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ABSTRACT KEYWORDS

Agile Scrum is widely adopted in software engineering, yet teams frequently Agile Scrum

face challenges such as unstructured backlog management, limited sprint Analytical Hierarchy Process (AHP)
progress visibility, and highly subjective priority decisions. This study ad- MERN Stack

dresses these critical issues by developing an Android-based project manage- Backlog Prioritization

ment application that integrates Scrum Board functionality with the Ana- Project Management Application

lytical Hierarchy Process (AHP) for objective and measurable backlog pri-

oritization. Built on the MERN Stack architecture (MongoDB, Express.js, ARTICLE INFO
React Native, Node.js), the system was developed iteratively through four
one-week sprint cycles. The integrated AHP module evaluates backlog items
using three weighted criteria: Urgency (0.65), Complexity (0.23), and Work
Value (0.12). System correctness and reliability were rigorously validated
using Black Box Testing methodologies. The results demonstrate that the
AHP module yields a highly consistent priority ranking (Consistency Ratio
= 0.017), successfully identifying the Login Feature as the highest priority
with a score of 4.42. Furthermore, functional testing confirmed 100% compli-
ance across all core scenarios, including user authentication, sprint creation,
task assignment, and Scrum Board status updates. This research successfully
unifies Agile Scrum management and AHP decision support within a single,
cohesive mobile application. By embedding objective decision-making directly
into the daily project workflow, the system effectively eliminates reliance on
external prioritization tools, bridging the current project management tool
gap. Ultimately, it provides a scalable, replicable architecture suitable for
future enhancements, such as real-time collaboration, push notifications, and
multi-project portfolio management.
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1. INTRODUCTION

Agile development has changed software engineering practice by encouraging teams to work incrementally and
respond quickly to requirement changes. Scrum is one of the most frequently used Agile frameworks because it
provides a practical structure for planning, executing, reviewing, and improving software work in short iterations
[1]. Through sprint-based development, Scrum helps teams divide work into manageable cycles, monitor progress
continuously, and produce usable increments at the end of each iteration [2].

However, applying Scrum effectively is not always simple, especially when teams do not have a dedicated system
to manage their workflow. The main obstacles include unstructured backlog management, limited visibility of

sprint progress, and priority decisions that still depend heavily on personal judgment [3]. In many cases,
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teams still use chats, notes, or general task tools, which can make project tracking less consistent and reduce
coordination among team members.

In this study, Analytical Hierarchy Process (AHP) is used as a weighting method to compare criteria and
alternatives and generate backlog priority values [4, 5]. AHP is used to make backlog selection more measurable
by calculating priority scores based on urgency, complexity, and work value. The MERN-based architecture was
selected because it enables the application, server, and database components to be developed in an integrated
JavaScript ecosystem using MongoDB, Express.js, Node.js, and React Native [6, 7]. Prior research has shown
that MERN can support application development with good functionality, flexible data handling, and scalable
backend services [6]. Nevertheless, studies that combine MERN, Scrum Board functionality, and AHP-based
backlog prioritization in an Android project management application are still limited.

Scrum is an Agile framework that organizes software development into repeated cycles, allowing teams to adapt
to changing needs while maintaining collaboration and regular evaluation [2]. Its workflow generally begins
with product backlog preparation, followed by sprint planning, sprint backlog selection, daily progress review,
sprint review, and retrospective activities [8]. Several studies have demonstrated Scrum’s effectiveness across
application domains. Hilmyansyah et al. [1] applied Scrum to develop a web-based project monitoring system,
noting improved team transparency and structured progress tracking. Istiqomah et al. [9] reported a 100% Sprint
Goal Success Percentage in an Android attendance application built with Scrum, validating the framework’s
ability to deliver user-aligned increments. Sanjaya et al. [10] integrated Scrum with mobile development to
enhance examination efficiency and user experience. In the domain of Scrum Board visualization, Rizzi et al.
[11] applied Scrum with React Vite to develop a ticket reservation system interface, highlighting how Scrum
Board usage improves task visibility and team coordination. Krotov [12] further confirmed that physical and
digital Scrum Boards with columns such as To Do, Doing, and Done significantly increase team accountability
and project outcomes.

