The Indonesian Journal of Computer Science

www.ijcs.net
Volume 15, Issue 4, August 2026
https://doi.org/10.33022/ijcs.v15i4.5163

The Software Development Model-User Satisfaction Gap in Academic Digital
Systems: Empirical Evidence from Higher Education Institutions in Goma, DRC

Janvier Twizerimana Sindambiwe?!, Jean Pierre Ntayagabiri?*, Olivier Baraka
Mushage?, David Byamungu Wanguwabo?, Jeremie Ndikumagenge®
ngogalOjanvier@gmail.coml, jpntayaga2 @gmail.com?, olivermushage@gmail.com3,
byamungudavid@gmail.com#, jeremie.ndikumagenge@ub.edu.bi®

1 Doctoral School of the University of Burundi, Center for Research in Infrastructure,
Environment and Technology (CRIET), University of Burundi, Bujumbura, Burundi

2 University of Burundi, Higher Institute of Applied Sciences, Bujumbura, Burundi

3 Faculty of Applied Sciences and Technologies (ULPGL-Goma), Goma, Democratic Republic of

the Congo

4Université du Cinquantenaire de Lwiro, Democratic Republic of the Congo
5 Center for Research in Infrastructure, Environment and Technology (CRIET), University of
Burundi, Bujumbura, Burundi

Article Information

Abstract

Received: 8 Jun 2026
Revised : 11 Aug 2026
Accepted : 13 Aug 2026

Keywords

DSU-Gap; software
development models;
higher education
institutions;
requirements
engineering; Agile
adoption in Africa.

The digitalisation of higher education institutions (HEIs) in sub-Saharan
African cities presents a paradox rarely documented in the literature:
developers report high satisfaction with their development pro-cesses whilst
end-users simultaneously experience low satisfaction with the resulting
software products. This article introduces and empirically quantifies the
Developer-Stakeholder Understanding Gap (DSU-Gap) — a structural
asymmetry between developers’ self-assessed process quality and end-users’
actual product experience — through a tri-group, mixed-methods exploratory
study conducted across HEIs in Goma, Democratic Republic of Congo. A total
of 175 respondents participated across three groups: 17 software developers,
22 administrative and teaching staff (agent users), and 136 students. Data
were collected via a structured questionnaire administered through
KoBoToolbox (November 2024-November 2025) and analysed using
descriptive statistics, non-parametric inferential tests (Mann-Whitney U,
binomial tests), and inductive thematic analysis. Five empirically validated
tensions define the DSU-Gap: (T1) Agile is the dominant development model
(65%) yet 82% of developers report project failures (binomial test: p =.006);
(T2) 88% of developers never adapt standard models de-spite 24%
acknowledging their inadequacy; (T3) 73% of end-users were never
consulted during software conception (p = .026), violating core requirements
engineering principles; (T4) 38% of students lack access to their institution's
digital services — an internal digital divide significantly exceeding a 20%
threshold (p <.001); and (T5) developers’ process satisfaction is significantly
higher than users’ product satisfaction (Mann-Whitney U =246, p=.007,
rank-biserial |r| = 0.45, medium-to-large effect). These findings argue for the
design of a contextual software development framework specifically adapted
to the operational, financial, and organisational constraints of HEIs in
resource-constrained Central African cities.
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A. Introduction

The digitalisation of higher education institutions (HEIs) is now among the
major challenges of digital transformation in sub-Saharan Africa. Whilst the
continent’s digital economies are experiencing rapid growth — driven by mobile
penetration exceeding 50% in most urban centres — academic institutions are
lagging significantly behind in the adoption of high-performance, integrated
information systems tailored to their needs [1], [2]. This gap highlights a structural
imbalance between global technological trends and HEIs’ ability to engage with
them effectively.

Within this broader context, the eastern Democratic Republic of the Congo
(DRC) faces particularly acute constraints. Decades of political instability, weak
infrastructure, and chronic financial limitations have shaped a software
development ecosystem that operates far from the assumptions underlying
standard models such as Agile, Scrum, Waterfall, or Incremental. In this region, the
city of Goma — capital of North Kivu and the main academic centre of eastern Congo
— provides a particularly relevant case study. Several HEIs have recently launched
initiatives to digitalise their administrative, academic, and financial services,
including online enrolment, computerised grade management, electronic payments,
and student portals. The actual effectiveness of these systems, however, remains
open to question: end-users’ experience reveals persistent dissatisfaction with the
quality, usability, and relevance of deployed solutions, in sharp contrast with the
generally positive assessments that developers make of their own processes|[3].

To conceptualise and analyse this phenomenon, this article introduces the
Developer-Stakeholder Understanding Gap (DSU-Gap) — the structural asymmetry
between developers’ self-assessed satisfaction with their development process and
end-stakeholders’ actual satisfaction with the resulting software systems. The DSU-
Gap is not merely a communication or project management problem; it reflects a
deeper mismatch between adopted development models and the operational,
organisational, and cultural realities in which they are implemented. In Goma’s HEIs,
this gap is particularly pronounced, offering a unique opportunity for empirical
analysis[4].

Despite the significance of these issues, the existing literature on software
development practices in sub-Saharan Africa remains largely focused on banking,
telecommunications, and e-governance in countries such as Nigeria, Kenya, South
Africa, and Ghana. The higher education sector in Francophone, post-conflict,
resource-constrained contexts remains systematically understudied. To our
knowledge, no prior study has sought to empirically quantify a gap such as the DSU-
Gap in this type of environment, nor to document software development practices
in the city of Goma.

