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Purpose. The purpose of the project described here was to use the work 
outputs identified in part 1 of a 2-part research initiative to build and valid-
ate an acute care clinical pharmacist productivity model.

Methods. Following the identification of work outputs in part 1 of the pro-
ject, relative weighting was assigned to all outputs based on the time in-
tensity and complexity of each task. The number of pharmacists verifying 
an inpatient medication order each day was selected to represent the labor 
input. A  multivariable linear regression was performed to determine the 
final work outputs for inclusion in the model. Productivity and productivity 
index values were calculated for each day from July 1, 2018, through June 
30, 2019.

Results. Of the 27 work outputs identified via consensus by the clinical 
pharmacist working team, 17 work outputs were ultimately included in the 
productivity model. The average productivity during the period July 2018 
through June 2019 was derived from the model and will serve as the base-
line productivity for acute care clinical pharmacists.

Conclusion. Validated consensus methodology can be useful for 
engaging clinical pharmacist in decision-making and developing a clinical 
productivity model. When thoughtfully designed, the model can replace 
obsolete measures of productivity that do not account for the responsibil-
ities of clinical pharmacists.
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tice model, productivity
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The evolving role of pharmacists in 
health systems has made histor-

ical methods of productivity measure-
ment either obsolete or inaccurate. 
A  standard definition for productivity, 
particularly for clinical pharmacists, 
does not exist.1 This article is the second 
of a 2-part series that details the devel-
opment and validation of an acute care 
clinical pharmacist productivity model 
at the University of North Carolina 
Medical Center (UNCMC).

UNCMC is a 933-bed academic 
medical center. More than 200 pharma-
cists provide comprehensive clinical, 
operational, and academic services 
to patients, students, and residents. 
Clinical pharmacists are integrated 
with service-based interdisciplinary 

teams to provide both clinical services 
and operational functions (eg, order 
verification). The pharmacists refer-
enced throughout this publication 
provide services across 5 service lines 
(critical care, heart and vascular, in-
ternal medicine, oncology, and pedi-
atrics) at the hospital, located on the 
campus of University of North Carolina 
at Chapel Hill. Consistent with prac-
tices at other health systems, the 
UNCMC department of pharmacy cur-
rently utilizes a productivity metric that 
does not account for clinical pharma-
cist responsibilities.

Productivity measures are used by 
organizations to evaluate efficiency. 
They vary in complexity, compos-
ition, and use.2 There are 2 types of 

Formation and validation of an acute care clinical 
pharmacist productivity model: Part 2

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

An audio interview that 
supplements the informa-
tion in this article is avail-
able on AJHP’s website at 
www.ajhpvoices.org.

1410    AM J HEALTH-SYST PHARM  |  VOLUME 78  |  NUMBER 15  |  August 1, 2021

mailto:Kayla.Waldron@unchealth.unc.edu?subject=
mailto:journals.permissions@oup.com?subject=
mailto:journals.permissions@oup.com?subject=


PRACTICE RESEARCH REPORTACUTE CARE PHARMACIST PRODUCTIVITY MODEL

productivity measures. Partial factor 
productivity relates output to a single 
input, while total factor productivity re-
lates an index of output to a composite 
index of all inputs. Labor productivity, 
the measure of interest in the study 
described here, is the most common 
partial factor productivity measure. 
It is commonly defined as the ratio of 
the output of goods and services to the 
labor devoted to the production of that 
output3:

Productivity =
Work Outputs
Labor Inputs

While it is possible to calculate 
productivity, productivity analysis typ-
ically involves measuring productivity 
changes over time. A productivity index 
measures the total percent changes 
from a base period; in practice, this 
represents the relationship between 
budgeted and actual productivity4:

Productivity Index =

Present Productivity
Base Period Productivity

An organization that produces more 
output per unit of input is considered 
to be more productive. Productivity 
measures are inherently subjective 
and vary by industry. In health-system 
pharmacy, productivity measures typ-
ically relate the number of staff to the 

amount of work activities.5 Labor in-
puts are commonly defined as worked 
hours for a period of time and most 
often represented by full-time equiva-
lents. Work outputs, in contrast, are 
more complex. In healthcare, output 
and value are difficult to measure due 
to the qualitative nature of service sec-
tors.6 Effective productivity monitoring 
is critical to maintaining support for 
continued clinical pharmacy services.7 
Specific metrics must be identified to 

accurately represent the contributions 
of a clinical pharmacist.8

The purpose of the overall study 
(parts 1 and 2) was to develop, validate, 
and implement a clinical pharmacist 
productivity model. Study objectives 
included the following: determine 
comprehensive responsibilities of clin-
ical pharmacists, validate responsibil-
ities through direct observation, weight 
responsibilities to determine measures, 
and validate the overall model. The 
multiple steps and associated method-
ology used within this research are rep-
resented as Figure 1.9

