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Summary

Objectives: The aim of this study is to objec-
tify user critique rendering it usable for quality
assurance. Based on formative and sum-
mative evaluation results we strive to pro-
mote software improvements; in our case, the
physician discharge letter composition pro-
cess at the Department of Dermatology, Uni-
versity Hospital Erlangen, Germany.
Methods: We developed a novel six-step ap-
proach to objectify user critique: 1) acquisi-
tion of user critique using subjectivist meth-
ods, 2) creation of a workflow model, 3) defi-
nition of hypothesis and indicators, 4) measur-
ing of indicators, 5) analyzing results, 6) opti-
mization of the system regarding both subjec-
tivist and objectivist evaluation results. In par-
ticular, we derived indicators and workflows
directly from user critique/narratives. The
identified indicators were mapped onto work-
flow activities, creating a link between user
critique and the evaluated system.

Results: Users criticized a new discharge
letter system as “too slow” and “too labor-
intensive” in comparison with the previously
used system. In a stepwise approach we col-
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lected subjective user critique, derived a com-
prehensive process model including devia-
tions and deduced a set of five indicators for
objectivist evaluation: processing time, sys-
tem-related waiting time, number of mouse
clicks, number of keyboard inputs, and
throughput time. About 3500 measurements
have been performed to compare the work-
flow-steps of both systems, regarding 20 dis-
charge letters.

Although the difference of the mean total pro-
cessing time between both systems was sta-
tistically insignificant (2011.7 s vs. 1971.5 s;
p = 0.457), we detected a significant differ-
ence in waiting times (101.8 s vs. 37.2 s;
p <0.001) and number of user interactions
(77 vs. 69; p <0.001) in favor of the old sys-
tem, thus objectifying user critique.
Conclusions: Our six-step approach enables
objectification of user critique, resulting in ob-
jective values for continuous quality assur-
ance. To our knowledge no previous study in
medical informatics mapped user critique
onto workflow steps. Subjectivist analysis
prompted us to use the indicator system-
related waiting time for the objectivist study,
which was rarely done before. We consider
combining subjectivist and objectivist meth-
ods as a key point of our approach. Future
work will concentrate on automated meas-
urement of indicators.
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1. Introduction

Physician discharge letters continue to be
today’s most important medium to share
information between hospital specialists
and a patient’s general practitioner [1-3].
Accordingly, the composition of discharge
letters represents an essential business
process for hospital-based healthcare pro-
viders. Through the optimization of clini-
cal core processes, particularly by utiliza-
tion of efficient information technology,
significant cost savings can and should be
achieved [4].

Due to its importance the physician
discharge letter composition can be con-
sidered a base functionality of hospital
information systems (HIS). In spite of
the continuous development of HIS since
the 1960s [5-7] and discharge letter sys-
tems [8], the comprehensive breakthrough
didn’t occur until recently.

One reason is that every implementa-
tion project has unique criteria and may
encounter unanticipated obstacles [9-11],
which must necessarily be avoided or over-
come through change management [12].
Whereas obstacles are associated with every
system modification, it is important to start
from an objective well-founded informa-
tion base for change management. Evalu-
ation of HIS and its discharge letter func-
tion is the first step to create such a foun-
dation [13-16].

Several studies have evaluated discharge
letter processes and discharge letter sys-
tems. For example Archbold [17], van Wal-
raven [18] and Lissauer [19] evaluated the
creation of dictated versus computer-gen-
erated letters. Bolton [20] analyzed if the
discharge letter reached the general practi-
tioner at all. Moormann [21] measured
electronic discharge letter transfer volume.
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Callen [22], Walker [23], Roth-Isigkeit [24]
and Spief’l [3] analyzed the quality with
regards to contents; Lieb [25] evaluated the
throughput time; others, for example Pa-
terson [26] and O’Leary [27], evaluated
both aspects in the same study.

Medical informatics literature men-
tions potential sociotechnological prob-
lems [28-30] as well as “user acceptance”
and “user satisfaction” of health systems in
general [31] or in other fields of application
[32, 33]. Only few, for example Ammen-
werth [31, 34] and Engel [35], address the
evaluation of user satisfaction regarding
discharge letter systems in particular.
Otherwise, the literature is largely silent on
the issue of “objectification of user criti-
cism”. Therefore, we decided to evaluate the
objectification of user critique systemati-
cally.

This paper’s goal is to objectify user
critique as a key element for quality assur-
ance. Our example focuses on the physician
discharge letter composition process at the
Department of Dermatology, University
Hospital Erlangen, Germany. At the time of
the study two discharge letter systems, with
the core applications Soarian Clinicals™
and Microsoft Word™, were used to
compose final physician discharge letters.
We solicited and obtained all system users’
personal perceptions for both discharge
letter systems. We analyzed the results to
quantify and qualify substantive reasons
for emerging user dissatisfaction. Since we
were faced with vague critique which had to
be made tangible and specific, we were
seeking an approach which would objectify
and quantify user critique as well as work-
flows; essentially linking them with each
other. This approach was substantiated by
means of an evaluation and comparison of
both systems through the use of a set of in-
dicators. As a practical outcome we extra-
polated a method, which renders user
critique viable for constructive discussion,
system and process optimizations, work-
flow management and continuous quality
assurance.

For a detailed analysis and objectifi-
cation of user critique six steps were de-
fined:

- Step 1: perform data acquisition using
subjectivist methods and identify re-
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search questions for in-depth evalu-
ation

- Step 2: create a model of the discharge
letter composition process (based on
step 1)

- Step 3: define a formal hypothesis and
key indicators for an objectivist system
analysis (based on steps 1 and 2)

- Step 4: perform the objectivistic system
analysis and measure those indicators
(based on step 3)

- Step 5: present an objective comparison
of the existing and the newly deployed
discharge letter system, by means of in-
dicators (based on step 4)

- Step 6: identify optimization possibil-
ities within the newly deployed dis-
charge letter system (based on steps 1, 2
and 5)

2. Methods

2.1 Study Environment

The clinical workflow management system
Soarian™ (Siemens Medical Solutions
Health Services Corporation, Malvern, PA,
USA) has been deployed at University
Hospital Erlangen, Germany since 2001
[36]. In October 2006 University Hospital
Erlangen’s Department of Dermatology
initiated a change in technology to improve
time efficiency of the composition of physi-
cian discharge letters. The discharge letter
module Soarian™ Clinical Letter replaced
the Microsoft Word™ (Microsoft Corpora-
tion, Redmond, WA, USA) text processing
program, which was utilized in this hospital
for many years.