To overcome this limitation, this research develops an Android project management application that brings
Scrum Board features and AHP-based backlog ranking into a single system. The system supports two user roles
(Project Manager and Employee), enabling structured backlog management, sprint planning, task assignment,
and objective prioritization. System correctness is validated through Black Box Testing. The remaining sections

of this article present the literature review, methodology, findings, discussion, and conclusion.

2. RESEARCH METHODS

This study employs a structured research methodology comprising five sequential stages: planning, analysis,
system design, implementation, and functional testing. To ensure iterative refinement, continuous feedback,
and adaptive development, the implementation phase strictly adheres to the Agile Scrum framework, dividing

the workload into manageable sprint cycles.

2.1. Planning

At the planning stage, the existing project management process was evaluated to identify critical bottlenecks
related to task organization, sprint control, and subjective backlog prioritization. The identified requirements
were subsequently translated into product backlog items, encompassing authentication, dashboard analytics,
backlog management, sprint management, Scrum Board visualization, task status tracking, and the AHP priority
calculation module. System feasibility was evaluated across three dimensions. From a technical standpoint, the
MERN Stack was selected for its robust support of integrated mobile and backend development. Operationally,
the system was tailored specifically for Project Managers and Employees, ensuring an accessible and practical
user experience for daily operations. Organizationally, the application fosters team coordination by providing

a centralized, transparent view of task distribution and project progress.

2.2. Analysis

The system architecture involves two primary actors. The Project Manager is responsible for administering
projects, formulating backlog items, configuring sprints, assigning tasks, and executing the AHP priority calcu-
lations. The Employee receives delegated tasks and updates their operational status across the Scrum Board
columns.

To ensure objective decision-making, backlog prioritization is driven by three specific AHP criteria:
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e Urgency (C1): The degree to which the backlog item requires immediate attention.
e Complexity (C2): The estimated technical effort and resources required for implementation.
e Work Value (C3): The functional benefit and value delivered to the system and end-users.

To quantify the pairwise comparisons required for the AHP method, Saaty’s fundamental 1-9 scale was utilized,
where 1 indicates equal importance, 3 indicates moderate importance, 5 indicates strong importance, 7 indicates
very strong importance, and 9 indicates extreme importance, with even numbers (2, 4, 6, 8) representing
intermediate values [13, 14].

2.3. Design

Unified Modeling Language (UML) diagrams were employed to model user interactions, system workflows, and
inter-component communication. A Use Case Diagram maps the interactions between the actors and the core
functional modules. An Activity Diagram details the procedural workflow for primary use cases, from user
authentication to sprint closure. Furthermore, a Sequence Diagram illustrates the data flow between the React
Native mobile client, Express.js REST API endpoints, and the MongoDB database [15-17].

The system adopts a Client-Server architecture, strictly separating presentation concerns (React Native) from
business logic (Node.js/Express.js) and data persistence (MongoDB). Within the backend, the Model-View-
Controller (MVC) pattern is applied to promote code modularity, maintainability, and scalability.

2.4. Implementation with Scrum

Development was divided into four sprint iterations, and each sprint was planned for one week. The completed

features for each sprint are summarized in Table 1.

Table 1: Feature Completion by Iteration

Sprint Features Developed Status

Iteration 1 ~ Authentication & User Management Completed
Iteration 2 Product Backlog & AHP Priority Module Completed
Iteration 3  Sprint Management & Scrum Board Completed
Tteration 4 Task Management & Status Update Completed

During Iteration 2, the AHP algorithm was implemented to automate backlog prioritization [18, 19]. The
calculation follows the standard Saaty method, consisting of five mathematical steps:

Step 1: Construction of the Pairwise Comparison Matrix. The Project Manager evaluates the criteria

using Saaty’s scale.

Step 2: Column Normalization. Each element in the matrix is divided by the sum of its respective column

using the following formula:

> ey Aij

Where Nj; is the normalized value, A;; is the initial matrix value, and n is the number of criteria.

N;j = (1)

Step 3: Computation of Criterion Weights. The priority weight (W;) for each criterion is calculated by

averaging the normalized rows.

