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ABSTRACT

Introduction: Patient Navigation Program (PNP) act as an intervention tool that resolve and overcome various
obstacles that patients face as they navigate through healthcare system. This makes the use of PNP worth to
be widen but delivering needs of PNP involves high efforts. Thus, Service Oriented Product Line (SOPL) is
introduced as systematic approach in identifying reusable core assets to reduce time and effort in developing
new PNP. Consequently, due to reusable nature of core assets, evaluating its reusability is crucial to determine
the development performance. Therefore, this paper measures reusability of core assets to ensure that core
assets development approach can lead to highly reusable core assets. Methods: Reusability Matrix for
Functional Commonality (FC) and Modularity (MD) is considered to compose core assets without much
complication. Reusable core assets derived from two different development approaches is used as input where
matrix of reusability evaluation is applied. The approaches includes an approach from previous existing study
and enhanced approach with implementation of Business Process Feature Model (BPFM) and Trade-off Analysis.
Evaluation results is compared using reusability matrix to identify which approach contributes to higher core
assets reusability. Results: From overall results, enhanced approach shows an improved reusability by
achieving 92% of FC results compared to existing approach, while results of MD remains the same. Utilizing
BPFM and Trade-off Technique is proven to be the contributing factor in higher reusability. Conclusion: This
study concluded that reusability of core assets can be improved with a comprehensive core assets development
approach.
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INTRODUCTION

Patient Navigation Program (PNP) is considered as a
patient-centric health care service delivery strategy
which primary aim is to eliminate barriers across
health care spectrum, to prompt diagnosis, and guiding
patients throughout treatment process (1). Freeman
and Rodriguez (1) also describe PNP as a service that
focus on facilitating patient’s timely movement across
an often-complex healthcare continuum. Throughout
most developing nations and countries, PNP has been
introduced to monitor and prevent cancer. PNP have
impact on assisting in managing chronic illness care,
including screening rates, screening abnormality,
diagnosis to treatment initiation, treatment adherence

and completion, and end-of-life care, despite lack of
proof of its effectiveness (2).

Looking in the perspective of real world, with a vast
amount of data generated, a proper way to evaluate
and store medical information in real time is needed
but it is undeniably a challenging task to implement
(3). In Malaysia, PNP functioned as data management,
analysis, barrier prediction, milestone prediction,
incidence prediction, efficacy, response, and side
effects of treatment analysis and manual reporting (4).
However, in Malaysia, use of PNP is only implemented
in  Hospital Tengku Ampuan Rahimah (HTAR).
Figure 1 depicts the current PNP implementation (4).
To ensure that patients receive most effective and
systematic treatment across Malaysia, implementation
of PNP need to be widen across Malaysia but fulfilling
needs for customized PNP for specific healthcare
providers necessitate efforts in meeting requirements.
Therefore, a systematic approach of reuse especially
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Figure 1 : PNP implementation in HTAR from the study by
Suvelayutnan U (44). This figure presents the overview of
current PNP implementation for breast cancer in HTAR.

in identifying reusable core assets of PNP services to
reduce cost and time must be adopted.

Service Oriented Product Line (SOPL), a combination
of Software Product Line (SPL) and Service Oriented
Architecture (SOA), has emerge as an approach that
promise a flexible development, cost-effective software
systems, and high degree of reuse (5). In SPL and SOA,
as both paradigms have the same purpose of promoting
reuse concept, new systems are not repeatedly
developed (6). It incorporate existing components rather
than coding a new system from scratch (7). It can be
used in various domains where SOA-based application
are needed (8). A SOA family is managed using a
feature model with conventional SPL paradigm (9).
Two lifecycles are taken into account which are
Domain Engineering (DE) and Application Engineering
(AE). Among phases involved in developing core
assets are Domain Scoping, Domain Analysis, and
Domain Design (10). In increasing reusability of core
assets, Domain Scoping helps in capturing business
nature (11,12) and is often represented in a form of
Product Map (10, 13). Knowing areas that are essential
to provide reuse benefits is crucial for gradual
implementation of an organization’s product line
development (13). However, most study often
neglected the process of Domain Scoping thus missing
the important benefits of increasing core assets
reusability (14).

