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Abstract

A diverse range of tools and techniques can be used to observe the clinical consultation and the use of
information technology. These technologies range from transcripts; to video observation with one or
more cameras; to voice and pattern recognition applications. Currently, these have to be observed
separately and there is limited capacity to combine them. Consequently, when multiple methods are
used to analyse the consultation a significant proportion of time is spent linking events in one log file
(e.g. mouse movements and keyboard use when prescribing alerts appear) with what was happening in
the consultation at that time. The objective of this study was to develop an application capable of
combining and comparing activity log-files and with facilities to view simultaneously all data relating to
any time point or activity. Interviews, observations and design prototypes were used to develop a
specification. Class diagram of the application design was used to make further development decisions.
The application development used object-orientated design principles. We used open source tools; Java
as the programming language and JDeveloper '™ as the development environment. The final output is
log file aggregation (LFA) tool which forms part of the wider aggregation of log files for analysis (ALFA)
open source toolkit (www.biomedicalinformatics.info/alfa/). Testing was done using sample log files and
reviewed the application’s utility for analysis of the consultation activities. Separation of the presentation
and functionality in the design stage enabled us to develop a modular and extensible application. The
application is capable of converting and aggregating several log files of different formats and displays
them in different presentation layouts. We used the Java Media Framework to aggregate video channels.
Java extensible mark-up language (XML) package facilitated the conversion of aggregated output into
XML format. Analysts can now move easily between observation tools and find all the data related to an
activity. The LFA application makes new analysis tasks feasible and established tasks much more
efficient. Researchers can now store multiple log file data as a single file isolate and investigate different
doctor—-computer—patient interaction.
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1. Introduction

Although UK primary care is largely delivered through computer-mediated consultations [1],
there are few established methods to compare the impact of different brands of computer
systems on the consultation. The computer has improved the efficiency of consultation tasks
[2,3] and has become an increasingly integral component of the consultation. General
practitioners use a range of different clinical computer systems that were largely developed in
isolation from each other. Regardless of the important role played by the computers in primary
care, the impact they have on the consultation tasks and their relationships between the
multitudes of computer system design features remains poorly investigated. Widely used
assessment techniques are primarily based on manual observations [4,5] possibly they were
developed in a way that minimises processing load. Consultation rating scales are usually
quantitative and the outputs usually consist of a series of duration variables [6]. Automated
observation techniques using activity recording tools [7] or image pattern recognition methods
[8] also create activity log files with time stamps or duration variables of different formats.

Evaluation of the clinical consultation is hard because there are a lack of specific tools which
allow objective assessment of: (1) Consultation interactions; (2) Take account of variations of
output formats from the available methods of consultation monitoring; (3) Difficulty in
combining multiple visual and quantitative measurements; (4) The challenge of getting a
unified overview of the whole consultation and (5) How time consuming it is to find the same
task in multiple consultations (e.g. How General Practitioners (GP) respond to prescribing
alerts).

There are existing tools that allow combining of multiple observational data streams,
however these are not capable of accepting outputs from heterogeneous origins. Qualitative
research tools like Atlas. Ti'™ and QSR NVIVO™ are capable of combining text and
multimedia data sources. However, they cannot accept direct outputs from external sources
like automated computer use monitoring applications. Usability testing applications such as
Morae™ do not produce combined outputs that are adjustable according to research needs
and are only capable of accepting only fixed number of observational inputs. Other commonly
used observational data analysis tools like GameBreaker '™ or Transana’™ are not capable of
producing comparable outputs from a series of consultations or classifying consultation
interactions in a meaningful way [9].

In the absence of any suitable application to process observational data covering multiple
aspects of doctor—computer—patient interactions, we decided to develop a data aggregation
tool that would enable researchers to combine observations from diverse origins into a single
analysable output. We decided to call this tool the log file aggregation (LLFA) tool.

2. Method
2.1. LFA toolkit specification development

We reviewed the existing computer-mediated consultation observation and analysis
techniques to develop a system specification for the aggregation tool. We used a combination
of a literature review, observations and interviews as our requirement capturing techniques.
First we reviewed the existing publications to identify the aims of the research method, its
utility, limitations and potential areas for improvements. We then carried out unstructured
interviews with the researchers who have been using the manual method to analyse
consultation; this involved manual coding of interactions using an observational data capture
(ODC) tool (Figure 1). Initially we used a proprietary tool called ObsWin™™ though more
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recently we (led by PK) have developed our own open source ODC tool to overcome
problems with screen size and the inability of ObsWin to allow ‘rewind’ if you miss an item
you are coding.

