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Abstract

Emerging digital technologies for healthcare information support have already contributed to reducing
the digital divide among rural communities. Although mobile health (m-health) applications facilitate
provision of support for treatment consultation in real-time, their substantial potential has not yet been
operationalised for decision support to meet citizen demand in developing nations. Modern healthcare
information access, especially in rural areas of developing countries, is critical to effective healthcare,
since both information and expert opinions are limited. Mobile phone and social media penetration,
however, is often extensive. In this paper, we design and evaluate an innovative mobile decision support

system (MDSS) solution for rural citizens healthcare decision support and information dissemination.

Developed using a design science approach, the instantiated artifact connects underserved rural patients
in Bangladesh to general practitioners (GPs) — allowing GPs, based on queries and information support
provided, to evaluate patient conditions virtually and provide answers for further diagnosis or treatment.
A cloud platform using social media embodies health record information and is used with a rating
technique that matches queries to profiled remote experts, participating asynchronously. A

comprehensive evaluation of the MDSS artifact ensures its utility, efficacy, and reliability.

Keywords: underserved citizens, decision support, healthcare information, m-health, design science,

social media.
1. Introduction

Advanced information and communication technologies are transforming society by addressing the
digital divide, the most recognised “social issue” for empowering rural citizens [41]. Rural citizens in
developing countries have been suffering from “digital divide” in healthcare support due to limited
access to experts and electronic health (e-health) information. As part of e-health, Mobile-health (m-
health) provides many benefits such as enhancing self-management [28] and reducing travelling and
medical expenditure [10]. Over the past two decades much academic and commercial research has been
conducted on improving m-health technologies, mainly focused on identifying specific relevant issues,

exploration of potential benefits, and new technology development. VVarshney [53] however, noted that
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m-health in developing countries suffers from a range of barriers such as lack of infrastructure, cultural
and social resistance, lack of education, and the role of medicine. Our case example of Bangladesh
illustrates a developing country with a good digital infrastructure, but research attention in m-health is
generally lacking in the developing countries context. IS research should promote “the productive
application of information technology to human organisations and their management” (ISR (2002) cited
in Hevner et al. [24, p. 76] and motivates creative solutions for healthcare information support for rural,
remote and other underserved communities. Using design science, we therefore aim to develop and
evaluate an innovative solution artifact for Bangladesh’s rural communities to reduce the digital divide

in m-health provision.

Various innovative m-health applications have been introduced in recent years. As well as extending
healthcare coverage [29], other design directions include supervising support services [27], improving
hospital management [11], motivating support service [51], improving training support [37], providing
suitable healthcare in emergencies [19], and improving decision making [7]. Alongside these providing
effective decisions support is one of the vital issues for rural communities, specifically when it is related
to general medical practices in terms of public healthcare.

The majority of the population in many developing countries live in rural areas having limited access
to modern general facilities and to specialized hospitals [4, 22]. For Bangladesh, with a total population
of approximately 160 million, there are only approximately 96,000 registered General Practitioners
(GP/doctors) available. Although 70% of total population live in rural areas, 75% of total qualified GPs
are practicing in urban areas [22]. Although mobile decision support systems (MDSS) technologies
have successfully addressed many healthcare issues related to clinical decision support such as for field
health workers’ information assistance [5], for cardiovascular disease [48], incorporating patient data
streams [15], and offering epidemiological support for managing infectious disease [34], few MDSS
approaches have focused on decision support for rural communities, or for general practice support,
where GPs manage types of illness that present in an undifferentiated way at an early stage of

development, or which may require non-urgent intervention and care [1].

To address this gap, we aim to develop and evaluate a MDSS solution approach (called Bhalo-Achi —
(it means: | am Fine) for providing general healthcare decision support and medical information
dissemination. Using design science research (DSR) guidelines [24] we design the solution artifact to
address user demand for general practice services. Cognizant of the increasing pervasiveness of mobile
phones and social media usage, the solution targets the demand of Bangladeshi rural citizens, who do

not have adequate access to healthcare support in general practice.

The proposed approach connects citizens to doctors based on the queries and information provided by
the patients. Available doctors evaluate a patient’s condition and provide answers for diagnosis or

treatment. In the solution, we use a doctor-rating technique [39] which “incentivises” doctors and
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healthcare professionals to provide expert support and disseminate medical knowledge. We prototyped
the solution ensuring direct stakeholder involvement then evaluated the design using the comprehensive
evaluation process of Venable et al. [54] in which we employed both descriptive and experimental
methods of Hevner et al. [24]. Our findings show the practical usefulness of the decision support: in
seeking free medical consultation, finding alternative medicine brands for cost saving, reducing
frequency of direct consultation, enhancement of self-management, and reducing doctors’ workflow
burden. In addition, the user-based rating system, familiar to social media users, encourages the doctors

to asynchronously participate in providing free information, ultimately increasing profile awareness.

Utilizing a cloud computing platform (at the service provider’s end) for e-health introduces many
opportunities for healthcare service delivery, and especially for developing nations. Cloud computing
adopts a service oriented architecture (SOA) and supports the functionalities of an integrated e-Health
system as a number of inter-operable software services [25]. This fits the client side environment and
supports scalability. As well as technical requirements, the social context in which it is embedded must
be closely considered in design: in this case remote or rural areas, with relatively poor or less educated
citizens, but with good mobile device access and social media literacy. This paper therefore describes
an “ensemble approach” [44] to designing the m-health solution in which cloud-computing ensures
service integrity at the back end and the mobile application interface ensures effective accessibility at
the front end for users with continuing satisfaction and enrichment anticipated with the application in

dynamic use.

The paper is organised as follows. The next section describes the problem context and literature
background of the study. The following section presents the methodological details followed by the
description of the proposed MDSS solution. The section after that provides the system evaluation
process. The discussion section provides overall discussion on the contribution of the study while the

final section summarises the study presenting its delimitations and further directions for research.
2. Background context and literature

2.1 Problem context

Proper diagnosis and preventative measures are crucial healthcare strategies, yet people in rural and
remote areas may receive poor or inadequate treatment due to the lack of effective medical diagnostic
facilities and expertise. They may not even get appropriate consultation, precaution, awareness and
education on food, nutrition and lifestyle that could assist them to prevent and manage health
complications. Effective decision support and expert advice through professional guidelines would
make a huge difference towards tackling their regular non-emergency health condition. Effective

consultation establishes a relationship over time, and through effective communication between GPs



and patients, can inform specific decision-making processes determined by the prevalence and

incidence of illness in the community [1].

According to WHO however, approximately 44% of member states (countries) have less than 1
physician for every 1000 of population. In Bangladesh, there is only one GP for every 1700 patients,
against a Millennium Development Goal of at least 2.5 physicians, nurses, and midwives per 1,000
people needed to provide adequate coverage with primary care interventions [55]. For general practice,
most of the concerns are related to primary care and service at the first point of medical contact. This
service is mainly for providing medical information support for dealing with health issues regardless of

the age, sex, and any other characteristics of the individual concerned.

