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Abstract

Background: Clinical information logistics is the backbone of care workflows inside and outside of hospitals. Due to the
great potential of health IT to support clinical processes its contribution needs to be regularly monitored and governed. IT
benchmarks are a well-known instrument to optimise the availability and use of IT by guiding the decision making
process. The aim of this study was to translate IT benchmarking results that were grounded on a hierarchical workflow
scoring system into an appropriate visualisation concept.

Methods: To this end, a three-dimensional multi-level model was developed, which allowed the decomposition of the
highly aggregated workflow composite score into score views for the individual clinical workflows concerned and for the
descriptors of these workflows. Furthermore this multi-level model helped to break down the score views into single and
multiple indicator views.

Results: The results could be visualised per hospital in comparison to the results of organisations of similar size and
ownership (peer reference groups) and in comparison to different types of innovation adopters. The multi-level model was
implemented in a benchmark of 199 hospitals and evaluated by the chief information officers. The evaluation resulted in
high ratings for the comprehensibility of the different types of views of the scores and indicators.

Conclusions: The implementation of the multi-level model in a large benchmark of hospitals proved to be feasible and
useful in terms of the overall structure and the different indicator views. There seems to be a preference for less complex
and familiar views.

Key words
IT benchmarking, Innovation benchmarking, Information visualisation, Data visualisation, Hierarchical visualisation,
Multi-level model, Indicator views, Workflow composite score

1 Introduction

Complex and advanced health care processes, which require good communication among the health care professionals, on
time exchange of the relevant patient data and their thorough analyses, cannot be performed without appropriate health IT
systems !, The construct information logistics helps to better understand the nature of information flows between the
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different actors and hereby to ensure information continuity [**). However, health information technology (HIT), i.e. the
carrier of the information and enabler of information flows, is often regarded as a black box by executives. This happens
because the mechanisms behind HIT systems frequently lack transparency and systematic approaches. In addition, valid
models to regularly measure and evaluate IT performance and IT services are missing as well '%. Only when strategic
methods for planning, monitoring and governing are implemented is IT optimisation possible * ', Benchmarking of HIT
systems is regarded as a suitable method for managing IT in health care organisations on a strategic level [ 2.
Benchmarking procedures can be classified into two groups: statistical benchmarks with a large number of participants
and in-depth benchmarks in smaller and often closed groups of participants !'*). Benchmarking allows comparing
equivalent structures, processes and methods within a single enterprise or a group of enterprises and according to the pure
doctrine between an enterprise and the market leader in this or another industry !'"*'%). In order for benchmarks to grasp the
essence of HIT supported processes, the construct clinical information logistics has been proposed and targeted by
benchmarks '), Clinical information logistics was measured by the workflow composite score (WCS) " which
represented the most aggregated level within a hierarchical scoring system of single IT features (raw indicators), sub
scores and finally the WCS. Due to its novelty, the WCS system has not been presented in an appropriate graphical form.

Besides measuring IT structure and IT process support, benchmarking can be employed to compare enterprises on the
basis of external criterion ability and power to be innovative ['"*2'). HIT can appear as an innovative product itself but can
also enable process innovations, i.e. leveraging new processes or increasing the efficacy and efficiency of workflows !,
Benchmarking organisations in terms of HIT innovations can thus investigate IT structures as well as IT support of clinical
processes “2 and can classify the organisation according to well established groups of innovation adopters . The
innovation perspective broadens the scope towards developing the organisation by realising new opportunities through
IT P!, Still, classic benchmarks rather focus on costs, efficiency and efficacy less on innovation.

