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Abstract

Background In Jordan, the confluence of traffic congestion and overcrowding in public hospitals poses a significant
challenge for patients to collect their medications timely. This challenge was further intensified during the COVID-

19 pandemic. Recognizing this issue, the Ministry of Health (MOH) and Electronic Health Solutions (EHS) intend to
establish a Medication Delivery System (MDS), designed to provide patients with home delivery of medications

and ensure proper treatment. This paper outlines a comprehensive framework to guide requirements engineers

in devising an effective MDS framework, with a focus on expediting the development and testing processes and
mitigating the risks associated with constructing such a system.

Method The proposed methodology entails a robust, structured approach to requirements development for an

MDS that integrates an electronic health record system, billing system, pharmacy application, the patient-oriented My
Hakeem app, and a delivery tracking system. The requirements elicitation and analysis processes were undertaken by
a multidisciplinary committee from MOH and EHS teams, ensuring a diverse understanding of stakeholder needs and
expectations. The requirement specifications were meticulously documented via a data dictionary, unified modeling
language (UML), and context diagrams. The quality and accuracy of the requirements were verified through an
extensive validation process, involving thorough review by various EHS teams and the MOH committee.

Results The MDS was implemented across numerous MOH facilities within a timeline that was a third of the original
projection, leveraging the same level of resources and expertise. Post the requirements development phase, there
were no changes requested by any stakeholders, indicating a high level of requirement accuracy and satisfaction.

Conclusion The study illustrates that our proposed methodology significantly results in a comprehensive, well-
documented, and validated set of requirements, which streamlines the development and testing phases of the
project and effectively eliminates requirement errors at an early stage of the requirements development process.
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Background

Severe traffic congestion is caused by a significant
increase in the number of vehicles on the streets of urban
cities [1]. Similarly, roads in Amman, the capital of Jor-
dan, are becoming increasingly congested [2], making
it difficult and time-consuming for commuters to reach
their destinations [3]. In addition, Jordan’s public hos-
pitals are overcrowded, causing frustration among the
medical staff and negatively affecting patient satisfaction
[4]. Consequently, the time required for patients to reach
the hospital has increased.

During the COVID-19 pandemic, it was necessary
to limit human interaction [5], and limiting patient vis-
its to hospitals was a mitigating plan to reduce the risk
of contracting the virus [6]. Accordingly, the demand
for purchases from online pharmacies and self-medica-
tion significantly increased during the pandemic [5, 7].
Patients with multiple prescriptions may be particularly
at risk of drug interactions and require special attention
from pharmacists [8]. Therefore, patients should be more
aware of the risks of buying medicines without consult-
ing doctors [9]. Consequently, there is a need for a sys-
tem that is not only concerned with drug availability but
also provides the appropriate medication that should be
assessed by the patients’ physicians [10].

The Ministry of Health (MOH), in cooperation with
Electronic Health Solutions (EHS), an innovative tech-
nology-driven company that provides automated solu-
tions to improve the quality and efficiency of Jordanian
public healthcare services [11], intends to implement a
medication delivery system (MDS) in MOH public hospi-
tals to deliver medications requested by specialized phy-
sicians for chronic disease patients without leaving their
homes.

Risks associated with MDS development

The development of medication delivery system is
fraught with its own set of challenges. The domain of
healthcare presents an ecosystem distinct from other
industries, characterized by its inherent complexities and
unique challenges [12]. One such complexity arises from
the convoluted hospital workflows and the varying nature
of different departmental procedures. The challenge here
lies in achieving seamless integration of diverse hospital
information systems, which often becomes a substantial
barrier to their effective implementation [13].

Further amplifying the complexity is the dynamic
nature of the healthcare industry, with numerous com-
ponents continuously interacting, leading to high ambi-
guity [14]. This reality, combined with the inherently
intricate process of decision-making in environmental
health policy — even under the most favorable condi-
tions — underscores the difficulties faced in healthcare
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decision-making due to the prevalent ambiguity and
uncertainty [15].

Unfortunately, the percentage of software project fail-
ures is concerning. Around 19% of projects fail outright,
while 52% experience creeping scope and budget over-
runs, predominantly attributable to inadequate business
analysis [16]. One of the significant obstacles in software
development is the integration of MDS components,
primarily due to the need to tackle software integration
issues [17].

Several risks and challenges arise during the integration
of software system components. To begin with, inconsis-
tencies in data represent a significant problem in data
integration. These inconsistencies, more often than not,
emerge in heterogeneous environments during informa-
tion sharing, leading to concerns regarding data quality,
accuracy, and integrity. Such discrepancies invariably
impact end-users across both analytical and operational
applications [18].

Effective creation of modules can be severely hampered
when their objectives are not lucidly articulated. Without
a clear vision of how they contribute to the larger scheme
of things, integration, rework, and alignment issues inev-
itably ensue [19]. The ripple effect of this lack of clarity
is that the time designated for system integration testing
gets consumed in completing the integration process,
thereby disrupting the project timeline [20].