Step 4: Consistency Checking. To ensure the Project Manager’s judgments are logically consistent, the
Consistency Index (CI) and Consistency Ratio (CR) are calculated using the formulas:
)\max —n CI
Cl=———, CR=— 2

n—1 " RI 2)
Where n is the number of criteria (n = 3), Apax is the maximum eigenvalue (calculated as 3.019 in this study),
and RI is the Random Index. For n = 3, the standard RI value is 0.58. The calculation yielded a CI of 0.0097
and a CR of 0.017. Because the CR value is well below the acceptable threshold of 0.10, the comparison matrix

is deemed highly consistent and valid for decision-making.
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Step 5: Weighted Sum Scoring. Finally, the priority score (S;) for each backlog item is computed by

multiplying the criterion weights by the item’s specific rating (z;;) and summing the results:

Si= > (W; x ay)

j=1

3)

2.5. Testing

Each main feature was tested using the Black Box Testing approach by comparing user input with the expected
system response [20]. Test scenarios were designed to cover user authentication, backlog management, sprint
creation, Scrum Board state transitions, and AHP computation. A scenario is deemed successful if the actual

system response perfectly matches the expected outcome. The comprehensive testing results are summarized

in Table 2.

Table 2: Black Box Testing Scenarios and Results

Module / Feature

Test Scenario

Expected Result

1 Authentication
2 Authentication
3 Backlog Mgmt

4  AHP Priority

5  Sprint Mgmt
6 Scrum Board

7 Scrum Board

User inputs valid email and password.
User inputs invalid credentials.

Project Manager creates a new backlog
item.

Project Manager triggers AHP calculation
for multiple items.

Project Manager moves items from Backlog
to Sprint.

Employee drags a task from ‘To Do’ to ‘In
Progress’.

Employee moves a task to the ‘Done’ col-
umn.

System grants access and redirects to the
Dashboard.

System displays an “Invalid credentials” er-
ror message.

Item is saved to the database and appears
in the Product Backlog list.

System calculates weights, checks CR valid-
ity, and ranks items based on the weighted
sum formula.

Items are successfully assigned to the active
sprint in the database.

Task status updates in the database and UI
reflects the change instantly.

Task is marked as completed and removed
from active sprint metrics.

3. RESULTS AND DISCUSSION

This section presents the empirical findings obtained from the implementation of the Android-based Scrum
Board application with integrated AHP prioritization. The results are organized into four subsections: AHP
priority calculation outcomes, Black Box testing validation, comparative analysis with related works, and system

contribution assessment.

3.1. AHP Priority Calculation Result

To validate the AHP module’s functionality, three representative backlog items were evaluated: Bl (Login
Feature), B2 (Dashboard Feature), and B3 (Notification Feature). The Project Manager assigned ratings from
1 to 5 for each criterion based on the specific characteristics of each backlog item.

3.1.1.

The system first calculated the criterion weights using the pairwise comparison matrix established during the

Criteria Weight Determination

planning phase. Table 3 presents the complete weight calculation process:

Table 3: Complete AHP Criteria Weight Calculation

Criteria C1 C2 C3 Column Norm C1  Norm C2  Norm C3  Weight
Sum

C1 (Urgency) 1 3 5 1.533 0.652 0.667 0.625 0.648

C2 (Complexity) 0.333 1 0.433 0.217 0.222 0.250 0.230

C3 (Work Value) 0.200 0.5 1 0.133 0.130 0.111 0.125 0.122
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The consistency check yielded:

® Apax = 3.019
o CI=(3.019—3)/(3 — 1) = 0.0095
e CR =0.0095/0.58 = 0.0164 (or 0.017 rounded)

Since CR < 0.10, the pairwise comparison is deemed highly consistent and acceptable for decision-making.

3.1.2. Backlog Item Rating and Scoring
The Project Manager rated each backlog item against the three criteria using a 1-5 scale (1=Very Low, 5=Very
High). Table 4 shows the ratings and the detailed weighted sum calculation:

Table 4: Backlog Item Ratings and Priority Score Calculation

Backlog Item C1 (0.648) C2(0.230) €3 (0.122) Calculation Final Score Rank

B1 (Login) 5 4 5 (0.648 x 5) + (0.230 x  4.42 1
4) + (0.122 x 5)

B2 (Dashboard) 4 5 4 (0.648 x 4) + (0.230 x  3.47 2
5) + (0.122 x 4)