Due to its high potential, HIT benchmarks have become an area of interest in the recent years ****. Despite this high
interest, there is no explicit study — neither within nor outside healthcare - that proposes and evaluates a coherently
structured visualisation system for indicators and scores. Therefore, the challenge was to implement the presentation of the
benchmark results in a logical and understandable structure and thereby reflect a new highly aggregated indicator of
clinical information logistics. Such system would help to meet the big challenges of communicating the benchmark results
to members of the executive level. According to our understanding these challenges are:

e To select the most important and significant results flexibly from a wealth of results
e To present these results in a manner that is understandable for non IT experts
e To present the important results so that their messages can be captured within a short time span

Against this background, this study aims at developing and evaluating a visualisation system for benchmark results that
could be used as an information base for discussions between chief information officers and (other) members of the
executive level, e.g. chief executive officers, medical and/or nursing directors. This visualisation system should allow the
analysis of large data sets and the processing of these data so that they become accessible, comprehensible and usable for
the users of these data ). In this sense, it also should visually establish links between the different scores and raw
indicators, i.e. the IT features, among each other and towards the overall goal to represent clinical information logistics.
The following research questions guided this study:

1)  Which visualisation system allows the users to obtain an overview of the IT benchmarking results and at the
same time provides enough details?

2) How can the scores and the raw indicators, i.e. the IT features, be represented in a graphical form so that
individual results can be compared with the results of the peers in the reference groups?

3) How can measures of the innovative strength of an organisation be displayed graphically?

4) How do benchmark participants evaluate the visualisation of the raw indicators, i.e. the IT features, and the
different scores?
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2 Methods

2.1 Data collection and aggregation

The visualisation concept to be developed should be implemented in a benchmarking environment with real data. The data
basis utilised was provided by a survey, which is conducted regularly in German hospitals, the IT Report Healthcare
(www.it-report-healthcare.info) and which was used in the 2014 version '\, The data basis consisted of 92 IT features !'*,
the so-called raw indicators, which were grouped in the categories IT functions, IT structure and IT support of clinical
processes. These 92 IT features were allocated to four sample benchmark processes, i.e. ward rounds, pre-surgery
processes, post-surgery processes and discharge and to the four descriptors data and information, IT functions, integration
and distribution. Scores were computed on the level of the four processes and on the level of the four descriptors. The sum
of these scores yielded the WCS. All data were statistically analysed using IBM SPSS V21 and Microsoft Excel. Thus a
total of 92 features (raw data) per hospital had to be structured and aggregated before they could be visualised. We largely
followed the process of data aggregation proposed by Card 1*¥! (see Figure 1). To this end, the raw data were first internally
organised in tables, which contained individual values and corresponding statistical parameters of the reference group.
Then an overall visual access to the benchmark results, the visualisation system was devised from which particular views,
the diagrams were deduced.

visualisation
system

t ! !

data transformation visual mappings view transformation

raw data data tables

Figure 1. Data aggregation and transformation (following 32)

2.2 Reference groups

A total of 259 hospitals represented by their chief information officer took part in the survey °'. A workflow composite
score could be computed for a group of 183 hospitals, which provided enough details for the computation. Out of the 259
hospitals 199 participated in the IT benchmark and of which 156 hospitals were benchmarked based on the workflow
composite score, which could be calculated for them. The other 43 hospitals out of the 199 were benchmarked on the basis
of the raw indicators. In order to allow the comparisons, organisations of similar size and ownership were grouped **! and
statistical parameters within these groups were calculated. They formed the so-called peer reference groups. Table 1 shows
the characteristics and numbers of the respective groups.

Table 1. Participants’ structure of the IT benchmarking

. Number of all Maximum size of
Number of Size of peer
benchmark peer reference
Reference groups benchmark reference group s (e P G
participants (WCS) (WCS) p . . g . >
indicators) indicators)
Owner-  public 130 150 161 202
ship private 26 33 38 57
<200 beds 33 38 59 81
200 — 399 beds 48 60 55 77
Size 400 — 599 beds 33 39 36 43
600 — 799 beds 16 16 20 22
> 800 beds 26 30 29 36

In addition to these peer reference groups, innovation reference groups were formed according to the adoption categories
of Rogers ! and the organisations were classified as innovators, early adopters, early majority, late majority and laggards
(see Figure 2) with regard to the WCS and individual raw indicators (IT features).
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16% 34% 34% 13.5% R
laggards late early early innovators adopter
majority majority  adopters categories

Figure 2. Adoption categories according to the Diffusion of Innovations model

2.3 Information to be visualised

Based on the hierarchical scoring model. All scores and related IT features (raw indicators) composing the WCS had to be

presented in an appropriate form. Table 2 gives an overview of the indicators to be visualised.