The Department of Dermatology’s 2007
patient census was 2218 inpatients, 891 day
clinic patients and 50,817 outpatients [37].
2154 inpatient discharges have been docu-
mented in Soarian™, for each of which a
discharge letter had to be written. At that
time, the physician discharge letter com-
position process was defined through
standard operating procedures, containing
mandated procedural and substantive re-
quirements; for example form, content and
a due date of 14 days for completion of the
discharge letters; however a process model
did not exist.

During a six-month pilot phase of the
live version of Soarian™, user critique of
the new discharge letter system emerged.
User critique focused on two issues: users
objected that Soarian™ was “too slow” and
“too labor-intensive”. Hence the compre-
hensive evaluation study presented in this
paper was initiated?®.

2.2 System Environment

The technical infrastructure consists of
analog voice recorders, standard office
computers and printers and two discharge
letter systems described below:

2.2.1 Discharge Letter System Word

The discharge letter system Word™ (refer-
enced as “Word” to improve readability) is
used for creating outpatient final physician
discharge letters and inpatient preliminary
physician discharge notes. It consists of the
text processing program Microsoft Word™
(Version 2003 SP2; Microsoft Corporation,
Redmond, WA, USA), a web-based dis-
charge letter reminder list, accessed
through Microsoft Internet Explorer™,
and a file server, accessed through Micro-
soft Windows Explorer™ (»Fig. 1).

For each letter type a template is bound
into each unique user profile. Available
clinical findings, in the form of electronic
data, must be copied into the letter manual-
ly. For spell checking, the Microsoft Word™
internal function is used with user-admin-
istrated dictionaries. The created letters are
saved with a manually assembled filename,
grouped by preliminary, current and
archived letters, and stored in respective
folders of the file system.

The web-based discharge letter list is
used for administrative oversight of dis-
charge letters and dictations; of particular
value is a function which provides timely
reminders of upcoming due discharge
letters. The system is a proprietary develop-
ment on behalf of the Department of Der-
matology and is based on Apache 2.052,

*  The complete study results and a comprehensive
description of all workflows are available in [38].
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PHP 5.04 and MYSQL 4.1.11. Required
information regarding each patient’s stay,
such as the discharge date, is electronically
transmitted from the patient data adminis-
tration/billing system. Information about
the dictation creation time, the letter cre-
ation date and the letter dispatch date is
documented manually by clerical staff as
part of the transcription process.

2.2.2 Discharge Letter System
Soarian

The discharge letter system Soarian™ (ref-
erenced as “Soarian” to improve readabil-
ity) is used for the composition of inpatient
final physician discharge letters. Soarian’s
Clinical Letter module is integrated into
the web-based electronic health record
(EHR) Soarian Clinicals™ (Version 2.0 C5
301.92 HF5; Siemens Medical Solutions
Health Services Corporation, Malvern, PA,
USA), which was designed to be accessed
through Microsoft Internet Explorer™.

Soarian’s structured discharge letter is
defined in a template which describes the
content structure, the ordering, and the
layout of the document. The content sec-
tions, which were adapted from Word’s dis-
charge letter template, include salutation,
diagnoses, anamnesis, relevant findings
and discharge summary. Each paragraph
can be automatically preloaded with find-
ings from the Soarian™ database.

» Figure 2 shows the editor and the se-
lection of findings in Soarian. The spell
check add-on IESpell™ (Red Egg Software)
supports the typist with web-based or local
dictionaries. The final layout check and
print formatting are done with Acrobat
Reader™ (Adobe Systems Incorporated,
San Jose, CA, USA).

Soarian’s discharge letter is saved in the
EHR database using the clinical document
architecture (CDA) [39, 40]. Documenta-
tion of relevant timestamps is fully auto-
mated.

2.3 Analyses and Evaluation

In September 2007 an initial survey was
conducted to analyze the spatial and per-
sonnel structure as well as the information
systems and related infrastructure within

© Schattauer 2011
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Fig. 1

Word-editor and web-based discharge letter reminder list. The standard application Word is

used for creating, editing and printing the discharge letter. The web-based discharge letter list provides
a status report of all post-discharge letters which have not been finalized, and creates reminders for

physicians and clerical staff.

the Department of Dermatology. This pre-
paratory analysis was primarily done using
the inventory method [41, 42]. It utilized
existing documents, reports and proce-
dural instructions, which were available
through the Department’s quality manage-
ment handbook".

In order to objectify the users’ critique,
the physician discharge letter composition
process (referenced as “discharge letter
process” to improve readability) and the
two deployed systems were critically re-
viewed using subjectivist and objectivist
approaches® [41, 43], by following the
defined six-step approach.

2.3.1 Step 1: Data Acquisition and
Research Question

A user survey and a process analysis were
conducted using subjectivist methods dur-
ing October and November 2007 to acquire
qualitative data about users’ perceptions

The Department of Dermatology was certified ac-
cording to ISO 9001:2000 effective June 12, 2002.

¢ “Note that these approaches are not entitled ‘objec-
tive’ and ‘subjective’, as those words carry strong and
fundamentally misleading connotations” [43].

regarding the discharge letter process, and
about the process itself. The system users
participated [42] in this subjectivist analy-
sis [41, 43] by means of tacit knowledge
through experience and transactional
knowledge [44]. We dismissed the likeli-
hood of participation bias, since all users of
both systems were involved; specifically six
physicians from two wards and a pool of
three typists.

