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Abstract: Limited understanding exists regarding the methodologies behind designing interfaces for
low-income contexts, despite acknowledging their potential value. The ERSA (Engineering design
Research meta-model based Systematic Analysis) process, defined as a dynamic interactive multi-
process system, proposes a new approach to constructing learnings to succeed in designing interfaces
for low-income countries. ERSA is developed by integrating database searches, snowballing, thematic
similarity searches for corpus of literature creation, multilayer networks, clustering algorithms, and
data processing. ERSA employs an engineering design meta-model to analyze the corpus of literature,
facilitating the identification of diverse methodological approaches. The insights from ERSA empower
researchers, designers, and engineers to tailor design methodologies to their specific low-income
contexts. Our findings show the importance of adopting more versatile and holistic approaches.
They suggest that user-based design methodologies and computational design can be defined and
theorized together.

Keywords: interface design; inclusive user interfaces; network; intelligent process; modeling; conceptual
models; computational models

1. Introduction

While the design of user interfaces is a field driven by people of Western origin and
culture [1], most users of IT tools come from much more diverse backgrounds and cultures.
This gap can give rise to ergonomic problems in the way interfaces are used. The Western
technological and cultural context is reflected in interfaces, which may be much less suited
to use in other technological contexts and cultures [2]. Certain criteria—such as low literacy
rate, low level of computer literacy, the high prevalence of local languages (often oral)
compared with national languages, and the lack of access to IT tools—are specific to
low-income countries and make it more difficult to master these interfaces.

A striking example of these issues appears in an experiment of an interactive voice
response service. Khullar et al. [3] have identified usability issues by rural users of India
in using keypress-based interfaces. While their vocal counterparts still have limitations,
the mental load of manipulating both verbal and written numbers was too high for some
low-literate users, and they were confused on how to act. Moreover, the keypad of their
phones could be so worn out that the numbers were barely legible. Finally, a date of birth
question was asked using the English calendar, unbeknownst to the Hindi culture users
who are more familiar with the Hindi calendar.

Knowledge about the end users and their context of interaction is therefore mandatory
for designing a suitable user interface. Since a user interface is an abstraction designed
for the users, it is very important to understand users” mental models and the capabilities
given by their devices. User-Centered Design (UCD) is a framework that has such a goal, by
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putting the knowledge of the end user at the forefront during the design work [4]. However,
the distance, both physically and culturally, between teams in charge of the development of
such IT tools and the target users is so high that the promise of the UCD framework is never
quite reached. Physically, the distance between the users makes it difficult for designers
to understand end users’ living context [5-7]. Culturally, since their living context is so
distant from the one usually experienced by the development team, it would require a
thorough study to understand it in detail [5,7-13]. However, such a study would require
time and resources, being even more costly to the development of the system. Moreover,
users sometimes have little experience with technology, which may need an adaptation of
the tools and techniques usually used [14]. The UCD framework is therefore hard to apply
to such projects, as experienced in the literature previously cited.

User-Centered Design provides no guidelines regarding the application of a UCD
methodology within a developing world design context, underscoring an existing research
gap on this topic [10]. Moreover, authors state that while existing user-centered analysis
tools and techniques have proven to be useful and applicable in developing world design
initiatives, no study has focused on the development of guidelines or frameworks within
UCD that address developing world specific issues.