We also interviewed those who were involved in developing the new application to explore
their understanding of current problems and potential solutions. Further investigations
included: (1) Examining the log files generated by each technique, (2) Observing researchers
using think-aloud during data analysis and (3) Studying variations of result presentation
formats.

We decided to make any output from our work open source and available under a GNU
General Public Licence (GPL). We opted for this because of its ‘copyleft’ principles [10].
Copyleft allows developers to copy and adapt the source code, however these derived works
must remain available under the same principles. This ensures that added to or derived works
are still available to users. This licence makes this and other components of the aggregation of
log files for analysis (ALFA) toolkit freely available to researchers and for non-commercial use
from http://www.biomedicalinformatics.info/alfa/ conditional that they reference an earlier
paper describing the tool kit’s development is referenced [9].
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Figure 1. The ODC used to manually code activities in the consultation of interest. (The parts shown are the main
OCD menu and the small on-screen rating interface).
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Figure 1. (Continued).

2.2. Modelling

We used Unified Modelling Language (UML) [10] to model then subsequently develop and
describe the design of the LFA tool. We utilised the UML Class diagram to graphically
represent the rational entities of the design, its architecture, interfaces and modules. Rational
Unified Process [11] was selected as the software development process. This involved iterative
and incremental development of the software combined with feed back sessions. The UML
class diagram was used as the main point of reference for each design decision.

We implemented the UML model of the aggregation tool as an Object Oriented
Application (OOA). We used JDeveloper'™ a free integrated software development
environment (from Oracle). JDeveloper provides a supports programming, editing,
debugging and interface design. The programming was done using Java Standard Edition
(J2SE). We promoted reusability and modularity of components whenever possible. We
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referred to the process specification to define the boundaries for the component modules.
Particular attention was given to the separation of the application logic, (data processing) from
the presentation logic (data display) as this would benefit any potential extensions to the
application [12].

2.3. Developing the data processing and data display components

After meeting the functional requirements (i.e. essential functionality) through the system
development, we further reviewed the user expectations to identify enviable features. This
aimed at identifying the potential to allow the software to be compatible with other
observation techniques. We also aimed at enhancing the data presentation format by the
addition of more customisable features for each processing stage.

2.4. Testing

We tested the software to assure its capability to meet the system requirements. Our testing
stage included checks for correctness, completeness, reliability, validity and usability. The
first four test categories aimed at identifying the faults of software design and its logic to meet
the requirement specification. Usability testing primarily focused on the interface aspects of
the software to assess the user experience. Accurate reading, writing and displaying was tested
using sample log-files. We designed a pilot study comparable to a previously done research
using manual processing steps.

2.5. Ethical considerations

We developed this technique using the output from simulated consultation. No real
consultation data were used during the development and testing stages, or visible in the
filming locations. However, this application has subsequently been used for the analysis of
routine consultations, as part of a study approved by a research ethics committee.

3. Results
3.1. Specification for the LFA tool

The core components of the specification we developed were: (1) Need to be able to
incorporate any number of log files; (2) The ability to link these to a media file — in our
work multi-channel video; (3) The final LFA tool had to provide a single file of all the
data other than the media file and provide an overview of the consultation and (4) We
needed a common output format which allowed summary data to be used in a variety of
ways.

Our LFA tool needs to be able to accept log file data from a wide range of sources which are
then combined with a video file [9]. Examples of the types of log files created by typical
applications used to analyse the consultation are shown in Figure 2.

Our current experimental work includes log file data from one or more of the following —
with varying combinations used for different types of study. The specification dictated the
need to be able to work with at the very least:

1. User Action Recorder (UAR) — An open source utility, and part of the ALFA toolkit,
which collects all key strokes and mouse coordinates. It allows us to compare the number
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Figure 2. Log files created by ODC, User Action Recorder (UAR) for keyboard and mouse, and PRS.

of key strokes and length of mouse movement needed to complete common tasks on
different electronic patient record (Electronic Patient Record (EPR) systems).

Voice Activation Recording — This is another open source utility from the ALFA
toolkit, which time-stamps the start and end of speech. We use it where we want to
precisely link transcript text to the video and other files. We have subsequently used this
in ‘Think aloud’ protocol where computer users have described why they used the
computer in the way they did, as well as making consultations available for
conversational analysis.

Pattern Recognition Software (PRS) — this proprietary Algol™ application measures
pixel change and automatically. It has the allure of being able to automatically monitor
keyboard activity; and positive body language. It will measure affirmative nodding
towards the patient and the stillness or responsive behaviour of the patient [13].
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4. Observational Data Capture (ODC) — There is nearly always a need to code behaviours
or items of interest in a consultation manually. This is done using another component of
the ALFA toolkit the ODC tool.