Table 2. Indicators to be visualised

Type of indicator

Content of indicator Name of indicator

Composite score

Sub scores

Raw indicator/ IT features

composite score workflow composite score

workflow score ward round

workflow score pre-surgery

workflow score post-surgery

workflow score discharge

workflow descriptor score data and information
workflow descriptor score functions
workflow descriptor score integration
workflow descriptor score distribution
architecture of health information system
WiFi implementation

workflow scores

workflow descriptor scores

IT structures workflow management system
electronic devices for processing patient data
electronic health record system
clinical documentation
order entry and observation reporting
IT functions clir?ical decision support
patient safety
supply chain functions
interface functions
ward rounds
. list of patient data available on desktop PC or on mobile device
. access to patient data via desktop PC or mobile device
pre-surgery processes

) surgery planning
. list of patient data available prior to surgery
post-surgery processes
. list of patient data available after surgery on normal ward or on
IT processes intensive care unit
. format of patient data to be transmitted to normal ward or
intensive care unit
discharge
. reminders for pending activities before discharge
. electronic systems for clinical pathways and medical guidelines
. list of patient data available for medical summaries
. electronic medical summaries
. electronic nursing summaries

86

ISSN 2377-9381 E-ISSN 2377-939X



http://jbei.sciedupress.com Journal of Biomedical Engineering and Informatics, 2016, Vol. 2, No. 2

2.4 Development of the visualisation system

In order to answer the first research question, an overall framework had to be developed that could encompass the entire
hierarchical scoring model and make its structure transparent and understandable and at the same time allow individual
comparisons within the reference group and with the best of the group. The challenge for constructing the visualisation
system was less to find the best types of diagrams but rather to build a framework within which the users could navigate in
a large dataset and could interact with the data %!, Since the scoring system was hierarchical the visualisation system had
to be constructed accordingly and had to follow a tree-structure ****!. Hereby, the hierarchy defined the sequence of the
presentations and the categories (clinical workflows and workflow descriptors) determined the content at each hierarchical
level 4. This drill-down procedure should allow the user to navigate within the dataset along a predefined scheme without

getting drowned in a sea of information !,

2.5 Principles of data visualisation applied in this study

The development of the visualisation system as such and of the different types of diagrams was based on the principles of
information visualisation **"**°! and was guided by the goal “[...] to amplify cognition by the [...] visual representation
of abstract data” *%. The display of the data rested on general issues of information perception and interpretation as well as
on issues of acceptance * *> ) Against this background, principles of cognition and information representation (see
Table 3) could be applied to developing the visualisation system (€.g. correct perception, compactness, comprehensibility)
as well as to the different types of diagrams (e.g. saliency, compactness, differentiation).

Table 3. Principles of cognition and information representation ** *°)

Principles of cognition /
information representation

Explanation and application in this study

Correct perception to support an appropriate understanding of the results.
Salience to direct the attention to the most important information.
Compactness to present pieces of information together, which belong together.
Similarity to visualise similar information similarly.

) . to present information depending on the context, e.g. distinguishing between results of
Differentiation g -

individual benchmark participant and these of the peers (reference group).

Comprehensibility to ease the understanding of the results, e.g. by providing descriptions.

