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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. 
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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 [1-5]. 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 [6-9]. 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 [5, 10]. Only when strategic 
methods for planning, monitoring and governing are implemented is IT optimisation possible [5, 11]. Benchmarking of HIT 
systems is regarded as a suitable method for managing IT in health care organisations on a strategic level [6, 12]. 
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 [13]. 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 [14-16]. In order for benchmarks to grasp the 
essence of HIT supported processes, the construct clinical information logistics has been proposed and targeted by 
benchmarks [17]. Clinical information logistics was measured by the workflow composite score (WCS) [18], 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 [19-21]. 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 [5]. 
Benchmarking organisations in terms of HIT innovations can thus investigate IT structures as well as IT support of clinical 
processes [22] and can classify the organisation according to well established groups of innovation adopters [23]. The 
innovation perspective broadens the scope towards developing the organisation by realising new opportunities through  
IT [5]. 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 [24-28]. 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:  

• To select the most important and significant results flexibly from a wealth of results 

• To present these results in a manner that is understandable for non IT experts 

• 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 [29, 30]. 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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2.4 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 [33]. Since the scoring system was hierarchical the visualisation system had 
to be constructed accordingly and had to follow a tree-structure [30, 34]. Hereby, the hierarchy defined the sequence of the 
presentations and the categories (clinical workflows and workflow descriptors) determined the content at each hierarchical 
level [34]. 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 [35].  

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 [29, 30, 33-39] and was guided by the goal “[…] to amplify cognition by the [...] visual representation 
of abstract data” [32]. The display of the data rested on general issues of information perception and interpretation as well as 
on issues of acceptance [30, 35, 36]. Against this background, principles of cognition and information representation (see 
Table 3) could be applied to developing the visualisation system (e.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 [34, 40] 

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.  

Differentiation 
to present information depending on the context, e.g. distinguishing between results of 
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 [30, 33, 39, 41, 42] 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 [43], font [34, 43], background colours [34, 37, 43], highlights [29, 30, 33-35, 43], 2D 
visualisation [33, 43] and presentation of digits [30]. For example, the use of highlights could ease not only the perception but 
also facilitate the analysis of the data and help leading to appropriate actions [35]. 

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 [16]. 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 [36]. 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 [39, 41, 42]. 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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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 [46], 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 [46, 47]. 

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 [18] 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 [22] 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  
indicators [16, 48, 49], innovation has been focussed only rarely [19, 21, 50]. CIOs and the (other) board members need to be 
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 [46, 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 [51-53] 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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