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ABSTRACT

Visual Designers are one of the core functional stakeholders involved in designing of Information Visualization (IV)
tools to facilitate the understanding of Electronic Health Records (EHR). Interface design, icons selection, color
adjustment to complex data representation in numerical to graphic metaphoric formats are main areas of Visual
Designers efforts to make an 1V application more viable for its use by other stakeholders such as Doctors and Database
Administrators (DBA). Current IV applications lack the simplicity and completeness in interface understanding point of
view due to complex designs and incomplete patient information representation. This is resulting lesser interactional
input of Visual Designers in the development of IV applications for EHR. Complex and non-aligned IV designs
formulate a difficult representation of EHR that cause difficult understanding, complexity of information flow and poor
user interaction. Less knowledge about IV design, poor functional interpretation of visualization and incomplete
representation lead to weaker and non-implementation phase of 1V in EHR. The key features with Visual designers are
understanding user requirements, VAS limitations knowledge, and future improvement perspective from design point of
view. This paper presents the outcome of a survey based questionnaire study conducted on Visual designers working in
public hospitals and temporal data formats. This research provides an outline of Visual designer’s knowledge factors
identification affecting overall performance of IV applications.

Keywords: Visualization and EHR, information visualization Model, Visual Designers, visualization occlusion areas, CARE 1.0, IV

and EHR

1. INTRODUCTION

Visual Designers support in providing simple,
user friendly and interactive IV application designs for
EHR that intricatingly represent different patient history
facts and comparative analysis.[1-3]. Perceptive sensory
organs utilizing human eyes tend to perceive information
with colors, lines and texts in more distinctive way as
compared to black and white images [4]. Doctors, DBAs
and Visual Designers are three stake holders that are
directly and indirectly involved in information
visualization (1V) for EHR systems.

Although doctors hold the primary stake holder’s
position to stand as direct beneficiary for IV applications
in EHR yet depends upon other two stake holders to
execute such tools. IV applications are using different
color codes, graphic combination formats, layout styles
and integration of various data types such as numbers,
figures, texts and combination of any of them [5-7].
Temporal query results are usually represented in different
categories against different data fields using legends,
graphs and compounded border shades to identify the
importance and value of information. But these
combinations quite often create problem in understanding
the basic concept of information based on not only human
eye perception but also due to the missing importance
value of represented information [4][8]. A few examples
of common visualization errors reported are non-color

differentiation in various auction websites to live game
display boards where often same screen is sharing mixed
information with the advertisement banners on side that
hinders the end user interaction level [5][8-9].

Different available visualization forms such as
graphs, colored lines and distinguishing pictures of data
facilitate in understanding of analytical information for
end users in EHR. Doctors place a query as a requirement
and DBAs extract information based on that query while
designers design the format of visualization in simple and
easy format. IV for EHR data is quite complex area of
information exploration as visual designer and DBAs both
are not medical professionals and do not understand the
complete requirement of doctors. This results in an
information gap for presentation of temporal data and
important aspects of EHR [4-8,10]. This can be addressed
in better way for solution by interacting the requirements
flow between all stake holders [11-13],

Visual Designers play a vital role in development
of discrete and unified interfaces of IV applications in
single or multiple patients EHR based on human
perception and feasibility of ease in reception for end
users. Current 1V applications more focus on information
retrieval, data gathering and displaying the results rather
than focusing on the configuration of its means with
respect to doctors that find it more difficult in
understanding [10-11]. Merely based on doctor’s
requirements, IV applications cannot provide enough
information related to single or multiple patient’s record.
The role of Visual Designer is to intervene in this gap and
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provide a viable solution for best pattern understanding
for human neurons. Still not a single pattern defined or
discovered where human perception can be said more
responsive so researchers used trial and error method [2].
EHR query results can be represented either in tabular
form or in textual context but will not able to help end
users to clarify the identification about significance of
interesting and required information highlights [18].