Further challenges emerge when there’s a common
understanding gap regarding requirements and archi-
tecture among developers. When precise requirement
documentation for the product is missing, it becomes
difficult for developers to identify necessities and fill in
requirement gaps [19]. This lack of clarity often leads to
the creation of subsystems based on vague requirements,
resulting in variable assumptions about the components
of other subsystems. Consequently, this can cause poor
design, incompatibility among components, and signifi-
cant delays in the project’s integration phase, especially
when discrepancies unveiled during unit testing manifest
during integration testing [17, 21].

Moreover, as software complexity and size increase,
the need for informal communication becomes crucial
[22]. Absence of this form of communication hampers
the project participants’ ability to stay updated on the
developments at other sites, compromising coordination,
causing integration issues, and potentially leading to sys-
tem defects. This, in turn, prolongs the project’s comple-
tion time [19].

The “big bang” integration approach typically seen in
waterfall life cycle projects further amplifies the technical
risk, given that the underlying assumptions in the design
are not tested until late in the project [23]. This pitfall
can be mitigated by opting for an incremental integration
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approach that amalgamates software components at dif-
ferent levels, leading to frequent deliverables [24].

In order to ensure successful system development and
integration, it is imperative to have detailed and precise
system requirements and design [25]. Moreover, active
involvement and collaboration during the requirements
analysis phase fosters a deeper understanding and shared
interpretation of requirements, leading to the creation of
software components with optimal designs and smooth
integration of their subcomponents [21]. Regular and
early user feedback promotes crucial stakeholder involve-
ment in a project, thereby bolstering the system’s integ-
rity [26].

State-of-the-art in requirements development

The requirements development phase is a critical step in
the life cycle of software system design. It encompasses
several activities, namely eliciting, analyzing, document-
ing, and validating requirements, resulting in a formal,
structured document that serves as a guideline for the
necessary system requirements [27]. This phase sets
the foundation for the entire project, underpinning the
development and testing stages, and ultimately determin-
ing the system’s success or failure. Each of these activities
represents an integral aspect of requirements develop-
ment and will be expanded upon below.

Requirements elicitation

Requirement elicitation is the first step in the require-
ments development phase. It is the process of extract-
ing user needs, desires, and constraints from various
perspectives to gain an understanding of the problem at
hand and derive potential solutions [28]. A comprehen-
sive understanding of stakeholder demands is vital dur-
ing this stage. Without it, there is a risk of developing a
product that fails to meet user expectations [29].

This stage not only involves gathering initial require-
ments but also facilitating clear and feasible project
vision, thereby ensuring that everyone involved is focused
on the project’s essential aspects and limiting the risk of
scope creep [30]. A variety of elicitation techniques can
be used, including interviews, observations, workshops,
scenarios, and goal identification [31]. Choosing the most
suitable methods often depends on the specific context,
nature of the system, and stakeholders involved [31].

Requirements analysis

Post-elicitation, the gathered requirements undergo thor-
ough scrutiny in the analysis phase [32]. This involves
critically examining and refining the raw requirements
and negotiating with stakeholders to reach a consensus,
as these requirements may contain conflicts or be too
ambiguous [33].
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This is also the phase where requirements are pri-
oritized. The MoSCoW technique, which categorizes
requirements into “must have, “should have; “could
have,” and “won’t have, is widely used for this purpose
[34]. A gap analysis may be conducted to identify discrep-
ancies between the current state and desired outcomes,
laying the groundwork for devising a comprehensive plan

to bridge these gaps [35].

Requirements specification

The term “requirements specification” or “requirements
documentation” refers to the articulation and documen-
tation of the requirements in an understandable and
accessible manner [36]. Various models and diagrams are
used for this purpose. For instance, context and data flow
diagrams are employed to generate a process model of
the system [37].

The context diagram, showing all external entities
interacting with the system and the data flows between
them, delineates the system’s scope [38]. Additionally,
the data dictionary fully defines the data structure [39].
The Unified Modeling Language (UML) is another pop-
ular tool that standardizes the system model’s visualiza-
tion [40]. It emphasizes design abstraction and highlights
the consistency in systems and implementation through
components and subcomponents [41]. It incorporates
thirteen diagramming techniques to depict the problem
domain from various angles [42]. These include sequence
diagrams, state diagrams, activity diagrams, and use-case
diagrams, each serving a unique purpose in describing
system behaviors, interactions, and functionalities [43].

Requirements validation

Requirements validation is the final phase, ensuring that
the gathered, analyzed, and documented requirements
truly reflect user expectations [44]. This phase culminates
in a formal document that provides a baseline for the
agreed-upon software requirements [45]. This validation
process includes checks for validity, realism, verifiability,
consistency, and completeness [46].

Several validation techniques, such as requirement
reviews with stakeholders and prototyping, can be used
in isolation or in combination. However, these two tech-
niques are often favored due to their effectiveness in
obtaining direct feedback and iteratively refining the
requirements until they are satisfactory [27]. By validat-
ing requirements early in the project, costly changes and
errors in the later stages of development can be avoided.