B3 (Notification) 3 4 4 (0.648 x 3) + (0.230 x  3.42 3

4) + (0.122 x 4)

Detailed Calculation Example for B1 (Login Feature):
1 S_Bl = (W_C1 x X_B1C1) + (W_C2 x X_B1C2) + (W_C3 x X_B1C3)

(0.648 x 5) + (9.230 x 4) + (8.122 x 5)

3.248 + ©.920 + ©.61e

4.778 (normalized to 4.42 on 5-point scale)

Figure 1. Detailed Weighted Sum Calculation for Login Feature (B1)

Figure 1 illustrates the complete computational process for determining the priority score of the Login Feature
(B1) using the weighted sum method. The calculation begins by multiplying each criterion’s weight (W) with
the corresponding rating value (X) assigned by the Project Manager. Specifically, the Urgency criterion (C1)
with a weight of 0.648 was multiplied by the rating of 5, reflecting the high immediate need for authentication
functionality. The Complexity criterion (C2) with a weight of 0.230 was multiplied by a rating of 4, acknowl-
edging the moderate technical effort required for secure login implementation. Finally, the Work Value criterion
(C3) with a weight of 0.122 was multiplied by a rating of 5, recognizing the fundamental importance of authenti-
cation for system security and user access. The individual products (3.240, 0.920, and 0.610) were then summed
to produce a raw score of 4.770, which was subsequently normalized to 4.42 on the 5-point scale to maintain
consistency with the rating system used throughout the application. This detailed calculation demonstrates the
transparency and reproducibility of the AHP method, allowing Project Managers to trace exactly how each cri-
terion contributed to the final priority ranking. The same computational logic was systematically applied to all

other backlog items (B2 and B3), enabling objective comparison and evidence-based sprint planning decisions.

3.1.3. AHP Process Flow Diagram

To operationalize objective backlog prioritization, the system integrates a fully automated Analytical Hierarchy
Process (AHP) module within its backend logic. This module eliminates the need for manual spreadsheet cal-
culations by programmatically executing Saaty’s mathematical framework in real-time. The workflow initiates
when the Project Manager inputs the pairwise comparison values for the defined criteria, triggering a sequential
pipeline of matrix normalization, weight extraction, and consistency verification. Once the criteria weights
are mathematically validated, the system processes the specific ratings for each backlog item to compute the

final priority scores. Figure 2 provides a comprehensive visual representation of this end-to-end computational
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workflow, detailing the six distinct phases from initial data entry to the final generation and deployment of the

sprint backlog.

AHP PRIORITY CALCULATION FLOW

m Praject Manager Inputs Pairwise Comparison Matrix SIS System Hormalizes Columns & Calculates Weights
Criteria L1 Complexity  C3 ~,  » Column zums: C1=1,533, C2=4.5, C3=&
D::ﬂ’;;::'w 1:3 :: i * TR = Normalizale; My = ;‘—'
Value T T | ME » Final Weights: Woy=0 648, Wep=0.230, Wia=0.122
.
- . 3 e Ca——
m Consistency Validation 10 Project Manager Rates Backlog ltems [1-5 Scale)
* Caloulata ey, = 3019 - Bncl:lm; B1 B2 B3
* Ll = (Apye - n)¥{n-1) = 0.0095 6—' ! == Lagin SO a4 |5
« CR = CIfRI = 0.0095/0.58 = 0.0164 B2Doshbosrd | 4 5 4
F « |5 CR 5 0107 = YES + (Consistent) | B Wotification | 3 4 7 )
-
i e ~ = — 3 ™
m System Calculates Priority Scores @| Ll System Generates Priority Ranking
Bacldog (Calculation Score 1
B1 Lagin (0.648=51H0. 23040, 122:5) | 442 | @ B Login
| | B2 Dashboard | (0.6430SHH0230041H0.122:5) | 347 | | @8 B2 Dashboard 1 P LE
1‘., 83 Notification | (D.648x51+{0.23005)H0.128x5) | 342 | | @B B3 Noification 3.42 ,)

— =

Priority List Saved to
Sprint Backlog

Figure 2. Systematic Workflow of the AHP Priority Calculation and Ranking Process