Minimum IT resources both in human and
machines are one of the major contributing factor in
controlling the information flow at public sector health
units. Different past IV applications such as TimeLine
[13], SOAP [8], Problem Oriented Medical Record
(POMRY) [9], Event Flow [10], LifeFlow [30] and using
extended form of Delone and Mclean Model[1] are
significant work in similar domain but still they are less in
addressing the input from core stake holders areas of
interest for improving the overall EHR visualization.
There are few significant resaons such as shortage of IT
professionals related to IV, time limitation to per patient
interaction, difficult EHR visualization tools operating
mechanisms and lesser interaction with other stake
holders about technology knowledge flow [12-15]. A
better solution to address this area is giving opportunity to
all stake holder in IV applications i.e doctors, DBA and
IV to input their requirements, evaluation and knowledge
gaps improvement areas identification for further
enhancement in EHR visualization domain.

Multiple visualization formats adapted in IV tools for
single and multiple patient records is one of the biggest
challenge. This results in different patterns of same
information that creates confusion and difficulty for
doctors and other users. As designers associated with
different organizations and tools development tend to
provide a tool based on their perceptual judgment at
varied level of knowledge to their end user result in
differentiation and challenging scenario of disuniformity
in information means [9-11]. Visual designers can provide
a best mean of unifying the same application Graphical
User Interface (GUI) format that can be in different
language but similar in design and color pattern will result
an ease of understanding for medical professionals. For
example Microsoft Windows adapted either in different
countries, languages and devices do not lose the basic
means of user interaction behavior. In EHR visualization
tools can only be given a standardized uniformity only if
proper evaluation of Visual Designer’s requirements,
professional knowledge capabilities and scope of future
perspectives can be determined for such tools with their
reference.

The research study follows a similar pattern of
Delone and Mclean Information System Model as in
figure 1.

Information
Quality

| Intention ‘
Use }
| toUse ‘

Net
Benefits

System
Quality

User }
| Satisfaction ‘

Service
Quality ‘

Figure 1. Updated Delone and Mclean IS Model
(C.Bossen et.al 2013)

This model is comprised of three areas of quality

such as service, information and system that are used as
feedback for intention of use and user satisfaction mode.
Thus benefits from both perspectives are inter linked and
connected with each other with respect to the end user of
system. Based on previous work, studies, applications and
tools in similar domain, there are 31 knowledge, skills,
use and future perspective area factors collected in
relation to Visual Designer towards the overall EHR
system. Similar approach is adapted in CARE 1.0 i.eisa
proposed model and simplified EHR visualization tool to
address primary and secondary stake holders i.e doctors,
DBAs and Visual designers requirements respectively
[13][24][15].
This paper is organized as follows: Section Il presents the
relevant work and EHR visualization problems with
reference to Visual designers and gaps previously
identified by researchers in the similar domain. Section IlI
presents the details of the study and its different areas,
factors and outcome in the form of results in graphical
format. Section IV describes the conclusion and results
while section V highlights the future work areas.

2. RELATED WORK FOR EHR
VISUALIZATION

EHR visualizations represent past patient records that
are including their demographical details such as names,
birthdate, location, past hospital visits, symptoms or
disease identification, test reports and doctor’s
recommendations about medicines, treatment and
operational details. These visualizations are normally
developed and characterized based on the selected data
field sets based on the end user requirements with the help
of single or multiple patient records and retrieved from
one or many data pools [16-18][26]. Representation of
single patient record is normally with the personal
information along with disease or problem details along
with medicine and test recommendation, outcome of tests
and medicine and later discharge date or release date from
the hospital with life status healthy, dead or transfer to
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other unit as in LifeLinel, LifeLine2 and TimeLine
[71[10][13][30].Researchers for these solutions reported to
work on knowledge improvement, records visualization
granularities enhancement and information sharing
between stake holders as leading gaps and future work.

Another approach addressed in developing such
application solutions by using the same IS model as
mentioned in figure 1 were previously proposed. Prefuse
and ProtoViz are one of the few tools tried to represent the
graphical form of patient related information in
categorical and classified format [7][24] lesser addressing
towards the error handling and data perception difficulties
for stakeholders. More work is also performed in making
the applications more analytical and information oriented
that really turned the overall meaning of simplicity in
operation as in VisualDecisionLinc using comparative
effectiveness research [23] but resulting in difficult GUI
with multiple links.