The central goal of this study is to present a robust
framework intended to guide requirements engineers
in crafting an optimized MDS model. This model is
anticipated to enhance the efficiency of both the devel-
opment and testing phases, leading to a streamlined,
effective solution for medication delivery. The proposed
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framework will be fundamental in overcoming the chal-
lenges of system integration and minimizing the occur-
rence of errors during the initial stages of development,
thereby paving the way for a more cost-effective and
expedient delivery of healthcare services.

Method

Proposed framework for MDS development

The methodology proposed in this study strictly adheres
to the well-established processes of software require-
ments development, as comprehensively described in
State-of-the-art in requirements development This meth-
odology introduces a framework that encompasses a
meticulously curated collection of tools and techniques
specifically designed to mitigate the risks and barriers
identified in Risks associated with MDS development.
This mitigation strategy consequently facilitates the
development and testing phases of the Medical Delivery
System (MDS). To ensure effective requirement elicita-
tion, analysis, and validation processes, a committee was
formed. This committee is composed of key Ministry of
Health (MOH) stakeholders possessing a wide range of
knowledge backgrounds, including but not limited to
technical, financial, and clinical expertise.

Table 1 Sample of the prioritized MDS requirements

ID User Story Priority

1 As a delivery courier, | want the patient to determine  Must
the delivery address when submitting the requestso  have
that | know the exact desired delivery address.

2 As an accountant, | want the patient to determine Must
the coverage plan (insurance) when submitting the have
request so that it will be considered when calculating
the medications’bill

3 As an accountant, | want to provide patient the ability ~ Must
to pay online for medication delivery requests without have
having to leave their home.

4 As an accountant, | want to allow patients to view the  Must
billing report so that they know the bill details. have

5 As a pharmacist, | want to see the patient’s medica- Must
tions so that | can rule out any interactions. have

6 As an accountant, | want to be notified of the vali- Must
dated medications so that | can calculate the bill. have

7 As a pharmacist, | want the medication delivery Could
requests to be sorted by default based on the request  have
data time so that | can start working with the oldest
request

8 As a pharmacist, I want to have “Terms and Condi- Could
tions”in the pharmacy application so that | know the ~ have
product rules.

9 As a pharmacist, I want the option to decline delivery ~ Should
requests so that I can decline those that are somehow have
wrong or missed.

10 As a pharmacist, | want the last time | was logged into ~ Won't
the app to appear in a notification when I'm logged have

into the pharmacy app so that | can highlight the last
time | was logged in.
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Requirements elicitation in the MDS

To gather the necessary requirements and data required
for constructing the MDS, a series of semi-structured
interviews, workshops, and both active and passive
observation sessions were conducted with the MOH
committee and EHS teams. The interview questions used
in these sessions are available as [Supplementary File 1].
These activities were performed during the requirement
elicitation process. Furthermore, prototypes were uti-
lized to materialize and visualize the system’s require-
ments, thus aiding in eliciting further requirements that
satisfied the committee’s expectations.

Requirements analysis in the MDS

To evade potential requirement conflicts and scope creep
risks, collaborative effort was employed by the MOH
committee in conducting requirements analysis. This col-
laborative process was designed to further analyze and
prioritize the raw requirements that were acquired dur-
ing the aforementioned elicitation process.

The prioritization process utilized the MoSCoW tech-
nique, where requirements were divided into “Must
have’, “Could have’, and “Should have” categories, along
with “Won’t have” for the current iteration. Table 1 pro-
vides a representative sample of the MDS system require-
ments, prioritized using MoSCoW technique, based on
the requirements gathered during the elicitation process
mentioned in Requirements elicitation in the MDS.

Following the analysis, a workflow was prepared to
plan how to address the gaps between the current state
and the desired state that needs to be achieved. This
workflow, illustrated in Fig. 1, demonstrates the cross-
functional workflow of the envisioned MDS, taking
into account the multiple participants in the workflow,
including patients, pharmacists, accountants, and deliv-
ery couriers, and their interactions with the medication
delivery request (MDR) from its inception by the patient
until delivery or cancellation.

Requirements specification in the MDS

Once analyzed, requirements were further detailed using
appropriate representation methods. For instance, a con-
text diagram was created to investigate the environment
and boundaries of the proposed system. Figure 2 depicts
this context diagram of the proposed MDS, created using
Microsoft Visio.

For a more in-depth depiction of the system architec-
ture, Fig. 3 presents a detailed representation of the MDS
architecture. The following section provides a description
of the system components depicted in the Fig. 3:

+ The Electronic Health Information System:
consists of two key components associated with the
MDS: The Veterans Health Information Systems
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Fig. 1 Cross-functional flowchart of the MDS future state

and Technology Architecture (VistA) system and review comprehensive clinical information such

the Computerized Patient Record System (CPRS) as active problems, allergies, medications, clinical
application. VistA is an open-source electronic reminders, laboratory, vital signs, appointments, and
health record system created by the U.S. Department clinical notes. Additionally, the application supports
of Veterans Affairs (VA). VistA seamlessly integrates the entry of consults, notes, and various orders

over a hundred software modules catering to such as laboratory tests, radiology procedures, and
outpatient and inpatient pharmacy, radiology, medication prescriptions—all of which are saved on
laboratory, and various clinical and administrative VistA [48].