In order to provide enough flexibility and to allow different perspectives, identical information could be displayed in
different types of diagrams 1% 3334142 to enable the users to deliberately change their point of view. In addition to these
principles of cognition and information representation, well-known design principles could be utilised for constructing the
layout of the diagrams, i.e. colours in general !, font ** % background colours B*37*! highlights 2% 3% 33541 >p

133-43] and presentation of digits **. For example, the use of highlights could ease not only the perception but

[35]

visualisation
also facilitate the analysis of the data and help leading to appropriate actions

2.6 Development of the views

The views on the benchmarking results should have a graphical format first and foremost but should also display briefings
or profiles in tabular format ). Graphical formats should make use of well-known types of diagrams—if possible—in order
to increase the recognition value and minimise the need to learn how to interpret the data ). Diagram styles should vary in
order to maintain a high level of attention, however similar information should be coded in a similar style. Raw indicators
should be presented either in groups of similar indicators (multiple indicator view), if they could be summarised by a topic
(e.g. clinical documentation) otherwise they should be presented as single indicators. If multiple indicators were grouped
different compositions of diagrams were built to allow different perspectives °% *""*2 These perspectives were related
either to the peer reference group, to the best of the group within the peer reference group or to the innovation adoption

group.
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2.7 Implementation of the visualisation system and the views

The visualisation system and the views were implemented in Microsoft Excel after importing the data and statistical
parameters from a separate Microsoft Excel reference document (calculation results, individual results, statistical
parameters). Statistical calculations and parameters were made in SPSS and Microsoft Excel. The output was realised in
three ways: in terms of printouts of a benchmark brochure (short version) and electronic pdf prints (long version), which
were semi automatically bundled (one per participant), as well as in terms of an interactive dashboard. Dashboards are
well-known instruments to optimise processes, plans and strategies to present data in the best manner for decision-

45 were implemented. By being able to represent

making **!. Content and design elements of different types of dashboards
different views side by side, the users could compare them and choose the one most appropriate for their purpose %, All

views were annotated and had comprehensive legends.

2.8 Evaluation

In order to optimise the visualisation in future IT benchmarks, ratings of the comprehensibility of the views should be
obtained from the benchmark participants. In addition, the utility of the workflow composite score was measured and
correlated with the comprehensibility. This evaluation should be conducted in a comparable way as the evaluation of a
previous IT benchmarking * to show the progress made. Comprehensibility was captured in four main questions with
three corresponding sub questions related to the types of visualisation and the scores. A four point Likert scale was used
with a codomain from very (comprehensible, helpful) to not (comprehensible, helpful) at all. The online questionnaire was
sent to all benchmark participants.

Workflow Composite Score Level 1
Workflow Scores Level 2
" ward pre- post- sum
< round surgery surgery discharge score
= § data and information s / | FA | =10pts
".;_—Q‘ 16 functions m J JE
'g.. ‘a integration y § 2spn |
=5 distribution ,/ MEKES g g
é sum score = 10 pis. = =40 pts.
Raw Indicators clinica Level 3

documentation

i surgery
il planning patient data
ward round

IT structures - IT functions - IT processes

Figure 3. Schematic illustration of the three-dimensional multi-level model and its relationships

3 Results

3.1 Three-dimensional multi-level model as the visualisation system

In order to correspond with the hierarchical structure of the scoring system and to accommodate its scores and indicators
we decided to construct a three-dimensional multi-level model (see Figure 3). The workflow composite score, the sum of
all sub scores, resided at the top level (level 1). The workflow descriptor scores and the workflow scores constituted the
next level (level 2). This level was defined by the four workflow descriptor scores (data and information, functions,
integration and distribution) as the one axis and the four workflow scores (ward rounds, pre- and post-surgery processes,
discharge) as the other. This scheme divided level 2 into a grid of 16 independent cells with each cell containing a
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maximum value of 2.5 points. The sums per workflow (maximum of 10 points) or per workflow descriptor (maximum of
10 points) appeared at the rim of this level in eight additional cells so that the total of cells was 24. The sum of these cell
values constituted the WCS, which could reach 40 points at maximum. All 92 raw indicators, the IT features describing the
IT structure, the IT functions and the IT processes, resided at level 3. The multi-level model made the relationship between
level 2 and level 3 transparent and showed which raw indicators contributed to which cells at level 2 (see Figure 3).