2.2 Existing MDSS

Mobile phones using GPRS and Internet technologies provide a useful application platform for data
processing, transferring and disseminating for patients and clinicians on an “anywhere, anytime” basis
[13, 53]. A clinical decision support systems (CDSS) is a type of specialised DSS application that
directly aids in “clinical decision making in which characteristics of individuals are matched to a
computerized knowledge base for the purpose of generating patient-specific recommendations [26].
Combining these, mobile Decision Support Systems (MDSS) applications can be classified into three
groups: 1) mobile based CDSS for physicians and healthcare professionals (e.g. [3, 28, 38]); 2) MDSS
for outreach health workers (e.g. [31, 48]); 3) and MDSS for public use (e.g. [15, 49]).

For example, Krause et al. [30] designed a mobile application for providing physicians with decision-
relevant information on potential organ receivers, aiding assessment of forthcoming organ transplants
and maintaining security of documentation. Michalowski et al. [40] developed a mobile CDSS for
emergency support of different acute pain presentations, while other studies in mobile based CDSS for
medical emergency management have identified solution design requirements for emergency triage
decision support [47]. Such system solutions primarily support healthcare professionals or clinicians in
their own practices rather than enhancing patients’ self-management or monitoring of their medical
conditions.

For outreach health professionals, mobile DSS (MDSS) solutions have also been designed, e.g. to
enable consistent and quality primary healthcare delivery to rural populations [5]. A tablet-based CDSS
for cardiovascular disease management was also designed by Praveen et al. [48] for use by non-
physician health care workers (NPHWSs) and physicians in a rural Indian context. This involved a four-
step process: patient registration, past medical history and medications, risk factor measurements, and
treatment advice, all maintained by users, using the open Medical Record System (OpenMRS) to upload

locally collected data to a server.



We found however, only a few MDSS focused towards public use or citizen empowerment, providing

information guiding diagnosis and self-management. These are summarised in table 1.

Table 1: Studies of MDSS for public healthcare information support

Studies

Design method

Key technologies

User groups

Bakken et al. [6]

Randomized

controlled trials

CPG-related diagnoses

Management of
obesity and
overweight, tobacco
use, and depression in

adults and children

Amailef and Lu

(2]

components of information
extraction

and aggregation process,
and a CBR-Ontology
approach for the MERS
system

new opportunity to
interact between
government, citizens,
responders, and other
nongovernment
agencies in disaster

situations

Logan et al. [35]

focus-group
meetings and
pilot-testing of a
mobile phone—
based remote

patient monitoring

Rules based DSS

Management of
Hypertension in
Diabetic Patients

Ramesh et al.
2012

Prototyping

method

Scheduling and signal

processing algorithms

Detect type of disease

in absence of doctor

None of the aforementioned studies, however, focuses on designing MDSS solutions for improving the
general practices in developing nations. These studies do not provide appropriate end-user technology
(e.g. open media or social media based) nor generally design based on real users’ demand using
replicable IS development methods that contribute principled specifications of design knowledge.
Hevner et al. [24] described how DSR, as a powerful IS methodology, is particularly relevant for
modern-day IS research, because it helps solution designers confront two of the major long-term issues
within 1S design: (1) the absence of rigour in designing innovative artefacts and (2) the nature of IS
research outputs, many of which produce irrelevant knowledge that is not practically applicable to real-
world problem solutions [9,44]. Following the design science approach to instantiate an artefact

embedded in its dynamic context thus implies an advance in MDSS research.



Although none of the prior studies directly meets GPs needs for rural citizen’s decision support in
Bangladesh, the Digital Bangladesh Initiatives towards Vision 2021 [18], continues to improve resource
infrastructure which will support m-health. Bangladesh has high mobile penetration with demand for
social media also growing, (GSMA Intelligence, 2014)?, and despite occasional shutdowns on security
grounds, can be expected to grow in parallel with advanced national network infrastructure. The digital
mediation of consultancy provides detailed information at the individual level which is useful in
developing both a knowledge base and information resources for trainee GPs, and supporting finer-
grained information analytics around epidemiological or prevalence data. The purpose of this study is
therefore to outline a solution method for supporting general medical information, which can provide
two-way information dissemination and insight into patients’ details both for their better treatment at
the primary stage of healthcare and for informing medical support more generally.

At the same time, healthcare is beginning to embrace social media, which by its nature is egalitarian
and available to all with internet access. As a platform for dissemination and interaction, information
sharing among practitioners and patients is accelerated and amplified, but also contains the potential for
misleading information to be promulgated. Outcomes improve when patients are engaged in their own
healthcare and when physicians are active on social media they reach more patients, more quickly and
can reinforce important messages more frequently for self-management of treatments or raising
awareness around lifestyle choices [8]%. As information from other sufferers is often shared socially on
blogs or forums too it becomes important to manage this aspect.

As mentioned earlier, we operationalised a doctor rating system in our solution artefact, an idea
supported at a high level by a UK health minister [39]. Nowadays, patients are increasingly looking
online for physician rating, just as they also look for ratings for other products and services. Studies
show that patients make decisions based on other people’s opinions and even decide to make specific
personal appointments: indeed, a growing percentage of new patients visits doctors after they have
found information about them online [16]. Rating systems can play an important role in patients’
involvement and choices, and help patients to seek health information from sources considered most
important or relevant [17]. Studies (such as [32]) found that online doctor rating by patients was a novel
way to provide feedback and find information about doctors’ performance. Patients’ feedback in form
of rating systems representing patients’ health care experience [45], can have implications for particular
providers or resource allocations. Such rating systems can be helpful to the doctors to improve the

services they provide.

1 GSMA Intelligence Aug 2014 Country overview: Bangladesh https://www.gsmaintelligence.com/research/?file=140820-
bangladesh.pdf&download

2 http://www.forbes.com/sites/joannabelbey/2016/01/31/is-social-media-the-future-of-healthcare/#7b44daaf48d6
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3. Research Methodology

The influential paper by Orlikowksi and lacono [44], which restored to IS a focus on the IT artifact,
suggested five meta-categories covering its various conceptions within IS (namely: tool view, proxy
view, ensemble view, computational view and nominal view). Of these the “ensemble view” concerns
“the dynamic interactions between people and technology” [44, p.126], which includes technologies
enmeshed or embedded in their wider systems of use. This category, however, constituted the smallest
number of IS articles in their analysis of ISR (information system research) articles over 10 years,
despite a strong socio-technical tradition and Orlikowski and Tacono’s own observation (p.131) that all
IT artifacts are inevitably embedded in a physical setting and (dynamic) discourse of ongoing use. They
conclude that detailed practices of the use of IT artifacts must be integrated into theory. We adopted the
ensemble view for our solution artifact design in that user involvement was ensured for design and

evaluation.

In DSR specific research methods for conducting design and development studies have been introduced
although their forms vary due to the focus on designing artifacts [21, 23]. Peffers et al. [46] described
a six activity-based methodology: (1) identify problem; (2) define solution objectives; (3) design and
development; (4) demonstration; (5) evaluation; and (6) communication. Gregor and Hevner [21]
suggested that Peffers et al. [46] offered a well-defined DSR research process that gives a useful
synthesized general model from problem identification to solution design and evaluation, - building on
other approaches such as Hevner et al. [24]. Hevner et al. [24] proposed seven design guidelines that
provide a comprehensive framework useful for shaping the design activities involved in accomplishing

the artifact design.