These tools were developed based on
Questionnaire based studies, focus group and interview
based case study approach as used in Delone & Mclean
IS model [1][33] for evaluation of system, information
and its impact of quality on its users directly. But results
still show a gap in end user satisfaction based on the in-
depth  knowledge about patient data updation,
management and interesting facts segregation. This is
impossible in most of the approaches as using mixed
triangulation methods for complex EHR solutions as they
have both pre and post implementation affects based on
user adaptations, use mechanism of system and nuanced
change.
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Figure2: Snapshot of TimeLine (A.A.Bui et.al)

Visualization of temporal query results and event
classification based on similar sequences is normally
represented in the form of legends, colored graphs and
circles to facilitate information understanding [19-21].
Significant limitation for such visualization tools is

complex visualization, difficult to develop and arrange
data as per user requirement and error handling. As
mentioned TimeLine in Figure 2, design is good with
information display wise but difficult to understand the
information in simple way. This depicts more absence of a
designer perception sense with reference to understand
DBA and Doctor requirements [3][21-24][30].

Hungarian Algorithm is a match and mismatch
option provision solution proposed later to address data
handling [31]. It has limitation in addressing the
interaction of end user particularly designers to give a
choice for handling larger data representation. A few other
solutions tried to represent data by aligning, filtering,
grouping on basis of interest columns and regrouping,
zooming of single or multiple patient records. But these
tools fail to facilitate in bringing granularity and provide
a schematized exploration of information level to the end
user but often result in lack of interest due to mismatched
requirements of stake holders  [10-12][16-19].
Terminologies appearance and heterogeneous format
representation of non-uniform EHR data results in
miscellaneous forms of visualization. This results in poor
and incomplete IV that could not provide required
information to end user due to occlusion of different
metaphor objects.

To better address the naming convention of
International Disease Code (ICD) 9 and ICD 10 against an
event and incident , a five w’s based approach including
of what, when, where, why and how implemented in a
circular graphic tool [30-31]. This tool also lacks the
addressing issues towards the designer’s knowledge and
skills based gaps rather more on doctor’s gaps covered.
More work for single patient data record and multiple
patients less addressed and result in complex
visualization. National Health Services (NHS) UK also
tried to focus on identifying the gap needs in knowledge,
skills and future needs of EHR visualization demands
with adjunct interaction of its all participating
stakeholders [22-23].

In this paper, the authors adapted a similar ICT
procedures similar to those in previous tools and
development process based on survey and close
questionnaire based study with Visual designer of
different government hospitals and public organization
[3][9][20-25]. Visual Designers are secondary stake
holders in 1V tools and their feedback is gathered based
on their knowledge, daily IV interaction abilities,
difficulties and future expectations. Visual Designer‘s role
is minimum in relation to information use but very much
vital with reference to perception provision to other EHR
stake holders such as doctors.

3. MOTIVATION FOR THE STUDY

This research work is an outcome of third phase of an
ongoing project, CARE1.0 and following the Delone and
Mclean model as mentioned in figure 1. All three stake
holders i.e Doctors, DBA and Visual Designers interact
with EHR visualization but its practical implementation is
majority hindered by poor color contouring, complicated
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spatial layout in design pattern and difficult data
perception [13][16][32-34].

Amalga [3], Prefuse [6] and RAVEL [19] focus
on texture gradients and linear perspective of EHR
missing the interaction depth, degree of contrast and
stereoscopic depth of design. Previous tools tried to more
work on satisfying the needs of one stake holders but
missing the input and weaker knowledge side from the
other participating stake holders that can lead to provide
more simpler and affordance in visualization [26-29][33].

The primary objective of this paper is to identify
the areas in knowledge, skills, visualization handling and
future expectations of Visual designers. This will help to
measure the limitation areas and develop a model for
future 1V applications in EHR.