This article has four main objectives: (1) to describe current software
development practices in Goma’s HEIs based on a tri-group questionnaire survey;
(2) to quantify the DSU-Gap by identifying and statistically validating five empirical
tensions; (3) to identify structural determinants of this gap, notably low end-user
involvement and contextual inadequacy of standard development models; and (4)
to discuss implications for the design of a contextual software development model
adapted to resource-constrained academic environments.
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Building on the above, we offer the following formal definition, which
operationalises the DSU-Gap for empirical measurement:

Definition 1 (DSU-Gap): Let S_dev denote the self-assessed satisfaction of
software developers with their development process, and S_user denote the
satisfaction of end-users (staff and students) with the software product, both
measured on the same ordinal scale within the same institutional context and time
period. The DSU-Gap is defined as the structural, statistically significant asymmetry
DSU-Gap=f(S_dev-S_user )>0, where the gap manifests along five empirically
observable dimensions: (D1) development model adoption vs. project outcomes;
(D2) model adaptation vs. acknowledged inadequacy; (D3) requirements
engineering practice vs. actual user consultation; (D4) deployment coverage vs.
effective user access; and (D5) process satisfaction vs. product satisfaction. A DSU-
Gap is present when S_dev is statistically significantly greater than S_user (e.g.,
Mann-Whitney U test, p <.05), and the gap is structurally grounded in at least one
of the five dimensions above.

This definition renders the DSU-Gap operationalisable, replicable, and
falsifiable — the three properties required for a conceptual contribution to be
testable in future studies. In the present study, all five dimensions are empirically
documented, and the core asymmetry (D5) is statistically confirmed (U = 246, p =
.007, |r| = 0.45).

This article makes three key contributions. First, it presents the first
empirically and statistically validated quantification of the DSU-Gap in HEIs in
eastern DRC. Second, it introduces an original conceptual framework — the DSU-
Gap — thatis applicable in comparable contexts. Third, it provides a primary dataset
of 175 respondents, constituting, to our knowledge, the first empirical survey of this
nature conducted in the city of Goma.

B. Literature Review
Software Development Models and Their Contextual Assumptions

The main software development models — Waterfall[5], Spiral[6],
Incremental, and Agile and its variants[7]— were historically designed within North
American and European organisational contexts characterised by stable teams,
predictable budgets, reliable digital infrastructure, and institutional clients capable
of clearly articulating requirements. Although rarely made explicit in seminal works,
these assumptions constitute implicit prerequisites that strongly influence the
effectiveness of these models when transposed into different contexts[8].

This issue of transferability is particularly critical in resource-constrained
environments. Agile approaches — whose promise rests on continuous adaptation
to users’ evolving needs — presuppose: regular stakeholder availability for iterative
interactions, access to re-liable collaboration tools, and a structured feedback
culture. When these conditions are absent, the capacity of Agile to produce effective
systems is significantly reduced[9], [10].

Agile Adoption in Sub-Saharan Africa

The literature on Agile adoption in sub-Saharan Africa reveals a mixed picture.
Studies conducted in South Africa[9], Malawi [10], and other African countries show
that Agile offers real benefits in uncertainty-rich, resource-constrained contexts.
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However, these same studies highlight structural limitations: stakeholder
unavailability, unreliable communication infrastructure, and superficial adoption of
Agile principles. A recent critical review confirms that Agile is adopted in name only
in many organisations, without effective implementation of fundamental
practices[4], [11].. Adoption in public administrations and traditional or-
ganisational cultures is particularly difficult [12]: institutions adopt the Agile label
without transforming its essential practices, maintaining the inefficiencies of
sequential approaches whilst losing the expected benefits of iteration. This
phenomenon of nominal adoption is directly observed in Goma’s HEIs and
constitutes one of the central components of the DSU-Gap.

User Participation and Requirements Engineering

User participation is a decisive factor in information system success. Research
grounded in the Technology Acceptance Model (TAM) has established the critical
role of perceived usefulness and ease of use in technology adoption. The DeLone and
McLean IS success model [13], [14] further demonstrates that system quality and
information quality directly influence user satisfaction, which depends largely on
the alignment between de-veloped functionalities and actual needs.

In African contexts, structural absence of requirements engineering has been
empiri-cally documented. Akello & Nabukenya [15] reported systematic gaps in
needs assessment during health IS development in Uganda, leading to systems that
fail to meet users’ actual needs. This aligns with Heeks’[16] concept of design-reality

gaps — discrepancies between design assumptions and deployment context
realities — which are particularly pronounced in institutionally constrained
environments.

Digital Transformation and the Internal Digital Divide

African HEIs have experienced accelerated digital transformation since the
mid-2010s, intensified by the COVID-19 pandemic [2], [3], [17]. Studies highlight
significant progress through deployment of e-learning platforms, academic
management systems, and digital payment solutions. However, persistent
limitations remain: frequent outages, interfaces ill-suited to local realities,
insufficient user training, and a notable disconnect between de-ployed features and
the actual needs of students and staff.