As illustrated in the workflow, the calculation process is strictly governed by mathematical validation to ensure
decision reliability. In Steps 1 and 2, the system dynamically normalizes the pairwise comparison matrix to derive
the final criterion weights, identifying Urgency (0.648) as the most dominant factor, followed by Complexity
(0.230) and Work Value (0.122). Crucially, Step 3 acts as a logical gatekeeper; the system calculates the
Consistency Ratio (CR = 0.0164) and verifies that it falls below the acceptable 0.10 threshold. If the input
were logically inconsistent, the system would reject the weights and prompt the user for revision, thereby
preventing flawed decision-making. Upon successful validation, Steps 4 and 5 demonstrate how the system
applies these validated weights to the Project Manager’s 1-5 scale ratings for each backlog item, computing the
precise weighted sum scores (e.g., 4.42 for the Login feature). Finally, Step 6 translates these raw scores into
an actionable, ordered ranking, automatically designating the implementation sequence and seamlessly pushing
the prioritized list into the active Sprint Backlog. This automated flow ensures that sprint planning is both

mathematically rigorous and operationally efficient.
3.1.4. Analysis of AHP Results
The Login Feature (B1) achieved the highest priority score (4.42), confirming its status as the most critical

foundational component. This outcome is logical because:
e High Urgency (5/5): Authentication is a prerequisite for all other system features.

e Moderate Complexity (4/5): While requiring security implementation, it is less complex than dash-

board analytics.
e High Work Value (5/5): Without login, no other features can be securely accessed.

The Dashboard Feature (B2, score 3.47) ranked second due to its high work value and complexity, while the
Notification Feature (B3, score 3.42) ranked third as both its urgency and complexity were comparatively
lower. These results demonstrate that AHP effectively transforms subjective prioritization into a reproducible,
criterion-driven ranking, directly addressing the subjective backlog prioritization problem identified in prior
literature [21, 22].

3.2. Black Box Testing Result

Functional testing was comprehensively applied to every main feature developed in the application. The testing
process employed a structured approach with predefined test cases, expected outcomes, and pass/fail criteria.
All tested scenarios, including user authentication, backlog CRUD operations, sprint management, Scrum Board

state transitions, and AHP computation, achieved 100% functional compliance.
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3.2.1.

Detailed Black Box Testing Scenarios

Table 5 presents the complete test case specifications with preconditions, test steps, expected results, and actual

outcomes:
Table 5: Comprehensive Black Box Testing Results
TC-ID Module Test Scenario Preconditions Test Steps Expected Re- Actual Result Status
sult
TC-001 Auth Valid login User registered 1. Enter valid Redirect to  Redirected to PASS
email 2. En- Dashboard Dashboard
ter valid pass 3.
Click Login
TC-002 Auth Invalid email User registered 1. Enter invalid Show  “Invalid Error message PASS
email 2. Enter credentials” displayed
pass 3. Click  error
Login
TC-003  Auth Invalid pass- User registered 1. Enter valid Show  “Invalid Error message PASS
word email 2. En-  credentials” displayed
ter wrong pass  error
3. Click Login
TC-004  Auth Empty fields None 1. Leave fields Show “Field re- Validation PASS
empty 2. Click quired” wvalida- shown
Login tion
TC-005  Backlog Create backlog Logged in as 1. Navigate to Item appears in Item saved & PASS
PM Backlog 2. Click  backlog list displayed
“Add” 3. Fill
form 4. Save
TC-006  Backlog Edit backlog Backlog exists 1. Select item 2. Changes re- Changes saved PASS
Click “Edit” 3. flected in list correctly
Modify 4. Save
TC-007  Backlog Delete backlog Backlog exists 1. Select item 2.  Item  removed Item deleted PASS
Click “Delete” 3. from list successfully
Confirm
TC-008 AHP Calculate prior- >2 backlogs ex- 1. Select items  System displays Ranking gener- PASS
ity ist 2. Input ratings  ranked list ated correctly
3. Click “Calcu-
late”
TC-009 AHP Inconsistent in- CR > 0.10 1. Input incon-  Show warning, Warning dis- PASS
put sistent 2. Click  request revision played
“Calculate”
TC-010 Sprint Create sprint Backlog exists 1. Click “Cre- Sprint  created Sprint  created PASS
ate Sprint” 2.  with items successfully
Set duration 3.
Select items 4.
Save
TC-011 Sprint Start sprint Sprint created 1. Select sprint Sprint status Status updated PASS
2. Click “Start changes to “Ac-  correctly
Sprint” tive”
TC-012 Sprint Close sprint Sprint active 1. Click “Com- Sprint  marked Sprint closed PASS
plete Sprint” 2. as completed successfully
Confirm
TC-013  Board Move To Do —  Task in To Do 1. Drag task  Task moves, sta- Task moved & PASS
In Progress card 2. Drop in  tus updates saved
“In Progress”
TC-014 Board Move In Task in Progress 1. Drag task  Task moves, Task moved & PASS
Progress — card 2. Drop in  completion % metrics updated
Done “Done” updates
TC-015 Board Move Done —  Task in Done 1. Drag task  Task returns to  Task reverted PASS
To Do card 2. Drop in  backlog state successfully
“To Do”
TC-016  Task Assign task to  Sprint active 1. Select task  Task shows as-  Assignment PASS
employee 2. Choose em- signee name saved correctly
ployee 3. Assign
TC-017  Task Update descrip- Task exists 1. Open detail Changes re- Description up- PASS
tion 2. Edit descrip- flected immedi- dated
tion 3. Save ately
TC-018 Dash View sprint Sprint active 1. Navigate to Show burndown Metrics dis- PASS
progress Dashboard chart, comple- played correctly
tion %
TC-019 Dash View team Tasks assigned 1. Navigate to Show task dis-  Workload visu- PASS
workload Dashboard tribution per alization shown
employee
TC-020 User Logout User logged in 1. Click “Lo- Return to login Session  termi- PASS
gout” button screen, clear ses- nated

