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Welcome! 

 

We are pleased to present this third version of the Agency for Healthcare Research and Quality (AHRQ) 

National Resource Center for Health Information Technology Evaluation Toolkit.  This toolkit provides 

step-by-step guidance for project teams who are developing evaluation plans for their health information 

technology (health IT) projects.   

 

You might ask:  “Why evaluate?”  For years, health IT has been implemented with the goals of improving 

clinical care processes, health care quality, and patient safety.  In short, it’s been viewed as the right thing 

to do.  In those early days, evaluation took a back seat to project work.  Frequently, evaluations were not 

performed at all – at a tremendous loss to the health IT field.  Imagine how much easier it would be for 

you to implement your project if you had solid cost and impact data at your fingertips.  

 

Health IT projects require large investments, and stakeholders increasingly are demanding to know both 

the actual and future value of these projects.   As a result, we as a field are moving away from talking 

about theoretical value, to a place where we measure real value.  We have reached a point where isolated 

studies and anecdotal evidence are not enough – not for our stakeholders, nor for the health care 

community at large.  Evaluations must be viewed as an integral piece of every project, not as an 

afterthought.   

 

It is difficult to predict a project’s impact, or even to determine impact once a project is completed.  

Evaluations allow us to analyze our predictions about our projects and to understand what has worked and 

what has not.  Lessons learned from evaluations help everyone involved in health IT implementation and 

adoption improve upon what they are doing.  

 

In addition, evaluations help justify investment in health IT projects by demonstrating project impacts.  

This is exactly the type of information needed to convert late adopters and others resistant to health IT.  

We can also share such information with our communities, raising awareness of efforts in the health IT 

field on behalf of patient safety.   

 

Thus, the question of the day is no longer why do we do evaluations but how do we do them?  This toolkit 

will show you how.  Section I walks you and your team step by step through the process of determining 

the goals of your  project, what is important to your stakeholders, what needs to be measured to satisfy 

stakeholders, what is truly feasible to measure, and how to measure these items.   

 

Section II includes a list of measures that may be used to evaluate your project.  Each table in this list 

includes possible measures, suggested data sources for each measure, cost considerations, potential 

pitfalls, and general notes.  These tables distill the various experiences of members of the National 

Resource Center, and will be refined on an ongoing basis.  

 

Section III contains examples of a range of implementation projects.   

 

We invite and encourage your feedback on the content, organization, and usefulness of this toolkit as we 

continue to expand and improve it. Please send your comments or questions about the evaluation toolkit 

or the National Resource Center to ResourceCenter@norc.org 
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 SECTION I:  

DEVELOPING AN EVALUATION PLAN 
 

 

I. BRIEF PROJECT DESCRIPTION  

 

This may come straight out of your project plan or grant proposal. 

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

II. PROJECT GOALS 

 

What does your team hope to gain from this implementation?  What are the goals of your 

stakeholders (CEO, CMO, CFO, clinicians, patients, etc.) for this project?  What needs to 

happen for the project to be deemed a success by your stakeholders?   

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

III. EVALUATION GOALS 

 

Who is your audience for your evaluation?  Do you intend to prepare a report for your 

stakeholders? If you have received an AHRQ grant, do you intend to prepare a report for AHRQ 

in order to fulfill the requirements of your grant?  Will you use the evaluation to convince late 

adopters of the value of your implementation?  To share lessons learned?  To demonstrate the 

project’s return on investment?  To improve your standing and competitive edge in your 
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Example: 

 

To improve patient safety; to improve the financial position of the hospital; to be seen 

by our patients as taking patient safety seriously. 
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community?  Or are your goals more external?  Would you like to share your experiences with a 

wider audience and publish your findings?  If you plan to publish your findings, that might affect 

your approach to your evaluation.  

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

IV. CHOOSE EVALUATION METRICS 

 

Take a good look at your project goals.  What needs to be measured in order to demonstrate that 

the project has met those goals?  Brainstorm with your team on everything that could be 

measured, without regard to feasibility.  Section II provides a wide range of potential metrics in 

the following categories:   

 

� Clinical Outcomes Measure  

� Clinical Processes Measures  

� Provider Adoption and Attitudes Measures  

� Patient Knowledge and Attitudes Measures  

� Workflow Impact Measures 

� Financial Impact Measures   

 

Your team might find it helpful to break down your measures in a similar fashion.  Keep in mind 

that metrics should map back to your original project goals, and that they may be both 

quantitative and qualitative. 

Example: 

 

To prepare a report for our stakeholders, AHRQ, other grantees, and future potential 

grantees. 



______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

V. CONSIDER BOTH QUANTITIATIVE AND QUALITATIVE METRICS 

Many people feel more comfortable in the realm of numbers and, as a result, frequently design 

their evaluations solely around quantitative data.  But this approach provides only a partial 

picture of your project.  Quantitative data can lead to conclusions about your project that miss 

the larger picture.   

For example: 

A hospital implements a new clinical reminder system with the goal of increasing compliance 

with health maintenance recommendations.  An evaluation study is devised to measure the 

percentage change in the number of patients discharged from the facility who receive influenza 

vaccines, as recommended.   

The study is carried out, and, to the disappointment of the research team, the rates of vaccinated 

patients discharged pre- and post-implementation do not change.  The team concludes that their 

implementation goals have not been met, and that the money spent on the system was a poor 

investment.   

But a qualitative study of the behaviors of the clinicians using the new system would have 

reached different conclusions.  In this scenario, the qualitative study reveals that clinicians, 

bombarded with a number of alerts and health maintenance reminders, click through the alerts 

without reading them.  The influenza vaccine reminders are not read; thus the rates of influenza 

vaccination remain unchanged.   

The study also notes that a significant number of clinicians are distracted by and frustrated with 

the frequent alerts generated by the new system, with no way to distinguish the more important 
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Example: 

 

1) Goal:  To improve patient safety.  Measurement:  The number of preventable adverse 

drug events is reduced post-implementation.  2) Goal:  To improve the hospital’s 

financial position.  Measurement:  The number of claims rejected is reduced post-

implementation.   3) Goal:  To be seen by our patients as taking patient safety seriously.  

Measurement:  In patient survey, patients answer “yes” to the question “Do you 

believe this hospital takes your safety seriously?”  

 



alerts from the less important ones.  In addition, some clinicians are unaware of the evidence 

supporting this vaccine reminder and of the financial (pay-for-performance) implications for the 

hospital if too few patients receive this vaccine.  One clinician had the idea that the vaccine 

reminder could be added to the common admission order sets.  These findings could be used to 

refocus the design, education, and implementation efforts for this intervention.   

But, lacking a qualitative evaluation, these insights are lost on the project team. 

Qualitative studies add another important dimension to an evaluation study:  They allow 

evaluators to understand how users interact with a new system.  In addition, qualitative studies 

speak to a larger audience because they generally are easier to understand than quantitative 

studies.  They often generate anecdotes and stories that resonate with audiences.  

So, it is important to consider both quantitative and qualitative data in your evaluation plan.  

Please add any qualitative measures you would like to consider. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

 

VI. CONSIDER ONGOING EVALUATION OF BARRIERS, FACILITATORS, AND 

LESSONS LEARNED 

 

Lessons learned are important metrics of your project, and typically are captured using 

qualitative techniques.  These lessons may reflect the facilitators and barriers you encountered 

at various phases of your project.  Barriers may be organizational in nature, financial, legal, etc.  

Facilitators might include strong leadership, training, and community buy-in. 

 

This type of information is extremely valuable not only to you but also to others undertaking 

similar projects.  In formulating a plan for capturing this information, consider scheduling 

regular meetings with your project team to discuss the issues at hand openly, and to record these 

discussions.  Moving beyond such discussions, you could conduct focus groups.  For example, 

you could ask nurses who are using a new technology about what has gone well, what has gone 

poorly, and what the unexpected consequences of the project have been.  With more resources, 

you could conduct real-time observations on how users interact with the new technology.   
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Consider how you could incorporate these qualitative analysis techniques into your evaluation 

plan.  Clearly state what you want to learn, how you plan to collect the necessary data, and how 

you would analyze the data.   

 

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

 

VII. SEARCH FOR OTHER EASILY MEASURED METRICS  

 

Hospitals collect a tremendous amount of data for multiple purposes:  to satisfy various federal 

and state requirements, to conduct ongoing quality assurance evaluations, to measure patient 

and staff satisfaction, etc.  There are therefore teams within your facility already collecting data 

that might be useful to you.  Reach out to these groups to learn what information they are 

currently collecting, and determine whether those data can be used as an evaluation metric.   