Our research methodology is structured based on the framework proposed by Hevner et al. [24]. In the
adopted approach, we grouped the seven guidelines into three broad project phases (described in table
2): identifying target problems and artifact types; artifact creation and evaluation and finally research
contribution and communication of the result. March and Smith [36] argued that design research can
produce four types of artifacts: specifically, constructs, models, methods, and implementations
(instantiations). A construct as artifact is produced when there is a research need for developing a basic
language of concepts. A model is a construction of conceptual elements and generally describes
artifacts, tasks and situations. A method as a design research artifact results when there is a need for
descriptions or specifications of methods or ways of performing goal-directed activities in order to solve
or address problems. Finally, an instantiation as artifact is produced when there is a development and
deployment of a specific solution product (which may take the form of an actual physical

implementation of a design artifact).

In our study, we design an instantiation as artifact, consisting principally of combined technologies,

(e.g. cloud computing at the back end and mobile API in the front end) intended to address the decision-



making requirements of rural patients for their general medical requirements. Hevner et al’s. [24] seven
guidelines (Table 2) provide useful (though not entirely prescriptive) criteria for defining a DSR study
problem space, specifying a design-based solution artifact, implementing the design solution, evaluating
the design artifact and communicating study details and results. In addition, our description here is
practically guided by Gregor and Hevner [21], explicating the level of artifact abstraction and

knowledge contribution within their recommended schema model for publication.

Table 2: DSR phases and guidelines [24, p. 83]

Guidelines of Our artifact design
Design
Research

Identifying Guideline 1: Design as an Artifact

problems and | The study has produced a MDSS artefact designed to support healthcare
artifact types | decisions for rural patients in the domain of medical general practices.
Guideline 2: Problem Relevance

The target population is seriously underserved by Millennium goal standards
and extant MDSS solutions are not appropriate. General practice healthcare
provision is a specific problem of global relevance. This is the essence of the

research gap addressed by the DSR study.

Artifact Guideline 3: Design Evaluation

creation and | To demonstrate artifact utility, both focus group and field studies have been
evaluation conducted with representative stakeholders to capture opinion on the
prototype’s use.

Evolutionary prototyping development in consultation with representative
doctors ensured ongoing evaluation and relevance, following established

design science guidelines.

Guideline 5: Research Rigor

The social media based provisions based on doctor rating technique are used
to design the artefact and evaluated using fundamental and generally accepted
research procedures (observational and descriptive method).

Guideline 6: Design as a Search Process

Valid healthcare knowledge employed to outline the design artifact in this
study. The design process was iterative in order to cope with much of the

uncertainty inherent in the problem space (e.g. patients concerns relevant to

general practices and emergencies of consequences are separated from the




primary medical and healthcare requirements) and to allow progressive and
incremental solution development at a level so it can be presented to evaluate

among the key qualities of the solution.

Research Guideline 4: Research Contributions

contributions | The experimental and focus group outcomes and analysis have shown clear
of the artifact | benefits to the target populations in rural area of Bangladesh.

and Guideline 7: Communication of Research

communicati | This study presents detail relevant to academic, management and industry
on of results | professionals, and has been verbally presented to such in workshops and
presentations during its development and evaluation through focus groups.

The application is freely available in Apple’s mobile store.

The evolutionary prototyping method (adapted from [5]) in which a very similar solution is designed
for field health workers) was used to identify problems and outline the solution artifact. The prototype
development comprised three steps. In the first step we elicited knowledge and understanding of the GP
work processes in healthcare delivery. Doctors were asked about requirements and processes of their
consultation strategies and medicine prescription. They are also asked about the type of data and
information they need to analyse for effective diagnosis and consultation. We found that GPs prefer
rule-based reasoning for decision-making. In step two, the initial design from step 1 was refined and
separate processes for doctors and patients were developed to ensure the flow of information/patient
records. One of the key functions in this step is registration of patient records as well as doctor and
healthcare worker profiles on a social media site — namely Facebook. In step three, the system is checked
specially for the completion of the prescription and consultation process. After iterative development,
the prototype system had evolved sufficiently to be initially evaluated and validated against its targeted

practical context of use. In the next section we describe this artefact design.

After the three phases, we invited two professional pharmacists, and two general practioner physicians
(GPs) to walk through the system prototype. During the time of meeting they went through the main
objectives of the developed app and its operational process in various hand held devices. After that we
made some dummy questions in the system for example: “I am Mr. Rahman, 30 years old. I feel pain
in my gum for a few days. | took medicine of paracetamol group but it does not work properly. Now
what should | do? Afterward, we verified if the question was stored in the specific category of the
system called ‘Dentist’ or not as it was selected during the submission of question? We noted the
questions was successfully stored in the ‘Dentist’ category. Then we were waiting for the response
against the newly submitted question, and after few minutes the response (answer) came from a

registered GP. Then we repeated this test for other categories through which we verified that all the data



i.e. questions and responses were respectively being stored under the correct categories. The data of
patient’s gender and age were also stored in particular locations of the mobile user interface (Ul). This
pre-evaluation process continued until the system successfully handled 24 enquires and counted
response minutes. It was found that the questions from the users were always stored within the specified
location of the cloud database. Besides, the doctor search, similar medicine search, rating and
commenting functions also worked properly after a few corrections in the coding. This indicated that
the prototype was ready for its evaluation.

4. Solution artifact

4.1 Functional structure of the MDSS Artifact

The developed MDSS artifact comprises four distinct components: a database, governed by a central
database server; a stationary front-end for data entry and database administration; a mobile front-end
for data distribution; and a synchronization mechanism. These components had to be implemented in
relation to identified rural citizen and standard mobile app design requirements: a high security
standard, system stability and efficient usability. The mobile computing platform is frequently used in
various clinical scenarios [38], so we chose the GUI design using an API suitable for the mobile and
other hand held devices. Each front-end was optimized to provide generic and clear representation of
the forms for user information entry and display.

Primarily our system provides a healthcare information dissemination platform where GPs, medical
students, pharmacists, allied health professionals and laypeople can share health information and
contribute to the healthcare process. The comprehensive perspective of the MDSS does not consider
only the technical aspects, but also the contexts of the users, the GPs and their locations to enhance its
usability and functionality. There are two types of users: 1) users/rural citizens and 2) GPs and health
professionals: both can seek medical information by asking questions, find medicine brand lists and
local doctors’ addresses, however, only type 2 users (doctors and health professionals) can reply to the

guestions to provide authentic medical information for the general practice.