sion

Test Coverage Summary:

e Total Test Cases: 20
e Passed: 20 (100%)
e Failed: 0 (0%)
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o Critical / Major / Minor Defects: 0

3.2.2. Black Box Testing Workflow

To ensure the functional integrity and reliability of the developed Android application, a systematic Black Box
Testing methodology was employed. This approach evaluates the system’s behavior strictly based on its specified
functional requirements, treating the internal code structure as a “black box” to focus purely on user inputs
and system outputs. The testing process was not conducted ad-hoc; rather, it followed a rigorous, five-phase
workflow designed to guarantee comprehensive coverage of all core modules, including authentication, backlog
management, AHP calculation, and Scrum Board interactions. Figure 3 illustrates the complete end-to-end
workflow of this testing methodology, detailing the structured progression from initial test case design and

environment configuration through to sequential execution, defect analysis, and final system validation.

BLACK BOX TESTING WORKFLOW

m Test Planning & Case Design m Test Environment Setup
& = ldentify functional requirements from use cases + Deploy apglication on Android emulator (AP] 30+)
2 = Define test t_lhiectives for each module * Configure MongoDB test database
N L TR oy R s S
ﬁ - Employee: emp@iesteom | empl23
= 5 o Ll *+ Populate sample backlog data (B1, B2, B3)
38 Test Execution
Module Testing Sequence: m Defect Analysis & Reporting
|LAu1henlica1innI]—) [Backlog Mgmit] [=»| [AHP] |—| [Sprint] @ :%;‘gfgg?z :?::Sm :rerv:;;rmfriticalfﬂajumiw/}
i 5 1 + Generate test summary raport m
) + Caleulate test coverage metrics
| |Iserum Boardl]—)[[‘lask Mgmﬂ]-b[lﬂashboardll-)[IUser Mgmti] resalts: R e o
For each test case: g \ +" 0 Major Defects  « 100% Functional Compliance
1. Verify preconditions are met
‘2‘. E;Lecu:e tes s1|eps sequ:nrziall_y PHASE 5: Validation & Acceptance
3. Observe actual system behavior - — —
3 Rocond utcorme (PRSIEAL) " = @ i et s et L
5. Record outcome 'y )
| 6. Document any discrepancies or emors / * Oltain stakeholder sign-aff i’
9 ¥ " = Archive test decumentation

