, with dosing issues constituting about a third of all interventions made each year (ie,
32.3%, 36.2%, 31.7%, and 32.9% respectively for the
2009, 2010, 2011, and 2012 years); however, direct comparison of student performance in individual years was
not an objective of this study.
Previous studies have included a projected cost for
training students during APPEs. Brockmiller et al7 calculated the monthly pharmacist’s salary and average number of hours per month devoted to precepting in order to
obtain a reasonable estimate of training costs. Using a similar method and the current hourly wage for pharmacists
from the Bureau of Labor and Statistics of $55.27, it
would cost a preceptor $1,113.40 to precept 1 student
for a 4-week APPE.20 This figure is based on the assumption that the preceptor spends 20 hours per month directly
supervising the student, which is the minimum amount of
time expected of preceptors in our program. It is also
consistent with the published average number of hours
required to precept a student on a 4-week APPE.21 This
figure could vary greatly depending on the type of APPE
and practice setting and the student being supervised. Preceptors in the critical care environment, for example, may

Table 1. Summary Data From a Study of Cost Savings
Associated With Pharmacy Student Interventions During
Advanced Pharmacy Practice Experiences
No. of students participating
No. of interventions made
Total dollars saved
Average dollars saved/intervention
Average dollars saved per student
Total time spent on interventions, minutes
Ave. time spent per intervention made,
minutes
Top 3 categories of interventions by volume
(no. of interventions)
Dosing issues
Chart review
Appropriate therapy
Top 3 categories of interventions by dollar
amount (average per intervention)
Allergy prevention
Drug interactions
Contraindications

Volumea
(%)

580
59,613
$8,583,681
$148
$14,800
513,143
8.6

19,765
17,586
7,615

$1090
$910
$785

3
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spend far more time training students each week. Brockmiller used an estimate of 58.8 hours per month.7 If students make approximately $148 per intervention, they
would need to make 8 interventions during their 4-week
APPE if the preceptor was spending 20 hours per week
with them, and 22 interventions if the preceptor was
spending 58.8 hours with them in order to justify the cost
of precepting. From the numbers presented, the average
dollars saved per student would be approximately $14,800.
However, the number of interventions made by any given
student appears to vary greatly. For example, in the
2012-2013 data set, the total dollars saved per student per
year ranged from $329 to $180,769 (data not shown). Some
students either made more interventions than others or
were better about documenting the interventions they
made. The real benefit to preceptors and practice sites appears to depend on the motivation and ability of the student
assigned. This data would suggest that perhaps some students are more motivated to document their interventions
and may be more proficient at identifying them when they
occur.
Students made several different interventions during
the 4-year study period, but doing chart reviews, fixing
dosing issues, and ensuring appropriate therapy were consistently the most common interventions made. Whether
the students felt more comfortable making these types of
interventions, were more proficient at identifying them,
or were just more often exposed to them is unknown. The
highest dollar interventions were also the same in each
year: prevention of allergic reactions, prevention of drug
interactions, and identification of contraindications. Students documented these interventions much less compared to other types of interventions. Prevention of an
allergic reaction made up only 400 of the 59,613 interventions made (0.7%). Drug interactions accounted for
1041 (1.7%) interventions, and contraindications accounted
for 876 (1.5%). This could be cause for concern as these are
all essential interventions that pharmacists are relied upon
to make on a routine basis and students would be expected
to identify as well. Students may not be proficient yet at
identifying these types of interventions when they occur;
alternatively, there may have been fewer of these interventions to make compared to other interventions. However,
a comparison of these specific student intervention percentages to pharmacist intervention percentages indicates that
these types of interventions are not among the most common interventions made. A study published in 2007 of pharmacist interventions in the emergency department reported
that 40 (1.9%) of 2150 total interventions made were
allergy notifications and only 2 (0.1%) were drug interaction interventions.22 The American College of Clinical
Pharmacy Practice-Based Research Network Medication

Error Detection, Amelioration and Prevention Study indicated that clinical pharmacists made 42 interventions in
which a contraindicated drug was prescribed, which represented approximately 4% of the 1007 total interventions
documented.23 These findings suggest that interventions
involving identification of an allergy, possible drug interaction, or contraindication are indeed less common
than other types of pharmacist interventions.

CONCLUSION
Doctor of pharmacy students routinely make clinical
interventions during APPEs that are economically beneficial. Using a commercially available documentation
program can help quantify these interventions. Addressing dosing issues, ensuring appropriate therapy, and conducting chart reviews are the most common types of
interventions made by pharmacy students during APPEs,
while preventing allergic reactions to drugs, and identifying drug interactions and contraindications generate the
most cost savings per intervention. In addition, the financial benefits of precepting students can vary greatly
depending on the students assigned to the APPE site.
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