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Abstract— Health care delivery teams are increasingly adopig

healthcare information systems (HCIS) to improve tle efficiency
and quality of care. Methods for assessing candidatHCIS exist,
but are inadequate. Enhanced approaches to HCIS assament
are needed which focus on quality of care goals armbmpliance
with accreditation standards. Performance indicatos are often
used to measure how well goals are met, but on thawn are not
sufficient. We presents a five-step framework formodeling the
impact of candidate HCIS using User Requirements Nation

based on impact points where the effects on operatial business
processes are measured and linked to organizationgloals. A
case study illustrates the framework and evaluatess potential.
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requirements. We also provide an overview of nemnéents
engineering and the URN language.

A.  Assessment Approaches for HCIS

Business performance management (BPM) is a common
approach in which key performance indicators (KRIs) used
to define how organizational objectives are quaedifand
measured. The Balanced Scorecard is perhaps thewedts
known and has been applied successfully to the gesment of
healthcare organizations [14]. However, one efdhallenges
for BPM is to understand the relationship betweperational
business processes and results measured with KBAlag well
as the constraints imposed by legal requiremenRecent
research indicates that URN can be used to addres
business process issues [24] and legal constfabits

BPM has the potential to be used as an HCIS assessm
tool but the gap between KPIs and operational lessin

The 2001 Institute of Medicine Study called for theProcesses limits its effect. Typically more narypvocused

healthcare system to be reengineered to suppan teEsed
care and the sharing the of data and work procelddds

However, in spite of available Healthcare InformatBystems
(HCIS), many health care providers still collectdashare
patient’s information in an ad-hoc basis, by pdpesed forms,
faxes and phone. Resistance to using HCIS oftenssfeom

uncertainty that investment in technology will adty result in

improvements to either the efficiency or quality a#re [3].

One study of HCIS showed that nurses were requoedo

“double entry” into electronic systems and papeartsh for

various reasons including legal issues [18]. Suaplicate

work creates the opportunity for medical errors anadkes

health care providers hesitate to accept HCIS. éher
increasing pressure to demonstrate that moneyselyspent
[30], but existing HCIS assessment tends to beeeitho

narrow in focus or lack the specificity needed ¢sess day to
day processes. Health care providers need to leetalalssess
the impact of HCIS in a systematic way that linkailyd

processes to organizational goals related to gualditare and
regulatory oversight. This paper presents a rement

engineering framework that models organizationalgtinked

to business processes. It integrates performardieabors to
quantify the impact of an HCIS and compare altéveat

. BACKGROUND

In this section we review existing approaches &seasing
HCIS, as well as the role of accreditation and otlegal

measures are used. Cost-benefit analysis (CBAgssss

different alternatives by weighing the total exjectosts over
the total expected benefits measured strictly irmse of

financial impact. In healthcare, though, qualifycare and

regulatory compliance is paramount, which limitse th
effectiveness of CBA for truly understanding thepaut of an

HCIS [7].

Technological adoption models (TAM) are an altaxmaas
they evaluate how likely it is that an HCIS wilttaally be used
if provided, and to identify what factors influenegloption
(positively or negatively). There are several tedbgy
adoption assessment models such as Roger’s Diffusfo
Innovation Model [25] and Technology Acceptance KId&].
However, TAM does not evaluate how the HCIS impacts
organizational goals such as quality of care orulegry
compliance. Ash et al. showed that HCIS can haymaats that
extend beyond the technology itself [2].

B. Accreditation and Other Legal Requirements

Accreditation is affirmed as a process designedhfirove
the quality, efficiency and effectiveness of a te=re
organization, including its structures, processas$ autcomes
[20]. It is reasoned that an effective accreditati@search
program will not only identify poor performing asehut will
be sufficiently sensitive to predict poor performarand thus
help avert clinical or administrative failure [4]he benefits of
accreditation include an acceptable level of quadinongst



healthcare providers [19], improved communicati@iween
providers, and continuous self analysis of perfarceg21].