As a subjectivist indicator, user accept-
ance and satisfaction are often measured
[31, 34, 35, 45]. Nevertheless, an opinion
survey in the form of a written question-
naire was not performed in the Depart-
ment of Dermatology for two reasons; first,
the available pool of nine staff members
was too small for a reliable statistical
sample; second, since no workflow model
existed, the field of evaluation was unclear
at the beginning of the study and according
to Ammenwerth [46] the estimated “why-
questions can better be answered using
interactive methods such as interviews”.

Using semi-structured interviews, hos-
pital staff were queried face-to-face during
scheduled appointments at their workplace
(physician’s office and writing office). A
standardized question set was used for each
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Fig. 2 Text editor and findings in Soarian. Free text is entered using the built-in text editor which
offers basic text formatting options and predefined text blocks. Findings which are already stored in the
EHR can be interactively selected from the list of findings (marked with an arrow) and included into a

discharge letter at predefined positions.

interview, to conform with good interview
practices and optimize the reliability of
interview outcomes. This approach also
minimizes interviewer error or bias, to the
maximum extent possible.The open-ended
questions for the staff-interviews were
related to relevant documents, contact
points, duties and responsibilities as well
as personal comments (commendation,
critique and rating) regarding the discharge
letter process and Word/Soarian. The inter-
views were transcribed or recorded and
subsequently reviewed. Interview data and
relevant documents were analyzed and
scrutinized as appropriate. To complete the
analysis, clinical processes were verified
empirically by means of observation of
hospital personnel performing their daily
practical work within the context of the
unique conditions which exist in hospitals
with emergencies and high workflow varia-
bility [47]. To achieve objectivity all inter-
views, exploration and further analysis of
the data were undertaken by the same neu-
tral interviewer, who was involved neither
in the discharge letter process nor the dis-
charge letter systems prior to this study.

Methods Inf Med 1/2011

Surveys of staff confirmed anecdotal
evidence that users preferred Word due to
the impression that it is easier to use and/or
requires less input than Soarian. Taken col-
lectively, we found that critique from dif-
ferent users converged, which can reason-
ably be accepted as evidence for validity.
The arising research question was formu-
lated: “Is there a substantive difference
between Word and Soarian in the time and
effort it takes to compose a physician dis-
charge letter?”

2.3.2 Step 2: Process Model

By triangulation of different empirical
methods [43] — the iteration of data collec-
tion, their analysis, reflection, verification
and reorganization — an inductive model of
the existing discharge letter process was
created from qualitative data. The collected
data includes different subjective users’
narrations, views and opinions, observa-
tions by the evaluator, as well as procedures
enumerated in the department’s quality
management handbook. The handbook
contains due dates, responsibilities and

prototype letters; however, no process
model or workflow definition.

The workflows were modeled after the
narratives and specifications of the users.
Variations and deviations between differ-
ent users’ descriptions of the processes were
scrutinized. Depending on the users’ re-
view, the process model was either ap-
proved, harmonized or deviations were
modeled to reflect actual clinical practice;
e.g. different physicians’ habits, such as
document creation in Soarian during dic-
tation already.

Therefore the harmonized process
model was constructivisticly modeled
using business process modeling notation
(BPMN) [48]. The workflow diagrams
were supplemented with text descriptions
and complemented by staff narratives and
researcher observations, thus forming the
characteristics containing the normal
workflow and its deviations.

All workflows’ characteristics were sum-
marized using a BPMN diagram, a textual
description, listing of the process steps
and their correlation between the systems,
screenshots of the systems, a description of
special features and problem points; indi-
cators and an aggregated overview were
also included. For a complete overview of
all workflows refer to [38].

2.3.3 Step 3: Hypothesis and
Indicators

Based on the results of step 1, the research
question was further refined to make an
objectivist comparison of Soarian and
Word feasible. The null hypothesis of the
difference analysis suggests that the mean
value of the respective indicator is equal for
Soarian and Word.

Therefore, a set of five indicators, to wit
total processing time (indicator 1), system-
related waiting time (indicator 2), number
of mouse clicks (indicator 3) and number
of keyboard inputs (indicator 4), was de-
veloped for the hypothesis test. In addition
the throughput time (indicator 5) was in-
cluded, to reconcile the users’ assumptions
with the due dates defined in the quality
management handbook.

The indicators were derived directly
from the users’ criticism, for precise de-
lineation and quantitative objectification.
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Moreover, the business processes and
workflows, resulting from the preceding
subjectivist analysis, were broken down
into more detailed sub-workflows and their
workflow steps. The workflow steps cor-
responding with activities in the respec-
tive discharge letter system were mutually
mapped onto the indicators.

2.3.4 Step 4: Indicator Measure-
ment

During November and December 2007 an
objectivist analysis [41,43] was undertaken
by means of analyzing the users’ explicit
knowledge through quantitative and quali-
tative objectivity [44]. Real users and real
tasks were evaluated to substantiate this
problem impact study [43].

These indicators were measured for
each workflow. Twenty actual final physi-
cian discharge letters composed by clinic
staff were evaluated for this study. For an
optimal comparison each letter should
have been written in both systems. Dupli-
cating time and effort to do this was de-
clined by clerical staff; therefore, as a com-
promise, the following letter types were
compared:

o letters of day clinic patients, which were
still composed with Word

- letters of inpatient cases, composed with
Soarian

Aside from the different purpose of these
letter types, which are based on the nature
of the patient’s admission status, both are
final physician discharge letters (referenced
as “discharge letters” to improve readabil-
ity). Since both letter formats were devel-
oped from the same Word-template (see
2.2.1and 2.2.2) they are substantively simi-
lar in structure, layout, complexity and
length. To enable comparison of the length
of all evaluated letters in a ratio, the
number of words in the content was juxta-
posed against the time needed to type the
text.