In part 1, acute care clinical phar-
macists identified a list of responsi-
bilities and corresponding measures, 
or work outputs, using validated con-
sensus methods (Figure 1).9 The con-
sensus process was guided by specific 
principles to ensure feasibility and sus-
tainability of the model beyond the ini-
tial calculation. These decision-making 
principles included consideration of 
the following: the model will capture 
clinical responsibilities, be automated, 
use available electronic health record 
data, and be sensitive enough to detect 
changes in work outputs when labor 
inputs change. Each responsibility 
and measure was then assigned a rela-
tive weight based on the time intensity 
and complexity of each task.9 The pur-
pose of part 2 was to use the work out-
puts identified in part 1 to build and 

KEY POINTS
	•	 Many current productivity 

models have limited applic-
ability to acute care clinical 
pharmacists because the 
models do not account for 
clinical responsibilities.

	•	 Engaging clinical pharmacists 
in the development of a novel 
clinical pharmacist product-
ivity model can improve both 
buy-in and applicability.

	•	 The development of an acute 
care clinical pharmacist prod-
uctivity model is achievable 
using validated consensus 
methodologies and data 
analytics.

Figure 1. Overall research methodology.

•Pharmacist 
responsibili�es were 
iden�fied via modified 
Delphi consensus 
methodology

Iden�fica�on

•Consensus 
responsibili�es were 
validated via observa�on

Valida�on
•Measures of 
responsibili�es were 
iden�fied and weighted 
via consensus 
development panel

Weigh�ng

•Sensi�vity analysis was 
conducted, and final 
model characteris�cs 
were determined via 
mul�variate logis�c 
regression

Analysis
•Daily produc�vity and 
produc�vity index were 
calculated using 
produc�vity equa�on

Calcula�on

Part 1 Part 2

	 AM J HEALTH-SYST PHARM  |  VOLUME 78  |  NUMBER 15  |  August 1, 2021    1411



PRACTICE RESEARCH REPORT ACUTE CARE PHARMACIST PRODUCTIVITY MODEL

validate an acute care clinical pharma-
cist productivity model.

Methods

A productivity calculation requires 
a measure to represent labor. Given 
that order verification is a ubiquitous 
function among clinical pharmacists in 
our organization, the number of phar-
macists verifying an inpatient medica-
tion order each day was determined to 
be the most accurate and automated 
measure to capture labor. Scheduling 
platforms and time clock applications 
were not selected due to the erroneous 
inclusion of pharmacists who were 
scheduled to complete administra-
tive duties, such as writing guidelines 
or conducting research, rather than 
clinical duties.

Pharmacists were included in the 
labor input if they verified at least 
1 order between 7 am and 10 pm, 
excluding pharmacy residents. This 
timeframe aligns with the provision 
of decentralized clinical pharmacy 
services at UNCMC. Pharmacists were 
excluded if they were in a primarily op-
erational role (eg, those working in the 
cancer hospital infusion pharmacy, 
investigational drug services phar-
macy, central inpatient pharmacy, or 
operating room satellite pharmacy). 

Pharmacy residents were included if 
they were filling an evening position 
typically staffed by a non–pharmacy 
resident. The model assumes that each 
pharmacist who is included in the de-
nominator worked an 8-hour shift. It 
also assumes that their role was pri-
marily clinical rather than administra-
tive or operational. It is important to 
note that the evening-shift emergency 
department and pediatric pharmacists 
included in this model work 10-hour 
shifts. Additionally, a couple of pedi-
atric pharmacist positions have a mix of 
clinical and operational duties but were 
ultimately included in the model on 
the basis of their significant clinical re-
sponsibilities, including pharmacokin-
etic monitoring and order verification. 
Labor input methodology was valid-
ated by comparing the list of pharma-
cists who verified an order on a sample 
of days to each area’s schedule.