The case study used in this research was an HCIS
support palliative health care within the jurisaictof Ontario,
Canada, for which Accreditation Canada specifiescgss
guidelines and KPIs [1]. Privacy is also regulatad the
Personal Health Information Privacy Act [22] withitne
framework of the federal Personal Information Petten and
Electronic Documents (PIPEDA) act [23]. PIPEDA teeen
recognized by the European Commission as being lgambp
with the European Union’s Directive on Privacy dtfidctronic
Communications [8]. In the United States, theresiimilar
legislation for healthcare in the form of the Hkalhsurance
Portability and Accountability Act (HIPAA) [13].

C. Requirements Engineering with URN

For any information system, understanding and aiaiy
its purpose is important [9]. Goal oriented apphesc to
requirements engineering [26] address why an indbion
system is needed in addition to what and how thetegy
works. The purpose of requirements engineering fi$1{o
understand both the need and the justificatiomadhformation
system in terms of the organization which will useThe
ability to measure how well these goals are met any
information system by combining goals with BPM ia a
emerging focus for requirements engineering resej@4€, 28]
as is the ability to address legal compliance (8, 1

URN is a requirements engineering language, recentl

adopted by the ITU as a standard [16] that combipeas

models and use case maps in order to model inf@mat
show how actor

system requirements. Goal models
(stakeholder) goals are structured and how theyraasured
by indicators. An example of a goal model is shawfigure 2

and explained in detail for our case study in secW¥. Use
case maps model scenarios that depict behaviothwtdo be
linked to goals. In particular, they can be usedntodel

organizational business processes [24]. Scenatitsgonnect
start points, end points, and responsibilities. pRasibilities

indicate where actions, transformations, or prdogssare

required. An example of a UCM diagram is showniguife 3

and explained in detail for our case study in sechi.

URN models can be built using the Eclipse-based

jUCMNav tool [27]. jUCMNav supports an extensibtesta-
model for extending the set of diagrams, model el@mand
links the tool can work with as well as a data exde layer
for integration with other tools and systems. Ibvides
integrated support for KPIs as an extension to tHeN

standard [24].

Ill. RESEARCHMETHODOLOGY

The methodology used was design-oriented resedath t

consisted of five stages [12]: problem definitidremework
design, framework evaluation, re-evaluation andrawpment
of framework, and communication and discussionesiults.
The problem definition stage included a carefuéiiested case
study, a literature survey of existing approached a gap
analysis of how effective existing approaches wéoe
addressing the problem. An initial set of critdoaevaluating

our framework was established during this stagedas the
literature survey and our interaction with key staddders n the
Fase study who were responsible for HCIS assessiaring
Pamework evaluation and re-evaluation this setriéria was
refined through our interaction with stakeholdershow
participated in the evaluation.

The following criteria were used to evaluate ourpased
framework. To a large degree, many of the critegi@
generally assumed to be satisfied by Business iPaafce
Management approaches such as the Balanced Sehrboar
are not due to the inability of the Balanced Scdredirectly
capture how the changes an HCIS creates in buginesssses
are related to the results measured with KPlIs.

e Graphically model impact on organization goals:
Quality of care goals and regulatory oversight make
the context for HCIS assessment complex. It is
important to graphically model the key stakeholders
their goals, the relationships between them, amd th
impact on them in order that decision makers can
visualize all aspects of the situation.

» Quantify impact on organization goals:Quantifying
impact enables stakeholders and decision makers to
understand the impact of a HCIS in a manner that ca
be measured objectively, compared, and used for
planning. KPIs are the usual mechanism for
measuring business performance. lIdeally, the impac
of an HCIS would be quantitatively understood in
terms of the impact on KPlIs.

e Correlate KPIs, goals and business processebhe
impact of an HCIS is most clearly seen in how it is
intended to change existing business processes. An
HCIS assessment is not complete unless it explicitl
shows the relationship between changed business
processes and the KPIs that measure business
performance in terms of organizational goals.

» Compare Alternatives: There are choices in how
business processes can change with an HCIS. There
are even technology options to be chosen fromen th
implementation of an HCIS. It must be possible to
compare alternatives during HCIS assessment.

» Continuous Assessmenttt is important to be able to
monitor the impact of an HCIS over time as goals,
processes, and technology change. Ideally, onédwou
want to continue to assess after the HCIS is
implemented in order to validate that its actugbact
is in line with its expected impact. .

* Tool support: Because of the complexity of HCIS
assessment, as well as the requirement to compare
alternatives and perform continuous assessment,
software tool support is crucial.