Measurement tools to record points in
time varied according to the nature of the
process. A stop-watch was employed to
measure the processing and system-related
waiting time during composition of dis-
charge letters in the users’ offices (indi-
cators 1 and 2); a screen-recording of the

© Schattauer 2011

actual letters’ composition (Camtasia Stu-
dio™; TechSmith Corporation, Okemos,
MI, USA) was utilized for retroactive nu-
meration of the executed user interactions
(indicators 3 and 4); and, for verification of
throughput time, we used retrieval from
Soarian’s database (discharge date, comple-
tion date of dictation, completion date of
discharge letter), supplemented by data
manually extracted from the Word-docu-
ment properties (completion date of pre-
liminary physician discharge notes) (indi-
cator 5).

Processing time was taken in seconds,
system-related waiting time was taken in
tenths of a second, and throughput time
was taken in days; computed mean values
were rounded off to one position behind
the decimal point. The number of user in-
teractions was enumerated. The indicators’
values resulted in a comparison with high
objectivity, which also indicates that the
granularity of the points in time and the
measuring methods themselves were fully
appropriate.

For each workflow and each discharge
letter system 20 actual discharge letters
were measured during routine operation in
a total of about 1500 of single measured
points in time and about 2000 enumerated
user interactions with a negligible variance
which supports the assumption of a suffi-
ciently high ratio of reliability. The com-
prehensive evaluation [38] covers the
whole discharge letter process with its six
sub-processes and 20 workflows.

2.3.5 Step 5: System Comparison

Word’s and Soarian’s performance were
compared to each other by means of indi-
cators, so-called technical factors [49].
Since the process steps aren’t always
executed sequentially, the measured values
had to be sorted afterwards and assigned to
their respective workflow. The mean indi-
cator values of all workflows were com-
bined for statistical analysis in the form of a
fictitious discharge letter.

The statistical test was conducted with
the level of significance set at 0.05, using
the Student t-test for normally distributed
data and the Mann-Whitney U-test (non-
parametric) for skewed data. Processing
and visualization were performed using

SPSS™ 15 (SPSS Incorporation, Chicago,
IL, USA).

2.3.6 Step 6: Optimization
Recommendations

Our purpose in conducting the study was
twofold; to objectify user critique for a
unique system transition, but also to pro-
duce an empirical outcome; making the
identification of optimization possibilities
feasible. Based on the aggregation of users’
narratives, evaluator observations, the
process model and the system comparison
done before — as well as the evaluators’ ex-
perience in the field of HIS optimization —
recommendations were structured for the
newly deployed discharge letter system.

3. Results

3.1 Step 1: Data Acquisition and
Research Question

Users’ perceptions and information about

the discharge letter process was acquired in

semi-structured interviews by querying the
six ward physicians (physician A through

F) and three typists (typist A through C).In

general all users were aware of the need to

transition from Word to Soarian, in order
to establish an integrated system which
serves not only the Department of Derma-
tology, but in the end the whole University

Hospital Erlangen. However, the interviews

revealed vague criticism:

« Comment 1: “No functionality is miss-
ing, but we are not completely happy
with Soarian.” (typist A)

- Comment 2: “The system is too slow in
some points.” (typist C)

- Comment 3: “I don’t know exactly
which (workflow) step could be saved; I
just realize it takes too long.” (physician
C)

We scrutinized this vague criticism by ask-
ing for potential problem points in the
workflows or the deployed systems. The
discharge letter process was “always done
like this” with no known potential prob-
lems in the workflow. However, during the
interviews the first evidence for deviations
was revealed; e.g. when and by whom the
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discharge letter was generated in Soarian,

which depends on the respective physician:

- Comment 4: “I don’t generate letters
myself, since I don’t see a sense in it, just
more effort. (...) The findings are en-
tered with 27 clicks and a lot of waiting
time. (...) I am used to working with
Word; it is fast and I know what and how
to do it.” (physician C)

« Comment 5: “T generate the letter myself
in Soarian and brachiate through the
letter by following the text blocks, while
selecting the findings and doing the dic-
tation.” (physician A)

By in-depth interrogation we were able to
get more specific critique regarding the
workflows and the discharge letter systems.
- Comment 6: “Soarian is too labor-
intensive and too cumbersome. (...) It
takes more keyboard inputs and more
mouse clicks than Word. (...) Writing a
letter (with Word) was easier before ...”

(typist A)

It became apparent that the particular
workflows “check spelling” and “check
layout” are “critical” for most of the users,
especially since they are repeated for each
discharge letter and for several letters

a day:

- Comment 7: “We are not content with
the spell-checking, since it takes too
many clicks. (...) It is an eternal clicking
and waiting until the window opens.”
(typist A)

» Comment 8: “There are too many clicks
and it takes too long until the (layout)
preview opens. I would also be glad if it
wouldn’t take more than ten seconds.”
(physician E)

However, the users did not only comment
on a single isolated workflow, but about the
whole composition process:

- Comment9: “It doesn’t take long for one
single activity, but if you sit in front of
the display all day, it sums up.” (typist A)

- Comment 10: “Everything is a time fac-
tor, maybe a paltry one, but in the end it
takes more time.” (typist B)

- Comment 11: “Generally, the discharge
letter is sent to the general practitioner
within two to three weeks.” (physician
©)
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That showed us that all user interactions
and system computing times, as tiny as they
might be, are important; cumulatively and
collectively, they form a comprehensive
model. Since the advantage of Word was
mentioned several times, we formulated
the following research question:

“Is there a substantive difference be-
tween Word and Soarian in the time and
effort it takes to compose a physician dis-
charge letter?”

3.2 Step 2: Process Model

The process model was created based on
the different users’ narratives from step 1.
As applicable, the workflow was har-
monized; if no mutual consent existed
among the users’ views, deviations were
modeled.

The discharge letter is a means to inform
the referring physician about recommen-
dations for further treatment and to docu-
ment medical procedures performed on an
inpatient basis. The objectives of the com-
plete discharge letter process are to create
both a short preliminary physician dis-
charge note, which is given to the patient
during the discharge process, and a final
physician discharge letter, which is sent to
the referring physician, post-discharge, and
usually includes additional findings which
often are received at the ward after the pa-
tient has been discharged (»>Fig. 3).