Following the identification and 
weighting of all work outputs, daily 
counts of each output from July 2018 
through June 2019 were obtained from 
the electronic health record. One year 
of data was utilized to account for sea-
sonal variations of work such as fluc-
tuations in patient census, vacations 
and holidays, and pharmacy resident 
training. Each measure was multiplied 

by the associated weight identified in 
part 1 in preparation for a sensitivity 
analysis. Daily productivity was calcu-
lated by multiplying each measure by 
its associated weight and dividing the 
sum by the number of included phar-
macists for that day. A  daily product-
ivity index was calculated by dividing 
the daily productivity by the average 
productivity. The resulting productivity 
calculation represents the total com-
bined acute care clinical services for all 
adult, oncology, and pediatric clinical 
pharmacists at UNCMC (Figure 2).

An initial sensitivity analysis was 
performed using multivariable linear 
regression (Stata Version 16, StataCorp 
LLC, College Station, TX) to deter-
mine whether the model could detect 
a change in productivity as a result 
of changes in outputs or inputs. A  P 
value of <0.05 was considered signifi-
cant. Final work outputs included in 
the model were determined using a 
combination of statistical significance, 
practical significance, and relation to 
other work outputs. A  second sensi-
tivity analysis was performed using the 
final work outputs.

Results

A total of 27 work outputs were in-
cluded in the initial sensitivity analysis. 

Figure 2. Productivity calculation.

Responsibility Responsibility 
Weight Measure Measure 

Weight Daily Transi
ons of Care Produc
vity

Transi
ons of 
Care 0.25

No. of 
admission 

medica
on 
reconcilia
ons 

completed

0.15

Daily Transi
ons of Care Produc
vity =
(0.25 * [((# of AMR)*0.15) + ((# of DMR*0.6) + ((# 

Counseled)*0.25)]) / # of Pharmacists

No. of 
discharge 

medica
on 
reconcilia
ons 

completed

0.6

No. of pa
ents 
counseled 0.25

Produc
vity = (Rounding/Profile Review/Documenta
on Produc
vity + Order Verifica
on Produc
vity + Transi
ons of 
Care Produc
vity) / No. of Pharmacists

Produc
vity Index = Present Produc
vity / Base Period (Average) Produc
vity
Base Period (Average) Produc
vity = Sum of Produc
vity / No. of Days
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Of the 27 work outputs included in the 
initial sensitivity analysis, 8 were found 
to be statistically significant (Table 1):  
the respective counts of patients at the 
acute and step-down levels of care; ad-
missions; new orders verified; orders 
entered by a pharmacist; admission 
medication reconciliation; discharge 
medication reconciliation; and coun-
seling. A total of 17 work outputs were 
included in the final productivity 
model (Table 2). Upon conducting the 
second sensitivity analysis of these 17 

work outputs, 10 work outputs were 
statistically significant: the respective 
counts of patients at acute and step-
down levels of care; time-intensive 
medications; admissions; new orders 
verified; discontinued orders verified; 
orders entered by a pharmacist; ad-
mission medication reconciliation; dis-
charge medication reconciliation; and 
counseling.

There were a number of work out-
puts that were not statistically significant 
but that were ultimately recommended 

for inclusion. Nonsignificant meas-
ures were included if they were re-
lated to a significant measure and 
the exclusion of the nonsignificant 
measure would have resulted in an 
underrepresentation of workload. For 
example, level of care describes the 
volume of patients, which impacts the 
volume of work outputs; thus, des-
pite level of care being a statistically 
nonsignificant measure in and of itself, 
the exclusion of patients categorized as 
requiring emergency department level 
of care would underrepresent the work 
outputs associated with those patients. 
Additionally, there were order verifi-
cation types that were believed to be 
nonsignificant measures solely due to 
small sample size compared to sample 
sizes for significant order verification 
types. While the inclusion of these 
measures did not substantively impact 
the productivity index, these measures 
were ultimately included to be con-
sistent with the decision to include all 
measures in level of care.

The weighting in Table 3 is the final 
recommendation of the project team 
following the results of the sensitivity 
analysis and review by the clinical phar-
macists involved in the project. During 
the period July 2018 through June 2019, 
the average productivity was 16. This 
establishes the baseline productivity 
for acute care clinical pharmacists at 
UNCMC and was used as the budgeted 
productivity for ongoing productivity 
assessment.