» Assess financial impact: Existing approaches like
CBA should be supported.

» Assess user adoptionExisting approaches like TAM
should be supported.



IV. URNFRAMEWORK

The framework, with jJUCMNav tool support for URNdan
key extensions to integrate KPIs, is shown in fgir

1. Goal Model 4. Continuous
assessment

2. Key Performance

Indicators

3. Impact points 5. Alternati_ve
strategies

Tool: JUCMNav |

N&n :26enbue

Figure 1. URN Framework

[29]. In our case study, we worked with a healtreqarovider
in Ontario, Canada to assess an HCIS called PAlpadSiative

care information system) which was a web porta¢rided to
facilitate sharing of patient information among tws, nurses
and case managers to support decision making eaufrtent.

Figure 2 shows a subset of the high level goal ihadd
some important KPIs from the case study. It is dalsi a
shapshot of the goal model after the first two step the
methodology have been completed (1.Goal model aikdy2
Performance Indicators). The goal model was ihjtibuilt
based on an analysis of internal documents fronp#iiéative
care team and accreditation documents that speqgifiecess
guidelines and quality of care KPIs. It was thefined
iteratively based on feedback from the palliatiseecteam.

KPIs are indicated by hexagon figures, goals adécated
by “squashed” ellipses. The dotted line circlesdate the four
main actors for palliative care: doctor, nursegaamnager and
ICT (Information Computing Technology). PAL-IS whsing
proposed to replace ad hoc ICT such as faxes aadsenThe
case manager owns the goals: “timely deliver palkacare

1. Goal model: A goal model structures the goals andservices”, “shorten/avoid hospital stay”, “satisiymily and

captures dependencies and interactions betweers.go#l

identifies the key stakeholders or actors respbmsdyr goals.
The goal model depicts what the organization isngryto

achieve with a particular focus on those goalsstakleholders
where the HCIS is intended to have an impact.

2. Key Performance Indicators: For each goal, there
should be at least one KPI that measures to whgtiedethe
organization is achieving the goal. Without KPigre is no
ability to measure the impact of HCIS adoption oy other
change in the way the organization operates). KRisadded
to the goal model and linked to the goal(s) for akhihey
measure impact (positively or negatively).

3. Impact points: Each KPI is reviewed and assessed to

understand what impact, if any, is expected frompfoposed
HCIS. If an impact is expected, further analysisdone to
identify precisely what task, process or measurérsieould be
changed by the HCIS. These impact points are aedlyn

detail in order to quantify the expected impactelCase Maps
are used to model particular scenarios to illustrabw

organizational processes will change with the ne&$

4. Alternative strategies This step pulls together a
complete view of the HCIS quantifying the impactténms of
two strategies to choose from: adopting the HCI&u& the
status quo. At each impact point, we modeled hasks,
processes and measurements would impact KPIs with a
without the proposed HCIS.

5. Continuous assessment: Initial assessment predicts
what impact indicators will
implemented. Follow up assessments should be mpeztbon
a regular basis after implementation to ensurettr@tCIS is
having the desired impact.

V. CASESTUDY

Palliative care is the care provided to patientsrat of life
when curative therapies are not an option. Tylyicdl is
provided as team based care delivery across neulsigttings.

measure when an HCIS is

caregiver”, and “provide continuous collaborativare®. The
nurse has goals “remotely monitor patient” and éasgpain &
symptom burden”, while the doctor's goal is to Islize
patient at home”. The ICT has three goals, “privaoyd
security assurance”, “efficiently communicate amdegrate
patient data” and “capture critical events for dudi

The KPIs came from meetings with stakeholders and
Accreditation Canada'’s palliative care guidelings Each KPI
is linked to the goal it measures. For examplee ‘ppercent of
patient info being collected remotely” measuresniogely
monitor patient”, and “the last time and periodicitf patient
info being updated” measures “efficiently commutgcand
integrate patient data”. The arrows in the diagiadicate a
positive contribution towards a goal, except foe ttound-
headed arrows which indicate that “remotely monjtatients”
and “efficiently communicate and integrate patietata”
potentially compromise “privacy and security asage.