4. VISUAL DESIGNERS CASE STUDY
DETAILS

In this study, survey based questionnaire approach is used
in a stratified sample of participants randomly. Visual
designer is a strategic focus group and similar technique is
used in previous EHR applications [10][13][22][24][29].
100 Visual designers participated in this study, having an
average experience of 3 years with work background of
handling temporal data visualization from different
domain with similar scope of use. The gaps and areas of
issues are same as used for doctors and DBAs in their
case studies using literature review and expert’s opinion
of EHR visualization domain

31 factors as mentioned in table 2 are selected based
on questionnaire mentioned in table 1. Likert scale from
1-5, where 1 is representing poor or no understanding
while 5 is for the expert level in that area of factor. The
outcome of the survey based data is represented in the
comparative analytical form in figure 3.

Table 1. Sample Qustionaire for Visual Designer

Rating
Statement

5413|121

Table 2. Factors related to Visual Designers

| Section : Basic knowledge about Information
Visualization (1V) and tools

How much do you know about IV
tools and applications?

How much expert are you in any
existing 1V tool(s) use in health care or
any other similar domain?

How much do you know about
representation of data of any type in an
IV tool or application?

IV tools knowledge

Existing IV tool

Data transformation 1V tool

IV data handling tecniques
Non-temporal data visualization
Single patient record visualization
Multiple patients data visualization
Color mapping

Fields visualization
Visualization architecture

IV creation

IV updation

EHR Representation

Errors identification

IV Amendment

Temporal data Representation
Color and pattern Understanding
Missing Information

Efficiency Measurement

Point of interest

Visualization Design

Layout weakness

Poor data extraction
Functionality metrics

Complete solution

Ease in understanding

Level of extensive info
Simplification in operation
Information sharing

User friendly GUI
Multiple Data flow

VV VV VY VYV VV VYV VYV VYV VVVVY VY VY VY VYV VY VY VY VY VYV

In Figure 3, factors are represented on X-axis and
number of participants on Y-Axis. Five different colors
are used against each likert scale category. IV tools
knowledge, Existing 1V tool, Data transformation in IV,
Single patient record visualization, color mapping, IV
creation, Errors identification, EHR representation,
Layout weakness, Poor data extraction, Functionality
metrics and Information sharing are the key factors where
more than 60 percent of Visual designers feel
comfortability.

Some factors such as IV data handling
techniques, non-temporal data visualization, multiple
patients data visualization, Fields visualization,
Visualization architecture, 1V creation, 1V updation, 1V
amendments, temporal data representation, Color and
pattern understanding, Missing Information , Efficiency
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Measurement, Point of interest , Visualization design ,
Complete solution, Ease in understanding, Level of
extensive information,

Simplification in operation and User friendly
GUI represent less than 45% of Visual designers
expertise. These factors were also reported in past work in
different tools and models to be addressed in oncoming
applications either in single set or with combination of
two or more by researchers [4][9][11][19-20][24][30-34].
Highlighting these areas will help in working on the
improvement in design, functionality and interface of such
applications to self-heal these gaps [23-26].
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Figure 3: Comparison of all factors for Visual Designers in HER

5. RESULTS AND DISCUSSION

Visual designers and visualization tools play a vital
role in developing an interactive decision support visual
analytic system using 1V. Designers work on providing GUI,
format of resulting visualization and color pattern negating
this cliché “ a picture is worth of thousand words” by using
number, texts and other formats for data [2]. Above results
show multi chunk queries will result in more complex
visualization. This can be solved by utilizing a visual query
into series of subqueries and only to the point information can
be selected or the closest dealing data facts can be aggregated
avoiding information burden on GUI. Results are highlighting
the facts that majority of designers are poor in IV creation,
updation, comparing multiple patients records, analysis of
important facts provision and user friendly GUI. Reasons for
such gaps are poor data transformation techniques, less
interaction flow between stake holders, poor visualization
architecture understanding, decrease color contouring and
absence of extensive patient information.