The iterative “create discharge letter”
sub-workflow is performed in a similar way
in Word and Soarian; however, the devi-
ations found during the interviews could
be modeled at once. For example, whether
the physician creates the letter or not (see
Section 3.1, comments 4 and 5) leads to an-
other deviation in “create discharge letter”;
also, whether the typist loads the pre-
generated discharge letter or generates the
discharge letter herself (P Fig. 4).

After creation, the unapproved dis-
charge letter is saved and transmitted elec-
tronically or printed on paper to the as-
signed physician for initial proofreading
and editing. Subsequent to physician ap-
proval, the discharge letter is printed for
mail delivery. As an aid to managerial over-
sight, both systems offer the option of
printing a work list of incomplete, un-

approved and overdue discharge letters;
this is done on a weekly basis.

3.3 Step 3: Hypothesis and
Indicators

The research question generated by step 1
in the subjectivist analysis was further re-
fined to make a comparison of Soarian and
Word practicable: The primary outcome
measures were compared by means of a dif-
ference analysis: The null hypothesis
suggests that the mean value of the respec-
tive indicator is equal for Soarian and
Word.

HO: Msoarian = Mword

Hl: Msoarian # Mword

where [grian 18 the indicator’s mean value
for Soarian, and [y, is the indicator’s
mean value for Word.

User comments led to the definition of
key indicators for the discharge letter pro-
cess. The indicators were directly derived
from user critique, as illustrated in the fol-
lowing examples: users repeatedly articu-
lated complaints about the workflow
“check layout” for “taking too long” (step 1,
comment 8), due to the layout preview
opening in Acrobat Reader, which led to the
indicators total processing time and sys-
tem-related waiting time; they voiced spe-
cific but subjective criticism of Soarian as
being “too labor-intensive and too cumber-
some’, in that they felt certain it required
“more keyboard inputs and more mouse
clicks than Word” (step 1, comment 6) to
accomplish the same activity; additionally,
they disparaged the workflow “check spell-
ing“ as “taking too many clicks” (step 1,
comment 7), therefore the number of user
interactions for each workflow was regis-
tered as an indicator. Since the users as-
sumed that the completion of letters is ac-
cording to defined due dates, the indicator
throughput time was included (step 1,
comment 11).

The following set of indicators was de-
fined:

- Indicator 1: Total processing time of the
workflow based on detailed workflow-
steps
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Fig. 3 Physician discharge letter composition process (BPMN diagram).
The business process is initiated by the event of a patient’s discharge. The
ward physician composes the preliminary physician discharge note not later
than 11:00 a.m. on discharge day and hands it to the patient. Not later than
one week after the patient’s discharge, the ward physician dictates the final
physician discharge letter. The dictation cassette together with the medical

record is forwarded to a typing pool. After an iterative transcription, correc-
tion and approval process, the final physician discharge letter is sent by post
to the general practitioner not later than two weeks after discharge. The pro-
cess is composed of several sub-workflows, which can themselves be ex-

panded again in more detailed BPMN diagrams; this is denoted by a “+
symbol within the sub-workflow box.

- Indicator 2: System-related waiting time
during the workflow and sub-workflows

- Indicator 3: Number of mouse clicks to
complete the workflow

- Indicator 4: Number of keyboard inputs
to complete the workflow

- Indicator 5: Throughput time from pa-
tient’s discharge to completion of the dis-
charge letter, subdivided by throughput
times for preliminary physician discharge
notes, dictation, and discharge letter

3.4 Step 4: Indicator Measurement

The quantitative indicators throughput-,
processing-, system-related waiting time

© Schattauer 2011

and the number of user interactions were
measured for 20 actual discharge letters,
examining each workflow for both Soarian
and Word.

For the example in PTable 1, the
measured mean values were 3/8 (Soarian/
Word) user interactions, a system-related
waiting time of 4.9 /0.7 s (Soarian/Word)
and a total aggregate processing time of
30.6 /29.4 s (Soarian/Word).

The mean values of indicators 1-4 for
all compared sub-workflows of “create dis-
charge letter” are shown in »>Table 2.

During the interviews for workflow
analysis, users commented that discharge
letters are “generally” being completed
within two to three weeks after discharge of

the patient (step 1, comment 11). This
statement was cross-checked for all inpa-
tient cases of 2007 (N = 2154) against the
due date defined in the department’s stan-
dard operating procedure for the respec-
tive document. The mean values of the
throughput time equates to the previously
defined indicator 5 (> Table 3).

3.5 Step 5: System Comparison

The formal hypothesis generated in step 3
was tested, using the measured indicator
values from step 4. Accordingly, the whole
workflow “create discharge letter” was
evaluated.
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Fig. 4 Sub-workflow “create discharge letter” (BPMN diagram). Using in-
formation contained in existing inpatient records, the patient context is se-
lected (Soarian only). The final physician discharge letter is created by using
a correspondence template. Addresses are entered by clerical staff into an
electronic form (Word) or picked from a list (Soarian), then merged into dis-
charge letters. Envelopes for postal service delivery are printed using Word,

Table 1

Comparison of the ,load discharge letter” sub-workflow’s steps for the Soarian and Word.

since an envelope- and label-printing option is not available in Soarian at this
time. Finally, the receipt of the dictation-cassette is also documented elec-
tronically. Electronic findings are selected and transferred (Soarian) or copied
(Word) into the discharge letter. Writing text as well as spell-checking and
layout-review are done in sequential steps (Soarian) respective in parallel
without a certain order (Word).

Soarian and 37.2 s with Word, which results

The indicators are mapped onto the workflow steps and marked for better readability, using “~&" for
user interaction, " & " for system-related waiting time and “¢5" for the total aggregate processing time.

Soarian Word

/B “Document” /B “Open”

/B “Discharge Letter” “B x6  Choose path

B Select discharge letter from list B Select discharge letter

X 49s  Discharge letter is loaded and X 0.7s  Discharge letter is loaded and

displayed

displayed

& 30.6 s Processing time

& 29.4 s Processing time

Apart from rudimentary differences be-
tween both systems, the two sub-workflows
primarily criticized by the users (step 1,
comments 7 and 8) “check spelling® (Soar-
ian: 75.4 s/Word: 60.7 s; p = 0.038) and
“check layout (Soarian: 83.0 s/Word:
23.2 s, p <0.001) showed a significant dif-
ference.