A major feature of our system is using a doctor rating system to encourage the GPs and healthcare
professionals asynchronously to provide support using their expertise and to disseminate medical
knowledge. The doctor rating features present options for users to make their own judgement on a rating
scale and provide feedback about doctors’ performance. The more likes a GP receives, the higher rating
the GP earns (for instance, in our prototype, one like equals to one point, however, the ratio can be
modified), which ultimately increases their profile awareness and future contacts with people as they
gain popularity. Figure 1 illustrates the interactions between users through both the user- and back end
modules of the system. The user’s process initiates through registering with the app and then asking

questions or finding medicine brands or local doctors’ addresses.
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Type 1 users: users/people
Type 2 users: Doctors and health professionals

User end Back end User end

Ask Questions
Users/people
[ Find Doctors — 3 Doctors and

health

Find medicine list professionals

Bhalo Achi app system diagram

Figure 1: Working components of the m-Health based support system architecture

Through registering into the MDSS system, both the type 1 and type 2 users are linked up with each
other. An Internet connection to their mobile phone is required to get access to healthcare support. The
Back-End service is managed through a service provider (IT support and control) that also includes
checking question and answer quality measures. The architecture relieves the burden on intermediary
assistance while users seek information on initial queries and second opinions. In case further
consultation is needed, the users can enter into multiple chat sessions, video call (using third party

software), or visit the doctor physically using the address from the doctor’s profile.

Figure 2 shows the screenshots of how a user can ask and receive decision support in terms of answers
froma GP, and =~ (like) the GP if the user finds the answer useful, which ultimately increase the rating
of that GP. Figure 3 shows the screenshots of where to search for medicine brand list and GPs profile
and address. As the price of different brands of the exact same medicine can vary widely, our proposed
MDSS provides lists of different brands so people can compare prices. The brand list also shows ratings
(see figure 4) based on a medicine’s perceived usefulness and side effects. Our system also allows
people to rate and comment on any medicine brand they use to share their experience (see figure 4).
Cost and effectiveness information is directly useful to the target users. The medicine rating is done by

both the GPs and the users to avoid bias.
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C 2 . 92% IR 4:03 AM

C 2 .1l 96% IRk 3:52AM

Answer list

View asking tips

For: Pharmacist (Medicine use) [18-07 05:46]

Age: 20 (Male)

Can pharmacists prescribe medicines? If yes, when?

Answer it Report

Answer list

Md. Kabir
Dietitian
No
Attach photo: EI 0 Comments (0)
Male O Female Md. Kabir
Dietitian
No, but your pharmacist can provide a range of advice
Enter your age here and education about prescriptions, over-the-counter

medications, natural health products, medical devices,
and more. Ask your pharmacist for more!

Comments (1)

Speciality: -

Send s

Figure 2: screenshots showing how a user can ask questions and receive answers

™. 8B C 2 . 96% MR 353AM s IO Y ] C . 95% Ik 354 AM
- Medicine List & Doctors +

SEARCH
Enter a medicine brand name

Speciality:

Division ) | District

§¥\
y.

Figure 3: Screenshots of where to search for medicine brand list and GPs profile and address
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All the questions from the users and their history, the answers from the GPs, their profiles and rating
records, and the medicine lists and their associated rating records are stored on a cloud platform to
maintain scalability. A private cloud computing infrastructure was employed for secure data storage.
The GPs are required to be registered with their expertise, location and contact details. As the load
balancing in bandwidth can be readily handled in the cloud, seamless access to information is easily
possible across different geographical locations. The admin panel at the Back End controls the user
login and registration processes for every user. The admin function also adds new medicine brand names
routinely. The medicine usefulness is rated by the users between 1 to 3 points based on their perceived
marginal, or considerable, or high usefulness respectively. Similarly, the medicine side effect is rated
by the users between 1 to 3 points based on their negligible, or noticeable, or significant side effects
respectively (see: figure 4). This begins to systematise user perceptions of medications more reliably
than decontextualized blog or forum posts.

C 7 . 95% IR 353AM

oDCQf C 2 .11 95% MR 353AM

Rate this medicine

&« Brand list of similar medicines

Ol Aceta 500 [Tablet]

Usefulness Ll 2 AM [Tablet]

Found marginally useful

Ll Napa [Paediatric Drops]

O Found considerably useful

(O Found highly useful Y¥ B Napa [Suspension]

Side-effect
Huge side-effect reported

O Some side-effect reported X8 Ace DT 120 [Tablet]

O Negligible side-effect reported

kX8 Actol [Tablet]

LW Acep [Suspension]

Y8 Pana [Syrup]

Submit

iWAl Ace 60 [Suppositor]

iWAll Aceta Vet [Rolusl

Figure 4: Screenshots of medicine rating form and alternative medicine list, ranked based on user ratings

In summary, the following aspects are central regarding the use of the MDSS.
e Asking questions about health, medicines or disease.
e Giving rating to medicines
e Asking pharmacists to help in choosing an alternative brand to save money, or to learn about
medicines.
o Finding nearby doctors and finding their speciality and profile

e Providing a platform to contribute voluntarily to national healthcare and enhance reputation.
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o Inviting other health professionals, medical students and laypeople to provide free healthcare

support to the general people, especially to rural populations.

4.2 Design components

In designing the artifact we adopt the theoretical view of design anatomy presented by Gregor and Jones

[20] that defined eight structural components in the solution artifact design. The components are (a)

purpose and scope, (b) constructs, (c) principles of form and function, (d) artifact mutability, (e) testable

propositions, (f) justificatory knowledge, (g) principles of implementation, and (h) an expository

instantiation. These structural components also represent design science considerations for artifact

design and implementation of a socio-technical system [21]. This study thus followed established

guidelines of IT artifact design to develop the functionalities of the proposed artifact, detailed in table

3.

Table 3: Structural components of the artifact design research

The specification of

the design theory

Presented in this research

The purpose and
scope of the artifact
are addressed

Designing a MDSS application for providing online healthcare support
information for rural patients’ decision support. Sections 1 and 2 describe
the purpose and scope of the study.

Principles of form
and function
incorporating
underlying constructs

are described

For designing the solution artifact, rule based algorithms were used to
control the logic of information presentation. The functional processes of
the proposed solution are detailed in Section 4. To meet data integrity and
other diversity requirements, we used the well-established prototyping
development method. The functionality of the design is thus founded on
justified constructs and model of data flow established in system

development.

Aurtifact mutability is

addressed

The new design artifact has been formulated to meet the need of rural
citizens within the context of support for general practice. The proposed
solution model is applicable for other information dissemination purposes.
By replacing users and medical information details, we can readjust the
model without any major technical modification in place. As the system is
used it should converge on reliable ratings and increasingly relevant

information

Testable proposition
of the design artifact

is defined

Evaluation of the IT artifact with focus groups and field studies have been

undertaken by experiments and direct user involvement (see section 5).
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Justificatory The proposed solution as an IT artifact is based on user real requirements
knowledge (kernel captured through prototyping phases that are well defined and referenced.
theory) is provided The iterative development and evaluation process are also well established
in IS and are related to real and known issues within the context of
information requirement (see section 4). Medical knowledge is verified by
physicians and pharmacists.

Principles of We described the working principles of the proposed system for providing
implementation are decision support for the need of rural patients. Technical details are
presented provided in section 4.