The internal digital divide — whereby students who are potentially connected
are nonetheless denied access to their own institution’s digital services —
constitutes a critical, underdocumented dimension. Recent studies in Ghana [18]
confirm that the formal ex-istence of digital services does not guarantee their
universal accessibility within a single in-stitution. This observation is strikingly
illustrated in our data, where 38% of surveyed stu-dents report having no access to
their institution’s digital services.

Collectively, this review identifies a gap in the literature: no prior study has
simulta-neously quantified, from the perspectives of developers, staff, and students,
the structural asymmetry between development process quality and software
product quality in Fran-cophone, post-conflict HEI contexts. The DSU-Gap
framework introduced in this article addresses this gap directly.
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C. Proposed Method
Research Design and Epistemological Positioning

This study adopts an exploratory, cross-sectional, mixed-methods design [19],
com-bining quantitative data from structured Likert-type and multiple-choice items
with qualita-tive data from open-ended recommendation items. This design is
appropriate given the exploratory nature of the research — no prior validated
instrument for measuring the DSU-Gap exists — and the dual imperative of
empirical description and conceptual de-velopment. The study is intentionally
positioned as hypothesis-generating rather than hypothesis-confirming: the five
tensions identified are empirically grounded propositions that future larger-scale
studies should test with confirmatory statistical methods.

The tri-group design — simultaneously surveying developers, end-users, and
students on the same software and institutions — is the study’s central
methodological choice. By capturing the perspectives of both producers and
beneficiaries of digital systems within the same institutional context, it enables the
direct measurement of the DSU-Gap across multiple dimensions, which a single-
group study could not permit.

Sampling Strategy and Its Justification

Respondents were recruited through purposive (criterion-based) sampling
from higher education and university institutions in the city of Goma. The inclusion
criteria were: for developers, having participated in at least one software project for
a HEI; for staff, being assigned to a department using institutional software; for
students, being enrolled at a HEI in Goma at the time of data collection.

The developer sample (n=17) reflects a genuine constraint of the research
context rather than a methodological limitation: Goma has a small and precisely
bounded popula-tion of software developers who have worked on HEI projects. Our
sampling was ex-haustive of this population within the participating institutions —
every eligible developer who could be identified and contacted was included. This
constitutes a census approach within a bounded professional population, a strategy
well-established in information sys-tems research on constrained organisational
contexts[16]. In this configuration, the absence of sampling error within the target
population makes probability-based inference to a wider population neither
applicable nor meaningful; the relevant claims are about this specific population in
this specific context, with explicit acknowledgement of contextual boundary
conditions (see Section 9.3).

For staff (n=22) and students (n=136), larger samples were achievable,
providing a robust empirical base for descriptive and inferential analysis within
these groups. Non-parametric statistical tests — which make no distributional
assumptions and are valid for small and ordinal samples — are used throughout to
respect the nature and scale of the data.

Data Collection Instrument

The questionnaire was developed and deployed via KoBoToolbox, chosen for
its offline mode capability — critical in environments with intermittent connectivity
— and multilingual support. The instrument comprises three distinct modules
tailored to each respondent group, with common dimensions enabling cross-group
analysis: so-cio-demographic profile, development practices (developers),
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digitalisation experience and satisfaction (staff and students), perceived
shortcomings, and recommendations. Prior to deployment, the questionnaire was
pre-tested with five developers and five students not included in the final sample,
leading to adjustments to three items. The pre-test established face validity for all
modules.

Analytical Strategy

Quantitative data were analysed using: (1) descriptive statistics (frequencies,
propor-tions, ordinal means and medians) for each group; (2) Mann-Whitney U tests
for be-tween-group comparison of ordinal satisfaction scores, with rank-biserial
correlation (r), reported as a standardised effect size; and (3) binomial tests for
evaluating whether ob-served proportions significantly deviate from theoretically
meaningful thresholds. Confi-dence intervals (95%, Clopper-Pearson method) are
reported for all proportions. Qualita-tive data from open-ended items were
subjected to inductive thematic analysis following [20], with coding performed on
verbatim responses and themes identified by two inde-pendent coders. All
quantitative analyses were conducted in Python.

Sample Description

Table 1. Sociodemographic profile of the three groups of respondents

Variable Developers (n=17) End-Users (n=22) Students (n=136)
Gender (Male) 17/17 (100%) 18/22 (82%) N/A
Gender (Female) 0/17 (0%) 4/22 (18%) N/A
Level: Bachelor's 10/17 (59%) 14/22 (64%) Cohorts 1-5
Level: Master's/DEA 5/17 (29%) 7/22 (32%) —
Level: PhD 1/17 (6%) 1/22 (5%) —
Education: IS / Info. )
13/17 (76%) 5/22 (23%) Mixed

Management
Predominant age group > 26 years 2 31 years (68%) Variable
Service seniority — 1-5 years (68%) —
Mean development

) ~5years — —
experience

Note: N/A = not asked .