To illustrate the variations in prod-
uctivity index by day, a random date 
generator was used to select 2 sample 
10-day periods: August 14, 2018, 
through August 23, 2018, and February 
12, 2019, through February 21, 2019 
(Figures 3 and 4). The average product-
ivity index for the first of those periods 
(August 14-23, 2018)  was 0.96; the 
average productivity index on week-
days was 0.85, while the average prod-
uctivity index on weekend days was 
1.39. This results in a variance of 0.48 
and a percent variance of 38%. The 
average productivity index during the 
second sample period (February 12-21, 
2019) was 0.88; the average productivity 

Table 1. Initial Sensitivity Analysis Results

Work Output P Value <0.05

Acute census Y

ED census N

ICU census N

Stepdown census Y

Newborn census N

Observation census N

Renal medications N

Time-intensive medications (excluding chemotherapy) N

Chemotherapy medications N

HIV medications N

>8 scheduled medications N

Admissions Y

New orders Y

Needs review orders N

Edit orders N

Discontinued orders N

Orders entered by pharmacist Y

Orders discontinued by pharmacist N

Patient-supplied medications N

Pharmacist dispenses N

Adjust time messages N

Admission medication reconciliation Y

Discharge medication reconciliation Y

Counseling Y

Pharmacist notes N

Patient education handouts N

Interventions N

Abbreviations: ED, emergency department; HIV, human immunodeficiency virus; ICU, intensive 
care unit.
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index on weekdays was 0.79, while the 
average productivity index on weekend 
days was 1.23. This results in a variance 
of 0.43 and a percent variance of 31%.

Discussion

This report describes a novel 
method to assess clinical pharmacist 
productivity on a daily basis. While this 
article focuses on the process by which 
institutions may build a productivity 
model, the next step is to implement 
the model. The authors hypothesize 
that, when implemented effectively, 
this model and the associated raw data 
of clinical pharmacists’ work outputs 
can be used to illustrate the impact of 
changes in workload. It provides ob-
jective data to departmental leaders, 
allowing them to monitor the impact 
of new responsibilities. The value of 
the model is rooted in the use of a data 
visualization platform that allows users 
to interact with and analyze data as 
close to real time as possible. This in-
formation could be used to produce a 

flexible staffing model and to project 
staffing needs based on anticipated 
workload. It may also be used to sup-
port the case that additional staff are 
warranted on certain days of the week 
or certain times of the year. At the time 
of writing, the study institution was in 
the process of building the productivity 
model into a data visualization plat-
form to allow for the aforementioned 
monitoring.

It is important to note that this 
model was designed to assess product-
ivity for all clinical pharmacists at the 
study institution. The pharmacists in-
volved in the design of the model were 
asked to consider the responsibilities 
of any clinical pharmacist rather than 
responsibilities that may be unique to 
a subset of clinicians. While this acute 
care clinical pharmacist productivity 
model is not intended to redistribute 
workload according to service line or 
individual pharmacist, it can be used 
to broadly trend workload disparities 
over time and be used in discussions 

with the hospital leadership regarding 
justifications for additional clinical 
pharmacists.

This model would need to be 
reevaluated should it be applied to 
a subset of pharmacists, such as on-
cology clinical pharmacists. This 
underscores the importance of in-
stitutions developing productivity 
measures that most closely reflect the 
work being executed and the need for 
multiple productivity measures to ac-
curately reflect the diverse roles that 
pharmacists play in a given depart-
ment. Furthermore, consideration 
should be given to how this model may 
be coupled with metrics that capture 
clinical outcomes and non–patient 
care responsibilities such as publi-
cations and guidelines development. 
Collectively these characteristics will 
most comprehensively illustrate the 
value that clinical pharmacists provide 
to the healthcare team.

This model required significant 
ownership by and engagement of clin-
ical pharmacists to ensure that the 
model was most reflective of clinical 
practice. Previous models have pri-
marily focused on operational activ-
ities, such as order verification, but 
have failed to capture more modern 
roles of clinical pharmacists such as 
transitions of care. The project team is 
unaware of other published product-
ivity models that were designed with 
the level of ownership and engagement 
by clinical pharmacists that this model 
incorporated.

Consideration must be given to 
the frequency at which departments 
should reevaluate the productivity 
model and budgeted (baseline) prod-
uctivity. Understanding that workload 
and clinical practice are ever evolving, 
the model must be routinely evaluated 
to ensure that it most accurately reflects 
clinical pharmacists’ responsibilities. 
The authors recommend that baseline 
productivity and work outputs should 
be assessed at least annually. Based on 
the authors’ experience, a minimum of 
1  year of data is recommended to be 
used when adjusting the baseline prod-
uctivity in the future to account for the 

Table 2. Final Sensitivity Analysis Results

Work Output P Value

Acute census 0.002

ED census 0.904

ICU census 0.070

Stepdown census 0.011

Newborn census 0.284

Observation census 0.747

Time-intensive medications 0.042

Admissions 0.013

New orders 0.000

Needs review orders 0.127

Edit orders 0.954

Discontinued orders 0.037

Orders entered by pharmacist 0.036

Orders discontinued by pharmacist 0.081

Admission medication reconciliation 0.000

Discharge medication reconciliation 0.013

Counseling 0.001

Abbreviations: ED, emergency department; HIV, human immunodeficiency virus; ICU, intensive 
care unit.
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seasonal fluctuations that are expected 
to occur. Finally, a sensitivity ana-
lysis should be repeated upon making 
modifications to the model.