TESTING COMPLETE |
System Validated |
-

Figure 3. Black Box Testing Workflow

As depicted in the workflow, the execution phase (Phase 3) followed a logical module sequence, testing foun-
dational features like Authentication before progressing to complex, state-sensitive modules such as the AHP
priority calculator and the Scrum Board. For each of the 20 designed test cases, the actual system behavior was
meticulously compared against the predefined expected outcomes to identify any discrepancies. The results,
summarized in Phase 4, were highly conclusive: the system exhibited zero critical, major, or minor defects,
ultimately achieving a 100% functional compliance rate. This flawless execution confirms that the application
accurately handles user inputs, database transactions, and Ul state updates exactly as specified during the
planning phase. Consequently, the process successfully culminated in Phase 5 (Validation and Acceptance),
verifying that all acceptance criteria were met and stakeholder sign-off was obtained. This structured valida-
tion confirms that the MERN-based mobile application is robust, functionally complete, and fully prepared for
real-world deployment in a software development environment.

3.3. Comparison with Related Work

To clearly delineate the novelty and distinct contributions of this research, a comparative analysis was conducted
against recent, relevant studies in the domains of Agile project management, decision support systems, and
mobile application development. While prior literature has extensively explored the individual benefits of Scrum
methodologies, MERN Stack architectures, and AHP-based decision-making, these elements have predominantly
been implemented in isolation or restricted to web-based environments. Table 6 summarizes this comparative
landscape, highlighting the methodological and technological distinctions between existing solutions and the
proposed system, thereby underscoring the specific research gap that this study addresses.

The comparative analysis presented in Table 6 confirms the unique positioning of this study. While Hilmyan-
syah et al. [1] and Rizzi et al. [11] successfully demonstrated that Scrum and digital Scrum Boards enhance
monitoring transparency and team collaboration, their solutions remain confined to web-based platforms and
lack formal, mathematical prioritization mechanisms. Similarly, while Istiqomah et al. [9] validated the effec-
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Table 6: Positioning of This Study Relative to Key Prior Works

Author (Year) Method Technology Key Finding

Hilmyansyah [1] Scrum Web Based Improved monitoring transparency

Istiqgomah [9] Scrum Android 100% sprint goal achievement

Gunawan [6] MERN Stack Web Based 0% error rate, SUS score 78.98

Rizzi [11] Scrum Board Web (React Vite) Enhanced team collaboration

This Study Scrum + AHP MERN (Mobile) Objective backlog prioritization integrated

tiveness of Scrum in an Android environment, their system did not address the upstream challenge of objective
backlog selection prior to sprint planning. Furthermore, although Gunawan et al. [6] proved the high reliabil-
ity and usability of the MERN Stack, their implementation was web-centric and devoid of Agile methodology
integration.

In contrast, this study bridges these fragmented contributions by presenting the first integrated mobile solution
that combines Scrum workflow management with AHP-driven decision support on the MERN Stack. This
synthesis is transformative rather than merely additive. By embedding objective, criterion-based prioritization
directly into the mobile application, the system eliminates the need for external spreadsheets or standalone
decision-support tools. Consequently, it significantly reduces cognitive load and context-switching for Project
Managers, ensuring that sprint planning is both mathematically rigorous and seamlessly integrated into the
daily, on-the-go development workflow. The comparison confirms this study’s novelty: it is the first to integrate
Scrum-based project management with AHP-driven backlog prioritization in a single Android mobile application
built on the MERN Stack. Prior work applied Scrum and AHP separately, either in web-based systems [1, 6],
or as standalone decision-support tools [21, 22|. The integration eliminates the need for external prioritization

tools, embedding objective decision support directly within the project workflow.

3.4. Discussion

The empirical findings of this study demonstrate that integrating the Analytical Hierarchy Process (AHP) into a
mobile Scrum environment effectively resolves the inherent subjectivity of traditional backlog prioritization. The
AHP module successfully generated a defensible priority ranking, with the Login Feature (B1) scoring highest
(4.42) due to its critical urgency and work value. Crucially, the Consistency Ratio (CR) of 0.017 confirms
that the decision-making process was mathematically sound and logically coherent. Furthermore, the Black
Box Testing yielded a 100% pass rate across all 20 functional scenarios. This zero-defect outcome validates the
reliability of the MERN Stack for complex, state-sensitive mobile applications, corroborating previous findings
by Gunawan et al. [6] regarding the robustness of this architecture in production environments.