An expository The functional details with various forms are defined and illustrated in
instantiation is given | this paper. The software is freely available on the Apple store. The

exposition and the generic value of the artifact is further validated by its

presentation both to academic and industry audiences.

5. Artifact evaluation

As a crucial component of the research process a comprehensive evaluation process must be employed.
Hevner et al. [24] state that “evaluation of a designed IT artifact requires the definition of appropriate
metrics and possibly the gathering and analysis of appropriate data. IT artifacts can be evaluated in
terms of functionality, completeness, consistency, accuracy, performance, reliability, usability, fit with
the organization, and other relevant quality attributes” (p. 85). In design science research, particularly
for software use by end users, a solution artifact must be evaluated to demonstrate its value for the target
user group with evidence addressing a set of relevant criteria such as validity of the artifact, efficacy,
benefits, and efficiency of the artifact [21]. Many studies have proposed methods for rigorous evaluation
of design artifacts. Hevner et al. [24] offered five general approaches- observational, analytical,
experimental, testing, descriptive approaches. Hevner’s team also suggested various techniques such as
(for observation) using case and field studies; for the analytical method, static analysis, architecture
analysis and optimization; and for the descriptive method, informed argument and the use of scenarios
to construct convincing arguments for the artifact’s utility, usability or validity [21]. In our study, we
employed descriptive and observational methods to evaluate the qualities of the proposed artefact using
Venable et al.’s [54] framework for conducting the entire evaluation activities in our study. The

following table illustrates details of the steps.

Table 4: Overall summary of evaluation activities

Processes (Venable et al. 2016) Descriptions
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evaluation,

(1) explicate the goals of the

Utility, efficacy and reliability

(2) choose the

evaluation strategy or strategies

Descriptive and observational approaches

(3) determine the properties to evaluate | Usability, efficacy, reliability

episode(s)

(4) design the individual evaluation

With service providers and service receivers

Under the descriptive method, a focus group was used during the artifact design for capturing detailed

scenarios around the solution artifact to demonstrate the utility. As a part of observation method, value

was demonstrated by conducting a field study monitoring the artefact-in-use in targeted practical and

every-day living environments. These are detailed next.

5.1 Focus group evaluation

Tremblay et al. [52] proposed an approach of using focus group both for exploratory and confirmatory

purposes of artifact evaluation. We adopted the approach for confirmatory purposes due to our project’s

requirements. Following the guidance proposed by Nieveen and Folmer [42] we conducted a focus

group to collect expert opinion for further revision and value assessments. Both types of representative

user were included.

Table 5: Evaluation outcome of usability from confirmatory focus group

Addressing criteria

Outcome (Yes/No)

Doctor Patien

ts

Practitioner’s (P) comments

(Doctor/User)

Useful information
can be produced from
the system for my

decision making

D1: ‘the system is very useful to make primary
decision but difficult to give critical suggestion
without visit’

D2: ‘doctor can take decision for his patients
reviewing the details question of patients

D3: ‘primarily doctor can provide decision and help
to overcome patient’s frustration at preliminary

level’
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U2: © we get many suggestion from different doctors
and compare major response which is helpful for us’

Ul: ‘system is useful and help for follow-up

program’
System is helpful for D1: ‘excellent package for rural people due to bad
time saving communication system’

D2: ‘rural people can take service from specialist
within short time which is also cost effective’

Y |Y| Y | Y| Y |D3: ‘people can cut-off time like traffic jam using
this system,

U2: ‘doctor’s busyness can be overcome by text
which is relax and time effective’

Ul: ‘can get fast feedback rather than physical visit’

Easy to find Ul: ‘easy to use and well defined content’
information fromthe | N U2: ‘I found it is useful to search medicine and can
system /Y| Y |Y|] Y | compare’
A D2: ‘contents are very easy and helpful’

D3: ‘I found it is standard apps for comfortable use’
Daily living practice D2: ‘ I always check the system for any notification’
has changed using the N/ N/ D1: ‘in every morning at first I find system if any
system Y|Y Y notification left’

A A

U1: ‘T always depend on this system to seek

healthcare information’

In rural areas workplace accidents, or sudden events such as a stroke can take time to get healthcare
from professionals. Response efficiency is thus an important aspect of system effectiveness, e.g to
reduce the severity of injuries or expedite urgent treatment. The moderator asked questions about how
quickly users received responses using the system. Our prototype got mixed views from various doctors
and patients, but most provided constructive suggestions. One user effectively stated “At the moment
subscribers are low in this preliminary phase so we get feedback quickly. But what about the future.
With many users, will the service be so fast”?: a statement also supported by another user. We also
asked the same questions to the doctor. One response was — “please consider the financial factor, this
system is voluntary, it is quite difficult to provide service individual to individual, though I have strong
willingness to serve”. Another answer was indirect; “administrator needs numerous therapeutic area’s
expert to provide quick answer”” whereas another thought “we need full time general practitioners who

can serve primary care to the patients”.
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The use of alternative approaches to provide healthcare can significantly help people living with severe
problems. Complementary and alternative healthcare approaches have become more and more widely
used in Western societies. The terms complementary and integrative refer to the use of non-mainstream
approaches together with conventional medical approaches. Our next query was to find out — can the
system be considered as a complementary alternative to physical visits? One GP gave his opinion —
“possible, but not for all disease, primary solution can be given reviewing the text provided by the user,
but in case of critical injury he/she must have to visit a specialist facility to examine the symptom or
types of the injury”. Another doctor at first answered that “there is no alternative of face to face visit
especially for chronic disease, but you can get quick guide line, primary conduct, can get primary
treatment suggestion etc.” he also added “with the help of Skype video call it is possible to understand
and measure some disease like skin disease. So in this sense you can consider as an effective alternative
way of physical visit”. However patients were satisfied with this question and agreed its suitability for
initial primary care. They also get notifications from numerous doctors and can compare and validate

advice.

Healthcare social media consulting is a bubble economy at the moment. Social media is a powerful tool
for communicating to patients, other physicians and interacting with scientists across the world. But
most GPs and healthcare providers have little free time. In order to facilitate easy communication
between medical professionals including the ability to ask each other questions, share information,
opinions, observations, and more, a number of social networks and apps can be introduced, evaluated
and integrated. We were also concerned to question— can this system use social media functionality to
improve doctors rating and provide reputational information? One direct answer from an expert was
“Connectivity is productivity. We consider service as a product, anyone can increase his/her position
by providing proper service at real time.” Another described “this idea is new in our country but in
many developed countries this system is old. They improve and explore their popularity by social media.
This application can help doctors improve their ratings and people can consider according to their
rating point. On the other hand users also analyse which doctors are more engaged to give answer and
to which doctor people gives more rating. We are not used to this is in our country but it has potential ”.
A patient response was that he could find the best doctor by reviewing the rating point and he was

confident to find authentic advice without any mediator.

Currently many people find primary care information in the pharmacy, medicine shop or from an
educated person. We got one patient’s opinion: “if' I fall in minor problems, it is difficult to go to a
doctor due to time involved or sometimes considering cost. In this situation | go to medicine shop and

take suggestion from the seller. I know this may not a proper way but we are used to this system.”