The primary objective of this paper is to identify the
deficiency areas in relation to IV knowledge, tools handing
skills, scope of use and future perspective in next generation
multiple EHR applications. Although designers feel more
good in color coding, identification of data metrics with
different patterns, shaping the events of interest in pictorial
objects such as disease and date of treatment with dosage in
few past tools but fails to address same in multiple patients
records due to lesser domain knowledge. Occlusion is often
used a method and a metaphor for ranking the important
information with lesser important information.

Based on comparison of results, both knowledge and
skill oriented factors related to designers represent lower scale
in more than 50% population. These factors are directly
related to 1V data handling techniques, non-temporal data
visualization, multiple patients data comparison, highlighting
important information with respect to end user, missing
information identification, non-friendly GUI and multiple data
flows in IV tools. It is observed in health units that due to poor
meaningful GUI, lesser availability of desired temporal data
facility and excessive use of colored metaphor details result in

lesser adaptation by doctors and other stake holders. These
seven above important factors related to Visual designers need
more attention in future IV tools.

Visual designers feel more comfortable and have
satisfactory level of desired skills in areas of different IV tools
general  operating  knowledge, information  errors
identification, single patient record visualization and EHR
schematic representations but fail to handle complex and
multiple visual queries. Significant reasons behind are lesser
knowledge about EHR data base, interactivity challenges for
other stake holders and system limitations understanding.
These can be covered by using interactive feedback,
occlusion of higher pictorial depth cue in GUI and active
interaction of all stake holders together for an effective IV tool
development. Based on studies conducted in similar pattern
for doctors and DBAs within the same fashion, it is observed
that a knowledge pool should be used to aggregate the
requirements of different stake holders with their scope level
to EHR database and a uniform agreed format of GUI to
facilitate understanding for lower skill to medium skill level
stake holder with auto help mode in tool.

6. FUTURE WORK EXPLORATION

IV facilitate in multiple EHR visualization by single or multi
chunk queries based on end user requirements. Interesting
facts often occlude by non-relevant data facts due to affect in
size constancy and color patterns. Depth cues determine the
size of important information facts based on pictorial and non-
pictorial representations of more important facts. Occluding
the lower demand value objects based on higher value will
help in better perception to stakeholders such as doctors.
Although in this paper, problems areas are identified with
reference to visualization and designer’s perspective but still
fine granularities with human perception is missing in terms of
information cast shadows, height and dimension of objects and
depth of focus using shading. More parameters can be
addressed in future work to integrate the perception of all
stakeholders for IV implementation.

50



The authors would

Volume 3, Issue 6

ITEE Journal

ISSN: - 2306-708X

December 2014

Information Technology & Electrical Engineering

©2012-14 International Journal of Information Technology and Electrical Engineering

Acknowledgement
like to thank Universiti Teknologi

PETRONAS for providing technical and financial support for
this research work.

REFERENCES

(1]

(2]

(3]

(4]

[5]

6]

[7]

(8l

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

L.Wilcox,J.Lu,J.Lai,S.Feiner  and D.Jordan(2010).
"Physician- driven management of patient progress notes
in an intensive care unit,” presented at the Proceedings of
the 28th international conference on Human factors in
computing systems, Atlanta, Georgia, USA.

C. Ware, "Information Visualization Perception for
g)gflsgn",page 14, 3rd ed.: Morgan Kaufmann Publishers,

Microsoft Amalga. http://www.microsoft.com/Amalga/.

M. D. Hirsch, "Lack of standardized EHR interface
delaying interoperability," ) in
http://www.fierceemr.com/story/lack-standardized-ehr-

interface-delaying-interoperability/2012-02-14, ed, 2012.

C. Bossen, Jensen, Lotte Groth Udsen and Flemming Witt
"Evaluation of a comprehensive EHR based on the DelLone and

McLean model for IS success: Approach, results,

and success factors,” International Journal of Medical
Informatics, vol. 82, pp. 940-953, 2013.
J.Heer Stuart K. Card and James A. Landay ,., "prefuse: a
toolkit for interactive information visualization,"
presented at the Proceedings of the SIGCHI conference
on Human factors in computing systems, Portland,
Oregon, USA, 2005.