Recently, some researchers have begun to address this problem using different ap-
proaches. Tyukala [15] has interest in the user requirements part of the design methodology,
by using the model of participatory design. This contribution proposes a methodology that
allowed a community of Southern African users to come together and find common ground
on their requirements for information systems. Unfortunately, it has not yet been tested
in other communities. Adapting the participatory design methodology, in this case to the
Ethiopian community, is another proposed strategy [16]. The authors highlight that what
could work in this specific context may not work in other low-income countries, and that
this participatory design “should include an appropriation of the design process itself to
new cultural contexts”. Maunder [17] studies specifically the suitability of the UCD frame-
work in low-income countries. The author concludes that the empathic approach of the
UCD framework is not ideal, whereas the usage of a technology probe is more suitable. Puri
et al. [18] identifies that due to the very different nature of the context and specificities of
each use case or region, “there is no single algorithmic best practice regarding participatory
design in information systems which is applicable to all situations.” This study details three
interventions in three different regions and contexts and explains how the design team
is able to include the end users in the design methodologies. Winschiers-Theophilus [19]
focuses on the adaptation of design tools to include cultural specificities of the target user
group. For example, in a workshop involving users of Namibian culture, the authors
highlighted that the Namibian culture is a high collectivistic culture, using Hofstede’s [20]
cultural model. Considering this characteristic, the users have tested the proposed service
in small groups instead of one-on-one testing sessions. The session was also started by
directly asking the users what their definition of a “qualitative” system was. It allows
the authors to understand what is valuable to the users and then focus the subsequent
evaluation on those aspects.

While beneficial in their respective design projects, contexts of work, or specific
research domains, existing methodologies have drawbacks and cannot be universally
applied in low-income countries. The pertinent research question then arises: Can we
identify new patterns, trends, and paradigms that hold promise for application in interface design
for low-income countries?

In response to this research question, this paper proposes the development of the Engi-
neering design Research meta-model based Systematic Analysis (ERSA) process, which was
developed in collaboration between the ERCOS research Pole of the ELLIADD laboratory
at UTBM and Orange Innovation. ERSA is a new process for acquiring learnings to succeed
in designing interfaces for low-income countries.

An engineering design meta-model proposed by Ostrosi et al. [21] is used as a tool for
analyzing a collection of research papers to extract valuable insights and identify emerging
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patterns in design methodologies. A meta-model framework provides a structured and
systematic approach to analyzing research papers. It allows researchers to organize and
categorize information, making it easier to identify commonalities, differences, and gaps
in existing design methodologies. It involves multiple interconnected models distributed
in layers, providing a holistic understanding of the design process and its implications.
Clustering algorithms within the meta-model framework enables the grouping of similar
methodologies or approaches. This clustering facilitates the identification of trends and pat-
terns across different studies, leading to a deeper understanding of the design of interfaces.
It also streamlines data processing techniques, allowing researchers to extract relevant
information efficiently and accurately. By employing a meta-model framework, we can
identify and evaluate a wide range of design methodologies, enabling the development of
more tailored and effective solutions. By understanding the strengths and limitations of
different approaches, we can adapt and customize methodologies to suit specific contexts
of low-income countries, ultimately leading to more impactful and sustainable solutions. It
also can facilitate the transfer of knowledge and best practices across different multidisci-
plinary teams. By synthesizing and organizing information from diverse sources, it helps
bridge the gap between theory and practice, fostering collaboration and innovation in the
field of interface design.

This article is organized as follows: Section 2 presents the engineering design meta-
model for interface design. Section 3 outlines the construction of the proposed ERSA
(Engineering design Research meta-model based Systematic Analysis). Section 4 applies
and examines the results of the ERSA process concerning interface methodologies adapted
for users in low-income countries. Section 5 discusses the results and findings. Section 6
concludes and explores research perspectives.

2. Engineering Design Meta-Model for Interface Design

In this research, a multimodal user interface is considered and conceived as an evolving
living product in complex interaction with its users. The engineering design meta-model
proposed by Ostrosi et al. [21] is used and adopted for interface design to categorize the
design methodologies employed in the selected articles. This meta-model provides a
framework for the analysis design process of products. This section introduces a novel
application of the engineering design meta-model for the design of user interfaces. More-
over, a network-based formalization is presented to establish the formal basis for the
ERSA process.