The three-dimensional multi-level model was presented to the benchmark participants in a hierarchical way as depicted in
Figure 4.

AR Workflow Composite Score

_.‘i Le vei'-;

f i bl < .
ward round
Workflow Sceres pre-surgery
post-surgery
discharge
Level 2 X

data and information

\Workflow Descriptor Scores functions
integration
distribution

Level3 / IT structures
Raw Indicators IT functions

IT processes

Figure 4. Visualisation of the multi-level model
3.2 Views on all levels of the three-dimensional multi-level model

3.2.1 Level 1

The WCS was graphically depicted as a composite score innovation view (see Figure 5), which was developed for the
purpose of this benchmark and had not been used before. This view combined information about the peer reference group
and about the categories of innovation adopters according to Rogers’ Diffusion of Innovations model, which segments the
distribution of a certain score into the five categories: innovators (2.5%), early adopters (13.5%), early majority (34%),
late majority (34%) and laggards (16%) '**!. The distribution of the WCS values was related to the peer reference group. As
there were two criteria to build the reference groups, i.e. number of beds and ownership, two composite score innovation
views per WCS could be produced. Innovation categories were coded by colour and the individual value of the benchmark
participant was shown as a vertical bar with the exact WCS value annotated.

laggards late early early innovators

reference groups specific limits majority  majority  adopters

scoring points for the next step: 183 23.3 29.0 34.3 40

22.00

22.00

scoring points

0 5 10 15 20 25 30 35 40

Figure 5. Composite score innovation view — workflow composite score (WCS)—public hospitals (n = 150)
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The composite score innovation view required the score values to be distributed symmetrically, i.e. approximately
normally distributed, so that the Rogers adopter categories were appropriate. As the WCS met these requirements !'*, this
type of view could be utilised.

3.2.2 Level 2

At the level of the sub scores, the values were not normally distributed so that this innovation view was not appropriate.
We therefore developed a view for these sub scores that segmented the distribution of the score values into two areas
within each peer reference group. These two areas corresponded with the combined three categories innovators (2.5%),
early adopters (13.5%), and early majority (34%) on the one hand and with the two categories late majority (34%) and
laggards (16%) on the other. Statistically speaking, the distribution was split into two halves by the median. We called this
view simple score innovation view (see Figure 6). A vertical bar denoted the individual value of the hospital. It was applied
for all workflow scores and all workflow descriptor scores. In step one each of the workflow scores diagram could reach a
maximum of 10 points (sum per workflow).

4.90 m above median
below median

50% of hospitals 50% of hospitals

T T T T

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
scoring points

Figure 6. Simple score innovation view-example workflow score discharge-public hospitals (n=150)

To display the individual composition of a workflow score it was broken down to its workflow descriptor scores and
displayed accordingly in a second step. Thus, there was a view for each of the descriptors data and information, functions,
integration and distribution per workflow score. Here, the maximum value of scoring points was 2.5 points. Figure 7
shows an example of the specific combination of the workflow ward rounds with the workflow descriptor data and
information. In other words, this score described how well ward rounds were supported by information technology with
regard to the amount and appropriateness of the data and information provided for this workflow.

1.00 w above median
below median

50% of hospitals 1.00 50% of hospitals

0.0 0.5 1.0 1.5 2.0 25
scoring points

Figure 7. Simple score innovation view-example score combining the workflow ward rounds and the workflow descriptor
data and information-public hospitals (n=150)
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3.2.3 Score profiles at level 1 and 2

The meaning of all scores and score views was explained in so-called score profiles, which were attached to the views.
They contained a definition, the purpose, the type, the aggregation level, related concepts, the codomain, the formula and
the target group (see Table 4) ',

Table 4. Indicator profile-workflow composite score (WCS)

Workflow composite score

The workflow composite score constitutes the highest level of all scores and measures the IT
. o support of clinical processes per benchmark participant. It is composed of the sum of scores
Definition and delimitation PP . .p P P P P

measuring the specific support for the processes ward rounds, pre-surgery process, post-surgery

process and discharge.