D. Results: Software Developers
Development models used, satisfaction and proficiency

Figure 1 illustrates three key dimensions of developers’ practice regarding
their models: the choice of model, the degree of satisfaction they derive from it, and
their reported level of proficiency. Agile emerges as the benchmark model, used by
11 of the 17 developers (65%), followed by the V-model and the Incremental model,
each used by 2 developers. Reported satisfaction with the model is high: 76% of
developers rate their satisfaction as ‘Good’ or ‘Very good’. Self-reported proficiency
is also high, with 53% of developers in-dicating a “High” level and 41% a “Medium”
level. These three dimensions reveal a par-adoxical reality that constitutes the first
stage of the DSU-Gap, discussed below.
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Development Models Used Satisfaction with the Developers' Model Proficiency
{n=17) Development Model Used (n=17) Level (n=17)

2

2 2 2
(12%) (12%) (12%)

v Incremental  Autre & préciser Excellent Ve ood 5000 Fairly Good Poor Very High

Figure 1. Development models, satisfaction and reported proficiency among
developers

Agile has established itself as the benchmark model in Goma’s HEIs, used by
11 of the 17 developers (65%). This predominance is not surprising in itself — it
reflects a global trend — but it takes on particular significance in this context when
cross-referenced with project failure data (Section 4.2) and the almost total absence
of user consultation (Section 5). A model that claims to be Agile without
implementing its essential practices — short iterations with client feedback, sprint
reviews, continuous stakeholder engagement — is no longer Agile in the operational
sense: it is a nominal adoption of the label without adopting the substance.

Reported satisfaction with the model is high: 7 developers (41%) rate it as
“Very good”, 6 (35%) as “Good”, making up 76% across the top two categories. Only
one de-veloper rates it as “Poor”. Reported proficiency is also high: 9 developers
(53%) report “High” proficiency, 7 (41%) “Average”. These positive self-
assessments, when contrasted with the failure rates documented in the following
section, constitute the first paradox in the data.

Software project failure rates and causes

Figure 2 documents the failure rate of software projects at HEIs in Goma and
the causes identified by the developers themselves. 82% of developers (14/17)
reported having had unsuccessful projects — an exceptionally high figure. Among
the causes identified by these 14 developers, insufficient funding is by far the most
common (8/14, 57%), followed by poor project management (3/14, 21%) and a lack
of technical expertise (2/14, 14%). The wrong choice of development model was
cited by only one developer (7%), which is one of the most striking findings of the
study.
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Software Project Causes of Failed Projects
Failure Rate (n=17) {(among 14 affected developers)

» Dominant
| cause
All Completed Other . 1/14 (7%)
(n=3) !
I
l
I
Wrong mode o I
m””‘“’" :

1/14 (7%)

2/14 (14%)

Failed
Projects Insufficient
(n=14)

8/14 (57%)

0 2 4 6 8 10
Number of Developer

Figure 2. Software project failure rates and causes identified by developers

This figure of 82% is remarkable in two respects. Firstly, it stands in direct
contrast to the high level of satisfaction reported with the model: how can a model
rated as ‘Good’ or ‘Very good’ be associated with an 82% failure rate? The answer
lies in the cognitive disso-ciation between the process (with which developers
report being satisfied) and the result (which they acknowledge as a failure).
Secondly, the distribution of causes is revealing: the fact that poor model choice is
cited by only 1 in 14 developers (7%) suggests that devel-opers do not perceive their
model as a factor in failure, even when models unsuited to the context can
exacerbate the effects of financial constraints.

This disconnect between process and outcome lies at the heart of the DSU-Gap:
developers assess their performance based on the process they control; users assess
performance based on the product they receive. Insufficient funding with a suitable
model will produce modest software that is consistent with the constraints;
insufficient funding with an unsuitable model — which generates higher
coordination, documentation and revision costs than the context can absorb — will
result in an abandoned project.

Technological tools and challenges encountered

Figure 3 documents the developers’ technological tools as well as the
challenges en-countered in using their models. In terms of version control, GitHub
is the dominant tool (11/17, 65%), with pure Git being used by the remaining 6
developers — SVN is com-pletely absent. For project management, MS Project is the
most widely used tool (10/17, 59%). Regarding challenges, “Many constraints in the
use of models” is the most frequently cited challenge (8/17, 47%), followed by
“Models unsuitable for the sector” (4/17, 24%).
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Version Control Tools Used Project Management Tools Used Challenges in Model Usage
(n=17) (n=17) (n=17, multiple choice)

14 J
12 o -zfrr a2%)

10
= 1. (59%)

11 (65%) 1
o & —lm 25
o o et "sn? (18%)
= 5 6

6 (35%)

N L o 5/17 (29%)
(18%)

2 2
(12%) (12%)

2 (12%) :
I . T:.l.l :7 “‘ mull? e

0 (0%}

GitHub Git GitLat SVN 1

Figure 3. Technological tools and challenges faced by developers

The version control tools reveal widespread adoption of GitHub (11 out of 17,
65%), which indicates familiarity with modern collaborative development practices.
MS Project is the dominant project management tool (10/17, 59%), a choice that
may seem surprising in an Agile context but which perhaps reflects a hybrid
approach: initial planning in MS Project, execution using a more iterative approach.
Continuous integration tools (GitLab CI/CD: 6/17; generic CI/CD: 5/17; Bamboo:
3/17) indicate moderate adoption of DevOps practices, which is noteworthy in this
context.

The challenges encountered confirm the tension between adopting models
and contextual suitability. Whilst 24% of developers acknowledge that the models
are unsuitable, but 88% do not adapt them (Section 7.2), there is a gap between
awareness of the problem and taking action. This inaction can be explained by a lack
of training in model adaptation, the absence of contextual reference frameworks, or
delivery pressures that necessitate the use of familiar models even when they are
unsuitable.