5.2 Field study evaluation
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To conduct the field study we designed a process for collecting summative primary data for quantitative
analysis. Questionnaires were distributed to the end users and collected from participants at the end of
the completion of the task and after using the system. A total of 120 questionnaires were collected and
after scrutinizing we excluded 20 responses due to error so finally 100 responses were included for final

data analysis. All the respondents were moderately skilled in using the system.

The main objective of the field study was to collect data from end users to evaluate the system, process,
reliability and satisfaction and decision maker’s perceived usefulness and ease of use perceptions. The
guestionnaire consists of 11 questions, and participants were asked to rate each question with regard to
usability, efficacy and reliability of the systems [33] as well as usefulness, and ease of use [12]. All the
evaluation questions are contained in table 1 showing each answer scored on a 5-point Likert scale
where 1 represents strong disagreement, through 2 (disagree), 3 (neither agree nor disagree), 4 (agree),
and 5 (strongly agree). The values of mean and standard deviation response are reported for each
guestion (see Table 6).

In this study, the three key research variables were derived using appropriate tests of internal
consistency and reliability with a Cronbach alpha coefficient of 0.6833, 0.6383 and 0.6686 respectively,
(table 7) suggesting the items are more or less well measuring the applicable construct. On the other
hand all the composite reliability are greater than 70% which is a typical research threshold for
accepting Cronbach’s alpha as an indication of reliable measurement. Since the sample is relatively
small and the Likert scale items are ordinal, these figures must be treated as suggestive only but
Nunnally, Bernstein, and Berge [43] have observed that such values are acceptable for preliminary

research.

For observed multiple variables with a similar pattern of responses, in addition to Cronbach alpha
coefficients, we calculated factor loadings. A higher factor loading suggests a supposed causal effect
between a latent variable and an observed indicator, or at least their correlation. A rule of thumb is that
acceptable factor loadings should be 0.40 and above [14] taking into consideration convergent and
discriminant validity. Here, all the factor loadings of the items were greater than 0.50 (Table 6) except
the question on response speed of the system suggesting these items affirm the usability, reliability and
efficacy of the system. Correlation is one of the most common and most useful statistics. A correlation
is a single number that describes the degree of relationship between two variables. In this study
correlation coefficients were computed between these variable constructs to compare elements of the

questionnaire. This is shown in table 7.

5.2.1 Results
The results of the questionnaire study indicate that participants found that the Bhalo Achi is useful
(mean = 4.87, SD =0.464) with 91% of respondents strongly agreeing with this. 92% also strongly

agreed that using this system reduced time to seek healthcare advice (mean = 4.84, SD = 0.615) whilst
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87% of respondents strongly agreed with both requirements (y? = 103.423, df. =12). 80% neither agreed
nor disagreed on ease of find information from the system whereas 86% considered daily living practice
would be influenced by the system. 41% shows dilemma on benefits of using system whereas 12%
respondents disagree with this response and 24% strongly agreed. 17% people agreed the information
from the system are evidence-based and 19% strongly agreed but 52% participants showed dilemma
(neither agree nor disagreed) that the personal data are protected. 7% respondent showed that the system
is effective but questions arise that the protection of personal data (y? = 81.112, df. =12). Again 79%
strongly agreed in both case that they always seek health information from the system and they fell
change in their daily living practice (32 = 172.717, df. = 9). However all the Chi-Square tests are
significant at 95% confidence level for total participants of n=100. Again the correlation revealed
association between always seeking healthcare information and usefulness of system as significant r =
.66, p < .000, two tail. And another strong association was found on benefits of primary healthcare r =
.74, p < .000, two tail. Equally, regularly seeking healthcare information and benefits of primary
healthcare also have strong significant relation r = .81, p < .0001, two tail. However time reduction in
seeking medical advice and primary healthcare benefit also shows significant relationship r = .83, p <
.0001, two tail. From these results we may conclude that those who regularly seek healthcare
information using this system perceives benefited and find the system is useful, particularly on the basis

of time saving.

Table 6: Descriptive and Reliability Tests

Items Factor | Mean Std. Composite | Cronbachs

Loading Deviation | Reliability Alpha

Usability

Useful Information for my decision
0.7458 4.87 0.464
making

Helpful for reducing my time for seeking
0.8946 4.84 0.615

medical advice 0.8095 0.6833
Easy to find my information 0.5589 3 0.512

Change in daily living practice 0.6493 291 0.404

Efficacy

| always seek healthcare information 0.8141 4.78 0.561

Provides benefits of my primary
0.9078 4.8 0.569
healthcare
0.7798 0.6383

Provides quick response from healthcare
. 0.3929 3.5 1.078
professionals

Effective for my health seeking behavior | 0.5696 3.35 0.903
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Reliability

Provides evidence based public health
0.8293 3.36 1.01

content

Suggestions are explained appropriately 0.6355 2.96 0.53 08210 0.6680

I think personal data is protected 0.8582 3.39 0.886

Table 7: Correlation matrix

Correlation matrix (Pearson) & P- Values
Variables USE1  USE2 USE3 USE4 EFF1 EFF2 EFF3 EFF4 REL1 REL2 REL3
USE1 1 0.000 0.034 0.001 0.000 0.000 0.368 0.397 0.779 0.313 0.084
USE2 0.528 1 <0.0000 <0.0000 <0.0001 <0.0001 0.174 0.000 0.546 0.470 0.038
USE3 0.212 0.481 1 0.335 0.001 <0.0001 0.470 0.082 0.563 0.003 0.014
USE4 0.314 0.470 0.097 1 <0.0000 <0.0001 0.084 0.005 0.299 0.867 0.123
EFF1 0.665 0.687 0.316 0.491 1 <0.0001 0.869 0.354 0.283 0.165 0.605
EFF2 0.743 0.832 0.416 0.492 0.811 1 0.328 0.003 0.835 0.466 0.120
EFF3 0.091 0.137 0.073 0.174 -0.017 0.099 1 <0.0001 <0.0001 0.013 <0.0001
EFF4 0.086 0.375 0.175 0.281 0.094 0.295 0.555 1 <0.0001 0.001 <0.0001
REL1 -0.028 0.061 0.059 0.105 -0.108 0.021 0.538 0.480 1 0.006 <0.0001
REL2 0.102 0.073 0.297 -0.017 0.140 0.074 0.247 0.325 0.272 1 0.003
REL3 0.174 0.208 0.245 0.155 0.052 0.156 0.492 0.522 0.642 0.291 1

Values in bold are different from 0 with a significance level alpha=0.05

Lower diagonal indicates correlation and upper diagonal indicates respective p-values

Since launch we have found an increasing number of registrations both for healthcare professionals and

users. Figure 5 presents a screenshot taken on 14 December 2016 showing that since the launching of

the Bhalo Achi apps on June, 2016, 114 health professionals and 3081 users have registered into our

system. At critical mass this may transform intention to use shown in the pilot into regular use. Table 8

shows the users and health professionals’ cumulative registrations figures.