 

In addition, contact the various departments in your facility to learn the reporting capabilities of 

their current software programs.  There may be opportunities to leverage those reporting 

capabilities for your project.  For example, does the billing department already measure the 

number of claims rejected?  Is there a team already abstracting charts for information that your 

team would like to examine?  Could your team piggy-back with another group to abstract a bit of 

additional information?  Are there useful measurements that could be taken from existing 

reports?  Likewise, you may find that activities you are planning as part of your evaluation 

would be helpful to other teams within your facility.  Cooperation in these activities can increase 

goodwill on both sides.   
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______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

VIII. CONSIDER PROJECT IMPACTS ON POTENTIAL METRICS  

 

A project may have many impacts on a facility, but often these impacts depend on where the 

project is implemented – for example, across groups of hospitals versus across a single facility 

versus a single department.   In addition, impacts may vary according to the group that is using 

a new technology – for example, all facility clinicians versus nurses only.  Consider the potential 

metrics on your list and how your project might impact those metrics.  You may find that this 

exercise eliminates some metrics from your list if you are trying to measure outcomes that will 

not be impacted by your project. 

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

Example: 

 

The finance department’s billing system can report the number of emergency room 

encounters that are coded as levels I, II, III, IV, and V.  These reports are simple to run, 

and the finance department is willing to run them for you.  You already know that many 

visits are down-coded because a visit was not sufficiently documented – an oversight 

that can lead to large revenue losses.   A new evaluation metric is added to determine 

whether the new implementation improves documentation so that visits are coded 

appropriately and revenues are increased. 

 

 



IX. GRADE YOUR CHOSEN METRICS IN ORDER OF IMPORTANCE TO YOUR 

STAKEHOLDERS 

 

Now that your team has a list of metrics to measure, grade each metric in order of importance to 

your stakeholders, i.e., your CEO, clinicians, patients etc.  You could use a scale such as: 1 = 

Very Important, 2 = Moderately Important, 3 = Not Important. This will help you begin to filter 

out those metrics that are interesting to you but will not provide you with information of interest 

to your stakeholders.   

 

 

1. Very Important:____________________________________________________ 
____________________________________________________________________ 

 

2. Moderately Important:_______________________________________________ 
____________________________________________________________________ 

 

3. Not Important:_____________________________________________________ 
____________________________________________________________________ 

 

 

 

X. DETERMINE WHICH MEASUREMENTS ARE FEASIBLE  

 

Now examine your list to determine which metrics are feasible for you to measure.  Be realistic 

about the resources available to you.  Teams frequently are forced to abandon evaluation 

projects that are labor-intensive and expensive.  Instead, focus on what is achievable and on 

what needs to be measured to determine whether your implementation has met its goals.  For 

example, you might want to know whether your implementation reduces adverse drug events 

(ADEs).   That’s a terrific evaluation project, but if you have neither the money nor the 

individuals needed for chart abstraction, the project will likely fail.  Keep your eye on what can 

be achieved.  Again, you can use a ranking scale : 1 = Feasible, 2 = Feasible with Moderate 

Effort, 3 = Not Feasible. 

 

1. Feasible:__________________________________________________________ 
____________________________________________________________________ 

 

2. Moderate Effort :___________________________________________________ 
____________________________________________________________________ 

 

3. Not Feasible:_______________________________________________________ 
____________________________________________________________________ 
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XI. DETERMINE YOUR SAMPLE SIZE 

 

A second, extremely important, facet of feasibility centers on sample size.  An evaluation effort 

can hinge on the number of observations planned or on the frequency of events to be observed.  

The less frequently the event occurs, the less feasible the planned metric becomes.  If a 

measurement requires a large amount of resources – to directly observe clinicians at work or to 

conduct manual chart review – or if you are observing very rare events, such as patient deaths, 

your plan may not be feasible at all.   

 

In planning how to study your metric, determine the number of observations you will need to 

make. Generally, you need enough observations to feel confident about the conclusions you want 

to draw from the data collected.  Appendix A offers a hypothetical example.   

 

Estimate the number of observations you will need for each metric.  You may find this exercise 

eliminates further metrics from being feasible.  

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

 

XII. RANK YOUR CHOICES ON BOTH IMPORTANCE AND FEASIBILITY 

Place your remaining metrics into the appropriate box in the grid below. 

 

 

  

 

1-Feasible 

Feasibility Scale 

  

2-Moderate Effort 3-Not Feasible 

 

 
 

Im
p
o
rt
a
n
ce
 S
ca
le
 

 

   1-Very 

important 

 

  2-Moderately 

important 

 

  3-Not 

important 

             

        (1) 

             

        (3) 

 

        (5) 

 

             

           (2)  

        

           (4)  
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Those metrics that fall within the green zone (Most important, Most Feasible) are ones you 

should definitely undertake; the yellow zones are ones you can undertake in the order listed; 

those in the red zone should be avoided.   

 

 

XIII. CHOOSE THE METRICS YOU WANT TO EVALUATE 

 

You now have a list of metrics ranked by importance and feasibility.  Narrow that list down to 

four or five primary metrics.  If you want to measure other metrics and you believe that you will 

have the required resources available to you, list those as secondary metrics.  

 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 

 

XIV. DRAFT YOUR PLAN AROUND EACH METRIC 

 

Map out how you will measure each metric.  What is the timeframe for your study?  What is your 

comparison group?  If you are doing a quantitative study, what statistical analysis will you use?  

Having a statistician review you plan at this point may save you time later in your evaluation.  If 

you plan to deploy a survey as part of your evaluation, you may want to conduct a small pilot to 

save you time later as well.  Below is a template to walk you through these questions.  Section III 

contains example plans for your reference.  

 

 

Measure 
1
st
 

measure 

2
nd
 measure 3

rd
 measure 4

th
 measure, etc. 

Briefly describe the 
intervention. 

 

Describe the expected impact 
of the intervention and how 
you think your project will 
exert this impact. 

    

What questions do you want 
to ask to evaluate this 
impact?  These will likely 
reflect the expected impact 
(either positive or negative) of 
your intervention. 
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What will you measure in 
order to answer your 
questions? 

    

How will you make your 
measurements? 

    

How will you design your 
study?  For a quantitative 
study, you might consider 
what comparison group you 
will use.  For a qualitative 
study, you might consider 
whether you will make 
observations or interview 
users. 

    

For quantitative 
measurements only: What 
types of statistical analysis 
will you perform on your 
measurements? 

    

Estimate the number of 
observations you need to 
make in order to demonstrate 
that the metric has changed 
statistically. 

    

How would the answers to 
your questions change future 
decision-making and/or 
implementation?  

    

What is the planned timeframe 
for your project? 

    

Who will take the lead for the 
project?  For data collection? 
Data analysis?  Presentation 
of the findings?  Final write-
up?   

    

 



 

XV. WRITE YOUR EVALUATION PLAN 

 

You now have everything you need to write your evaluation plan:  project description, goals, 

metrics, and methodology for your evaluation. 

 

I. Short Description of the Project 

II. Goals of the Project  

III. Questions to be Answered by the Evaluation Effort 

IV. First Measure to be Evaluated — Quantitative  

A. Overview – General Considerations  

B. Timeframe 

C. Study Design/Comparison Group 

D. Data Collection Plan 

E. Analysis Plan  

F. Power/Sample Size Calculations 

 

V. Second Measure to be Evaluated – Qualitative  

A. Overview – General Considerations  

B. Timeframe 

C. Study Design 

D. Data Collection Plan 

E. Analysis Plan  

VI. Subsequent Measures to be Evaluated in Same Format 
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al
 

re
ce
iv
ab
le
s.
 

Im
p
ro
v
ed
 b
il
li
n
g
 c
o
m
p
li
an
ce
 

an
d
 r
ed
u
ce
d
 c
la
im
s 
d
en
ia
l 
m
a
y
 

im
p
ro
v
e 
th
e 
ac
co
u
n
ts
 r
ec
ei
v
ab
le
 

o
n
 t
h
e 
b
al
an
ce
 s
h
ee
t.
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E
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yc a:I mI rI a h
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O
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1I  e

T l
p

C m

E a
x

S  E  B
ri
e
fl
y
 d
e
s
c
ri
b
e
 t
h
e
 

in
te
rv
e
n
ti
o
n
. 

In
p
a
ti
e

n
t 
p

h
a
rm

a
c
y
 o

f 
a
 7

3
5
-b

e
d
 t

e
rt

ia
ry

 c
a
re

 h
o
s
p

it
a

l 
is

 c
o
n
v
e
rt

in
g
 t

o
 a

 b
a
rc

o
d
e
 a

s
s
is

te
d
 m

e
d
ic

a
ti
o
n
 d

is
p
e

n
s
in

g
 a

n
d
 

d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
. 
A

ll 
m

e
d
ic

a
ti
o
n
s
 t
h

a
t 
d

o
 n

o
t 
h
a

v
e

 a
 b

a
rc

o
d
e
 a

t 
th

e
 u

n
it
 d

o
s
e
 l
e

v
e

l 
w

ill
 b

e
 r

e
p
a
c
k
a

g
e
d
. 

A
ll 

m
e
d
ic

a
ti
o
n
s
 

d
is

p
e

n
s
e
d
 w

ill
 b

e
 v

e
ri
fi
e

d
 b

y
 b

a
rc

o
d
e
 s

c
a
n

n
in

g
 p

ri
o

r 
to

 d
is

p
e

n
s
in

g
 t
o
 t

h
e
 u

n
it
. 
  