5. Other log files. It is hard to define how many log files a given study might require. We did
this because there may be a need to nest other studies on top of existing analysis (e.g. our
study of prescribing alerts) and we are unsure how many other utilities might emerge. For
example, we have experimented with an electronic compass on the clinicians chair (most
clinicians have typist type swivel chairs) and using a magnetic switch to monitor the chair
angle as a surrogate for when the clinician is orientated towards the computer. A
consensus emerged that it was better to go for a larger number; we opted for 12, rather
than restrict analysis. However, the open source nature of the application means that we
can add the ability incorporate larger number of files if required.

The LFA tool had to be able to link the multiple log files collected in analysis to a single
medial file. The media component we use is a combined video output from multiple cameras;
although this may appear complex it is relatively simple to do and is inexpensive [14]. The use
of four channels was arrived at as part of our development process [4]. Our observational
component uses four channels of video recording; three video cameras covering different
views of the consultation and computer screen capture software. However, in the specification
we stipulated that the number and type of media channels can be altered according to the
requirements of any given study. A single video channel giving an overview of the
consultation, or other activity; or just screen capture and audio, or just audio should be
usable with the LFA application.

The major obstacle issue identified by researchers, which the LFA tool had to overcome,
was the time taken in file management and processing time and inability to create a single
analysable output when conducting consultation research. The existing manual methods take
14-35 h to analyse 1 h of consultation recording. The majority of this time is spent navigating
the multi-channel video files to locate occurrences of particular activity or reviewing multiple
log files to identify corresponding interactions. However, researchers also reported problems
with managing large numbers of files relating to a single consultation. These included: lost
files and incorrect labelling of files.

Finally, we wanted outputs which could be used for a number of different research
purposes. The prime research project driving the need for this development was the wish
to study the differences between the way that different brands of computer system interact
in the clinical consultation. The aim of this work was to identify the best features of
current systems in a way that system developers could use to develop better systems. We
used another part of UML — the UML sequence diagram — to do this and we wanted to
have an output from the LFA which could automatically generate as much of the UML
sequence diagram as possible [15]. The consensus was that an extensible mark-up
language (XML) was the best option.

3.2. Model developed using UML

UML class diagrams defined the design and implementation specifications for the tool. Each
specification class diagrams were further divided into two main groups, as application and
presentation classes. The application classes describe processing steps. They have two main
processing entities, one to convert different log files into a common format and the second
entity to combine these into a single file. The presentation classes illustrate the user interface
aspect analogues to each application class.
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Two UML class diagrams summarise the model developed and defined the design and
implementation specifications for the LFA tool; Figure 3 shows the implementation
classes. These diagrams also separated the application and presentation components.
Application classes have two main processing functions: one to convert different log files
into a common format and the other to combine these into a single file. These are further
developed into subgroups; each specialised to handle the unique characteristics of different
log files. These sub-groups are extensible should we wish to add additional log files at a
future date.

3.3. Developing the data processing functionality and associated interface

Processing functions are classified into five sequential steps; (1) ‘Settings’, configuring the
aggregation parameters, (2) ‘Conversion’, converting different log files into a common
format, (3) ‘Aggregation’, combining common format log files together, (4) ‘Display’, viewing
the aggregated output and (5) ‘Output’, exporting the output as a data file. The application’s
interface also has five panels displayed in sequence corresponding to each processing step, an
example from step 3 is shown in Figure 4.

There are five re-usable Java classes representing each of the main processing steps. We
reused the basic functionality of the conversion and output modules and extended
their capabilities to handle log files or to produce the output in different formats. For
example, the basic functionality of the conversion module initially developed to process
the UAR logs (keyboard and mouse use) was re-used to process the ODC (manual
coding) log files.

3.4. Displaying aggregated log file data using LFA

The final analysable output from the aggregated data could be obtained in either a tabular or
one of two graphical formats. The tables give the sequence or frequency. The first graphical
output option generates histograms of activity durations or frequencies. The graphical format
represents all observed consultation activities as a on a single screen. Coded variables are
columns with time running down the page along the y axis. Occurrences and durations appear
as rectangles in each variable — we call each rectangle an ‘Activity segment’ and the whole
table an ‘Occurrence graph’. Within the occurrence graph variables can be re-ordered, and
unwanted data deleted from the occurrence graph, though not from the underlying data.
Examples of each are shown in Figure 5.

We also developed of a functional module to link the video player linked to the activity
segment rectangles in the occurrence graph. This enables the analyst to click on any activity
segment (or rectangle) on the occurrence graph and instantly go to that section of the media
(Figure 6). In our subsequent use of this application the link is to the multi-channel video.
This is particularly useful when comparing things which rarely occur in a consultation — like
drug alerts.