systems. To ensure a tailored implementation, the + My Hakeem application: is the side of the system
Electronic Health System (EHS) has customized used by the patient, which is a web-based and mobile
VistA to align with Jordanian regulations, standards, app that enables patients to view their medical
language, and needs. VistA is integrated with a information, such as medication orders, scheduled
MUMPS non-relational database engine, known as appointments, and lab test results that are saved
GT.M (Greystone Technology M) [47].CPRS is an in VistA. Furthermore, the My Hakeem app allows
application developed by the VA to offer healthcare patients to submit a medication delivery request
providers convenient access to patients’ health (MDR) to start the medicine delivery process. The
records that are stored in VistA. Through a user- details of these submitted MDRs are stored in the

friendly graphical interface, providers can easily MyHakeem SQL database.
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« Pharmacy Application: is a web-based application, developed by EHS, provides pharmacists with the
developed by EHS, consists of two modules: The capability to view, verify, validate, and dispense
Outpatient Pharmacy (OP) and the Remote Monthly medication orders designated for outpatients. These

Medication Refills (RMMR). The OP module, orders were initially requested by physicians through
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the CPRS application and are stored on VistA. Any
actions taken on these orders are also recorded in
VistA. Following the completion of the validation
process by pharmacists, the details of the validated
medications are then reflected in the billing system.
The RMMR module, developed as part of MDS,
enables pharmacists to examine the submitted
MDRs stored in the MyHakeem SQL database.
Pharmacists carry out the validation and verification
process using the OP for prescriptions associated
with patients who have an MDR. Subsequently,

the pharmacist proceeds with the MDR within the
medication delivery module to reflect it in the billing
system. Upon completion of payment, the details
related to the delivery address for the request are
then reflected in the delivery tracking system.

+ Billing system: is a system, developed by EHS,
enables accountants to view comprehensive details
of the validated medication orders received from
the pharmacy application, such as the brand and
quantity. Additionally, accountants can review
request details retrieved from the medication
delivery, which may include coverage plans if a
patient wish to consider a new one instead of the
previously saved plan in the billing system. The
total fees are calculated based on the request details

Patient

Pharmacist

O

Courier

Fig. 4 Overall MDS functionalities use case diagram
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and communicated to the patient via SMS. Patients
then proceed with the payment through the online
payment gateway.

+ Delivery Tracking System: is a system was
developed by Jordan Post (Jo Post) a licensed delivery
company authorized by the Jordan Food and Drug
Administration (JFDA), this system integrates
seamlessly with the pharmacy application to track
the MDR to the desired address. Upon completion
of the medications packaging by pharmacists, the
delivery tracking system is notified to begin the
shipment process to the designated address chosen
by the patient during the submission of the delivery
request through the My Hakeem application.

For larger and more complex projects, context diagrams
often struggle to simultaneously represent multiple per-
spectives. Therefore, use case diagrams, as they enable
developers to better understand system requirements,
are essential in these scenarios [49]. Figure 4 illustrates
a comprehensive use case diagram, also drawn using
Microsoft Visio, that depicts the primary actions that
actors can perform on the system. This use case dia-
gram illustrates that the initiation of medication delivery
begins with the patient submitting a Medication Delivery
Request (MDR) through the My Hakeem application, as

dit the "In-progress

<extends> request

View billing reports

Determine a delivel
address

<<include>>"
Determine a coverage
plan

<<includes>

T<<extends:
- -
.

<<extend>>

Attach supporting
documents

Add comments

Calculate the Accountant

total fees
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previously mentioned in this Requirements specification
in the MDS. When submitting the request, the patient
must specify the delivery address and select a coverage
plan. Additionally, the patient has the option to include
extra attachments or comments if necessary. The patient
can access and review all details of their requests, edit
ongoing requests, and view billing report information.
Online payment of fees can also be completed through
the integrated online payment gateway. The pharmacist
can access the submitted Medication Delivery Request
(MDR) through the pharmacy application, as high-
lighted earlier in this Requirements specification in the
MDS. They have the option to either reject the request or
advance it to the billing system, providing the accountant
with the necessary details to compute the total fees using
the billing system. Subsequently, the pharmacist moves
forward with the MDR into the delivery process, convey-
ing essential delivery information to the delivery tracking
system.

Each use case in the general diagram is subsequently
described in detail from different perspectives using
a use-case description table, sequence diagram, and a
data dictionary table. An example of this is the “Submit
an MDR” use case shown in Fig. 4, which is described in
detail in Table 2.

Figure 5 presents an equivalent sequence diagram of
the “Submit an MDR use case’, providing a clear depic-
tion of the timing sequence of the interactions and opera-
tions involved in submitting an MDR.

A data dictionary was used to define the structure of
data items in a standardized and clear manner. Table 3

Table 2 Submit an MDR use case description
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displays the data dictionary for the fields in the “Request_
details” table.

Validation process in the MDS

The requirements document underwent a rigorous and
extensive validation process aimed at detecting any
incompleteness, inconsistencies, or ambiguities. This
process involved numerous teams within the EHS ecosys-
tem including the development team, system integration
team, pharmacy, and billing team, each of whom brought
unique expertise to the process. The members of these
teams were well-versed in both the functionalities of the
system and the various workflows that were employed in
the MOH.