  
 1

2
3  

4 
5

D
e
s
c
ri
b
e
 t
h
e
 e
x
p
e
c
te
d
 

im
p
a
c
t 
o
f 
th
e
 

in
te
rv
e
n
ti
o
n
 a
n
d
 b
ri
e
fl
y
 

d
e
s
c
ri
b
e
 h
o
w
 y
o
u
 t
h
in
k
 

y
o
u
r 
p
ro
je
c
t 
w
il
l 
e
x
e
rt
 

th
is
 i
m
p
a
c
t.
 

P
h
a
rm

a
c
y
 s

ta
ff

 w
ill

 
b
a
rc

o
d
e
 s

c
a
n

 a
ll 

m
e
d
ic

a
ti
o
n
s
 b

e
fo

re
 t
h
e
 

d
o
s
e
s
 l
e

a
v
e
 t
h

e
 

p
h
a
rm

a
c
y
, 

b
e
c
a
u
s
e
 t

h
is

 
w

ill
 b

e
 m

a
d
e
 m

a
n
d
a
to

ry
 

a
ft

e
r 

e
x
te

n
s
iv

e
 

e
d
u
c
a
ti
o
n

a
l 
e
ff

o
rt

s
. 

D
is

p
e
n
s
in

g
 e

rr
o
rs

 w
ill

 
d
e
c
re

a
s
e
, 
s
in

c
e
 

d
is

p
e

n
s
in

g
 e

rr
o
rs

 w
ill

 
b
e
 c

a
u

g
h
t 

d
u
ri

n
g
 t

h
e
 

d
is

p
e

n
s
in

g
 p

ro
c
e
s
s
. 
 

M
e
d

ic
a
ti
o
n
s
 w

ill
 b

e
 

a
v
a

ila
b

le
 m

o
re

 o
ft

e
n
 

w
h
e
n
 n

u
rs

e
s
 n

e
e
d
 

th
e
m

, 
b
e
c
a
u
s
e
 t
h

e
 

d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
 w

ill
 

b
e
 m

o
re

 e
ff

ic
ie

n
t 
a
n
d
 

re
s
o
u
rc

e
s
 w

ill
 b

e
 b

e
tt
e
r 

ta
rg

e
te

d
 t
o

w
a
rd

 m
e
d
s
 

th
a
t 

n
e
e

d
 t
o
 b

e
 f

ill
e

d
 

q
u
ic

k
ly

 

S
ta

ff
in

g
 l
e
v
e
l 
a
t 

th
e
 p

h
a
rm

a
c
y
 w

ill
 

n
o
t 
b

e
 a

ff
e
c
te

d
, 

b
e
c
a
u
s
e
 t

h
e
re

 i
s
 

n
o
 e

x
tr

a
 b

u
d

g
e
t 

fo
r 

s
ta

ff
. 

T
h
e
re

 w
ill

 b
e

 r
e
s
is

ta
n
c
e

 
fr

o
m

 t
h
e
 p

h
a
rm

a
c
y
 s

ta
ff

 
in

 t
h
e
 f

ir
s
t 
3
 m

o
n
th

s
, 

b
u
t 
th

is
 r

e
s
is

ta
n
c
e
 w

ill
 

b
e
 o

v
e
rc

o
m

e
. 

W
h
a
t 
q
u
e
s
ti
o
n
s
 d
o
 y
o
u
 

w
a
n
t 
to
 a
s
k
 t
o
 e
v
a
lu
a
te
 

th
is
 i
m
p
a
c
t?
  
T
h
e
s
e
 w
il
l 

li
k
e
ly
 r
e
fl
e
c
t 
th
e
 

e
x
p
e
c
te
d
 i
m
p
a
c
t 
(e
it
h
e
r 

p
o
s
it
iv
e
 o
r 
n
e
g
a
ti
v
e
) 
o
f 

y
o
u
r 
in
te
rv
e
n
ti
o
n
. 

1
) 

A
re

 m
e
d
ic

a
ti
o
n
 d

o
s
e
s
 

s
c
a
n
n
e
d
 d

u
ri

n
g
 

d
is

p
e

n
s
in

g
?
 2

) 
A

re
 t

h
e
 

s
c
a
n
s
 b

y
p

a
s
s
e
d
/m

a
n
u
a
lly

 
o
v
e
rr

id
d
e

n
 d

u
ri
n

g
 

s
c
a
n
n
in

g
?
 

W
ill

 t
h
e
 v

a
ri

o
u
s
 t

y
p

e
s
 o

f 
d
is

p
e

n
s
in

g
 e

rr
o
rs

 
d
e
c
re

a
s
e
 w

it
h
 t

h
e
 

im
p
le

m
e
n
ta

ti
o
n
 o

f 
th

e
 

s
y
s
te

m
?
 

H
o

w
 d

o
 n

u
rs

e
s
 f

e
e
l 

a
b
o
u

t 
th

e
 t
im

e
lin

e
s
s
 o

f 
m

e
d
ic

a
ti
o
n
 d

e
liv

e
ry

?
 

H
o

w
 h

a
s
 s

ta
ff

in
g
 

le
v
e
l 
c
h
a
n

g
e
d
 

w
it
h
 t

h
e
 

im
p
le

m
e
n
ta

ti
o
n
 o

f 
th

e
 n

e
w

 s
y
s
te

m
?
 

W
h
a
t 
a
re

 t
h
e
 b

a
rr

ie
rs

 t
o

 
b
a
rc

o
d
e
 

im
p
le

m
e
n
ta

ti
o
n
 i
n
 t

h
e
 

p
h
a
rm

a
c
y
, 

a
n
d
 h

o
w

 c
a

n
 

th
e
s
e
 b

a
rr

ie
rs

 b
e

 
o
v
e
rc

o
m

e
?
 

W
h
a
t 
w
il
l 
y
o
u
 m
e
a
s
u
re
 

in
 o
rd
e
r 
to
 a
n
s
w
e
r 
y
o
u
r 

q
u
e
s
ti
o
n
s
?
 

1
) 

P
ro

p
o
rt

io
n
 o

f 
m

e
d
 

d
o
s
e
s
 a

p
p
ro

v
e
d
 b

y
 t

h
e
 

p
h
a
rm

a
c
is

t 
fo

r 
d
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p
e
n
s
in

g
 

th
a
t 

a
re

 s
c
a
n
n

e
d
 p

ri
o
r 

to
 

d
e
liv

e
ry

; 
2
) 

P
ro

p
o
rt

io
n
 o

f 
s
c
a
n
s
 t
h
a
t 

w
e
re

 m
a
n
u
a
l 

e
n
tr

y
, 

o
r 

b
y
p

a
s
s
e
d
 

b
e
c
a
u
s
e
 p

h
a
rm

a
c
y
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e
c
h
 

s
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te
d
 t

h
a
t 
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a
rc

o
d
e
 n

o
t 

a
v
a

ila
b

le
” 

o
r 

'b
a
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o
d
e
 

w
o
u
ld

 n
o
t 
s
c
a
n
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P
ro
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o
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io
n
 o

f 
m

e
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a

v
in

g
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h
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 p

h
a
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y
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n
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rr
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ro
n

g
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e
d
, 

w
ro

n
g
 

d
o
s
e
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w
ro

n
g
 

s
tr

e
n
g
th
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o
rm
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w
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n
g
 

q
u
a
n
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s
a
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ti
o

n
) 

N
u
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in
g
 s

a
ti
s
fa

c
ti
o
n
 

le
v
e
l 
a
b

o
u
t 
th

e
 

a
v
a

ila
b

ili
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 o
f 

m
e
d
ic

a
ti
o
n
s
 w

h
e
n
 

n
e
e
d

e
d
 

S
ta

ff
in

g
 l
e
v
e
ls

 i
n
 

te
rm

s
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f 
p
h
a
rm

a
c
y
 

te
c
h
n
ic

ia
n
s
 a

n
d
 

p
h
a
rm

a
c
is

ts
 

Q
u
a
lit

a
ti
v
e
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s
s
e
s
s
m

e
n
t 

o
f 

b
a
rr
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 a
n
d

 
fa

c
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1
) 

D
e
n
o
m

in
a
to

r 
=

 n
u
m

b
e
r 

o
f 
m

e
d
ic

a
ti
o

n
 d

o
s
e
s
 (

b
y
 

m
e
d
) 

a
p
p
ro

v
e

d
 f

o
r 

d
is

p
e

n
s
in

g
 b

y
 

p
h
a
rm

a
c
is

ts
, 
N

u
m

e
ra

to
r 

=
 m

e
d
ic

a
ti
o
n
 d

o
s
e
s
 (

b
y
 

m
e
d
) 

lo
g
g
e
d
 i
n
to

 t
h

e
 

s
y
s
te

m
 a

s
 s

c
a
n
n
e
d
 i
n

 a
 1

 
w

e
e
k
 p

e
ri
o
d

; 
2
) 

D
e
n
o
m

in
a
to

r=
 n

u
m

b
e
r 

o
f 

d
o
s
e
s
 s

c
a
n
n
e

d
, 

N
u
m

e
ra

to
r 

=
 n

u
m

b
e
r 

o
f 

o
v
e
rr

id
e
s
 w

it
h

in
 a

 1
 w

e
e
k
 

p
e
ri
o

d
. 