Purpose Measurement of overall clinical information logistics in an organisation

Indicator type Composite score

Aggregation level 1

Related concepts Diffusion of Innovations model by Rogers

Codomain 0-40 points

Computation Sum of all workflow scores of level 2 or sum of all workflow descriptor scores of level 2
Target group Chief information officer, chief medical / nursing officer, chief executive officer

3.2.4 Level 3

The raw indicators used to build the WCS were depicted at level 3 in form of single indicator views and in form of multiple
indicator views. Single indicator views represented—as the name reflects—one indicator and embraced the view types
frequency view (see Figure 8), a view well-known in statistics, and performance bar (see Figure 9), which had been
proposed by Few [’ In both types of views, the category the individual hospital belonged to was marked: either in red as
in case of the frequency views or in black as in case of the performance bars. Frequency views were employed for nominal
data and ordinal data, performance bars only for ordinal data. Both types of single indicator views showed the distribution
of values in the peer reference group.

100%
90% -
80% -
70% - 63.6%
60% -
50%
40% - 36.4%
30%
20% -

10%

0% -

yes no

Figure 8. Single indicator view-frequency view-example integration of a workflow management system in the health
information system—public hospitals (n=162)

Multiple indicator views encompassed the view types multiple distance view, multiple innovation view and multiple
performance bar. The multiple indicator views reflected groups of raw indicators, €.g. measuring the degree of adoption of
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different types of clinical documentation. Multiple performance bars resembled single indicator performance bars *!

except that the bars of several indicators were depicted one below the other. Again, the individual value was presented
within the distribution of values from all members of the peer reference group. In contrast, multiple distance views showed
the distance between the individual value and the best of the peer reference group (see Figure 10) for the group of similar
raw indicators. Technically speaking, multiple distance views were net diagrams, which are well established in statistics.

19.3% 29.4% 28.3% 23.0%

no implementation yet

implementation started

completely implementation in at least one unit but not at all units
completely implementation in all units

Figure 9. Single indicator view-performance bar-example degree of WiFi implementation-public hospitals (n=187)

electronic medical
summaries and
observation reporting

electronic ICU record ~ medical minimum data set

electronic anesthesia [

~ 7 electronic nursing record
record

electronic surgery record : “order entry - medication

~=individual results result of the best

Figure 10. Multiple indicator view-multiple distance view-example existence of computerised systems for clinical
documentation-public hospitals

The multiple innovation view, finally, expressed the implementation status of a group of raw indicators of the individual
organisation (x-axis) in comparison to the frequency of this implementation status within the entire representative sample
of hospitals the (y-axis). The resulting two-dimensional diagram was then divided into quadrants separating the entire field
into a 2 x 2 matrix (see Figure 11). The two quadrants above the 50% line of the y-axis, i.e. the median, were called
majority with the distinction of an early and a late majority. Organisations were called an early majority with regard to this
IT function when they had implemented it in at least one unit (but not in all) or in all units. Organisations of the late
majority had not implemented the IT function or were those in which the implementation started. If less than 50% of the
hospitals showed this particular implementation status of the individual organisation, the organisation could be either an
innovator or a laggard. Innovators had implemented the IT function (in at least one unit (but not in all) or in all units),
laggards had not implemented it or the implementation (had just) started. The dot represented the category of the
organisation and the frequency of this category (not the other potential categories) within the reference group. The
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multiple indicator views were implemented as proposed by **! (In this view, the understanding of innovators, early
majority, late majority and laggards deviated from the Rogers definition ! who classified adoption units according to the
percentage of availability not the implementation status).

percentage of

* laboratory [n=189] hospitals
L - 100%
late majority early majority
) 90%
® radiology without ) 80%
images [n=143] 70%
60%
- radiology with images . 50%
=174
[n=174] 40%
» electrophysiological ) 30%
tests [n=191) U ) 20%
laggards innovators 10%
other tests (such as © 0%
ultrasound) [n=182] no implementation 3t least in completely
implementation started one unit implemented