Qualitative Themes: Developers’ Perceptions of Model Impact

Open-ended responses to the question ‘What is the impact of the development
model on software quality? were subjected to inductive thematic analysis. Three
themes emerged (Table 2).

Table 2. Emergent themes from developer responses on model-quality impact

Theme Frequency Representative verbatim

Model-quality alignment:
model choice determines 9/17 (53%)
quality

“When you have a good model, quality is better and

satisfying to clients”

Process-outcome

. . . “Software quality does not depend on the development
dissociation: quality is 3/17 (18%)

. model”

independent of model

Contextual conditioning:

quality depends on resources 5/17 (29%) “It depends on means and motivation”

and motivation
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E. Results: End Users — Administrative and Teaching Staff

End-users — administrative and teaching staff at higher education institutions
in Goma assigned to digitised departments — are the first line of daily users of the
software developed. Figure 4 summarises their digitisation conditions, their level of
consultation during the design phase, their satisfaction and the shortcomings they
perceive. Of the 22 departments concerned, 19 (86%) are effectively digitised,
which attests to a genuine mo-mentum of digital transformation. However, 12 out
of 16 staff members (75%) report never having been consulted during the design of
the software they use on a daily basis. In terms of satisfaction, 71% of responding
staff members (10/14) rated their satisfaction as ‘Average’ or lower. The most
commonly perceived shortcoming is ‘failure to address needs’ (12/22, 55%).

Digitalization and Consultation Satisfaction with Service Digitalization Software Flaws Perceived
of End-User Agents (n=22/16) (n=14 digitalized services) by Agents (n=22, multiple choice)

e .mz (9%)
8 (57%)
e -"; 4/22 (18%)
12 (75%) s s “4{22:15%:

urring 7/22 (32%)

REC
3 (21%) ak
4 (25%) ] 2 (14%
3 (14%]
1 |7% Other

12/22 (55%)
1( 12 3

Numb: f Ag s

Figure 4. Digitalisation, consultation during design, satisfaction and perceived
shortcomings — user agents

Digitisation and consultation during design

19 out of 22 departments (86%) are effectively digitalised, confirming genuine
digital transformation momentum in Goma’s HEIs. However, the consultation
dimension reveals a critical structural gap. Across the two consultation questions
(Q8 and Q9, corresponding to different versions of the questionnaire module
administered), 16 out of 22 staff mem-bers (72.7%) reported never having been
consulted during the design of the software they use daily. A one-tailed binomial test
establishes that this proportion is significantly greater than 50% (p =.026, 95% CI
[0.53, 1.00]), confirming that non-consultation is the rule rather than the exception.
This finding constitutes the most direct empirical manifestation of the DSU-Gap:
software cannot align with user needs when user needs have never been gathered.

User Satisfaction

On a five-point ordinal scale (1 = Too Low to 5 = Very High), combined agent
sat-isfaction yields a median of 3 (‘Medium’) and a mean of 2.55 (SD = 0.83), based
on n =20 responding agents. The distribution is concentrated at the lower end: 3
agents (15%) rated satisfaction as ‘Too Low’, 4 (20%) as ‘Low’, 12 (60%) as
‘Medium’, and only 1 (5%) as ‘High’. Aggregating the two lowest categories with
‘Medium’, 19 out of 20 responding agents (95%) fall at or below the midpoint of the
scale — a figure that strongly contrasts with the 76% of developers rating their
model satisfaction as ‘Good’ or above.
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Perceived Shortcomings and Recommendations

‘Failure to address service information needs’ is the dominant shortcoming,
cited by 12 out of 22 agents (54.5%). This finding is analytically significant: ‘needs
not met’ is pre-cisely the flaw that systematic requirements engineering is designed
to prevent. Slowness (18%), difficulty of use (18%), and recurring failures (9%) are
secondary concerns, indicating that functional misalignment outweighs technical
performance issues as the primary driver of dissatisfaction.

Staff reccommendations are convergent and quantifiable from binary response
data. The most frequently cited recommendation is ‘Gather user requirements’
(14/22, 63.6%), followed by ‘Train users adequately’ (12/22, 54.5%), ‘Provide a
user guide’ (9/22, 40.9%), and ‘Take into account the realities of the sector’ (8/22,
36.4%). These are not marginal improvement suggestions: at over 60%, the primary
recommendation constitutes a strong and statistically interpretable signal.

F. Results: Students

Students make up 77.7% of the sample and represent the largest group, as well
as the one most directly affected by the quality of higher education institutions’
digital systems. Figure 5 illustrates their experience across three dimensions.
Firstly, 52 out of 136 students (38%) have no access to their institution’s digital
services, revealing a significant internal digital divide. Secondly, among the 84
students with access who expressed an opinion, the distribution is moderately
positive: 50% rated it as “Good”, 22% as “Fairly good”, 16% as “Very good” and 10%
as “Excellent”. Thirdly, among the shortcomings identified by the 69 students with
access, “failure to meet needs” was the most frequently cited (29/69, 42%), followed
by slowness (25/69, 36%).