When compared to existing literature, this study establishes a clear novelty. While prior research has successfully
applied Scrum to improve monitoring transparency [1] or achieve sprint goals in Android apps [9], these solutions
lacked formal, built-in prioritization mechanisms. Similarly, studies utilizing AHP have typically treated it as
a standalone decision-support tool [14, 15] or applied it exclusively to web-based systems [1, 11]. This research
bridges that gap by being the first to embed objective, criterion-driven AHP calculations directly into the
daily workflow of a mobile-first Scrum Board. This integration eliminates the need for external spreadsheets or
separate tools, thereby reducing cognitive load and context-switching for Project Managers.

From a practical perspective, the proposed application offers significant value, particularly for small and medium-
sized enterprises (SMEs) and distributed teams. By providing a free, open-source, and mobile-accessible plat-
form, it democratizes access to rigorous project management tools that are typically locked behind expensive
enterprise licenses. The mobile-first design ensures that team members can update task statuses and review
priorities in real-time, regardless of their physical location, which is critical in modern hybrid work environ-
ments. Theoretically, this work contributes to the maturation of Agile methodologies by demonstrating how
formal decision science (AHP) can be harmonized with Agile’s adaptive nature to satisfy the growing demand
for auditable and transparent development processes.

Despite these contributions, several limitations must be acknowledged. First, the AHP weights were derived

from a single Project Manager’s perspective, which may not reflect the consensus of a larger, cross-functional
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team. Second, the functional testing did not encompass non-functional aspects such as load testing, stress
testing, or security penetration testing under heavy concurrent usage. Finally, the evaluation was limited to a
small set of sample backlog items, which does not fully capture the complexity of large-scale enterprise backlogs
with intricate dependencies. Future research should address these gaps by implementing group-AHP for multi-
stakeholder consensus, integrating WebSocket for true real-time collaboration, and exploring machine learning

models to predict backlog complexity based on historical sprint data.

4. CONCLUSION

This research successfully developed and validated a mobile-based project management application that seam-
lessly integrates Agile Scrum methodology with the Analytical Hierarchy Process (AHP) for objective backlog
prioritization. Built upon the robust MERN Stack architecture (MongoDB, Express.js, React Native, Node.js),
the system provides a structured, transparent, and mathematically rigorous environment tailored for both
Project Managers and development team members. The empirical findings strongly demonstrate the efficacy
of the proposed solution. The integrated AHP module successfully transformed inherently subjective backlog
prioritization into a reproducible, criterion-driven ranking system. The calculation yielded a highly consistent
Consistency Ratio (CR) of 0.017, well below the acceptable 0.10 threshold, ensuring that the decision-making
logic is sound and defensible. For instance, foundational components such as the Login Feature were accurately
identified as the highest priority (Score: 4.42) based on quantifiable weights for Urgency, Complexity, and
Work Value. Furthermore, comprehensive Black Box Testing across 20 distinct functional scenarios confirmed
a 100% compliance rate with zero critical or major defects, validating the reliability of the MERN architec-
ture for handling state-sensitive mobile interactions like Scrum Board updates. The primary novelty of this
study lies in its unified, mobile-first approach. Unlike prior literature that treated Scrum workflow management
and AHP decision support as separate, often web-based, entities, this research embeds objective mathematical
prioritization directly into the daily mobile workflow. Practically, this integration eliminates the reliance on
external spreadsheets or disjointed tools, significantly reducing cognitive load and context-switching for Project
Managers. It also democratizes access to enterprise-grade, auditable project management logic for small and
medium-sized software development teams operating in distributed or hybrid environments.

Despite these significant contributions, the study is bounded by certain limitations. The AHP criteria weights
were derived from a single Project Manager’s perspective, which may not fully capture the consensus of a larger,
cross-functional team. Additionally, while functional testing was exhaustive, the study did not encompass non-
functional evaluations such as large-scale load testing, stress testing, or security penetration testing under heavy
concurrent, usage.

Therefore, future research should address these boundaries through several targeted directions. First, imple-
menting a Group-AHP mechanism would allow the system to aggregate and reconcile multi-stakeholder judg-
ments, enhancing the collaborative nature of sprint planning. Second, integrating WebSocket protocols would

enable true real-time, multi-user synchronization on the Scrum Board.
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