The critical step in applying the methodology wae t
identification and analysis of impact points. (3pkmst Points).
For each KPI, discussions with the palliative caeam
identified what business processes provided the oh@asured
by the KPIl. These were then reviewed to deternthe
impact points where PAL-IS might be expected toehawn
impact that would be measurable by a KPl. Use taaps
were then used to model the key operational busines
processes related to these impact points, in dodgredict and
guantify the impact.

The main impact of PAL-IS was anticipated to beuarb
the goal of “remote monitoring” for the nurse arefficiently
communicate and integrate patient data” for the.ICTh
palliative care, the most critical operational Inesis process is
pain assessment and management, which is diredtied to
those goals. In the exiting “Ad Hoc” approach @ without
PAL-IS, business process remote monitoring
communication was were currently being achievedahyad
hoc combination of faxes, phone calls, emails, Engerson
visits by the nurse.

and
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Figure 2. Goal Model and KPIs

Figure 3 is a use case map that shows procaesddloone
scenario. Each actor (Patient, Nurse, and Dodtag a
rectangular box for their individual responsibdgi The
process start is indicated by the large dot whenRahtient
does “SendPainScore”. The process flows in thection
indicated by arrows. Each “X” indicates anotheskta The
Nurse “Generates and sends a painReport” basdteqrain
scores sent by the Patient. If the pain score eslcea
certain threshold then the Nurse “Sends PainAleatising
the doctor to “ChangePrescription”, and then thersiu
“Send prescription info” as needed in order that Batient
“Receive Prescription”.

patient nurse doctor

No act

Generate and Send painReport
SendPainScore

—
Send painAlert

Receive prescription

Send prescription info
'F. ‘m

Send changed prescription

Figure 3. Palliative Pain Management Scenario

The next step in the process (4.Alternate Stras@gims
to formally model the difference between the ergptfAd
Hoc” ICT, and the proposed “PAL-IS” ICT. This weene,
using jUCMNav's support for comparing alternative
strategies. In Figure 2, one could associate titeyrative
tasks with the goal “efficiently communicate andegrate
patient data”: one with the Nurse updating dataualy and
communicating with other parties, the other with LPI&
updating data and automatically communicating.

In the existing “Ad Hoc” approach to ICT, withouRP-
IS, there can be significant delays before messages
received and acted upon. Often the nurse must wisi
patient in person to collect pain scores. UsingL#3,
patients could submit their PainScore to the wettapand
pain alerts and changed prescriptions could beveteld to
doctors and nurses automatically in a single stahda
interface. This increases the patient info coli@atemotely
and increases the periodicity of patient info updat The
turnaround for our scenario was expected to dromfa
period measured in days to one measured in hours.

The final step in our methodology is to support
continuous asssessment as PAL-IS is implementadout
case study, the model went through three versieferd it
was finalized, and we are planning for regular ango
assessment. At each point, where a new model rewa
reassesment is done, one needs to save a compuligetgnt
version of the model. Comparisons between versants
tracking and analysis of trends must be done minual

There is support in jJUCMNav for linking KPIs in the
goal model to a business performance managemetgnsys



[24]. This would allow one to automatically linket actual
values for KPIs once PAL-IS is implemented, in orte
compare with the predicted ones entered duringsassmt.

It is also possible to use external change managfetoels
to track changes as goals, KPIs, and business gzese
evolve over time. However, better and more integldool
support is needed be able to monitor assessmerd in
continuous fashion (e.g. monthly snapshots, corepasi
between model versions etc.).

VI. EVALUATION

The case study illustrated how our URN-based
framework flexibly correlates goal models with inspa
points in business processes while integrating Kais
alternate strategy analysis. This, of course, atp@ more
comprehensive approach to HCIS assessment theroWiar
techniques like CBA (Cost Benefit Analysis) and TAM
(Technology Adoption  Models). However, our
characterization of CBA and TAM as being “narrowhply
reflects that they are focused on a smaller sqtaoticular
KPIs, where our URN-based framework would incorpmra
all KPIs impacted by the HCIS that are relevant to
organizational goals. So, a more interesting etaln
would be to compare our URN-based approach to a mor
comprehensive BPM (Business Performance Management)
Methodology like the Balanced Scorecard.

In Table 1, we evaluate and compare the two appesac
with respect to the evaluation criteria that wentifeed as
part of our research methodology in section 3.