Our previous study, Basmmi et al. (15), has already
tackled the enhancement of Domain Scoping process
from work by Ezenwoke et al. (10). Although both
approaches involves process of Domain Scoping,

Domain Analysis, and Domain Design, Domain Scoping
in Basmmi et al. (15) were enhanced to generate a
more refined Product Map in order to represent core
assets into feature model during Domain Analysis.
Use of Business Process Feature Model (BPFM) and
Trade-off Analysis technique is being introduced
in the enhancement. Results shows that designed
feature model in Basmmi et al. (15) seems to be less
complex compared to Ezenwoke et al. (10) but it is
not enough to justify that it contributes in a better
process of highly reusable core assets identification.

Reusability is one of attributes of quality that reflects
the significance of software. As reusability of core
asset plays an important role in entire success of
product line (16), key features of reusability which are
Functional Commonality (FC) and Modularity (MD)
need to be taken into account to ensure core assets
can be composed without much complication. FC
and MD are among metrics for reusability evaluation
that has recently been developed by Ali (17).
Framework by Ali (17) outlines a standard that
continues to improve reusability of core assets
through use of SPL and SOA. Therefore, this paper
focus on evaluation to measure reusability of identified
core assets.

FC evaluates functional commonalities between
functions among scoping of product line. Reason
for specifying these characteristics is that features
produced should be common to all applications
specified in specification of product line requirements
(17). If core web service offers a number of superior
features, such as developing and building a software
product, it will not be commonly subscribed by user
and will not be widely reused unless those features
are standard among all applications (18). FC is
measured by Functional Coverage and is used to
measure reusability of core assets as all services to be
reused involves a functional domain requirement. It
measures average commonality for each functional
feature in core asset web service and can calculate
commonality of each feature by measuring degree
of family member using each functional feature (18).
FC can be calculated using (Equation 1) where n is
the total number of functional features. Degree of
range for FC is between O and 1. 1 implies that all
functional features are common among all applications
in the scope of product line, while 0 means no
common features can be shared.

n number of application using ith feature
(z,:1 total number of application in product line scope )

Functional Commonality (FC) =
n

(Equation 1)

Nevertheless, MD is a key factor which affects
reusability of core assets and portability of software
and has proven to brings significant positive impact
on software reuse (19). Core assets is a highly
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modularized unit of capability that can be composed
without much complexity in different business
process (20). Based on study by Ali (17), MD
evaluates scope of core assets in order to have distinct
functionality without dependency on other core
assets. Therefore, core assets must be modularized
by reducing coupling and increasing cohesion to
increase reusability of features. MD calculates degree
to which core assets is independent from other core
assets (17, 20). MD can be calculated using (Equation 2).
Degree of range for MD is also between 0 to 1. 1
implies that all core assets are independent, so core
assets is considered self-contained, while 0 implies
that core assets are dependent.

number of assets that are dependent on other core asset in a service
number of total core assets on service core assets

Modularity (MD) = 1-
(Equation 2)

Case study of PNP (4) is used and a set of reusable
core assets derived from approaches by Ezenwoke
et al. (10) and Basmmi et al. (15) which acts as inputs
to measure reusability. Importance of this evaluation
is to find and choose a better approach of core assets
development that can lead to high reusability of
core assets by comparing result of evaluation for
both approaches. A higher result of FC and MD will
implies that the approach results in reusable core
assets with common functionalities that can be
provided without relying on other core assets.