The aggregated number of user interac-
tions (ui) to accomplish the workflows in

Methods Inf Med 1/2011

either system showed a significant disparity
(Soarian: 77 ui/Word: 69 ui; p <0.001).
However, the two critical sub-workflows
named above “check spelling” (Soarian:
2 ui/Word: 3 ui; p <0.001) and “check
layout (Soarian: 1 ui/Word: 0 uj;
p <0.001) required relatively few user in-
teractions.

The mean value of the aggregated sys-
tem-related waiting time was 101.8 s with

in a significant difference of 64.6 s
(p <0.001).

For an isolated examination of the
creation process for a fictitious discharge
letter, the mean value of the aggregated
processing time was 2011.7 s with Soarian
and 1971.5 s with Word, which results in
a statistically insignificant difference of
40.2 s (p = 0.457).

3.6 Step 6: Optimization
Recommendations

Based on the process model and measured

indicator values, several optimizations (see

[38] for a comprehensive description) have

been recommended for implementation, of

which the most important are:

- Optimization of the discharge letter’s
document definition to enable elec-
tronic transfer and interoperability be-
tween the hospital and general practi-
tioner; through technical (CDA; cp.
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Table 2

Indicators 1-4 of the sub-workflow “ create discharge letter”. Mean values of processing time, system-related waiting time in seconds and number
of mouse and keyboard interactions partitioned by workflow and system. The indicators for “print envelope” are marked equal for both systems, since the

envelopes are always printed in Word. Processing time for , type discharge letter” was put in relation to the number of words entered.

Soarian Word
sub-workflows processing waiting user interactions processing waiting user interactions
of “create discharge letter” time (s) t_ime (s) mouse _keyboard time (s) t_ime (s) mouse _keyboard
(included) (included)

select patient context 17.3 9.5 4 1 0.0 0.0 0 0
document dictation entry 11.6 6.5 6 0 9.2 0.4 5 1
generate discharge letter 25.0 6.3 8 1 11.8 0.7 7 2
load discharge letter 30.6 49 3 0 294 0.7 8 0
transfer findings 15.0 13.8 4 0 12.2 0.0 3 2
enter addressee 243 3.7 5 1 31.2 0.0 0 3
type discharge letter 1276.0 0.0 14 7 1337.0 0.0 7 7
check spelling 754 0.0 2 0 60.7 0.0 3 0
check layout 83.0 6.1 1 0 232 0.0 0 0
print discharge letter 18.7 16.9 3 0 183 17.5 1 0
save discharge letter 5.6 4.6 2 0 19.5 0.4 8 1
document discharge letter creation 0.0 0.0 0 0 7.6 0.4 4 0
print envelope 27.0 16.7 3 1 27.0 16.7 3 1
review discharge letter 379.5 0.0 1 1 360.9 0.0 0 0
approve discharge letter 9.0 6.1 3 0 235 0.4 3 0
assign physician 13.7 6.7 6 0 0.0 0.0 0 0
create discharge letter (summation) 2011.7 101.8 65 12 1971.5 37.2 52 17

[40]) and structural (cp. [50]) standard-
ization. The discharge letter itself can be
standardized using CDA (cp. [51]).

- Optimization of Soarian’s response
times, especially the processing time and
the system-related waiting time of the
workflows “check spelling” and “check
layout”.

- Optimization of the discharge letter
processes, by means of comprehensive
use of the EHR and Soarian throughout
the university hospital to achieve re-
usability of data and to enable clinical
interoperability (cp. [40]); thus on the
one hand making more electronic find-
ings available, which can be merged into
the discharge letter (cp. [52-54]) and on
the other hand justifying the extra effort
for composing a proper electronic dis-
charge letter for a comprehensive EHR
(cp. [2, 55]).
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Table 3

Indicator 5 — Throughput time in days from patient’s discharge to completion of the respec-

tive document: for all N = 2154 inpatient cases of 2007 regarding preliminary physician discharge notes,
dictation, and discharge letter. The quota specifies the percentage of “valid” (existing in electronic form)
documents finished by the due date in relation to a patient’s discharge. The remaining documents (dif-
ference to 100% quota) were delayed, i.e. valid, but not completed by the due date. The “missing” docu-
ments were not available in electronic form for analysis.

valid missing mean minimum maximum due date quota

(days) (days) (days)  (days)
discharge note 1039 1115 0.8 =3 61 1 90.6%
dictation 1885 269 17.3 0 199 7 41.3%
discharge letter 1912 242 51.1 2 247 14 9.3%

- Optimization of the workflows through
precise delineation and by means of
continuous process management (cp.

[56, 57]); especially for the purpose of

obtaining reliable performance indi-
cators (cp. [58-60]) instead of vague

user perceptions.

3.7 Supplement

Several recommendations were made for
Soarian’s enhancement in step 6, based on
the workflow characteristics and the system
comparison. The reduction of the system-
related waiting times, which is directly con-
nected to the users’ critique and which
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would result in direct time saving for both
clerical staff and ward physicians, has been
favorably reviewed by the company; more-
over implementations have already been
announced for the next version of Soar-
ian™ (2.0 C6; due date October 2009).

At the time of this study the contempo-
raneous version of Soarian (2.0 C5 HF5)
was deployed live at the departments of
dermatology, urology, gynecology and
trauma surgery. By September 2009 the
system was additionally used for discharge
letter composition in the departments of
neurosurgery, neurology, thoracic surgery,
pediatric cardiology, plastic surgery and
the University cancer center.