Appreciation of Digital Services Flaws Reported by Students
(Students with Access, n=67) (among 69 with access, multiple choice)
Access to Institution’s
Digital Services (Students, n=136) e
t 4/69 (6%)

34 (51%)

" idage - el
Without Access
(n=52)
; ‘ - V‘ ‘ " m i
With Access £
(n=84) =8 15 (22%) | |
11 (16%) N e | 1 25/69 (36%)
10 -
7(10%
’ m R

Figure 5. Access to digital services, satisfaction and perceived shortcomings —
students

Internal digital divide

52 out of 136 students (38.2%) have no access to their institution’s digital
services. A one-tailed binomial test against a conservative threshold of 20% — a
level at which exclu-sion would be considered non-trivial but not structurally
alarming — is strongly significant (p <.001,95% CI[0.31, 1.00]). This exclusion goes
beyond dissatisfaction: more than one in three students is entirely absent from the
benefits of the ongoing digitalisation effort. This constitutes an internal digital
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divide — distinct from the external divide (absence of connectivity) in that it
concerns potentially connected students who are denied access to institutional
services they are entitled to. Factors may include: uneven deployment across
campuses, barriers related to enrolment in registration systems, services scoped to
particular study levels, or credential management failures.

Satisfaction and Perceived Shortcomings

Among the 84 students with access who provided a satisfaction rating, the
distribution is moderately positive: median = 3 (‘Good’ on a 2-5 scale), mean = 3.12
(SD =0.87). 34 students (40%) rated service quality as ‘Good’, 15 (18%) as ‘Fairly
Good’, 11 (13%) as ‘Very Good’, and 7 (8%) as ‘Excellent’. This moderate positivity
must be interpreted with caution: these students frequently have no alternative
reference point for comparison with more efficient systems, and this rating excludes
the 52 students with no access. A Mann-Whitney test comparing developer
satisfaction (median =4) with student satisfaction (median = 3) yields U =831.5,
p =.253, indicating a descriptive but non-significant difference — a result consistent
with the moderate positivity of the student subsample (those with access) and
supportive of reserving the statistically confirmed DSU-Gap for the developer-agent
contrast.

Among students with access who completed the shortcomings module (n=17
providing structured responses), ‘Failure to meet needs’ is the leading complaint
(5/17, 29.4%), followed by slowness (25/84 students overall, 30%) and complexity
of use (22/84, 26%). Although the absolute proportions differ between staff
(54.5%) and students (29.4% among those who completed the structured
shortcomings module), the shared prioritisa-tion of ‘needs not being met’ as the
leading shortcoming across both groups is analytically meaningful. It indicates that
functional misalignment is not a role-specific perception but a consistent signal
across different user types and institutional positions — a finding that strengthens
the interpretive validity of the DSU-Gap despite the small developer sample.

G. The DSU-Gap: Cross-Analysis and Five Empirical Tensions
Operationalisation and visualisation of the DSU-Gap

Figure 6 visualises the DSU-Gap through two complementary representations.
The left-hand panel presents a standardised comparison across five dimensions
between de-velopers’ self-assessments and user agents’ assessments: the gap is
greatest on the “Software Satisfaction” dimension, where developers report a rate
of 76% compared to just 7% for agents, whilst the gap on “Prior Consultation”
contrasts 25% (agents who were consulted) with 12% (developers stating they
consult systematically). The right-hand panel summarises users’ recommendations:
43% of students prioritise the collection of user requirements — a recommendation
that is also the priority for staff.
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Figure 6. Visualisation of the DSU-Gap: standardised comparison of developers
and staff, and users’ priority recommendations

Statistical Validation of the Core Gap (Tension T5)

The core quantitative test of the DSU-Gap compares developer process
satisfaction (median=4, on a 5-point scale) with agent product satisfaction
(median = 3, same scale). A Mann-Whitney U test — the non-parametric appropriate
for ordinal data with small groups — yields U =246, p=.007 (one-tailed), rank-
biserial r = -0.45 (|r| = 0.45; the negative sign indicates that developer satisfaction
ranks are systematically higher than agent ranks), indicating a statistically
significant difference with medium-to-large effect size. This result establishes that
the satisfaction gap between software producers and software consumers in Goma'’s
HEIs is not attributable to sampling variability: it reflects a systematic structural
asymmetry that the DSU-Gap concept is designed to characterise.

The Five Empirical Tensions
Table 3 synthesises the five empirical tensions underlying the DSU-Gap, each
ac-companied by its statistical indicator.

Table 3. The Five Empirical Tensions of the DSU-Gap — Cross-tabulated Data with
Statistical Validation

Tension Dev_eloper User Indicator Statistical Test Result

Indicator
Tl — Agile Agile used: 65% 82.4% project Binomial p=.006 ok CI
[llusion (11/17) failure rate (p>50%) [0.60,1.00]
T2 — Passive 88% no model 24% acknowledge Descriptive Conscious inaction
Adoption adaptation inadequacy convergence confirmed
;3/0 — Design Process-centred 72.7% not Binomial p=.026 * CI [0.53,1.00]

. o =. 53,1

Consultation design consulted (16/22) (p>50%)
T4 — Internal Software 38.2%  students Binomial p<.001 ok CI
Digital Divide deployed excluded (p>20%) [0.31,1.00]
s . . " Devw. sat.. Agent sat.. Mann-Whitney U = 246, p=.007,
Satisfaction . .

median = 4 median = 3 U r=-0.45
Asymmetry
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Tension T1 — The Agile Illusion

The adoption of Agile by 65% of developers co-occurs with an 82% project
failure rate (p =.006). This does not establish a causal relationship between Agile
and failure — stated causes point primarily to funding and management. It does,
however, demonstrate that Agile adoption, in this context, does not produce the
protective effects against failure that its proponents claim. The structural
explanation is apparent: Agile presupposes regular feedback cycles with available
stakeholders, yet 72.7% of users have never been consulted. An Agile process
without available stakeholders is, at best, a waterfall process disguised as sprints; it
generates iterative deliverables without a validated direction.