H
a
v
e
 a

 p
h
a
rm

a
c
is

t 
v
is

u
a
lly

 i
n
s
p

e
c
t 
2
0

0
 

m
e
d
ic

a
ti
o
n
 d

o
s
e
s
 p

ri
o
r 

to
 d

e
liv

e
ry

 o
n
c
e
 a

 w
e
e
k
 

a
n
d
 l
o
g

 a
ll 

e
rr

o
rs

 b
y
 

ty
p

e
. 

N
u
rs

in
g
 s

a
ti
s
fa

c
ti
o
n
 

s
u
rv

e
y
: 

A
s
k
 n

u
rs

e
s
, 
o
n
 

a
 1

-7
 L

ik
e
rt

 s
c
a
le

, 
h

o
w

 
m

u
c
h
 t
h
e

y
 a

g
re

e
 w

it
h
 

th
e
 s

ta
te

m
e
n
t:
 

M
e
d

ic
a
ti
o
n
s
 a

re
 

a
v
a

ila
b

le
 i
n
 t

h
e
 u

n
it
s
 

w
h
e
n
 m

y
 p

a
ti
e

n
ts

 a
re

 
d
u
e
 f

o
r 

th
e
m

. 

P
h
a
rm

a
c
y
 p

a
y
ro

ll 

Im
p
le

m
e
n
ta

ti
o

n
 t
e

a
m

s
 

w
ill

 r
e

v
ie

w
 i
s
s
u
e
s
 a

n
d
 

le
s
s
o
n
s
 l
e
a
rn

e
d
 o

n
c
e
 a

 
m

o
n
th

 a
n
d
 d

o
c
u
m

e
n
t 

th
e
m

. 

H
o
w
 w
il
l 
y
o
u
 d
e
s
ig
n
 

y
o
u
r  
s
tu
d
y
?
  
W
h
a
t 

c
o
m
p
a
ri
s
o
n
 g
ro
u
p
 w
il
l 

y
o
u
 u
s
e
?
 

W
ill

 t
re

n
d
 m

e
a
s
u
re

m
e
n
t 

s
ta

rt
in

g
 a

t 
g

o
-l

iv
e
 f

o
r 

1
 

y
e

a
r,

 t
o
 c

o
m

p
a
re

 w
h
a

t 
h
a
p
p

e
n
s
 o

v
e
r 

ti
m

e
 

D
o
 b

e
fo

re
 g

o
-l

iv
e
, 
a

n
d
 

th
e
n
 a

t 
re

g
u
la

r 
in

te
rv

a
ls

 
a
ft

e
r 

g
o
-l
iv

e
. 

M
e
a
s
u
re

 p
re

-
im

p
le

m
e
n
ta

ti
o
n
 a

n
d

 
th

e
n
 6

 m
o
n
th

s
 a

ft
e
r 

g
o
-

liv
e
. 

B
e
fo

re
 a

n
d
 a

ft
e
r 

c
o
m

p
a
ri
s
o
n
 

It
e
ra

ti
v
e

 r
e
v
ie

w
 o

f 
n
o
te

s
 

F
o
r 
q
u
a
n
ti
ta
ti
v
e
 

m
e
a
s
u
re
s
 o
n
ly
: 
W
h
a
t 

ty
p
e
s
 o
f 
s
ta
ti
s
ti
c
a
l 

a
n
a
ly
s
is
 w
il
l 
y
o
u
 t
o
 

p
e
rf
o
rm

 o
n
 y
o
u
r 

m
e
a
s
u
re
m
e
n
ts
?
 

G
ra

p
h
 t
re

n
d
s
. 
C

o
m

p
a
re

 
d
if
fe

re
n
c
e
 i
n
 p

ro
p
o
rt

io
n
s
 

a
c
ro

s
s
 2

 t
im

e
 p

o
in

ts
 w

it
h

 
c
h
i-
s
q
u
a
re

d
 t
e
s
t.
  
 

G
ra

p
h
 e

rr
o
r 

ra
te

s
. 

 
C

o
m

p
a
re

 e
rr

o
r 

ra
te

s
 

p
re

-i
m

p
le

m
e
n
ta

ti
o
n

 a
n

d
 

p
o
s
t-

im
p
le

m
e
n
ta

ti
o
n

 
w

it
h
 c

h
i-
s
q
u
a
re

d
 t
e
s
t.
 

T
-t

e
s
t 
c
o
m

p
a
ri
n
g
 p

re
-

a
d
 p

o
s
t 
s
a
ti
s
fa

c
ti
o
n

 
le

v
e
l 

C
o
m

p
a
re

 
e
x
p
e
n
d

it
u
re

s
 o

n
 

p
a

y
ro

ll,
 a

ft
e
r 

a
d
ju

s
ti
n

g
 f

o
r 

in
fl
a
ti
o
n
. 

C
o
m

p
a
re

 t
h
e
 

n
u
m

b
e
r 

o
f 

te
c
h
/p

h
a
rm

a
c
is

t 
F

T
E

s
 p

re
-a

n
d
-

p
o
s
t.
 

N
/A

 

H
o
w
 w
o
u
ld
 t
h
e
 a
n
s
w
e
rs
 

to
 y
o
u
r 
q
u
e
s
ti
o
n
s
 

c
h
a
n
g
e
 f
u
tu
re
 d
e
c
is
io
n
–

m
a
k
in
g
 a
n
d
/o
r 

im
p
le
m
e
n
ta
ti
o
n
?
 

H
e
lp

 i
d

e
n
ti
fy

 
w

o
rk

a
ro

u
n
d
s
. 
W

ill
 h

e
lp

 
d
e
fi
n
e
 t

h
e
 l
e
n

g
th

 o
f 

ti
m

e
 

n
e
e
d

e
d
 t

o
 o

v
e
rc

o
m

e
 

re
s
is

ta
n
c
e
. 
(M

a
y
 c

o
rr

e
la

te
 

w
it
h
 I

m
p
a
c
t 
5
) 

D
e
fi
n
e
 t

h
e
 s

a
fe

ty
 v

a
lu

e
 

o
f 

th
is

 s
y
s
te

m
. 
E

s
ti
m

a
te

 
th

e
 n

u
m

b
e
r 

o
f 

a
d
v
e
rs

e
 

e
v
e

n
ts

 a
v
o

id
e

d
. 

U
n
d
e
rs

ta
n
d
 t

h
e
 i
m

p
a
c
t 

o
f 

th
is

 t
e
c
h
n

o
lo

g
y
 o

n
 

o
v
e
ra

ll 
h
o
s
p

it
a

l 
e
ff

ic
ie

n
c
y
 a

n
d
 n

o
n
-

p
h
a
rm

a
c
y
 s

ta
ff

 
s
a
ti
s
fa

c
ti
o
n
. 

U
n
d
e
rs

ta
n
d
 t

h
e
 

fi
n
a
n
c
ia

l 
im

p
a
c
t 

o
f 

th
is

 t
e
c
h
n

o
lo

g
y
 

o
n
 t
h

e
 p

h
a
rm

a
c
y
 

b
u
d
g

e
t.
 

M
a
k
e
 i
m

p
le

m
e
n
ta

ti
o
n
 

e
a
s
ie

r 
fo

r 
th

e
 n

e
x
t 

h
o
s
p
it
a
l!
 

 
n
oit

a
ul

a
v

E 
g

nisr
u

N 
g
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d
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r
a
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p
m
a
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A
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3
5
-b

e
d
 t
e
rt

ia
ry

 c
a
re
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o
s
p
it
a

l 
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 c
o
n
v
e
rt

in
g
 t

o
 a
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a
rc

o
d
e
 m

e
d
ic

a
ti
o
n
 a

d
m

in
is

tr
a
ti
o
n
 s

y
s
te

m
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B
C

M
A
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T

h
e
 p

a
p
e
r 

m
e
d
ic

a
ti
o
n
 

a
d
m

in
is

tr
a
ti
o

n
 r

e
c
o
rd
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ill

 b
e
 e

lim
in

a
te

d
 a

n
d
 e

le
c
tr

o
n

ic
a
lly

 d
ri
v
e
n
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y
 p

h
a
rm

a
c
y
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p
p
ro

v
e

d
 p

h
y
s
ic

ia
n

 o
rd

e
rs

. 
 E

a
c
h
 n

u
rs

e
 w

ill
 b

e
 

g
iv

e
n
 a

 l
a
p
to

p
, 

w
h
ic

h
 w

ill
 r

u
n
 a

 m
e
d
ic

a
ti
o
n
 a

d
m

in
is

tr
a
ti
o
n
 a

p
p
lic

a
ti
o
n
 t

h
a
t 

c
a
n
 h

e
lp

 m
a
n
a
g
e
 t
h
e
 m

e
d
ic

a
ti
o

n
s
 f
o
r 

w
h
ic

h
 h

is
/h

e
r 

p
a
ti
e
n
ts

 a
re

 d
u

e
. 