Table 8: Number of registrations

Month Health professionals Users
July, 2016. 23 829

October, 2016. 51 2022
December, 2016. 114 3081
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Figure 5: Screenshot showing total users count
6. Discussion and conclusion

The paper described a solution artifact to support the general practice needs of underserved citizens in
Bangladesh. The design uses mobile phone access to general practice cloud services forming a social
media based community of support in which relevant information is shared between professionals and
patients, diagnosis and treatment is expedited, and reputation of doctors and medicine brands provide
information for patient decision making, validly and securely. The system provides ubiquitous decision-
relevant patient data retrieval, documentation and authentication, leading to a faster and more reliable
primary care advice by registered and accountable physicians. This simple, flexible and low-cost
approach to healthcare support addresses the issue of digital divide in Bangladesh, but generalises to
other nations, developing or otherwise, that have underserved rural or remote communities and an

adequate mobile network infrastructure.

As an instantiation developed using design science guidelines (for our instance, the ensemble view
assisted us to ensure appropriate technology design for target users while the seven guidelines provided
a sequential direction for designing the entire solution artifact), the study has contributed by
demonstrating the usability, efficacy and reliability of the approach, and showing how use has grown
over six months since launch. Further growth may be organic, through word of mouth, or through more
centralised mandates depending on healthcare policy decisions. As a generic solution as the framework
can be applied in other areas of healthcare decision support, whether for general lifestyle and well-being

information or dedicated to more urgent and specialised interventions.

The main limitations of the study concern the evaluation of efficacy and utility as critical mass is

reached, a concern anticipated by respondents. The cloud platform allows scalability but a limitation
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is that the doctors are available on a voluntary basis, which may not be scalable or sustainable. This can
be obviated by funding a dedicated service pool, possibly through supervised University interns or
centralised resourcing, as user-pays may not be viable in the shorter term. Similarly, the rating system
has not been evaluated in practice, and might require refinement as experience emerges. Sites with user
ratings such as tripadvisor.com had to adjust their systems to minimise fraudulent reviews or scores
unjustified by narrative reviews. Whilst reputations can be enhanced which may incentivise some
doctors, the implementation consequences may require further evaluation. Finally, the users sampled
were moderately skilled in use of the system, and perhaps a wider sample of users would indicate
unanticipated operational problems with widespread deployment.

Further study can address these limitations, and explore, in conjunction with district health authorities,
implementation strategies. Feasibility in other underserved markets such as regional Australia, which
has analogous problems of healthcare access, despite relative poverty and worse health [50] would also
be relevant to explore further, along with evolutionary refinements to the design as appropriate.

Acknowledgement
Authors are thankful to development team.
References

[1] J. Allen, M. Annells, R. Nunn, E. Petrie, E. Clark, and A. Robins, Evaluation of effectiveness and
satisfaction outcomes of a mental health screening and referral clinical pathway for community
nursing care, Journal of Psychiatric and Mental Health Nursing, 18(5), 2011, 375-385

[2] K. Amailef and J. Lu, A mobile- based emergency response system for intelligent m- government
services, Journal of Enterprise Information Management, 24(4), 2011, 338 - 359

[3] Y. Anokwa, N. Ribeka, T. Parikh, G. Borriello, and M. C. Were, Design of a phone-based clinical
decision support system for resource-limited settings, in Proceedings of the Fifth International
Conference on Information and Communication Technologies and Development, 2012, 13-24.

[4] S. Akter, MM. Rahman, S.K. Abc, and P. Sultana, Prevalence of diabetes and prediabetes and their
risk factors among Bangladeshi adults: a nationwide survey. Bull. World Health Organiz. 92 (3),
2014, 204-213.

[5] J. Barjis, G. Kolfschoten, and J. Maritz, A sustainable and affordable support system for rural
healthcare delivery. Decis. Support Syst. 56, 2013, 223-233.

[6] S. Bakken et al., The Effect of a Mobile Health Decision Support System on Diagnosis and
Management of Obesity, Tobacco Use, and Depression in Adults and Children, J. Nurse Pract.,
10 (10), 2014, 774-780,

[7] O. Banos et al., Design, implementation and validation of a novel open framework for agile
development of mobile health applications, Biomed. Eng. Online, 14( 2), 2015, 1.

[8] Belbey, Is  Social Media  The Future Of Healthcare?, 2016, URL:
http://www.forbes.com/sites/joannabelbey/2016/01/31/is-social-media-the-future-of-
healthcare/#7b44daaf48d6

23



[9] I. Benbasat, and R.W. Zmud, Empirical Research in Information Systems: The Practice of
Relevance, Management Information Systems Quarterly, 23 (1), 1999, 3-16.

[10] 1T W Brown, P-Y Yen, M .Rojas and R. Schnall, Assessment of the Health IT Usability Evaluation
Model (Health-ITUEM) for evaluating mobile health (mHealth) technology. J Biomed Inform
,46(6), 2013, 1080-1087

[11] W. Choi, M.A.Park, E. Hong, S. Kim, R.Ahn, J. Hong, S. Song, T.Kim, J. Kim, and S. Yeo,
Development of Mobile Electronic Health Records Application in a Secondary General Hospital
in Korea, Healthcare Informatics Research, 19 (4), 2013, 307-313

[12] F. D. Davis, Perceived usefulness, perceived ease of use, and user acceptance of information
technology, MISQ., 1989, 319-340.

[13] A. Farmer et al., A real-time, mobile phone-based telemedicine system to support young adults
with type 1 diabetes, J. Innov. Heal. Informatics, 13 (3), 2005, 171-177.

[14] J. K. Ford, R. C. MacCallum, and M. Tait, The application of exploratory factor analysis in applied
psychology: A critical review and analysis, Pers. Psychol., 39 (2) 1986, 291-314,

[15] N. L. S. Fung, V. M. Jones, R. G. A. Bults, and H. J. Hermens, Guideline-based decision support
for the mobile patient incorporating data streams from a body sensor network, in Wireless
Mobile Communication and Healthcare (Mobihealth), 2014 EAI 4th International Conference
on, 2014, 312-315.

[16] S. Gay and K. Pho, Online reputation management: the first steps. The Journal of medical practice
management: MPM, 29(2), 2013, 81.

[17] M.M. Galizzi, M. Miraldo, C. Stavropoulou, M. Desai, W. Jayatunga, M. Joshi, and S. Parikh,
Who is more likely to use doctor-rating websites, and why? A cross-sectional study in London.
BMJ Open, 2(1), 2012, 1-10. http://doi.org/10.1136/bmjopen-2012-001493

[18] Government of Bangladesh, Digital Bangladesh Concept Note Access to Information (a2i)
Programme, Prime  Minister’s Office, Dhaka, Bangladesh, 2009. URL:
http://www.a2i.pmo.gov.bd/digital-bangladesh, accessed on 23 November, 2016.

[19] S. Goyal, P. Morita, G. F. Lewis, C. Yu, E. Seto, and J. A. Cafazzo, The Systematic Design of a
Behavioural Mobile Health Application for the Self-Management of Type 2 Diabetes, Can. J.
diabetes, 40 (1), 2016, 95-104,.