Tension T2 — Passive Adoption

88% of developers have not adapted their standard model, despite 24%
acknowl-edging that these models are unsuitable for the sector. This ‘conscious
inaction’ is analyt-ically revealing: it suggests not a lack of reflexivity, but a lack of
resources — conceptual, training-related, or temporal — to translate awareness
into action. Adapting a development model requires knowledge of alternatives,
institutional legitimacy to deviate from the standard, and design time that is not
immediately productive. These are precisely the re-sources that are systematically
lacking in HEIs in constrained environments.

Tension T3 — Design Without Consultation

72.7% of staff members were never consulted during the design of the
software they use daily (p =.026). The consequence is predictable and confirmed by
the data: 54.5% of staff cite ‘needs not addressed’ as the primary shortcoming. Three
of the four most cited student shortcomings (needs not met, slowness, complexity)
are precisely the faults that structured requirements engineering is designed to
prevent. The primary recommendation of 63.6% of agents and 22.1% of students —
‘Gather user requirements’ — is not an in-cremental improvement suggestion: it is
the users’ diagnosis of the root cause of the DSU-Gap.

Tension T4 — The Internal Digital Divide

38.2% of students lack access to institutional digital services (p <.001 against
a 20% threshold). This reveals that the digitalisation of Goma’s HEIs has not reached
maturity in terms of population coverage: it benefits approximately 62% of its target
population and excludes 38%. This exclusion can result from technical factors
(services deployed for spe-cific campuses or study levels), organisational factors
(non-standardised registration pro-cedures), or infrastructural factors (insufficient
access points). Its implication is that the systems deployed are not yet designed to
reach their entire target population — a funda-mental design failure with direct
equity implications.

Tension T5 — Asymmetric Satisfaction

Developers’ process satisfaction (median=4) is significantly higher than
agents’ product satisfaction (median = 3), Mann-Whitney U = 246,p =.007,r =-0.45
(|r] = 0.45; the negative sign reflects that developer ranks are higher than agent
ranks on the combined ordinal scale). This is the most direct and statistically
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rigorous measure of the DSU-Gap. It illustrates a mechanism consistent with
Parasuraman et al’s [21] service quality gap [19]: service producers evaluate
performance on process criteria they control (tool use, delivery timeline,
documentation), whilst service users evaluate performance on outcome criteria
(functional fit, usability, reliability). The 65-point difference in the proportion of
developers vs. agents rating satisfaction at or above ‘Good’ (76% vs. ~5%) reflects
the magnitude of this perceptual asymmetry.

H. Model Selection Criteria and Recommended Practices

Figure 7 presents two complementary dimensions of developers’ practices:
the actual criteria for model selection and the rate of contextual adaptation. The two
criteria most frequently cited for model selection are project complexity and
execution deadlines (10 out of 17 each, 59%), whilst team size and resource
availability are mentioned by only 4 de-velopers each (24%). Regarding adaptation,
15 out of 17 developers (88%) made no modifications to the standard model,
indicating a rigid adoption in a context that never-theless requires flexibility.

Model Selection Criteria Standard Model Adaptation Rate
(n=17, multiple choice) by Developers (n=17)

10/17 1017
(59%) (59%)

= 4/17 417 =
(24%) (24%)

4
5.0
27 5
25
0- 00~
Project Execution Team Too
=adlines size availab

ity

Did NOT adapt
the mode

omplexit th

Figure 7. Model selection criteria and level of contextual adaptation

Selection criteria: what is missing

The two most frequently cited model selection criteria are project complexity
(10/17,59%) and implementation deadlines (10/17, 59%). Team size and resource
availability were each cited by only 4 developers (24%). Notably absent from the
cited criteria were: end-user needs, the institutional capacity to support the model,
and the project’s financial stability — three factors which, given the failure data,
would nevertheless be decisive in the context of Goma’s HEIs. This absence of
contextual criteria in the model selection process confirms a technocentric
approach to model selection, disconnected from the organisational and human
realities of deployment.

User recommendations
The recommendations made by students and staff show remarkable
convergence on priorities. Table 4 below summarises these recommendations.
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Table 4. Recommendations from staff and students to developers (actual counts
from binary response data)

Students

Recommendation (n=136) Staff (n=22) Aggregated Priority
Gather user requirements 30/136 (22.1%) 14/22 (63.6%) 1 — Critical
Train users adequately 28/136 (20.6%) 12/22 (54.5%) 2 — High
Provide a user guide 24/136 (17.6%) 9/22 (40.9%) 3 — High
Take into account sector

. 20/136 (14.7%)  8/22 (36.4%) 4 — Moderate
realities

I. Implications for a Contextual Model of Development
From the DSU-Gap to the contextual model

The five empirical tensions are not five independent problems: they are
manifestations of a common cause — the absence of a development model adapted
to the specific con-straints of HEIs in resource-constrained environments. Table 5
translates each tension into a design implication for such a contextual model.