B
e
fo

re
 m

e
d
ic

a
ti
o

n
s
 a
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 g

iv
e
n
 t

o
 p

a
ti
e
n
ts

, 
th

e
 p

a
ti
e
n
t’
s
 b

a
rc

o
d

e
d
 w

ri
s
tb

a
n
d
, 

th
e
 m

e
d
ic

a
ti
o

n
 a

n
d
 t

h
e
 n

u
rs

e
's

 
ID
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d
g
e
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ill
 b
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c
a
n

n
e
d
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o
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n
s
u
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h
e
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5
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ig
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D
e
s
c
ri
b
e
 t
h
e
 

e
x
p
e
c
te
d
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m
p
a
c
t 
o
f 
th
e
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te
rv
e
n
ti
o
n
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u
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b
a
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o
d
e
 s

c
a
n

 a
ll 

m
e
d
ic

a
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o
n
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e
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th
e
 d

o
s
e
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a
d
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h
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p
a
ti
e
n
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b
e
c
a
u
s
e
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e
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 b
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e
x
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n
s
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e
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g
 

b
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d
u
ri

n
g
, 

a
n

d
 

a
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e
r 

im
p
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m
e
n
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o
n
 a

n
d

 
w
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 b

e
c
o
m

e
 p

a
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f 
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e
 n
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w

 n
u
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g

 
p
o
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y
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s
e
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f 
b
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s
c
a
n
n
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g
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c
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s
ig

n
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a
n

t 
n
u
m

b
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n
e
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s
e
s
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M
e
d

ic
a
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o
n
 

tr
a
n
s
c
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b
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g
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 b
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in
a
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d
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M
e
d
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a
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n
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d
m
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tr
a
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o

n
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rr
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e
c
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a
s
e
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u
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g
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o
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d
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e
c
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N
u
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g
 

s
a
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s
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c
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o
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 r
e
m
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s
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b
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m
e
n
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o
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 b
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c
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 b
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h
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e
c
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h
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o
s
it
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r 

n
e
g
a
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rv
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ti
o
n
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 m
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c
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n
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A
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h
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c
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 d
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in

g
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F
o
r 

u
n
it
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h
a
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h
a
v
e
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m
e
n
te

d
 

B
C

M
A
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w

h
a
t 

k
in

d
s
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f 
a
le

rt
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re
 

g
e
n
e
ra

te
d
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h
e
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e
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u
rs

e
s
 s

c
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n
 

m
e
d
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o
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e
s
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f 
th

e
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le

rt
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e
n
e
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d
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w
h
a
t 

p
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p
o
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n
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s
 

o
v
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d
e
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y
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H
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c
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c
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c
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c
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o

w
 m

a
n

y
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o
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s
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n
d
 h

a
v
e
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h
e
 

p
o
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a
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a
d
 t
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a
d
v
e
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v
e

n
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o
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u
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v
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p
a
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o
 w

h
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te

n
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a
ti
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 f
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a
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a
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o
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m
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p
e
n
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r 
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 t
im

e
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n
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e
d
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ti
o
n
 

a
d
m
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tr
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n

 a
ft

e
r 
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d

u
c
ti
o
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f 
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A
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H
o

w
 d

o
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C

M
A
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ff

e
c
t 

n
u
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g
 

s
a
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s
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c
ti
o
n
 

w
it
h
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h
e
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c
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n
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v
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h
a
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h
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b
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b
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o
d
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p
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m
e
n
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o
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o
n
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h

e
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u
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g
 

u
n
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n
d
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o

w
 

c
a
n
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h
e
s
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b
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 b
e

 
o
v
e
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o
m
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O
f 

th
e
 d

o
s
e
s
 

re
c
o
rd

e
d
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s
 b

e
in

g
 

a
d
m

in
is

te
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n
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h
e
 

e
M

A
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w

h
a
t 

p
ro

p
o
rt
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n
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f 
m

e
d
 

d
o
s
e
s
 a

re
 s

c
a
n

n
e
d
 

p
ri
o
r 

to
 

a
d
m

in
is

tr
a
ti
o

n
?
 2

) 
O

f 
th

e
 m

e
d
ic

a
ti
o
n
s
 

re
c
o
rd

e
d
 i
n
 t

h
e
 

e
M

A
R

, 
w

h
a
t 

p
ro

p
o
rt

io
n
 o

f 
s
c
a
n
s
 

e
n
te

re
d
 m

a
n
u
a
lly

 o
r 

b
y
p

a
s
s
e
d
 b

e
c
a
u
s
e
 

n
u
rs

e
 s

ta
te

d
 t
h

a
t 

“b
a
rc

o
d
e
 w

a
s
 n

o
t 

a
v
a

ila
b

le
” 

o
r 

“b
a
rc

o
d
e
 w

o
u
ld

 n
o
t 

s
c
a
n
”?

 

T
y
p
e
 a

n
d

 n
u
m

b
e
r 

o
f 

a
le

rt
s
 

g
e
n
e
ra

te
d

 d
u
ri

n
g
 

s
c
a
n
n
in

g
. 
O

f 
th

e
 

a
le

rt
s
 g

e
n
e
ra

te
d
 

d
u
ri
n

g
 s

c
a
n
n

in
g

, 
th

e
 p

ro
p
o
rt

io
n
 

th
a
t 

w
a
s
 

a
s
s
o
c
ia

te
d

 w
it
h
 

g
iv

e
n
 m

e
d
ic

a
ti
o
n

 
(i
n
 s

p
it
e
 o

f 
th

e
 

a
le

rt
) 

w
it
h

in
 3

0
 

m
in

u
te

s
 o

f 
th

e
 

a
le

rt
. 

N
u
m

b
e
r 

o
f 

tr
a
n
s
c
ri
b
in

g
 

e
rr

o
rs

 o
n
 t
h
e

 
p
a
p
e
r 

e
M

A
R

 
p
ri
o
r 

to
 t
h
e

 
in

tr
o
d

u
c
ti
o
n
 

o
f 

B
C

M
A

. 
P

ro
p
o
rt

io
n
 o

f 
tr

a
n
s
c
ri
b
in

g
 

e
rr

o
rs

 t
h
a
t 

le
d
 t

o
 a

t 
le

a
s
t 

o
n
e
 

e
rr

o
n
e
o

u
s
 

m
e
d
ic

a
ti
o
n
 

a
d
m

in
is

tr
a
-

ti
o
n

. 

N
u
rs

in
g
 

s
a
ti
s
fa

c
ti
o
n
 

le
v
e
l 
w

it
h
 t
h

e
 

e
ff

ic
a
c
y
 o

f 
B

C
M

A
 o

n
 

p
a
ti
e
n
t 
s
a
fe

ty
. 

P
a
ti
e
n
t 

s
a
ti
s
fa

c
ti
o
n
 

w
it
h
 t

h
e
 

a
c
c
u
ra

c
y
 a

n
d
 

ti
m

e
lin

e
s
s
 o

f 
m

e
d
ic

a
ti
o
n
 

a
d
m

in
is

tr
a
ti
o

n
. 

N
u
rs

in
g
 

a
tt
it
u
d
e
s
 

to
w

a
rd

 t
h
e
 

im
p
a
c
t 
o
f 

B
C

M
A

 o
n
 

th
e
ir
 

w
o
rk

fl
o
w

. 
A

s
k
 

e
x
p
lic

it
ly

 
w

h
e
th

e
r 

a
n

d
 

to
 w

h
a
t 

e
x
te

n
t 

h
a
s
 

B
C

M
A

 
a
ff

e
c
te

d
 t
h
e
 

ti
m

e
 t
h
e

y
 

s
p
e
n
d
 o

n
 

m
e
d
ic

a
ti
o
n
 

a
d
m

in
is

tr
a
-

ti
o
n

 (
v
s
. 
o
th

e
r 

n
u
rs

in
g
 

p
ro

fe
s
s
io

n
a
l 

a
c
ti
v
it
ie

s
).

 

O
v
e
ra

ll 
n

u
rs

e
 

s
a
ti
s
fa

c
ti
o
n
; 

n
u
rs

e
 

tu
rn

o
v
e
r 

s
ta

ti
s
ti
c
s
 

Q
u
a
lit

a
ti
v
e
 

a
s
s
e
s
s
m

e
n
t 
o
f 

b
a
rr

ie
rs

 a
n

d
 

fa
c
ili

ta
to

rs
 

D
. 
H
o
w
 w
il
l 
y
o
u
 m
a
k
e
 

y
o
u
r 
m
e
a
s
u
re
m
e
n
ts
?
 