Table 1. Evaluation of URN Framework

Criteria Balanced URN
Scorecard
Graphlpally Not really. KPIs in Ell\_(es. Gogl models
model impact inked to impact
strategy map but S
on . points: HCIS, Actors
organization hard to directly Tasks, Processes &
g correlate with HCIS '
goals Measurements.
Quantify Not really. KPIs |Yes. JUCMNav
impact on guantify but hard toextends the URN
organization [directly correlate |standard with support
goals with HCIS. for KPlIs.
Correlate
KPI§, goals & No. Yes.
business
processes
Compare Not really. Only Yes
alternatives |KPI, not HCIS.
Tool support |KPI infrastructure | jJUCMNav plus KPIS
Asses_s Somewhat. If Yes, if financial KPls
financial . . . .
: financial KPIs exist|exist.
impact
Assess user |Somewhat. If Yes, if adoption KPIg
adoption adoption KPls existexist.
Continuous Somewhat for KPIs Mostly through expo
assessment to external tools.

In theory, Balance Scorecard (with Strategy Maps)
should enable us to graphically model, quantify aetp and
compare alternatives on a continuous basis thralbghuse
of KPIs with good tool support. But in practice,is not
effective for assessing the impact of HCIS becaafsthe
lack of support for directly correlating organizatal goals
with business process impacts linked to KPIs. hieodegree
that stakeholders intuitively feel or “know” whidfPIs are
related to the HCIS, they could express their ustdading
of the impact an HCIS will have on organizationehls, but
it is an approximate or intuitive assessment at bes

At this point, it should be emphasized that onlsirsgle
small, case study has been done as design-oriezgedrch
in order to demonstrate the potential of our prepos
framework, while Balance Scorecard is a well esthbH
methodology that has been used commercially for ave
decade now. As well, our framework to a large degwas
created specifically to address well known limidas of
current technology support for Balance Scorecakd.such
Table 1, should be understood simply as an evaluati the
degree to which, in a single case study, we wete &b
demonstrate the benefits of using URN to complentleat
Balance Scorecard approach.

Our URN-based framework does much better, largely
because it can be thought of as an extension opleonent
to BPM approaches like Balanced Scorecard. URNeisod
are used to provide the direct correlation betwgeals,
impact points, and KPIs that is missing in BPM agghes.
It does require significant more in depth analysigrder to
identify impact points, quantify them and link theagoals
and KPIs. It should be noted that support for Kilsot
currently in the URN specification, but is providdzy
jUCMNav using the URN language features that suppor
extensions. That extension is effective, becalseetis also
tool support for integrating the UCM models in jUGHKv
with the performance management infrastructure that
provides actual values for KPlIs.

VII. CONCLUSIONS

When an HCIS is being assessed, the first thingeesl
to evaluate is how it will impact organizations tpaOne
advantage of our URN-based framework is that iviokes
the means to model organization goals, relatiosship
between goals, and links to scenarios where thedtspof
HCIS can be directly modeled. The other key achgmtis
the extensions to URN supported by jUCMNav whichlde
support for KPIs to be integrated with the goal elodThis
enables the impact on goals to be quantified imseof
whatever business performance management frameveark
been put in place. In our case study, a key aspect
accreditation is the ability to quantify quality cére goals
with KPIs. Work should be done on the next versibithe
standard to make support for KPIs an integral pdRN.

The URN-based framework provides a more
comprehensive approach in which to assess the ingdac
HCIS on organizational goals, by extending tradaio
business performance management with the ability to
correlate KPIs to both strategic goals and opamatio



business processes. Compared to more traditional
approaches such as CBA and TAM, it is able to astes
overall impact of an HCIS along all dimensions falf
stakeholders, rather than from the more narrowtpdimiew
of financial impact or user adoption. In our catady, we
found that our approach provided a systematic nrésima
for identifying and prioritizing the indicators ntaglevant to
the assessment of whether or not to implement alsH@
also identified areas, where indicators were missor
needed better data collection methods in orderrtwige
data needed for managing the organization. Ma®e c
studies are needed.

Finally, our framework has highlighted another tiuli
area of application for the integration of BPM with
requirements engineering. This continues to beactive
area of research. Support for continuous asses$sameh
management of goals, KPIs and business processesioe
HCIS are aligned with organizational objects cosilitl be
better served with more integrated tool support.
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