Limitations.   During the project, 
conducted over 4  years from initial 
concept development to first baseline 
productivity measurement, a number of 

barriers were overcome. The model re-
quired support from not only the senior 
pharmacy leadership but also frontline 
staff. It was challenging to maintain a 
consistent group of participants given 
the duration of the project, changes 
in staffing, and competing responsi-
bilities. From the outset, the authors 
worked diligently to gain the support 
of the senior pharmacy leadership. The 
authors also worked closely with the 
pharmacy service line managers to en-
sure that appropriate clinical pharma-
cists were selected to participate and 
that team members were replaced in a 
timely manner when appropriate.

Additionally, productivity can 
be an abstract and uncomfortable 
topic to discuss with frontline staff. 
Significant consideration was given 
to how best to engage staff, such as 
including clinical pharmacists on the 

Figure 3. Daily productivity index for sample 10-day period (August 14-23, 
2018).
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Table 3. Final Productivity Model Consensus Weighting

Responsibility  
(Weight) Work Output Weight

Rounding/profile review and  
documentation (50%)

No. of patients based 
on level of care

Work Output Weighting 25%

ICU Census 40%

Step-down census 20%

Acute census 15%

ED census 20%

Observation census 2.5%

Newborn census 2.5%

No. of time-intensive medications 65%

No. of new inpatient admissions 10%

Order verification  
(25%)

No. of orders verified Work Output Weighting 65%

No. of new orders 70%

No. of transfer orders 10%

No. of edit orders 10%

No. of discontinued orders 10%

No. of RPh-initiated 
orders

Work Output Weighting 35%

No. of orders entered by RPh 75%

No. of orders discontinued by 
RPh

25%

Transitions of care (25%) No. of admission medication reconciliations completed 15%

No. of discharge medication reconciliations completed 60%

No. of patients counseled 25%

Abbreviations: ED, emergency department; ICU, intensive care unit; RPh, pharmacist.
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primary project team and throughout 
various stages of the project. To miti-
gate concerns from the clinical phar-
macists for whom this productivity 
model was developed, the authors 
held small group sessions and at-
tended larger team meetings to pre-
sent the model and seek feedback. The 
authors believe that transparency and 
open lines of communication were 
important attributes of this project.

This productivity model was de-
signed in a way such that it is as auto-
mated as possible. However, this poses 
a challenge when considering clinical 
pharmacist responsibilities that may 
not be routinely tracked or captured 
electronically. Clinical pharmacists’ re-
sponsibilities that could not be included 
in the model for this reason included 
critical care response, research involve-
ment, committee participation, ad-
ministrative duties, medication access 
involvement, and education (including 
precepting). The ideal clinical pharma-
cist productivity model for pharmacists 
who work at large academic medical 
centers would capture the aforemen-
tioned activities. Thus, this model must 
be coupled with additional tools and re-
porting methods that tell the story of re-
sponsibilities that are not electronically 

captured, such as publications, guide-
lines, and precepting volume.

Finally, the external validity of 
this study must be considered by 
other institutions. While this exact 
model should not be universally im-
plemented due to variability in clin-
ical pharmacy practice models, the 
framework (ie, development and val-
idation) of the model can be applied 
by other institutions.

Conclusion

The development of an acute 
care clinical pharmacist productivity 
model is achievable using validated 
consensus methodologies and data 
analytics. Consensus methods were 
used to identify a list of work outputs 
that contribute to clinical pharmacist 
productivity. A sensitivity analysis was 
performed to determine which work 
outputs contribute most to product-
ivity and therefore warrant inclusion 
in the model. If implemented success-
fully, the model can be used to replace 
obsolete measures of productivity that 
do not consider clinical pharmacist 
responsibilities. This model, coupled 
with clinical outcomes, helps articu-
late the value that pharmacists bring 
to the healthcare team.
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