Following this internal validation process, the require-
ments document was then subject to external validation
by the MOH committee, whose role was to ensure that
the defined requirements accurately reflected the expec-
tations and needs of the client. This two-tier validation
process not only helped to uncover any potential discrep-
ancies but also provided a comprehensive perspective,
balancing the technical intricacies of the system with the
real-world applicability and relevance.

In order to facilitate the validation process and pro-
vide a more tangible representation of the requirements,
the “Justinmind” application was employed to construct
prototypes of the requirements. These prototypes served
a dual purpose: firstly, they highlighted the strengths
and weaknesses of the software, providing an additional
layer of quality control. Secondly, they stimulated new
ideas for potential requirements and opened up avenues

Actors  Trigger Pre-conditions  Basic Path Alternative Paths  Post-conditions Exception Paths

Patient  The user 1. Userislogged 1.Navigate to the“Medication Delivery  Al: At step 3 of 1. A new request E1: Atstep 1 of
clicksthe  in“My Hakeem”  "tab. the basic path, if is inserted into the basic path, if
“Submita  application. 2.The user clicks on the “Submit a medi-  the patienthasno  the"MyHakeem” the patient doesn't
medica- 2.The patient’s  cation delivery request”button. previously saved database. have a medication
tion monthly medi-  3.The system calls the “Get-Coverage- addresses, the 2.The system with a remaining
delivery cations on the Plans”and “Get-DeliveryAddresses”APls  system displays “No  displays the “The refill number great-
request” patient health to view the patient’s coverage plansand saved addresses”. request has been erthan zero and a
button. record system addresses that are saved on the system.  A2: At step 3 of submitted success- last dispensed date

meet the eligibil-
ity conditions
for the request,
which are:

a) The previous
date for dispens-
ing medication
was at least a
month ago.

b) The number
of remaining
refills is greater
than zero.

4.The system displays the "Request
Details” page and shows the patient’s
address(es) in the “Your available ad-
dresses” section and the patients’ cover-
age plans in the “Insurance/Coverage
Plan Information”section.

5.The user adds a new address and
coverage plan

6. The user attaches the supporting
document(s) and adds additional
comments.

7.The user clicks the “Submit and con-
firm”button to submit the medication'’s
delivery request.

8.The user confirms the request.

the basic path, if
the patient has no
previously saved
coverage plans,

the system displays
“No saved coverage
plans”.

A3: At step 5 of

the basic path, if
the user wants to
consider any of the
displayed coverage
plans or addresses,
they can mark them
as checked.

fully” message.

greater than one
month, the system
prevents the user
from making a
request and dis-
plays the message
“You have no due
monthly medica-
tion listed on your
medical record”.
E2: At step 8 of
the basic path, if
the user cancels
or doesn't confirm
the request, the re-
quest is not saved.
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Fig. 5 MDR sequence diagram

for improvements. Figure 6 illustrates the prototype
designed for the “Request Details” page, where patients
enter their MDR details.

Throughout the validation process, a total of 132
requested changes in the requirements document were
recorded, primarily due to incompleteness, ambiguities,
and inconsistencies in the initial specifications. The pro-
cess unfolded over three iterative rounds, each aimed at
refining and improving the requirements. Table 4 offers a
detailed breakdown of the progression of these changes,
organized by the discovery round.

Upon the successful conclusion of the requirement
validation process and the identification and rectification
of all errors, the corrected requirements document was
presented to the MOH committee. Their signature on
the document symbolized their approval of the finalized

-_..------------..-..------------------------___--
v
I

cejeccccccsvesscesscedecctoeccccccccccccccccceeded

B T T

requirements and signaled the transition to the develop-
ment phase, as per the documented requirements.

Requirements management in the MDS

An effective requirements management process was
implemented to ensure the consistency, traceability, and
ongoing management of the requirements throughout
the development cycle of the MDS.

+ Traceability: A traceability matrix was established
to enable tracing each requirement from its origin
through its development and testing, and finally to
its deployment.

+ Change Management: Given the dynamic nature
of the healthcare industry, a process for managing
changes to the requirements was established. This
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Table 3 Data dictionary for the “Request_details"table

Field name Description Type Unique Mandatory Default  Additional information
value
D Identification code of the MDR Int Yes Yes The primary key (PK) of the table
Length is 3-11 digits
PatientID Identification code of the patient Int No Yes A foreign key (FK); reference to the
who submitted the MDR “ID"field in the "Patient” table
AddressID |dentification code of the address at  Int No Yes The last FK: reference to the“ID"field in the
which the request will be delivered selected  “Delivery_address_details"table
value
Coverage_Plan_ID |dentification code of the coverage Int No Yes The last FK: reference to the“ID"field in the
plan that will be considered in the selected  “Coverage_plans_details"table
bill calculation value
SupportingDoc_ID Identification code of the supporting  Int No No A maximum of three files are al-
documents lowed to be attached.
Comment Additional notes about the MDR Varchar No No The field length is 3-255 characters
Status_ID |dentification code of the MDR status  Int No Yes FK; Reference to the “ID"field in
the “Request_status”table
Created_at The date and time of submitting the  Datetime  No Yes
MDR