4. Discussion

By addressing the user critique directly
using subjectivist methods and by mapping
the users’ critique onto workflow steps, we
derived indicators which can be used for
continuous quality assurance. In our exten-
sive review of the literature, we found no
comparable study which described the
same approach in the area of discharge
letters. Publications referencing a similar
hospital environment [13, 14, 31] have
quantified user critique as well; in particu-
lar for the discharge letter composition
process [31, 34, 35]. This was conducted as
part of user satisfaction and user accept-
ance evaluation using questionnaires; e.g.
Questionnaire of User Information Satis-
faction, QUIS [15, 61, 62].

Using BPMN [63], which was already
approved suitable for modeling healthcare
processes by Lang [48], a complete dis-
charge letter composition process model
was created for University Hospital Er-
langen’s department of dermatology. Com-
mon workflow modeling aims at the gen-
eral workflow; variations, barriers and
deviations are described later in the model-
ing process, if atall [56]. The unique advan-
tage of our direct subjectivist approach for
workflow modeling is that the harmonized
model, including deviations and optimiza-
tions, can be derived promptly from the
users’ individual and cumulative expertise.
To our knowledge, no other published
study derived discharge letter composition
workflows and its deviations directly from
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subjectivist data. This model could equally
be used in a Business Process Management
(BPM) system including a BPM engine, to
automate clinical processes, to make pro-
cesses measurable and to reduce staff work-
load as demonstrated by Hess [64].

The exploration of user perceptions and
the planned system comparison inevitably
led to our hypothesis for the difference
analysis. Five adequate key indicators were
derived directly from the user critique, re-
garding the discharge letter composition
process; moreover, these indicators were
mapped onto the workflows and its activ-
ities.

From the perspective of business ad-
ministration previously reported “classical
indicators” include customer satisfaction,
staff satisfaction, error rates (of products),
costs and throughput times [58]. The
identified indicators in our study were pro-
cessing time, system-related waiting time,
number of mouse clicks, number of key-
board inputs and throughput time; which
shows that objectifying user critique has
some parallels in business administration
[60], to wit staff satisfaction and through-
put time. Throughput time for dictation
and discharge letter composition was also
measured by Lieb [25] —in a study with the
objective to decrease the throughput time —
in addition he measured the times for letter
creation and signing of the letter, which
were not essential for our research focus.
Colsman [65] measured the processing
time per page, not the total processing time
of the discharge letter creation. Larndorfer
[13] enumerated the number of mouse
clicks for typical workflows in an HIS,
though not for discharge letter composi-
tion.

Crucially, our study additionally meas-
ured the detailed workflow indicators sys-
tem-related waiting time and number of
keyboard inputs. The literature is largely si-
lent about usage of these two indicators re-
garding the evaluation of discharge letter
systems and related user criticism. Accord-
ingly, we can only speculate whether this is
because these indicators were not noticed
or if they were not measured in studies, be-
cause of the acquisition’s complexity or for
other reasons. We would like to point out: if
we had not conducted a subjectivist analy-
sis before, we might have missed an essen-

tial indicator such as system-related wait-
ing time.

The system comparison of the deployed
discharge letter systems Word and Soarian
showed both a partial discrepancy and
demonstrated consistency between users’
perceptions and objective results. Although
some user critique differs from objectively
measured values, we found good cor-
relation between user critique and in-
creased system-related waiting time and
therefore assume sufficient methodical
validity. The deployed discharge letter sys-
tems differ essentially through their re-
spective unstructured and structured com-
position of discharge letters, which is also
reflected in the processing time of critical
workflows. The ostensible dependence be-
tween users’ criticism of the discharge letter
process as being “too labor-intensive” and
the actual number of user interactions
could be shown; however, the enumerated
user interactions were negligible in con-
trast to the processing times.

The isolated examination of a fictitious
discharge letter’s composition results in a
statistically insignificant difference of
40.2 s in favor of Word, which must be put
in relation to a total processing time of
2011.7 s for Soarian versus 1971.5 s for
Word. The differences regarding number of
user interactions (Soarian 77 ui vs. Word
69 ui) and aggregated system-related wait-
ing time (Soarian 101.8 s vs. Word 37.2 s),
by contrast, are significant. In this respect,
Soarian offers synergy effects, particularly
through the interoperability and reusabil-
ity of discharge letter content. Additional
optimizations also stand to be achieved
through increased system performance, as
well as a conscientiously applied program
of continuous quality assurance.

To our knowledge, the only other study
evaluating discharge letter composition
using Soarian was conducted by Colsman
[65]. He detected an inverse relation of the
aggregated processing time per page of a
discharge letter: here Soarian was faster by
3.4 minutes (14 %). However, his study had
a different research focus, to wit the pro-
cessing time of a discharge letter from the
perspective of business administration;
possible reasons for the different outcome
are that Colsman evaluated a different
version of Soarian (2.0 C5 HF10 instead of
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2.0 C5 HF 5), different coverage of work-
flows (dictation through shipping of dis-
charge letters instead of discharge letter
creation) and different reference base
(mean value per-page instead of per-
letter). Moreover, Colsman did not
measure any of the other indicators which
we evaluated.

Interpretation of the indicators in re-
gard to user critique leads directly to our as-
sumption that the subjective view of staff
on a system’s performance can often not be
documented by objective measurements; a
position which is also supported by Cols-
man [65]. For a system user waiting for a
system response is usually much more
onerous than additional mouse clicks or
keystrokes; even when the total time spent
on performing a particular process is
shorter, because the system performs “work
in the background” during this waiting
time, which does not require extra effort by
the user.

Moreover, a discrepancy exists between
user assumptions of “two to three weeks”
and the objective throughput time of 51.1
days; instead of the defined due date of 14
days, which is only followed in 9.3% of
cases. In the literature, general problems in
the throughput of the discharge letter pro-
cess range from “delayed by one to two
weeks” [3] to “not available” [20]. Lieb [25]
found a shorter throughput time of 29
days, which was decreased to 11 days by
workflow optimization; with a defined due
date of 10 days. O’Leary [27] found an even
more impressive throughput time with
72.6% of the discharge letters completed
within three days; his “ultimate goal is to
have 100% of discharge summaries com-
pleted within three days”, unfortunately the
study description does not clarify whether
the “discharge summary” equates to our
“final discharge letter” or “preliminary dis-
charge note”. The same applies to Paterson
[26] who found a rate of 39.1% completed
on the day of discharge, 85.5% after two
days. 90.6% of the preliminary discharge
notes in our study were completed on the
day of discharge. It is essential to increase
efficiency by reducing throughput time by
means of HIS [66].