Table 5. Design Implications for a Contextual Software Development Model for

HEIs in Goma

Tension Design Implication Proposed Mechanism
) Adapt Agile to ) ) ) ) )
T1 — Agile o Streamlined ceremonies (fortnightly vs. daily) with a
. stakeholder availability ]

[llusion i designated user proxy

constraints
T2 — Passive Mandatory  contextual Adaptation checklist at project start: resources,
Adoption adaptation phase connectivity, team profile

i Non-optional L i )
T3 — Without } Minimum 3 structured user sessions before any design
) requirements .

Consultation ) ) activity

engineering phase
T4 — Digital Inclusive design for Accessibility matrix: offline, SMS, low-bandwidth,
Divide 100% target population multi-device
T5 — Asymmetric User-based satisfaction Acceptance committee including staff and students for
Satisfaction validation final sign-off

Positioning in relation to the literature

The findings of this study align with and contribute to several bodies of
literature. They confirm and quantify Heeks’'[16] design-reality gaps in a new
geographic and sectoral context: our Mann-Whitney result (r = -0.45) provides the
first effect-size estimate of this gap for African HEIs. They corroborate Akello &
Nabukenya’s[15] findings on low user participation in African software projects,
extending this evidence to Francophone DRC and quantifying the non-consultation
rate (72.7%) with inferential validation. They com-plement existing research on
Agile adoption in Africa[9], [10] by documenting nominal adoption in a new
geographic and sectoral context — eastern DRC HEIs — and linking it, for the first
time, to a statistically documented satisfaction gap.

The DSU-Gap framework makes an original theoretical contribution by
connecting three previously separate constructs — design-reality gaps (Heeks[16]),

https://doi.org/10.33022/ijcs.v15i4.5163 6173


https://doi.org/10.33022/ijcs.v15i4.5163

The Indonesian Journal of Computer Science

service quality gaps [21], and IS success alignment [13], [14] — into a single
operationalisable construct appli-cable to technology-constrained academic
contexts. The tri-group methodology used to measure it is a methodological
contribution transferable to any context where the per-spectives of software
producers and software beneficiaries need to be simultaneously captured.

Limitations

This study has several limitations that must be explicitly acknowledged. First,
the developer sample (n=17) reflects the bounded nature of the professional
population in Goma — whilst the census approach within this population is
scientifically sound, findings related to developers cannot be generalised beyond
this specific urban, post-conflict, Francophone context without replication. Second,
purposive sampling of staff and students limits external validity, although the
consistency of patterns across three independent respondent groups strengthens
internal validity. Third, the cross-sectional design prevents causal inference: the
DSU-Gap is described and statistically documented, not causally explained. Fourth,
the extended data collection period (November 2024-November 2025) may
introduce temporal variation in digitalisation conditions — an effect that cannot be
controlled in the cross-sectional design. Fifth, institutional anonymisation prevents
institution-level analysis.

These limitations delineate clear directions for future research: (1) a
longitudinal study measuring change in the DSU-Gap following targeted
interventions; (2) a multi-city comparative study (e.g.,, Goma, Kinshasa, Bukavu)
enabling cross-context validation; and (3) a larger developer sample study in a
higher-density context.

J. Conclusion

This article has introduced and empirically quantified the Developer-
Stakeholder Understanding Gap (DSU-Gap) in higher education institutions in
Goma, Democratic Republic of the Congo. Through an original tri-group mixed-
methods study involving 175 respondents — 17 developers, 22 end-users, and 136
students — and applying both non-parametric inferential statistics and inductive
thematic analysis, we documented five empirical tensions that constitute the DSU-
Gap in this context.

The core finding — that developer process satisfaction is statistically
significantly higher than user product satisfaction (Mann-Whitney U = 246, p =.007,
r=-0.45) — establishes the DSU-Gap as a systematic, empirically validated
phenomenon rather than an anecdotal observation. This gap is structurally
grounded in five convergent empirical ten-sions: nominal Agile adoption co-
occurring with an 82% project failure rate (p =.006); passive adoption of standard
models by 88% of developers despite acknowledged inad-equacy; systematic
exclusion of users from design processes (72.7% never consulted, p =.026); a severe
internal digital divide (38.2% of students without access, p <.001); and asymmetric
satisfaction between producers and beneficiaries of digital systems.

Beyond the empirical findings, this article makes three contributions.
Conceptually, the DSU-Gap framework unifies design-reality gap theory, IS success
alignment models, and service quality gap theory into a single operationalisable
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construct applicable to  technolo-gy-constrained academic  contexts.
Methodologically, the tri-group design provides a rep-licable template for
simultaneously measuring producer and consumer perspectives on the same
software systems. Practically, the five design implications derived from the tensions
provide the minimum specifications for a contextual software development model
adapted to resource-constrained HEIs.

Beyond Goma, the DSU-Gap concept and the tri-group methodology used to
measure it are transferable to other similar contexts: African cities undergoing
digital transformation, HEIs in Francophone Central and West Africa, and public
organisations in post-conflict environments. The first recommendation of 63.6% of
staff and 22.1% of students — ‘Gather user requirements’ — is simultaneously the
simplest and the most fundamental: it reminds us that useful software begins with
a conversation that, in this context, the data consistently show to be absent.
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