R
e
p
o
rt

s
 f

ro
m

 
B

C
M

A
 s

o
ft

w
a
re

. 
1
) 

D
e
n
o
m

in
a
to

r 
=

 t
o
ta

l 
n
u
m

b
e
r 

o
f 

m
e
d
ic

a
ti
o
n
 d

o
s
e
s
 

re
c
o
rd

e
d
 a

s
 

a
d
m

in
is

te
re

d
 i
n
 a

 1
-

w
e
e
k
 p

e
ri
o
d

, 
N

u
m

e
ra

to
r 

=
 

m
e
d
ic

a
ti
o
n
 d

o
s
e
s
 

re
c
o
rd

e
d
 a

s
 

s
c
a
n
n
e
d
 p

ri
o
r 

to
 

a
d
m

in
is

tr
a
ti
o

n
 

(W
o
u
ld

 a
ls

o
 d

o
 

s
e
c
o
n
d
a
ry

 a
n

a
ly

s
is

 
lo

o
k
in

g
 a

t 
th

e
 

p
ro

p
o
rt

io
n
 o

f 
d
u
e
 

m
e
d
ic

a
ti
o
n
 d

o
s
e
s
 

R
e
p
o
rt

s
 f

ro
m

 
B

C
M

A
 s

o
ft

w
a
re

. 
 

O
u
tc

o
m

e
s
 

d
is

c
u
s
s
e
d
 a

b
o
v
e
 

e
x
p
re

s
s
e
d
 a

s
 a

 
p
ro

p
o
rt

io
n
 o

f 
a
ll 

m
e
d
ic

a
ti
o
n
s
 

a
d
m

in
is

te
re

d
. 

C
o
m

p
a
re

 
p
a
p
e
r 

M
A

R
 

w
it
h
 o

rd
e
rs

 
a
p
p
ro

v
e

d
 b

y
 

p
h
a
rm

a
c
y
 f

o
r 

d
is

c
re

p
a
n
- 

c
ie

s
. 
 R

e
v
ie

w
 

M
A

R
 a

ft
e
r 

tr
a
n
s
c
ri
b
in

g
 

e
rr

o
r 

o
c
c
u
rs

, 
b
e
fo

re
 

c
o
rr

e
c
ti
o
n
, 
fo

r 
e
rr

o
n
e
o

u
s
 

m
e
d
ic

a
ti
o
n
 

a
d
m

in
is

tr
a
-

ti
o
n

. 

D
e
v
e
lo

p
 

n
u
rs

in
g
 

s
a
ti
s
fa

c
ti
o
n
 

s
u
rv

e
y
. 

P
ig

g
y
b

a
c
k
 

h
o
s
p
it
a
l-

s
p
o
n
s
o
re

d
 

p
a
ti
e
n
t 

s
a
ti
s
fa

c
ti
o
n
 

s
u
rv

e
y
 t

o
 a

s
k
 

p
a
ti
e
n
ts

 a
b
o
u

t 
th

e
ir
 

s
a
ti
s
fa

c
ti
o
n
 

w
it
h
 a

c
c
u
ra

c
y
 

a
n
d
 t

im
e
lin

e
s
s
 

o
f 
m

e
d
ic

a
ti
o

n
 

a
d
m

in
is

tr
a
ti
o

n
. 

D
e
v
e
lo

p
 

n
u
rs

in
g
 

a
tt
it
u
d
e

 
s
u
rv

e
y
 a

n
d
 

a
d
m

in
is

te
r 

6
 

m
o
n
th

s
 a

n
d
 1

 
y
e

a
r 

a
ft

e
r 

g
o
-

liv
e
. 

D
e
v
e
lo

p
 

n
u
rs

in
g
 

s
a
ti
s
fa

c
ti
o
n
 

s
u
rv

e
y
. 

A
d
m

in
is

te
r 

p
re

-
im

p
le

m
e
n
ta

ti
o
n
, 
6

 m
o
n
th

s
 

a
n
d
 1

 y
e

a
r 

a
ft

e
r.

 H
u
m

a
n
 

re
s
o
u
rc

e
s
 

re
c
o
rd

s
 f

o
r 

tu
rn

o
v
e
rs

. 

Im
p
le

m
e
n
ta

ti
o

n
 

te
a
m

s
 w

ill
 

re
v
ie

w
 i
s
s
u

e
s
 

a
n
d
 l
e
s
s
o
n
s
 

le
a
rn

e
d
 o

n
c
e
 a

 
m

o
n
th

 a
n
d
 

d
o
c
u
m

e
n
t 
th

e
m
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2
) 

D
e
n
o
m

in
a
to

r=
 

n
u
m

b
e
r 

o
f 

d
o
s
e
s
 

s
c
a
n
n
e
d
, 

N
u
m

e
ra

to
r 

=
 

n
u
m

b
e
r 

o
f 

o
v
e
rr

id
e
s
 w

it
h

in
 a

 
1
-w

e
e
k
 p

e
ri
o
d

. 

E
. 
H
o
w
 w
il
l 
y
o
u
 d
e
s
ig
n
 

y
o
u
r 
s
tu
d
y
?
  
W
h
a
t 

c
o
m
p
a
ri
s
o
n
 g
ro
u
p
 w
il
l 

y
o
u
 u
s
e
?
 

T
re

n
d
 

m
e
a
s
u
re

m
e
n
t 

s
ta

rt
in

g
 a

t 
g

o
-l

iv
e
 

fo
r 

1
 y

e
a
r,

 t
o
 

c
o
m

p
a
re

 w
h
a
t 

h
a
p
p

e
n
s
 o

v
e
r 

ti
m

e
. 

T
re

n
d
 

m
e
a
s
u
re

m
e
n
t 

s
ta

rt
in

g
 a

t 
g

o
-l

iv
e
 

fo
r 

1
 y

e
a
r,

 t
o
 

c
o
m

p
a
re

 w
h
a
t 

h
a
p
p

e
n
s
 o

v
e
r 

ti
m

e
. 

M
e
a
s
u
re

 
b
e
fo

re
 g

o
-

liv
e
. 

A
s
s
u
m

e
 

tr
a
n
s
c
ri
p
ti
o
n
 

e
rr

o
r 

ra
te

 i
s
 

z
e
ro

 a
ft

e
r 

im
p
le

m
e
n
ta

-
ti
o
n

 o
f 

B
C

M
A

. 

M
e
a
s
u
re

 p
re

-
im

p
le

m
e
n
ta

ti
o
n
 

(p
a
ti
e

n
t 

s
a
ti
s
fa

c
ti
o
n
 

o
n
ly

) 
a
n

d
 t
h

e
n
 

6
 m

o
n
th

s
 a

n
d
 

th
e
n
 1

 y
e
a
r 

a
ft

e
r 

g
o
-l
iv

e
. 

T
re

n
d
 

m
e
a
s
u
re

m
e
n
t 

a
c
ro

s
s
 2

 t
im

e
 

p
o
in

ts
. 

P
re

-
im

p
le

m
e
n
ta

- 
ti
o
n

 v
s
. 

p
o
s
t-

im
p
le

m
e
n
ta

- 
ti
o
n

 
c
o
m

p
a
ri
s
o
n
 

It
e
ra

ti
v
e

 r
e
v
ie

w
 

o
f 
m

e
e
ti
n
g
 

m
in

u
te

s
. 

F
o
rm

a
l 

in
te

rv
ie

w
s
 w

it
h
 

re
p
re

s
e
n
ta

ti
v
e
 

n
u
rs

e
s
 p

re
-

im
p
le

m
e
n
ta

-
ti
o
n

, 
6
 m

o
n
th

s
 

a
n
d
 1

 y
e

a
r 

p
o
s
t-

im
p
le

m
e
n
- 

ta
ti
o
n
. 

F
. 
F
o
r 
q
u
a
n
ti
ta
ti
v
e
 

m
e
a
s
u
re
m
e
n
ts
 o
n
ly
: 

W
h
a
t 
ty
p
e
s
 o
f 
s
ta
ti
s
ti
c
a
l 

a
n
a
ly
s
is
 w
il
l 
y
o
u
 

p
e
rf
o
rm

 o
n
 y
o
u
r 

m
e
a
s
u
re
m
e
n
ts
?
 

G
ra

p
h
 t
re

n
d
s
. 

C
o
m

p
a
re

 d
if
fe

re
n
c
e
 

in
 p

ro
p
o
rt

io
n
s
 

a
c
ro

s
s
 2

 t
im

e
 

p
o
in

ts
 w

it
h
 c

h
i-

s
q
u
a
re

d
 t

e
s
t.
  
 

G
ra

p
h
 t
re

n
d
s
. 

C
o
m

p
a
re

 
d
if
fe

re
n
c
e
 i
n
 

p
ro

p
o
rt

io
n
s
 

a
c
ro

s
s
 2

 t
im

e
 

p
o
in

ts
 w

it
h
 c

h
i-

s
q
u
a
re

d
 t

e
s
t.
  
 

C
o
m

p
a
re

 
e
rr

o
r 

ra
te

s
 

p
re

 
im

p
le

m
e
n
ta

ti
o
n
 a

n
d
 p

o
s
t 

im
p
le

m
e
n
ta

ti
o
n
 (

a
s
s
u
m

e
d
 

to
 b

e
 z

e
ro

) 
w

it
h
 c

h
i-

s
q
u
a
re

d
 t

e
s
t.
 