To obtain the synergy effects of Soarian
within University Hospital Erlangen, its
clinical workflow management system will
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be used comprehensively throughout the
university hospital’s clinical framework.
Synergy effects were appraised by Stead
[67] and Hripcsak [68] within Integrated
Advanced Information Management Sys-
tems (IAIMS), which created appreciable
added value through interaction of IT ap-
plications in large medical centers. Optimal
gain from clinical information systems
usually cannot be achieved during tran-
sition periods while traditional workflows
and traditional system usage are still being
pursued in one area, at the same time as a
new system is being implemented in other
areas. Thus a quick and exclusive diffusion
of Soarian needs to be enforced, once the
recommended optimizations have been
implemented.

Some of our optimization recommen-
dations have already been reviewed by the
company and implementations have re-
cently been announced for the next live ver-
sion of Soarian (2.0 C6). Moreover, the in-
itially defined indicators resulted in objec-
tive evidence to substantiate the validity of
evaluated user critique and are planned to
be used for continuous quality assurance.
Thus, our study has already led to a practi-
cal outcome. Due to the exact definition of
workflows and activities, and by means of
thoroughly mapping the indicators,
measurements can be repeated if the
method is used on the same workflows
again; for example taking our results as a
baseline for an intervention study as
demonstrated by Lieb [25].

5. Conclusions

Discussing unspecified, vague user critique
can be problematic. In the end, equally
valid opinions could be juxtaposed, so that
any constructive discussion or optimiza-
tion is undermined before it starts. User
perceptions are often no legitimate basis for
delaying or refusing to implement up-
grades to existing information technology,
or installing new systems. This is not to say
that user critique should be discounted. To
enhance the prospects of successfully de-
ploying HIS upgrades, users need to be
consulted and their subjective views ob-
jectified before even thinking about opti-
mizations. To make a factual discussion

possible, “tangible” indicators must be

adequately defined and appropriately

measured.

The results and experiences of our
study, regarding the physician discharge
letter composition process in the Depart-
ment of Dermatology at University Hospi-
tal Erlangen, Germany, resolved into four
important points:

1. A combination of subjectivist and ob-
jectivist methods can be used to objec-
tify user critique, thereby making it tan-
gible for future continuous quality as-
surance. Our subjectivist analysis led to
an adequate harmonized model of the
discharge letter process, which was en-
hanced and complemented by the ob-
jectivist analysis through the use of
quantified indicators. Significantly, to
our knowledge, no other publication
used system-related waiting time as an
indicator to evaluate physician dis-
charge letter composition; an indicator
which led to significant outcome and
which we identified through utilization
of subjectivist methods.

2. Mapping of user critique onto indi-
cators takes time, effort and intuition. In
our study we specified user critique and
mapped it onto indicators, to measure
time and effort of certain workflow ac-
tivities, thus objectifying the criticism.
Indicators were measured in several
thousand points of time, mostly manu-
ally. The selected and applied indicators
were deemed valid for future auto-
mation and continuous quality assur-
ance.

3. Continuous quality assurance requires
indicators, which should be standard-
ized and captured automatically. Man-
agement of information systems and
clinical processes — of which this paper’s
discharge letter process is an example —
requires the definition of clearly de-
lineated and commonly agreed upon
key indicators. In addition, since a con-
trolling instrument can’t wait for a few
thousand points in time to be taken
manually, the measurement of the in-
dicators must be automated.

4. Synergy effects are frequently only vis-
ible under a wider scope. The reasons for
deployment of an integrated informa-
tion system — Soarian™, in our case
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study — are expected opportunities for
synergy effects. Since, in our study, users
complained about the additional work
demands imposed by creation of physi-
cian discharge letters and mandated use
of the related systems, we focused on the
workflows’ details, thus losing the posi-
tive hospital-wide synergy results for
presentation to our users. We found that
staff response was largely positive when
it was possible to demonstrate that the
short-term inconvenience of learning a
new system would result in long-term
benefits to clinic staff and to the hos-
pital, in terms of actually reducing ad-
ministrative burdens.

A priori results are valid only for the en-
vironment in which an evaluation took
place. However, since user critiques could
be objectified effectively — independent of
the outcome proving or disapproving the
users’ critiques — we believe that the indi-
cators can be used to objectify user critique
for discharge letter processes in other hos-
pitals; and also, that the method as is can be
extrapolated for other processes.

Based on our evaluation experience we
consider the following six-step approach
applicable to objectify user critique in gen-
eral:

- Step 1: Acquire user critique using sub-
jectivist methods and identify research
questions for in-depth evaluation

- Step 2: Create a workflow model of the
evaluated system (based on step 1)

- Step 3: Define a formal hypothesis and
indicators, which reflect the user
critique (based on steps 1 and 2)

« Step 4: Measure all indicators (based on
step 3)

- Step 5: Analyze the results and test the
hypothesis (based on step 4)

« Step 6: Optimize the system based on
the subjectivist and objectivist results
(based on steps 1, 2 and 5)

Conscientious planned solicitation of user
critique should form the core of any medi-
cal informatics health system installation
or upgrade. The advantages to a medical
facility of obtaining end-user acceptance of
and satisfaction with technological inno-
vation can make the difference between
achieving organizational objectives or di-
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minishing the anticipated return on in-
vestment.

By following the six steps outlined
above, a medical informatics department
can map user critique on mission critical
indicators and objectively measured values.
Most advantageously, mapping of user
critique eventually leads to optimizations
and automated indicators, which generate
indispensable information for continuous
quality assurance. The good results we
achieved at University Hospital Erlangen
prove the approach and demonstrate the
significance of evaluation studies in health-
care as a key component in generating
important forward-looking management
information.
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