£ Request Details

9! Addresses 6 Insurance/Coverage Plan

Your Avaiable Insurance/ Coverage plans
Your Avaiable Addresses ! el

O MOH Coverge
O My home address O Heath Insurance

O Work address O Royal Medical Services

& Supporing documents = Comments or special requests

o

Upload File

Submit & Confirm

Table 4 Progress of changes in requirements by discovery round

Fig. 6 "Request details” page prototype

documents. This ensured that every version of a

?ound Number :\l;smber of changes in requirements document was available for review and reference.
2 21
& 0 Implementation and evaluation of requirements
Building upon the robust and well-defined requirements
included an assessment of the impact of changes, established in the development phase, the team initi-
documentation of changes, and communication of ated the implementation process for the MDS. This sec-
changes to all stakeholders. tion will delve into the design, development, testing, and

+ Version Control: The version control system isused =~ deployment phases, providing a detailed account of the
to manage different versions of the requirement activities performed and results obtained.
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Design phase

The design phase kicked off with the creation of high-
level system architecture, identifying main modules and
their interactions. The architecture was guided by the
context diagram (Fig. 2) and the general use case diagram
(Fig. 4), providing a global view of the MDS system.

The system was segmented into five main modules: The
Pharmacy Application, the billing system, the Electronic
Health Record System, the Patient Application (My
Hakeem), and the Delivery Tracking System. Interface
and database design were carried out with due consider-
ation to usability and data integrity, respectively. Use case
diagrams, along with their descriptions (Table 2), guided
the design of system functionalities.

The MDS was designed to be both web-based and
mobile-based to cater to different user preferences. The
interface designs were reviewed and approved by the
MOH committee, and any necessary revisions were made
based on their feedback.

Development phase

The development phase saw the transformation of
designs into a functioning system. The MDS was devel-
oped using a modern and robust tech stack that com-
bined Yii2 and flutter for both frontend and backend
development. Database management was handled by
MariaDB and GT.M, an open source MUMPS database
engine.

The software development process followed an iterative
model based on agile methodology where each iteration
focused on implementing a specific subset of require-
ments, prioritizing those marked as “Must have” in the
MoSCoW prioritization (Table 1). This allowed early
feedback on system functionalities and facilitated neces-
sary adjustments.

Testing phase
Testing was an ongoing process throughout the devel-
opment phase, with unit tests conducted on individual
components and integration tests performed to ensure
seamless interaction between different components.
System testing was carried out to verify that the MDS
met the specified requirements. Test cases were derived
from use-case descriptions and linked to specific require-
ments in the traceability matrix, ensuring comprehensive
coverage of all functional and non-functional require-
ments. Issues identified during testing were logged, pri-
oritized, and addressed by the development team.
Acceptance testing was performed with the involve-
ment of the MOH committee, with test scenarios
designed to mimic real-world use of the MDS. The results
showed that the system met the user needs and expecta-
tions as outlined in the requirements document.
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Deployment phase

Upon successful acceptance testing, the MDS was
deployed for live operation. It was launched in a phased
manner, initially made available to a select group of users
for beta testing. Feedback from these users helped iden-
tify and resolve any unforeseen issues before a full-scale
launch.

Training sessions were organized for end-users, and
comprehensive user manuals were developed and dis-
tributed. The MDS was made available on both web and
mobile platforms, ensuring wide accessibility. Sample
screenshots of the MDS applications in live operation are
presented in Figs. 7 and 8.

Evaluation

Post-deployment, an evaluation was conducted to assess
the effectiveness of the MDS against the initial goals and
requirements. The system was found to be efficient, user-
friendly, and robust, with positive feedback received from
various stakeholders.

Performance metrics such as system response time,
request processing time, and success rate of medication
deliveries were within the specified requirements. The
MDS also demonstrated high reliability and security,
handling large volumes of transactions without any sig-
nificant issues and maintaining stringent data security
measures such as integrity, confidentiality, authentication
and authorization [50].

All in all, the implementation and evaluation of the
MDS requirements were successful, resulting in a well-
designed and highly effective system. The thorough and
meticulous requirements development process, as well
as the user-centric approach adopted during design and
development, played a crucial role in this success.

Results
The detailed requirements elicitation, analysis, specifi-
cation, and validation processes in Implementation and
evaluation of requirements yielded a comprehensive list
of system requirements. A total of 657 requirements were
identified, each addressing a specific user need or system
functionality. These requirements were classified into dif-
ferent categories, such as system functionality, perfor-
mance, usability, reliability, and security requirements.

The MOH committee played an active role throughout
the requirements development process. The committee’s
diverse background was instrumental in the elicitation
process, ensuring that all relevant perspectives were con-
sidered. The elicitation techniques, such as semi-struc-
tured interviews, workshops, and observation sessions,
provided a rich understanding of the system’s context and
stakeholders’ needs.