T
-t

e
s
t 

c
o
m

p
a
ri
n
g
 p

re
-

a
n
d
 p

o
s
t-

 
s
a
ti
s
fa

c
ti
o
n
 

le
v
e
l.
 G

ra
p
h
 

tr
e
n
d
s
 a

c
ro

s
s
 3

 
ti
m

e
 p

o
in

ts
. 

G
ra

p
h
 t
re

n
d
s
. 

T
-t

e
s
t 

c
o
m

p
a
ri
s
o
n
 

fo
r 

s
a
ti
s
fa

c
ti
o
n
 

le
v
e
ls

 a
c
ro

s
s
 

2
 t
im

e
 p

o
in

ts
. 

G
ra

p
h
 t
re

n
d
s
. 

T
-t

e
s
t 

c
o
m

p
a
ri
s
o
n
 

fo
r 

s
a
ti
s
fa

c
ti
o
n
 

le
v
e
ls

 a
c
ro

s
s
 

3
 t
im

e
 p

o
in

ts
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H
o
w
 w
o
u
ld
 t
h
e
 

a
n
s
w
e
rs
 t
o
 y
o
u
r 

q
u
e
s
ti
o
n
s
 c
h
a
n
g
e
 

fu
tu
re
 d
e
c
is
io
n
-m

a
k
in
g
 

a
n
d
/o
r 
im
p
le
m
e
n
ta
ti
o
n
?
 

H
e
lp

 i
d

e
n
ti
fy

 
w

o
rk

a
ro

u
n
d
s
. 
W

ill
 

h
e
lp

 d
e
fi
n

e
 t
h

e
 

le
n

g
th

 o
f 

ti
m

e
 

n
e
e
d

e
d
 t

o
 

o
v
e
rc

o
m

e
 

re
s
is

ta
n
c
e
. 
(M

a
y
 

c
o
rr

e
la

te
 w

it
h
 

Im
p
a
c
t 
7
) 

H
e
lp

 i
d

e
n
ti
fy

 
w

o
rk

a
ro

u
n
d
s
. 
W

ill
 

h
e
lp

 d
e
fi
n

e
 t
h

e
 

le
n

g
th

 o
f 

ti
m

e
 

n
e
e
d

e
d
 t

o
 

o
v
e
rc

o
m

e
 

re
s
is

ta
n
c
e
. 
(M

a
y
 

c
o
rr

e
la

te
 w

it
h
 

Im
p
a
c
t 
7
) 

D
e
fi
n
e
 t

h
e
 

s
a
fe

ty
 v

a
lu

e
 

o
f 

th
is

 
s
y
s
te

m
. 

E
s
ti
m

a
te

 t
h
e
 

n
u
m

b
e
r 

o
f 

a
d
v
e
rs

e
 

e
v
e

n
ts

 
a
v
o

id
e
d
 

th
ro

u
g

h
 t
h

e
 

e
lim

in
a
ti
o
n

 o
f 

th
e
 

tr
a
n
s
c
ri
p
ti
o
n
 

s
te

p
. 

U
n
d
e
rs

ta
n
d
 t

h
e
 

im
p
a
c
t 
o
f 

th
is

 
te

c
h
n
o

lo
g

y
 o

n
 

p
e
rc

e
iv

e
d

 
s
a
fe

ty
. 
H

e
lp

 
w

it
h
 n

u
rs

in
g
 

re
c
ru

it
m

e
n
t/
re

-
te

n
ti
o
n
. 

H
e

lp
 

w
it
h
 p

a
ti
e
n

t 
m

a
rk

e
ti
n
g
. 

U
n
d
e
rs

ta
n
d
 

th
e
 p

e
rc

e
iv

e
d

 
im

p
a
c
t 
o
f 

B
C

M
A

 o
n
 

w
o
rk

fl
o
w

. 

U
n
d
e
rs

ta
n
d
 

im
p
a
c
t 
o
f 

te
c
h
n
o

lo
g

y
 

o
n
 n

u
rs

e
s
' 

p
ro

fe
s
s
io

n
a
l 

s
a
ti
s
fa

c
ti
o
n
. 

D
if
fu

s
e
 

o
p
p
o
s
it
io

n
 

a
g
a

in
s
t 

c
h
a
n
g
e

. 
H

e
lp

 
w

it
h
 n

u
rs

in
g
 

re
c
ru

it
m

e
n
t/
 

re
te

n
ti
o
n
. 

M
a
k
e
 

im
p
le

m
e
n
ta

ti
o
n
 

e
a
s
ie

r 
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r 
th

e
 

n
e
x
t 
h
o
s
p

it
a

l!
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x
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ri
e
fl
y
 d
e
s
c
ri
b
e
 t
h
e
 

in
te
rv
e
n
ti
o
n
. 

O
n
e
 t
e
rt

ia
ry

 m
e
d
ic

a
l 
c
e
n
te

r 
in

 a
 s

m
a
ll 

s
ta

te
 i
s
 t
h
e
 p

ri
m

a
ry

 s
o
u
rc

e
 f

o
r 

a
ll 

p
a
th

o
lo

g
y
 r

e
fe

rr
a
ls

. 
 R

e
fe

rr
in

g
 p

a
th

o
lo

g
is

ts
 h

a
v
e
 

in
d

ic
a
te

d
 a

 n
u
m

b
e
r 

o
f 

p
ro

b
le

m
s
 w

it
h
 t
h

e
 c

u
rr

e
n
t 
s
y
s
te

m
 o

f 
m

a
ili

n
g
 s

lid
e
s
 t
o
 t

h
e
 t

e
rt

ia
ry

 s
it
e
, 

in
c
lu

d
in

g
 t

u
rn

a
ro

u
n
d
 t

im
e
 a

n
d
 a

 
g
e
n
e
ra

l 
la

c
k
 o

f 
c
o
n
fi
d
e
n
c
e
 i
n
 t
h
e

 c
o
n
s
u
lt
a
n
ts

' 
re

p
o
rt

s
. 
 T

o
 a

d
d
re

s
s
 t
h
e
s
e
 i
s
s
u
e
s
, 
a
 s

y
n
c
h
ro

n
o
u
s
 t
e

le
p

a
th

o
lo

g
y
 s

y
s
te

m
 w

ill
 b

e
 

im
p
le

m
e
n
te

d
 a

m
o
n
g
 t
h
e
 t

e
rt

ia
ry

 s
it
e
 w

it
h
in

 t
h

e
 p

a
th

o
lo

g
y
 d

e
p

a
rt

m
e
n
t 
a
n
d
 f

o
u
r 

ru
ra

l 
re

fe
rr

in
g

 p
a
th

o
lo

g
is

ts
. 
  

  
1

2 
3 

4
5 

A
. 
D
e
s
c
ri
b
e
 t
h
e
 

e
x
p
e
c
te
d
 i
m
p
a
c
t 
o
f 
th
e
 

in
te
rv
e
n
ti
o
n
. 

Im
a
g
e
 q

u
a
lit

y
 w

ill
 

b
e
 a

s
 g

o
o
d

 o
r 

b
e
tt
e
r 

u
s
in

g
 

te
le

p
a
th

o
lo

g
y
 w

h
e
n
 

c
o
m

p
a
re

d
 t
o
 

p
re

p
a
re

d
 s

lid
e
s
. 

T
u
rn

a
ro

u
n
d
 t

im
e
 

b
e
tw

e
e
n
 s

p
e
c
im

e
n
 

c
o
lle

c
ti
o
n

 a
n

d
 

c
o
n
s
u
lt
a

ti
o

n
 w

ill
 

d
e
c
re

a
s
e
. 

T
h
e
re

 w
ill

 b
e

 a
 b

e
tt
e
r 

u
n
d
e
rs

ta
n
d

in
g
 a

m
o
n
g
 

p
a
th

o
lo

g
is

ts
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b
o
u
t 

th
e
 n

a
tu

re
 o

f 
th

e
 

re
fe

rr
a
l 
re

q
u
e
s
t.
 

R
e
fe

rr
in

g
 p

a
th

o
lo

g
is

ts
 w

ill
 

g
a
in

 k
n
o
w

le
d

g
e
 i
n
 t

h
e
 

s
y
n
c
h
ro

n
o
u
s
 p

a
th

o
lo

g
y
 

c
o
n
s
u
lt
a

ti
o

n
. 

S
a
ti
s
fa

c
ti
o
n
 w

it
h
 t

h
e
 

p
a
th

o
lo

g
y
 c

o
n
s
u
lt
a
ti
o
n

 
p
ro

c
e
s
s
 w

ill
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m

p
ro

v
e
. 

B
. 
W
h
a
t 
q
u
e
s
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o
n
s
 d
o
 

y
o
u
 w
a
n
t 
to
 a
s
k
 t
o
 

e
v
a
lu
a
te
 t
h
is
 i
m
p
a
c
t?
  