2.1. Engineering Design Domains

To systemize the engineering design knowledge for the inclusive design of a multi-
modal user interface, the concept of domains is used. A domain in engineering design
interface refers to a specific aspect or area of the design problem. It encompasses different
kinds of design activities and represents a distinct subset of knowledge. The world of
design modeling of a multimodal user interface as a living product can be defined in
four domains: (i) user domain, (ii) function domain, (iii) physical domain, and (iv) process or
task domain.

User domain. In interface mobile phone design, user domain refers to the full range of
user characteristics and needs that designers must consider when creating interfaces. This
includes but is not limited to users” physical and cognitive abilities, cultural and linguistic
backgrounds, technical skills, and goals and motivations related to using an interface on
a mobile device. Overall, the user domain is a complex and multifaceted concept that
requires designers to consider a wide range of user characteristics, needs, preferences, and
desires in order to create interfaces that are inclusive, accessible, and engaging for all users.
The user domain is characterized by attributes a user desires. With this viewpoint, an
interface is seen for what it gives to the user, without or with knowledge about the interface
of a mobile phone or how the interface, as a “living product”, works. The user domain
includes attributes related to convenience, accessibility, multilingual support, and accuracy.
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The user domain also includes factors such as user preferences, expectations, and context
of use. For example, some users may prefer a minimalist interface, while others may want
a more visually rich and stimulating interface. The context of use may also vary, which can
affect the design of the interface to ensure usability and accessibility. In essence, the user
domain represents the human-centered approach to design, which prioritizes the needs
and desires of the user to create interfaces that are intuitive, efficient, and satisfying to use.

Function domain. The function domain is broad and encompasses a wide range of
technical and functional specifications that the interface must fulfill to ensure accessibility,
usability, and effectiveness for all users. Essentially, functions represent abstractions of
the interface’s behavior. In the context of mobile phone interface design, the functional
domain comprises the set of functional requirements from a design and engineering point of
view that the interface must satisfy to provide a complete and satisfactory user experience
to all users, including those with diverse needs and abilities. The functional domain is
concerned with specifying the desired performances of the interface as a living product.
It encompasses the various actions and interactions that the interface engages in with its
users over its lifetime. These interactions are complex, dynamic, and multifaceted, and
they define the functions of the interface.

Physical domain. Designers and engineers need to imagine and define solutions in
the physical domain to meet the functional requirements in the functional domain. The
physical domain encompasses the physical components and structure of the interface
as a living product, which are strategic elements in mobile development. It includes
hardware components like the mobile device and software components such as the interface
layout, typography, color, and visual design elements. The physical domain refers to the
product’s physical, tangible characteristics. The design of a product is studied in this
domain. Interaction between the user and the interface is an important consideration in the
physical domain, such as the configuration of the interface. Moreover, accessibility is also
an essential aspect of the physical domain, including considerations like the size and color
contrast of text and visual elements and support for assistive technologies. Considering the
physical domain is crucial in inclusive design for conversational mobile service interfaces,
as it plays a significant role in the usability, accessibility, and overall user experience of
the interface.

Process or task domain. The process or task domain is a critical aspect of designing a
conversational mobile service interface. It refers to the user journey that can be carried out
using the product. Therefore, the process domain sees the product as a whole, including
other elements of context that could interact with it. It involves the various steps and
actions that a user takes to interact with the interface and achieve their goals. This includes
the flow of information and tasks between the user and the interface. In addition to the
actual interaction, the process domain also includes any feedback or guidance provided
to the user during the interaction. To ensure inclusive design, it is important to design
these various steps and actions to be intuitive and efficient for all users, regardless of
their cognitive or physical abilities. A well-designed process can significantly enhance the
overall user experience and make the interface more accessible and usable for everyone.

2.2. Engineering Design Models

Two cross-referencing modeling levels with four domains are proposed: (1) Conceptual
models and (2) Concrete models. Concrete models give a fine and acute description of
knowledge for interface modeling. Quite systematically, they use a formal description
with a codified and specific language. We can distinguish three subclasses of such models:
(a) mathematical models, (b) computational models, and (c) experimental models.