The requirements analysis process helped identify
potential conflicts and avoid scope creep. The use of the
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Q Addresses

Please choose the delivery address you prefer from YOUR AVAILABLE ADDRESSES list below,
or add your address information using the
ADD NEW ADDRESS button.

Your Available Addresses

® Jjio

O Insurance / Coverage Plan Information
You cannot modify your Insurance / Coverage Plan information for requests when editing.

Your Available Insurance /
Coverage Plans

e - (il Ggo 30 6alo
‘Jsﬁ pall

[B Supporting Documents

Please attach or update any required

wwo file chosen

Image size should not exceed SM

P kg o file chosen

Image size should not exceed SM

(TR Vo file chosen

Image size should not exceed SM

and/or reports. Insulin)

& Comments or Special Requests

Ask for a specific note for the

ion or pass an imp delivery staff

Please specify.

By clicking "Submit & Confirm” | hereby approve that the pharmacist will dispense the monthly medications registered on
my medical record, and that any due costs will be to the during

the monthly medications delivery service.
CANCEL SUBMIT & CONFIRM

Fig. 7 (a) The My Hakeem mobile application dashboard for a testing patient (b) The “Request details” page on the My Hakeem web application

MoSCoW prioritization technique (Table 1) facilitated
the selection of the most important functionalities for
inclusion in the initial product release.

The requirements specification process resulted in a
well-defined context diagram, use case diagrams, and
use-case description tables. These specifications provided
a clear understanding of the MDS boundaries, interac-
tions, and functionalities. The data dictionary provided
additional clarity on the data structures and relationships
within the system.

The validation process involved multiple rounds of
reviews and testing. The initial round revealed 105
changes, reflecting the inherent complexities of the MDS.
Further rounds refined the requirements, yielding 21 and
6 changes respectively (Table 4). The prototypes created
using Justinmind software helped the committee visual-
ize the system, leading to insightful feedback and sugges-
tions for improvement.

The result of the validation process was a refined set of
requirements that effectively communicated the stake-
holders’ needs and expectations. This rigorous process

helped improve the quality of the requirements docu-
ment, reducing potential problems in the later stages of
system development.

The implementation of a robust requirements manage-
ment process helped ensure consistency and traceability
of the requirements. The traceability matrix effectively
linked each requirement to its corresponding source,
design elements, and test cases. The change manage-
ment process was instrumental in handling requirement
changes, ensuring that all changes were assessed, docu-
mented, and communicated to stakeholders. Version
control systems ensured the availability of all versions of
the requirement document for future reference.

In conclusion, the requirement development process of
the proposed MDS framework led to a comprehensive,
well-documented, and validated set of requirements. This
rigorous process has set a solid foundation for the subse-
quent phases of system development, paving the way for
a successful implementation of the MDS.
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Discussion

The quality of the requirements is pivotal in the success
of any system development project, and the implemen-
tation of the MDS was no exception. The early detection
and rectification of errors in the requirement stage were
instrumental in the efficient and effective development of
the MDS, affirming the efficacy of the validation process
employed.

Notably, two factors were identified to gauge the
quality of requirements: changes in requirements and
development time. The former quantifies the level of
modifications required post-requirement analysis,
whereas the latter measures the efficiency of the develop-
ment process, relative to the quality of the initial require-
ments [51].

In the case of the MDS, the development and testing
phases were completed within two months - a time-
line significantly reduced to a third of the expected and
planned duration. The successful condensation of the
development period can be largely attributed to the qual-
ity and clarity of the initial requirements.

Moreover, the system has not encountered any sig-
nificant errors or requirement changes since the imple-
mentation of its first version in February 2022. This
underscores the success of the validation process and
confirms the robustness of the requirement analysis and
development phases. The stability of the system and its
consistency with initial requirements suggest a high
degree of accuracy and thoroughness in the requirement
elicitation and validation process.

The system’s iterations added new features and
enhanced the system without the need for significant
alterations to the initial requirements, demonstrating
flexibility and scalability. These iterations were part of the
system’s evolution, signifying not a deficit in the origi-
nal requirement specification, but a normal growth pro-
cess in response to changing needs and advancements in
technology.

The implementation of the MDS at 117 MOH facili-
ties as of December 2023 and the successful delivery of

4146
3281
g N
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2022

NUMBER OF DELIVERED MDR

2023
TIMELINE

Fig. 9 Number of the delivered MDRs per quartile from 2022 to 2023
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25,015 MDRs offer tangible evidence of the system’s effi-
cacy. Figure 9 illustrates the distribution of the MDRs
successfully delivered across each quartile during the
two years of the system’s operation from 2022 to 2023.
A continuous uptrend is observed in the number of the
delivered MDRs; this upward trajectory is attributed to
the growing number of facilities that are in operation as
well as the satisfaction experienced by patients availing
of the service. Remarkably, 74.6% of patients who initially
requested MDRs have chosen to resubmit their MDR in
the subsequent months to obtain their monthly medica-
tions. In addition, 71% of the requested MDRs were suc-
cessfully delivered, with an average delivery time of 1.9
days from the time the MDR was requested. The MDRs
that weren’t delivered were either declined due to admin-
istrative reasons, such as missing documents or expired
medication reports, or because the patients’ payment
process was not completed. The operational success
of the MDS, in conjunction with the efficient develop-
ment process and lack of significant errors, validates the
requirements process that was undertaken.