M. Bostock and J. Heer, "Protovis: A Graphical Toolkit
for Visualization," Visualization and Computer Graphics,
IEEE Transactions on, vol. 15, pp. 1121-1128, 2009.

V.Nair, Kaduskar M., Bhaskaran. P., Bhaumik, S. and
Hodong L., "Preserving Narratives in Electronic Health
Records,” in Bioinformatics and Biomedicine (BIBM),
ig%l IEEE International Conference on, 2011, pp. 418-

L.Wilcox,D.Morris,D.Tan  and J.Gatewood (2010).
"Designing patient-centric information displays for
hospitals," Ipresented at the Proceedings of the 28th
international conference on Human factors in computing
systems, Atlanta, Georgia, USA.

K. W. Megan Monroe, Catherine Plaisant, Ben
Shneiderman, Jeff Millstein and Sigfried Gold. (2012).
Exploring Point and Interval Event Patterns: Display
Methods  and Interactive Visual Query Available:
http://www.cs.umd.edu/hcil/eventflow/.

M.S.A Malik and S.Sulaiman, "Towards the development
of an interface model for information visualization in
multiple electronic health records,” presented at the IEEE
International ~ Conference  on Computer Medical
Applications (ICCMA) 2013

X.Wang,D.Wenwen, T.Butkiewicz,E.Bier, and
W.Ribarsky (2011). "A two-stage framework for
designing ~visual anzil)_/tlcs system in organizational
environments,” in  Visual Analytics Science and
Technology (VAST), 2011 IEEE Conference onVisual
Analytics and Technology, pp. 251-260.

A. A. T. Bui, Aberle, D. R.Hooshang, Kangarloo,
"TimeLine: Visualizing Integrated Patient Records,"
Information  Technology in Biomedicine, IEEE
Transactions on, vol. 11, pp. 462-473, 2007.

Health and Social Care Information Center,. (2012).
Quality of dataset report in various groups. Available:
http://www.hscic.gov.uk/catalogue/PUB08687.

M. S. A. Malik and S. Sulaiman, "An Integrated Modular
approach for Visual Analytic Systems in Electronic
ealth Records,” International Journal of Advanced
g(())lrrzlputer Science and Applications, vol. 3, pp. 246-250,
U. K. National Health Service, NHS datamodel and
dictionary

service.(2013).AvaiIab_Ie:htg)://www.connectingforhealth.
nhs.uk/systemsandservices/data/nhsdmds.

H.-Q. Wang, Li, J.Z, Yi,F.S, and Muneou,A.K. "Creating
personalised clinical p_athwa?/s by  semantic
interoperability with electronic health records," Artificial
Intelligence in Medicine, 2013.

K. Matsui, Yamanouchi, M and Sunahara, H.., "A
Proposal of Framework for Information Visualization in
Developmg of Web Application,”" in Applications and the
Internet (SAINT), 2011 IEEE/IPSJ 11th International
Symposium on, 2011, pp. 457-462

F. M. Frantz THIESSARD, Gayo DIALLO, Vianney
JOUHET, et al., "RAVEL: Retrieval And Visualization in
ELectronic health records,” European Federation for
Medical Informatics and 10S Press2012.

J. Viitanen, H., Hannele,L.i, Tinja,V., Jukka,R., Jarmo
and W., llkka., "National questionnaire study on clinical
ICT systems proofs: Physicians suffer “from poor
usability,” International Journal of Medical Informatics,
vol. 80, pp. 708-725, 2011.

K. Bum chul, B.Fisher and Soo Ji.,"Visual analytic
roadblocks for novice investigators,” in Visual Analytics
Science and Technology (VAST), 2011 IEEE Conference
on, 2011, pp. 3-11.

Z. Zhang, Wang, B.Ahmed, F.Ramakrishnan, I.Zhao,
R.Viccellio, and Mueller, K., "The Five W's for
Information Visualization with Application to Healthcare
Informatics,”" Visualization and  Computer Graphics,
IEEE Transactions on, vol. PP, pp. 1-1, 2013.