[20] S. Gregor and D. Jones, The anatomy of a design theory, J. Assoc. Inf. Syst., 8 ( 5), 2007, 312.

[21] S. Gregor and A.R. Hevner, Positioning And Presenting Design Science Research For Maximum
Impact. MISQ, 37, 2013, 337-356.

[22] J. Hasan, Effective telemedicine project in Bangladesh: Special focus on diabetes health care
delivery in a tertiary care in Bangladesh, Telemat. Informatics, 29 (2), 2012, 211-218.

[23] A. R. Hevner and S. Chatterjee, Design research in information systems: theory and practice, 22.
Springer Science & Business Media, 2010.

[24] A. R. Hevner, S.T. March, J. Park, and S. Ram, Design Research in Information Systems Research.
MIS Quarterly, 28 (1), 2004, 75-105.

[25] Y. Hu and G. Bai, A systematic literature review of cloud computing in eHealth, arXiv Prepr.
arXiv1412.2494, 2014.

[26] D. L. Hunt, R. B. Haynes, S. E. Hanna, and K. Smith, Effects of computer-based clinical decision

24



support systems on physician performance and patient outcomes: a systematic review, Jama,
280 (15), 1998,1339-1346.

[27] L.A.Jibb, B.J. Stevens, P.C. Nathan, E. Seto, J.A. Cafazzo, and J.N. Stinson, A Smartphone-Based
Pain Management App for Adolescents With Cancer: Establishing System Requirements and a
Pain Care Algorithm Based on Literature Review, Interviews, and Consensus, JMIR Research
Protocols, 3(1), 2014, 1-21

[28] S. Karimand I. S. Bajwa, Clinical decision support system based virtual telemedicine, in Intelligent
Human-Machine Systems and Cybernetics (IHMSC), 2011 International Conference on, 1,
2011, 16-21.

[29] B. Koo, K. Han, J. J. J. H. Park, and T. Shon, Design and implementation of a wireless sensor
network architecture using smart mobile devices, Telecommun. Syst., 52 (4), 2013, 2311-2320.

[30] A. Krause, D. Hartl, F. Theis, M. Stangl, K. E. Gerauer, and A. T. Mehlhorn, Mobile decision
support for transplantation patient data, Int. J. Med. Inform., 73(5), 2004, 461-464.

[31] N. Kuntagod and C. Mukherjee, Mobile decision support system for outreach health worker, in e-
Health Networking Applications and Services (Healthcom), 2011 13th IEEE International
Conference on, 2011, 56-59.

[32] T. Lagu, N.S. Hannon, M.B. Rothberg, and P.K. Lindenauer, Patients’ Evaluations of Health Care
Providers in the Era of Social Networking: An Analysis of Physician-Rating Websites. Journal
of General Internal Medicine, 25(9), 2010, 942-946. http://doi.org/10.1007/s11606-010-1383-0

[33] F. Leong, A. G. Nicholson, and J. McGee, Robotic telepathology: efficacy and usability in
pulmonary pathology, J. Pathol., 197 ( 2), 2002, 211-217.

[34] Y. Li et al., Decision support system for the response to infectious disease emergencies based on
WebGIS and mobile services in China, PL0S One, 8(1), 2013, e54842.

[35] A. G. Logan et al., Mobile phone-based remote patient monitoring system for management of
hypertension in diabetic patients, Am. J. Hypertens., 20 (9), 2007, 942-948.

[36] S. T. March and G. F. Smith, Design and natural science research on information technology,
Decis. Support Syst., 15(4), 1995, 251-266.

[37] K. Masters, Health professionals as mobile content creators: Teaching medical students to develop
mHealth  applications, = Medical Teacher, 36 (10), 2014, 883-889, DOI:
10.3109/0142159X.2014.916783

[38] B. Martinez-Pérez, I. de la Torre-Diez, M. Lépez-Coronado, B. Sainz-de-Abajo, M. Robles, and
J.M. Garcia-Gomez, Mobile clinical decision support systems and applications: A literature and
commercial review. J Med Syst. 38(1) 2014, 4

[39] M. McCartney, Will doctor rating sites improve the quality of care? No, BMJ, 338, 2009, b1033.

[40] W. Michalowski, S. Rubin, R. Slowinski, and S. Wilk, Mobile clinical support system for pediatric
emergencies, Decis. Support Syst., 36 (2), 2003, 161-176.

[41] Miniwatts marketing Group (2016). The Digital Divide, ICT, and Broadband Internet, URL:
http://www.internetworldstats.com/links10.htm, accessed on 23 Dec 2016

[42] N. Nieveen and E. Folmer, Formative evaluation in educational design research, Des. Res., 2013,
153.

[43] J. C. Nunnally, 1. H. Bernstein, and J. M. t Berge, Psychometric theory (Vol. 226): JSTOR, 1967.

25



[44] W. J. Orlikowski and C. S. lacono, Research Commentary: Desperately Seeking the ‘IT” in IT
Research—A Call to Theorizing the IT Artifact, Inf. Syst. Res., 12( 2), 2001, 121-134.

[45] Oregon Medical Group, URL.: http://www.oregonmedicalgroup.com/, 2016, Accessed on Dec 20,
2016

[46] K. Peffers, T. Tuunanen, M. A. Rothenberger, and S. Chatterjee, A design science research
methodology for information systems research, J. Manag. Inf. Syst., 24 (3), 2007, 45-77.

[47] Y. Peng, Y. Zhang, Y. Tang, and S. Li, An incident information management framework based on
data integration, data mining, and multi-criteria decision making, Decis. Support Syst., 51 (2),
2011, 316-327.

[48] D. Praveen et al., SMARTHealth India: development and field evaluation of a mobile clinical
decision support system for cardiovascular diseases in rural India, JMIR mHealth uHealth, 2,
(4), 2014, e54.

[49] M. V Ramesh, T. A. Anu, and H. Thirugnanam, An intelligent decision support system for
enhancing an m-health application,” in 2012 Ninth International Conference on Wireless and
Optical Communications Networks (WOCN), 2012, 1-5.

[50] D. J. Schofield, R. N. Shrestha, and E. J. Callander, Access to general practitioner services amongst
underserved Australians: a microsimulation study, Hum. Resour. Health,10(1), 2012, 1.

[51] R. J. Shaw et al., Development of a theoretically driven mHealth text messaging application for
sustaining recent weight loss, JIMIR mHealth uHealth, 1(1), 2013, e5.

[52] M. C. Tremblay, A. R. Hevner, and D. J. Berndt, Design of an information volatility measure for
health care decision making, Decis. Support Syst., 52(2), 2012, 331-341.

[53] U. Varshney, A model for improving quality of decisions in mobile health, Decis. Support Syst.,
62, 2014, 66-77.

[54] J. Venable, J. Pries-Heje, and R. Baskerville, FEDS: a framework for evaluation in design science
research, Eur. J. Inf. Syst., 25(1), 2016, 77-89.

[65] World Bank, Health Nutrition and Population  Statistics report, 2015.
http://databank.worldbank.org/data/reports.aspx?source=health-nutrition-andpopulation-
statistics, accessed on 10 April, 2016.

26