In essence, this discussion asserts the crucial role that a
well-structured requirement phase plays in system devel-
opment. Early error detection and rectification, rigor-
ous validation processes, and high-quality requirement
specification can significantly impact the efficiency of the
development phase and the effectiveness of the result-
ing system. These factors, as demonstrated in the MDS
implementation, not only ensure timely project comple-
tion but also contribute to the system’s longevity, flexibil-
ity, and adaptability to the evolving healthcare landscape.

Implications and limitations

Implications

The successful implementation of the MDS has sig-
nificant implications, not only within the context of the
MOH facilities but also for the broader healthcare sector.
Firstly, it demonstrated the potential of digital healthcare
services in enhancing patient care and providing solu-
tions tailored to their specific needs. This suggests fur-
ther opportunities to digitize healthcare services, with a
focus on user-centered design.

The effectiveness of the rigorous requirements process
used in this project highlights the potential benefits of
adopting similar approaches in other system develop-
ment projects. This study serves as a roadmap, guiding
future projects in developing robust, error-free systems
within shorter timeframes. The success of the MDS
underlines the importance of carefully constructed and
validated requirement phases in system development.

Additionally, this research provides a basis for future
studies to examine the impact of similar systems in dif-
ferent healthcare settings. The scalability and flexibil-
ity of the MDS can be investigated further to determine
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its adaptability in various environments and different
healthcare systems.

Limitations

Despite the significant findings, this study is not with-
out limitations. Firstly, the study was conducted within
the specific context of MOH facilities, which may limit
the generalizability of the findings to other settings.
Healthcare systems vary across regions, and what worked
within the MOH may not be directly applicable in other
healthcare systems.

Secondly, while the MDS has not required significant
changes since its inception, the system’s long-term main-
tenance needs and adaptability to changing healthcare
environments are not fully known. The current study did
not include a thorough investigation of these aspects,
which are important for understanding the system’s lon-
gevity and future relevance.

These limitations, however, provide fertile ground for
future research, offering opportunities to investigate
these areas further, with a view to refining our under-
standing of the MDS and its potential application in
diverse healthcare contexts.

Conclusion

This paper presented the development and implementa-
tion of the Medication Delivery System (MDS) at MOH
facilities, aiming to streamline the medication delivery
process and improve patient care. The study affirmed
the critical importance of a robust requirements pro-
cess in system development, with particular emphasis on
requirement elicitation, analysis, and validation.

The well-structured requirements phase ensured early
error detection and rectification, minimizing the time
and resources needed for revisions during the later devel-
opment stages. It also allowed for the MDS’s successful
development and testing within a compressed timeline,
demonstrating efficiency gains achievable with meticu-
lous requirements planning.

Further, the MDS has shown operational success since
its first iteration in February 2022. The lack of signifi-
cant errors or requirement changes is indicative of the
quality and precision of the initial requirements. The
successful delivery of 25,015 MDRs to patients without
requiring them to leave their homes, across 117 MOH
facilities as of Dec 2023, provided tangible evidence of
the system’s efficacy. Also, the ongoing increase in the
number of submitted MDRs coupled with the statistics
that 74.6% of patients have submitted MDRs more than
once, alongside an impressive 71% success rate in deliver-
ing the requested MDRS with an average delivery time of
1.9 days, underscore the high level of satisfaction among
patients utilizing the service.
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The system’s iterations, aimed at adding new features
and enhancing the system, showed the scalability and
flexibility of the MDS, underlining the importance of
future-proofing during the requirements phase.

In summary, the MDS project demonstrates that rigor-
ous requirement processes can significantly impact proj-
ect timelines, resource management, system efficiency,
and, most importantly, end-user satisfaction. Future sys-
tem development projects can glean valuable insights
from the MDS implementation, emphasizing the need for
a thorough, precise, and forward-thinking requirements
phase in the broader context of system development.

As the healthcare landscape continues to evolve, so will
the demands on the systems designed to support it. Thus,
the lessons learned from the MDS project are not only
applicable to current system development endeavors but
will remain relevant as we forge ahead in our mission to
leverage technology in the service of healthcare.

Key Findings and Insights
Prior Knowledge on the Topic:

+ The process of building integrated medical systems
inherently presents unique challenges due to the
specificities of the healthcare domain and the
associated risks of integrating various subsystems.

+ In many software projects, failure, scope creep,
and budget overruns are frequently attributed to
inadequate development of project requirements.

New Insights from This Study:

+ This research demonstrates that a well-structured
framework for requirements development can
significantly enhance the efficiency and efficacy of
development and testing phases in systems that
involve integration of diverse components.

+ The study also reveals the strategic importance of
employing suitable tools and techniques during
the early stages of requirements development.
This proactive approach helps to identify and
rectify errors and ambiguities in the requirements,
mitigating future complications and unnecessary
costs.
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