Figure 11. Multiple indicator view-multiple innovation view-example existence of computerised systems for order entry
system for various tests-public hospitals

3.2.5 Toolbox of views

The views explained above in combination with tables constitute a toolbox of views that could be employed for the
benchmarks of different types. Table 5 summarises these views in light of what they intended to measure, what benchmark
type they supported and for which level they were most appropriate. Not all potential types of views were implemented at
all levels. The ones actually used were selected followed the strategy:

e the benchmark should be the peer reference group in general
e the views should be most elaborate at level 3

Table 5. Toolbox of views (views in italics were implemented in the benchmark)

Measurement  Degree of innovation Adoption rate Status

Benchmark Peer reference group Peer reference group Best within peer reference group
Level 1 composite score innovation view table table

Level 2 simple score innovation view table table

multiple performance bar,

. multiple distance view
performance bar, frequency view

Level 3 multiple innovation view

3.3 Publication of the benchmarks

The results of the benchmark were published stepwise and semi-automated using Microsoft Excel. A minimal version of
the benchmark showing the results of three raw indicators of their choice were issued within one month after the end of the
survey. In a second step, a short version with 16 tables and diagrams (e.g. WCS and its composition, workflow scores and
their composition, clinical documentation functions, architecture of the information system) were produced, printed and
sent as a paper brochure of 12 pages to the participants three months after the end of the survey. We chose a high quality
paper version to provide a real (as opposed to a virtual) medium to the benchmark participants, which they could
immediately show to their colleagues and the board members. Finally, they received the full report of 106 pages with 169
tables and diagrams as a pdf document three and a half months after closing the survey by eMail. In addition to the paper
and pdf version, a fully dynamic dashboard was developed in Microsoft Excel (see Figure 12) and tested internally. This
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version was not meant to be used by the participants because identification data of the other benchmark participants were
included. The dashboard consisted of a navigation area that reflected the three-dimensional multi-level model and a
display area to present the different views. Whenever different types of views were available at one level the user could
choose in a drop-down menu. The dashboard prototype demonstrated the feasibility of the approach but also its
limitations. The computation and display of the views in Microsoft Excel took about 5 to 10 minutes per view or had other

performance problems due to the large dataset.

ward round - data and information \
relabrd quettan. i

-

IT-Benchmarking

Copyright 213 © 1T Benchmarking Wealthoare | 4l rights resery

Figure 12. Screenshot of the dashboard-example workflow ward round-workflow descriptor score data and information

3.4 Evaluation

The evaluation questionnaire was returned by 67 out of the 199 benchmark participants, which corresponded with a
response rate of 34%. The analysis showed that more than two third of the participants rated all scores as very
comprehensible or comprehensible. However, there were differences with regard to the preference of the views in terms of
their comprehensibility. While detailed and very well-known views, i.e. performance bars, frequency views, and tabular
indicator profiles received positive ratings from more than 90% of the participants, combined and rather new views (the
composite score innovation view, multiple distance view and multiple innovation view) were rated positively by only
about 68% to 82% of the participants (see Table 6).

Table 6. Comprehensibility of the different types of views

- Very com- Com- _ Less com- Not com-
prehensible prehensible prehensible prehensible
Composite score innovation view (n=67) 23.9% 58.2% 14.9% 3.0%
Performance bars (n=66)" 37.9% 53.0% 7.6% 1.5%
Frequency views (n=65) 35.4% 58.5% 4.6% 1.5%
Multiple distance views (n=67) 22.4% 55.2% 16.4% 6.0%
Multiple innovation views (n=66) 22.7% 45.5% 28.8% 3.0%
Tabular indicator profiles (n=63) 27.0% 65.1% 6.3% 1.6%

Note. “Including multiple indicator view performance bars.