[23] K. K. Mane, C.Bizon,C.Schmitt,P.Owen,B.Burchett,
R.Pietrobon,and Gersing, Kenneth,"VisualDecisionLinc:

A visual analytics approach for comparative
effectiveness-based clinical decision support in
psychiatry," Journal of Biomedical Informatics, vol. 45,
pp. 101-106, 2012.

[24]J. Viitanen, H. Hannele, T.L&&veri, J.Vansk&,J.Reponen
and 1.Winblad, "National questionnaire study on clinical
ICT systems proofs: Physicians suffer from poor
usability,” International Journal of Medical Informatics,
vol. 80, pp. 708-725, 2011.

[25] B. Bowman, N. EImqvist and T.Jankun-Kelly, "Toward
Visualization for Games: Theory, Design Space, and
Patterns,” Visualization and Computer Graphics, IEEE

Transactions on, vol. PP, pp. 1-1, 2012.

[26]C. L. Schaefbauer and K. A. Siek, "Cautious, but
optimistic: An ethnographic study on location and
content of primary care providers using electronic
medical records," in Pervasive Computing Technologies
for Healthcare (PervasiveHealth), 2011, 5
International Conference on, 2011, pp. 63-70

[27]D. L. McGuinness, et al., "Towards Semantically Enabled
Next Generation Community Health Information
Portals:ThePopSciGrid Pilot,” in System Science
(HICSS), 2012,45th Hawaii International Conference
on, 2012, pp. 2752-2760.

[28] H. a. S. C. I. Center. (2012). Quality of dataset report in
various groups.Available:
http://www.hscic.gov.uk/catalogue/PUB08687

[29]W. Jiaxin, "WIVF: Web information visualization
Framework based on information architecture 2.0," in
Computer and Automation Engineering (ICCAE), 2010
The 2nd International Conference on,2010,pp. 734-738.

[30] K. Wongsuphasawat, J.A. Guerra ,C.Plaisant,
T.D.Wang,M.T.Maimon and B. Shneiderman
"LifeFlow: visualizing an overview of event sequences,"

[17]

(18]

[19]

[20]

[21]

[22]

51


http://www.cs.umd.edu/hcil/eventflow/

Volume 3, Issue 6
December 2014

ITEE Journal

ISSN: - 2306-708X

Information Technology & Electrical Engineering

©2012-14 International Journal of Information Technology and Electrical Engineering

Presented at the Proceedings of the 2011 annual
conference on Human factors in computing systems,
Vancouver, BC, Canada, 2011.

[31]V. Huser, Narus, Scott P. Rocha,and Roberto A. ,
"Evaluation of A flowchart-based EHR query system: A
case study of RetroGuide," Journal of Biomedical
Informatics, vol. 43, pp. 41- 50, 2010.

[32] A. B. a. H. W. P. Sarah Faisal, "Making sense of

personal health information: Challenges for information
visualization," Health Informatics Journal, vol. 19, p. 21,

AUTHOR PROFILES

Sheraz is currently pursuing his PhD in domain of Human
Computer Interaction at Department of Computer and
Information Science at Universiti Teknologi PETRONAS
Malaysia. His area of research work is Information
Visualization in temporal data for multiple Electronic Health
Records.

Aug 26, 2013.
[33]N. Urbach, B. Miiller, The updated Delone and
Mclean model of information systems success, in: Y.K.
Dwivedi, M.R.Wade, S.L Schneberger (Eds.), Information
Systems Theory,28™" ed.,Springer, New York, 2012,
pp.1-18.
[34]J. A. Maldonado, Costa,C.M.,David,M., Marcos, M.,
Diego, B., José Antonio,M., Jesualdo , T.F., Montserrat,
R., "Using the ResearchEHR platform to facilitate the

Br_actica_l aﬂ)lication_ of the EHR standards,” Journal of
iomedical Informatics, vol. 45, pp. 746-762, 2012.

Suziah Sulaiman obtained her PhD from University College
London, United Kingdom. She is currently teaching at
Universiti Teknologi PETRONAS, Malaysia. Her research
interest includes human computer interactions, user haptic
experience, virtual environment, and health informatics.

52