MATERIALS AND METHODS

Evaluation takes place by using case study of PNP (4).
A set of reusable core assets of PNP is used which
was derived from two different core asset development
approaches which are approach by Ezenwoke
et al. (10) and another enhanced approach from
Basmmi et al. (15). Both approach aims to identify
reusable core assets which includes process of
Domain Scoping, Domain Analysis, and Domain
Design. However, one major enhancement that
Basmmi et al. (15) is trying to highlight is
implementation of Trade-off Analysis technique (21)
and Business Process Feature Model (BPFM) (22)
during process of Domain Scoping, which is the
process of identifying reusable core assets. Prior
to that, available core assets of PNP are identified
and user requirements and preferences are derived.

BPFM (22) was introduced in study by Basmmi et al.
(15) as a notation to cover all business operations,
making it the most expressive business process model
for system reuse. A weight is assigned to BPFM as a
probability of occurrence for each core assets and
a potential reusable core assets is derived through
Trade-off Analysis in finding best compromise between

added value and structural stability of a system. In
performing and automating process of Trade-off
Analysis, Macro programming codes are developed
by using Visual Basic Application (VBA) programming
language to shorten time in deriving potential core
assets. All information for core assets including
its weight and variability is tabulated in a Product
Map (15).
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Figure 2 : Methodology of experiment. This figure presents
the methodology to perform core assets evaluation discussed
in this study which includes the difference between approach
by Ezenwoke et al. (10) and enhanced approach from
Basmm et al. (15).

Feature model is generated to represent identified
reusable core assets. Based on feature models, both
figures shows the same number of 25 parent nodes but
differs in number of child nodes and sub-tree. Feature
model of existing approach (10) includes 67 child
nodes with 21 sub-tree, compared to feature model
of enhanced approach (15) which only include 58
child nodes with 18 sub-tree. Next, identified core
assets will go through evaluation of FC and MD by
applying (Equation 1) and (Equation 2) respectively.
Each components needed for evaluation is gathered
from generated feature model and evaluation results
are tabulated. Results of FC and MD for both
approaches is compared to prove which approach
produce higher reusability of core assets. It is believed
that a proper steps during Domain Scoping including
implementation of Trade-off Analysis technique and
adaptation of BPFM can results in a high reusability of
core assets. Figure 2 illustrates complete methodology
for this study.
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Figure 3 : Feature Model of PNP from approach by Ezenwoke
et al. (10). This feature model is the results of reusable core
assets derived from approach by Ezenwoke et al. (10). Parent
nodes included: Referral Management, Patient Registration,
Patient Search, File Tracking, Patient Management,
Notification, Milestones, Assessment, Treatment, Case Data,
Appointment, Reminder, Report, User Management, List
Management, Messaging, Prediction, Baseline Assessment,
Geospatial, Login, Encounter Management, Schedule, Side
Effects.

Figure 4 : Feature Model of PNP from enhanced approach
in Basmmi et al. (15). This feature model is the results of
reusable core assets derived from enhanced approach. Parent
nodes included are the same as Figure 3 but differs in number
of child nodes and sub-tree.

RESULTS

Figure 3 shows feature model from approach by
Ezenwoke et al. (10) while Figure 4 shows feature
model resulted from enhanced approach, Basmmi et
al. (15). From booth feature models, it thus demonstrate
that enhanced approach selects potential reusable
core assets based on how often it is being used and
how it may affect structural stability of the system if
those core assets are being reused (15). Further
discussion on this approach and results can be found
in previous study (15).

Evaluation of FC

Approach by Ezenwoke et al. (10) resulted in
116 reusable functional features while enhanced
approach, Basmmi et al. (15), resulted in 105 reusable
functional features. Three different applications that
uses product line core assets are set as a fixed value

Table I : Result of FC for both approaches

Ezenwoke Basmmi
etal., (10) etal., (15)
Total summation of
/M 98.33 97
Total number of
functional features (n) 116 105
Result ((T/M)/n) 0.85 0.92

T/M = number of application using ith feature / total number of application in product line

scope (as stated in Equation 1)

to present the experiment. Table | are constructed to
depict components needed to perform FC evaluation
and FC results of both approaches.