T
h
e
s
e
 w
il
l 
li
k
e
ly
 r
e
fl
e
c
t 

th
e
 e
x
p
e
c
te
d
 i
m
p
a
c
t 

(e
it
h
e
r 
p
o
s
it
iv
e
 o
r 

n
e
g
a
ti
v
e
) 
o
f 
y
o
u
r 

in
te
rv
e
n
ti
o
n
. 

W
h
a
t 
a
re

 t
h
e
 

a
tt
ri
b

u
te

s
 t
h

a
t 

a
ff

e
c
t 
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a
g
e
 

q
u
a

lit
y
?
 

1
) 

W
h
a
t 
a
re

 t
h
e

 
c
u
rr

e
n
t 
tu

rn
a
ro

u
n

d
 

ti
m

e
s
?
  
2
) 

W
h
a
t 
is

 t
h
e
 

o
p
ti
m

a
l 
tu

rn
a
ro

u
n
d
 

ti
m

e
 t
o
 i
m

p
ro

v
e
 

p
a
ti
e
n
t 
c
a
re

?
 

1
) 

W
h
a
t 
a
re

 t
h
e

 
is

s
u
e
s
 r

e
g
a
rd

in
g

 t
h

e
 

e
x
p
re

s
s
e
d
 l
a
c
k
 o

f 
c
o
n
fi
d
e
n
c
e
 i
n
 t

h
e
 

c
o
n
s
u
lt
in

g
?
 2

) 
W

h
a
t 

c
a
n
 b

e
 d

o
n

e
 t
h
ro

u
g

h
 

te
le

p
a
th

o
lo

g
y
 t
o

 
a
d
d
re

s
s
 t
h
e
s
e
 

is
s
u
e
s
?
 

D
o
 s

y
n
c
h
ro

n
o

u
s
 

c
o
n
s
u
lt
a

ti
o

n
s
 b

e
tw

e
e

n
 

c
o
n
s
u
lt
in

g
 a

n
d

 r
e
fe

rr
in

g
 

p
ro

v
id

e
rs

 l
e
a
d

 t
o
 

c
o
n
ti
n

u
in

g
 e

d
u
c
a
ti
o

n
 o

n
 

th
e
 p

a
rt

 o
f 

th
e
 r

e
fe

rr
in

g
 

p
ro

v
id

e
rs

?
 

1
) 

W
h
a
t 
a
re

 t
h
e

 a
tt
ri

b
u
te

s
 

o
f 

re
fe

rr
in

g
 p

ro
v
id

e
r 

d
is

s
a
ti
s
fa

c
ti
o
n

 w
it
h
 t
h

e
 

c
o
n
s
u
lt
a

ti
o

n
 p

ro
c
e
s
s
?
 2

) 
W

ill
 t
e
le

p
a

th
o

lo
g

y
 

d
e
c
re

a
s
e
 d

is
s
a
ti
s
fa

c
ti
o
n

?
 

C
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W
h
a
t 
w
il
l 
y
o
u
 

m
e
a
s
u
re
 i
n
 o
rd
e
r 
to
 

a
n
s
w
e
r 
y
o
u
r 
q
u
e
s
ti
o
n
s
?
 

1
) 

C
la

ri
ty

 o
f 

im
a
g
e
; 

2
) 

R
e
s
o
lu

ti
o
n
 a

s
 

e
n
h
a

n
c
e
d
 b

y
 

fi
lt
e
ri
n

g
 

1
) 

C
u
rr

e
n
t 
tu

rn
a
ro

u
n
d

 
ti
m

e
s
; 
2
) 

T
u
rn

a
ro

u
n
d
 

ti
m

e
s
 u

s
in

g
 t
h

e
 

te
le

p
a
th

o
lo

g
y
 s

y
s
te

m
; 

3
) 

T
im

e
 f

ro
m

 
c
o
n
s
u
lt
a

ti
o

n
 t
o

 p
a
ti
e

n
t 

a
c
ti
o
n
 

R
e
fe

rr
in

g
 p

ro
v
id

e
r 

fe
e
d
b
a
c
k
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e
g
a
rd

in
g
 

c
o
n
fi
d
e
n
c
e
 i
n
 

c
o
n
s
u
lt
a

ti
o

n
 

R
e
fe

rr
in

g
 p

ro
v
id

e
r 

fe
e
d
b
a
c
k
 r

e
g
a
rd

in
g
 

le
a
rn

in
g
 

P
ro

v
id

e
r 

fe
e
lin

g
s
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g
a
rd

in
g
 t

h
e
 c

o
n
s
u
lt
a
ti
o
n
 

p
ro

c
e
s
s
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H
o
w
 w
il
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y
o
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y
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m
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ts
?
 

C
o
m

p
a
re

 d
ig

it
a

l 
im

a
g
e
s
 w

it
h
 s

lid
e
s
 

fo
r 

c
la

ri
ty

 a
n
d
 

re
s
o
lu

ti
o
n

 t
h
ro

u
g
h
 

u
s
e
 o

f 
fi
lt
e
ri
n

g
. 

1
) 

P
ri
o
r 

to
 

im
p
le

m
e
n
ti
n
g
 t
h

e
 

te
le

p
a
th

o
lo

g
y
 s

y
s
te

m
, 

c
o
lle

c
t 

tu
rn

a
ro

u
n
d

 
ti
m

e
s
 f
o
r 

th
e
 v

a
ri
o

u
s
 

s
it
e
s
; 
2
) 

C
o

lle
c
t 

a
u
to

m
a
ti
c
 t
im

e
s
 o

f 
e
le

c
tr

o
n

ic
 

c
o
n
s
u
lt
a

ti
o

n
; 
3
) 

S
o

lic
it
 

fe
e
d
b
a
c
k
 f
ro

m
 

re
fe

rr
in

g
 p

ro
v
id

e
rs

 a
s
 

to
 t
h

e
 t
im

e
 f

ro
m

 
c
o
n
s
u
lt
a

ti
o

n
 t
o

 p
a
ti
e

n
t 

a
c
ti
o
n

. 

U
s
in

g
 s

tr
u
c
tu

re
d
 

in
te

rv
ie

w
s
 p

ri
o
r 

to
 

im
p
le

m
e
n
ta

ti
o
n
, 

a
s
k
 

p
ro

v
id

e
rs

 w
h

y
 t

h
e

y
 

e
x
p
re

s
s
e
d
 l
a
c
k
 o

f 
c
o
n
fi
d
e
n
c
e
 i
n
 t

h
e
 

c
o
n
s
u
lt
a

ti
o

n
s
 

p
ro

v
id

e
d
 b

y
 t

h
e
 

te
rt

ia
ry

 c
a
re

 c
e
n

te
r.

 

1
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Appendix A 

 

Following is a simple, hypothetical example to illustrate the importance of sample size: 

 

Before implementation of an e-prescribing tool in the outpatient setting, 5 prescribing errors per 

100 prescriptions written are noted.  After implementation of the e-prescribing tool, the rate 

drops to only 2.5 errors per 100 prescriptions.  If you select 100 prescriptions at random for 

review both before and after the implementation of e-prescribing, you might observe the 

following: 

 

 

Number of Errors in 

100 sampled 

prescriptions  

 

Observed Error Rate 

BEFORE 

5 

5% 

AFTER 

3 

3% 

Would you feel confident concluding that the error rate actually fell?  Most people would answer 

“no”.  Statistics show us that repeated samples of 100 would reveal slightly different rates. Since 

the number of observed events (prescription errors) is so small, the errors may have shown up in 

the sampled prescriptions by chance.  Random events s might even result in one or two fewer 

errors before implementation, creating the appearance that the system was causing errors rather 

than preventing them. 

 

The picture changes, however, if you could afford to examine 100,000 prescriptions before and 

after implementation of the e-prescribing system.  Instead, you might observe:  

 

 BEFORE AFTER 

Number of Errors in 

100,000 Sampled 4,932 2,592 

Prescriptions  

 

Observed Error Rate 4.9% 2.6% 

Looking at the observed data now, would you feel more confident that the drop in the error rate 

is real and not due to a random phenomenon?  Most people would say “yes”.  Even if, by 

chance, the observed data are a few errors off from the “true” error rate, you still would 

conclude that the prescribing error rate was very different after implementation of e-prescribing.   

 

The actual number of observations required in this example (i.e., the minimal sample size), falls 

somewhere between 100 and 100,000.  To determine the exact number required, you need to do 

a “sample size calculation”.  A full discussion of sample size calculations is beyond the scope of 
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this toolkit, but resources are readily available to you to help you carry out a sample size 

calculation.  Statistics textbooks cover this topic when they discuss statistical power.  Many free 

tools are available on the Internet and may be found through a simple search.  You may consult a 

statistician, either locally or through the AHRQ National Resource Center; or you may use one 

of the many software programs available to do these calculations.     

 

No matter how you perform the sample size calculation, it is important to do it before you 

embark on an evaluation.  Many evaluation projects have failed after the investigators found that 

insufficient data were collected to show a statistically significant difference.  A sample size 

calculation can be a sobering experience:  You may learn that your team cannot answer the 

desired question because the required sample size is too large.  In that case, you may need to 

address a question that is less interesting but feasible to answer.   
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