The Spearman rank correlation coefficient between the comprehensibility of the composite score innovation view and the
utility of the workflow composite score was 0.59 (n = 64). This underlines the comprehensibility and utility of the

workflow composite score.
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4 Discussions

Performing IT benchmarks and presenting their results in an appropriate manner gains importance against the background
of the increasing relevance of information management in organisations “!, the involvement of the chief information

officers into the decision making processes at board level and their role as link between the board and IT operations %471,

A good balance between highly aggregated facts and details that illustrate these compact facts seems desirable. The
hierarchical system of the WCS to measure the performance of the organisation in terms of its clinical information
logistics capacity '®! aims at providing this information balance. This study translated the WCS system into a
three-dimensional multi-level model to visualise the benchmarking results at all levels. To this end, a set of views was
developed (level 1 and 2) or taken from previous publications (level 3 and score profiles) and arranged to allow the
comparisons with the peer reference groups of hospitals and the best of the groups. These views also enabled the
benchmark participants to find out how the own organisation was classified into segments of innovation. The
three-dimensional multi-level model seemed to be appropriate to present any highly aggregated lead indicator, here the
WCS, and decompose it into its constituents. This approach could serve as a general principle of structuring benchmarks
and guiding the benchmark participants through a jungle of data.

The benchmark results were made available to the participants in various paper and digital formats. A spreadsheet version
proved to be less performing and difficult to ensure anonymity of the data. However, it leads the way towards a fully
dynamic manner to present the results. Web-based solutions, where the data can reside safely in one place and where the
user can interact with the benchmarking system in a self-determined way, seem most promising. This requires the
technical basis of the benchmarks to be changed.

Apart from technical issues, which are important but were not the focus of this study, the visualisation system proposed
and evaluated here provided encouraging results in terms of acceptance. The large majority of the users rated the various
views as at least comprehensible. This applied to newly developed views and to conventional views. A preponderance of
ease of comprehension towards traditional views is understandable and leads to the conclusion that these presentation
formats definitely have a place in the canon of views. They must not be sacrificed to other more experimental versions.
New versions, however, need to be explored. We found a group of views that were regarded as positive but may need some
additional support to be accepted as comprehensible by nearly all participants. Mere explanations do not seem to be
sufficient as these views came along with indicator profiles, which exactly provide these explanations. Further
investigations on the role of innovation benchmarking are necessary **! because both views that targeted innovation came
off least positive in comparison to the other views. Very often, benchmarking aims at identifying cost and quality

[16.4%. 991 "innovation has been focussed only rarely "> CIOs and the (other) board members need to be

indicators
convinced that implementing IT innovation can entail competitive advantage in terms of better patient care and lower costs
in the long run. Therefore, innovation benchmarks are a valuable instrument to govern the implementation of IT
innovation in particular against the background of the strategic plan of the organisation. This is interesting in the view of

the involvement of the CIO in strategic decision-making ** 47!,

It is interesting that multiple distance views also received positive rates from only about 75% of the participants despite the

fact that net diagrams are well established. In this case, the term multiple distance view might have been misleading and
some participants may not have recognised what this term denoted.

The main limitation is, in fact, the small sample of participants who evaluated the benchmark and its visualisation. Thus,
the conclusions that can be drawn from these results are limited and conducting further benchmarks and presenting the
results according to the three-dimensional multi-level model seems unavoidable. Simply presenting the different views to
a group of experts is not advisable because a valid evaluation requires a valid context in which the evaluation takes place,
i.e. a real benchmark with real chief information officers, who are interested in their benchmark outcome.
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5 Conclusions

With the increasing importance of measuring IT adoption and utilisation °'** IT benchmarks will gain more and more
importance. The practical procedures for conducting these benchmarks will have to undergo severe changes. In order to
benchmark health organisations on a regular basis, the time to display needs to be shortened and this can only work with as
much automation as possible. This study investigated important building blocks along this way, i.e. a visualisation system
and appropriate views. It provided a solid mechanism for displaying the workflow composite score, a reliable and valid
indicator of IT process quality.
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