Evaluation of MD

For MD, there are 23 core assets that depends on one
another and 116 total number of core assets resulted
from both approaches. Relationship between core assets
are taken from feature model as shown previously.
Table 1l are also constructed to depict components
needed to perform MD evaluation and MD results of
both approaches.

Results shows that 92% of FC is produced from
enhanced approached by Basmmi et al. (15) and
85% of FC is produced for existing approach by
Ezenwoke et al. (10). 7% increment of FC results is
identified between these two approaches. Contrarily,
results of MD for both approaches remains 80% and
did not show any improvement. Overall percentage

Table II : Result of MD for both approaches

Ezenwoke Basmmi
etal., (10) etal., (15)
Total number of 23 923
dependent core
assets (x)
Total number of 116 116
core assets (y)
Result (1-(x/y)) 0.8 0.8
Table 111 : Overall results of reusability evaluation
- . Ezenwoke Basmmi
Reusability Metrics et al,, (10) et al,, (15)
Functional o o
Commonality (FC) 85% 92%
Modularity (MD) 80% 80%
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result that includes the results of FC and MD evaluation
is tabulated in Table Il and discussion is elaborated
in next section.

DISCUSSION

Results of evaluation is compared by perceiving value
of FC and MD. In terms of MD, both approaches
shows same result for MD which are 80% as shown in
Table 1lI. This means that despite implementing
BPFM and Trade-off Analysis, both approaches are
well modularized and adhere to high cohesion and
low coupling. Based on study by Choi and Soo (20),
a better modularity is indicated by a value nearer to 1.
If MD value is 1, then it implies that the service is
self-contained and would, however, be unique since
most services will have some degree of involvement
in invocation and delegation types with other services.

Contrarily, result of FC for Basmmi et al. (15) is 92%
which is 7% higher than result from approach by
Ezenwoke et al. (10), 85%. A core assets with higher
FC value yields a broader range of applicability (18).
This makes the enhanced approach from Basmmi
et al. (15) better than approach by Ezenwoke et al.
(10) as features supplied by core assets are common
to application specified in product line requirement
and user preference also plays a major role in
increasing reusability of core assets (17, 18).

With overall result, it is clear that with the
enhancement made on existing approach by
Ezenwoke (10), which are by implementing

BPFM and Trade-off Analysis, reusability of core
assets can be improved in terms of FC. Even both
approach shows same result of MD, approach in
Basmmi et al. (15) offers a more reusable core assets
with high value of FC. This helps to lower effort
and time for system development as it promise
easy adaption due to high commonality of core assets.

With a high value of FC and MD, it shows a
promising approach to facilitate the development
of system. In developing a new PNP to widen the
implementation of it in Malaysia, enhanced approach
in Basmmi et al. (15) is suitable to be performed.
This is because it shows a great result in improving
reusability of core assets as well as enabling a
systematic reuse and runtime flexibility which leads
to cost-effective and time-efficient development as
the system did not have to be developed from scratch.

CONCLUSION

In conclusion, core assets derived from approach
by Basmmi et al. (15) promise a higher reusability
compared to core assets derived from approach
by Ezenwoke et al. (10). The core assets of PNP is
being evaluated by implementing reusability metrics

of FC and MD by Ali (17). A comparison of results
from approach by Ezenwoke et al. (10) and enhanced
approach by Basmmi et al. (15) is made. The outcome
serves as the basis for determining whether the
core assets is quality enough to be reused or not.
As aresult, the development of a new PNP will comprises
of more reusable core assets with a short product’s
time to market in a cost effective way. From the case
study, it was found that the enhanced approach in
Basmmi et al. (15) can improve the reusability of
identified core assets with 7% increase from Ezenwoke
et al. (10) but the same MD results for both, thus
implies that the reusability can be improved with
a comprehensive approach of development. As a
future work, a continuation of Domain Design phase
will be carried out to design a reference architecture
using the identified core assets.
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