3.5. Exporting the aggregated log files

The LFA has been designed to export the aggregated log file into XML (Extensible
Mark-up Language) format. Many external analysis tools and statistical packages can
interpret this XML version of the aggregated data, making the sharing of observational
data much more efficient. An example of an XML output from the LFA in shown in
Figure 7.



B. Pflug et al.

18

1001 YT 22 10J uSrsop wreaderp ssepo uoneluswaidwr TN UL, ‘¢ 231y




ALFA Open Source Toolkit 19
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Figure 4. Example of the LFA interface: step 3 — aggregation.

3.6. Testing the LFA tool

Application testing sessions identified the lack of error detection routines. Most of them were
due to the incomplete data recorded in the log files. New error messages were introduced to
indicate these situations with detailed instructions. Testing stage also suggested additional
features that would improve the usability of the software. Subsequently, features to zoom the
graphical outputs, save them as image files, ability to add or remove variables in run time and
ability to change the display colours were introduced.

4. Discussion

We have successfully developed the LLFA tool — an application which aggregates log file output
from disparate observational tools into a single format. Object-oriented design methods
supported the development of modular software, and allow its extensibility in the future. This
application removes the risk of human error in manual linkage of data, shortens analysis time
and allows new types of analysis.

Although this application appears functional, more extensive testing may identify errors.
There is scope to improve the application’s interface and supporting documentation. This
tool is now available as part of the ALFA open source toolkit available to download free for
non-commercial use [16].

Video recording is an established technique for consultation analysis; a single camera setup
is commonly used for assessment of clinicians in training [17]. Other researchers have used
this technique to examine sociological aspects of computer-mediated consultations [18]; to
measure the effect of computer system features or to study clinical practice [19,20]. Our view
is that current methods do not provide sufficient details for robust analysis.
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Figure 6. A mouse ‘click’ on an activity segment (any rectangle) on the occurrence graph links to the relevant place of

the media file.

To date human—computer interaction (HCI) techniques have not been extensively used in
healthcare settings; or as a routine part of system development. Established HCI analysis
techniques use a combination of two or more data gathering techniques [21,22]. These
include: gaze recognition, computer use, think aloud method and audio. Often they are
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<?xml version="1.0" encoding="UTF-8" 7>
- <AggregationTool>
- <Headerinformationz
<GLOBAL_TIMEUNIT>1.0</GLOBAL_TIMEUNIT>
</Headerinformation>
- <DataEntries>
- <HeaderEntries>
- <HeaderEntry>
<time_unit>1.0</time_unit>
<last_modified>Fri Sep 25 23:24:30 BST 2009</last_modified>
<file_name>BPtestODC2.csv</file_name>
</HeaderEntry>
</HeaderEntries>
- <OBSWIN>
- <EventEntry>
<start_time>81.8</start_time>
<end_time>937.1</end_time>
- <EventInfo>
<type>OBSWIN</type>
<value>PtInRoom</value>
</EventInfo>
</EventEntry>
- <EventEntry>
<start_time>73.8</start_time>
<end_time>75.5</end_time>
- <EventInfo>
<type>OBSWIN</type>
<value>Dr-Pt</value>
</EventInfo>
</EventEntry>
- <EventEntry>
<start_time>78.2</start_time>
<end_time>79.8</end_time>
- <EventInfo>
<type>OBSWIN</type> e

-Q’] Done ’j My Computer

Figure 7. XML output from the aggregated log files.

integrated into a single video file with multiple visual data streams [23]. Most of the clinical
information system assessment researches are based on qualitative assessment techniques,
where video recording methods are utilised, they are assessed by one or more researchers
reviewing the video [24]. Some of the HCI techniques may have less relevance in a scenario
where the IT is supporting clinician—patient interactions. In clinical consultation we most
often see the patient’s attention and focus is primarily on the clinician — a dyadic relationship;
with only transient triadic moments during which the clinician and patient share the computer
screen [25].

This method has the potential to open a new paradigm in consultation research; the tool has
performed in a robust way over its first 15 months of use. It is now possible to observe how the
computer interacts with the actors in the consultation. The LFA needs to be used in the
evaluation and research of how the computer influences the consultation. We hope the use of
this tool leads to the development of systems which are more easily incorporated into the
clinical workflow.

5. Conclusions

Separation of application logic from presentation logic has enabled the development of this
consultation data processing tool. Its modular architecture supports the integration of future
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observation techniques, the export of results into universally comprehensible formats, and the
extension of its functionality. This application combines different measures of doctor—
computer—patient interactions enabling more effective analysis of the influence of the
computer within the clinical consultation.
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