A conceptual model refers to design models that are represented by concepts or
related concepts for interface modeling. A conceptual model is an abstract representation
that describes the essential components, concepts, and relationships of an interface. A
conceptual model can be used to clarify ideas, identify problems, and develop solutions. It
is a simplified representation of an interface that allows people to understand, analyze, and
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communicate about that interface. A conceptual model is an important tool for visualizing
and communicating ideas in a way that is easy to understand and analyze. In interface
design, a conceptual model is a representation of the designer’s understanding of how
users will interact with the interface. It is a high-level abstraction that captures the essential
features of the interface and its functionality. An example of a conceptual model in the
context of user interfaces is a proposal for an interaction method or a set of specifications
that an interaction method must follow. The conceptual model can be represented using
different forms such as written descriptions, diagrams, and sketches. The purpose of the
conceptual model is to provide a shared understanding among designers, developers, and
stakeholders about the design of the interface. This shared understanding can then be used
as a basis for building more detailed models.

A mathematical model represents empirical objects, phenomena, and physical pro-
cesses encountered during interface modeling in a mathematical or logical way. Mathemat-
ical models are often used in interface modeling to provide a more precise and quantitative
representation of the system being analyzed. They can be used to simulate the behavior of
the interface under different conditions and to make predictions about how the interface
will behave in the future. Mathematical models can also be used to optimize the design of
the interface by identifying the most efficient or effective parameters and configurations.
The choice of mathematical model depends on the specific problem being analyzed as well
as the available data and resources. These make it possible to carry out computing and
measurements to study the interface in its context. An example of a mathematical model in
the context of user interfaces is a model representing the contrast between two elements in
a graphic interface. Defining the contrast mathematically enables its validation according
to a set of standards.

A computational model is a representation of an interface that is implemented in
a computational way, typically using computer simulation. While some computational
models are based on mathematical models, others are derived from empirical data or
observations. In interface design, analytical solutions are often not available, making
computational models a useful tool for simulating and analyzing the behavior of the inter-
face. An example of a computational model in the context of user interfaces is the virtual
prototype of a user interface. Designers can experiment with different design parameters
by adjusting inputs in the computer and observing the resulting outputs. While some
computational models are treated as “black boxes”, meaning that the internal workings are
not necessarily understood, others can be transparent or interpretable, allowing for a deeper
understanding of the underlying mechanisms. Computational models are not only used
for simulation purposes but also for optimization, prediction, and data analysis during
interface design. The computational model thus provides a computational representation
of the interface, which facilitates simulations in a controlled virtual environment.

An experimental model is a way of studying the behavior of an interface by observ-
ing real-interface phenomena in a controlled environment. This can involve conducting
experiments on the actual interface or on a physical model that represents some of its
characteristics. An example of an experimental model in the context of user interfaces is an
interactive prototype that simulates the behavior of the user. By gathering data on how
users interact with the interface, experimental models can help designers identify problems
and suggest improvements. They also offer the possibility of discovering new interactions
or issues that were not previously identified or modeled.

2.3. Engineering Design Meta-Model Network for Methodology Representation

The meta-model is represented mathematically as a network structure composed of
layers as well as nodes and edges (Figure 1).

Definition 1. The meta-model is represented as a network structure composed of layers as well
as nodes and edges. The engineering design multilayer network is defined as a quadruplet
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M = (V 5, Em, V, L) where V is the set of nodes, L is the set of layers, Vay C V is the set subset
of active-nodes, and Epr C Vg X Vi is the set of active edges.

Proc

Figure 1. Theset V x L = {(v € V,I € L)}. For readability purposes, all possible combinations of
nodes were not represented in the figure.

The set of nodes V in the network of the engineering design meta-model is composed
of four models: Conceptual model, Mathematical model, Computational model, and Experimental
model. The nodes of the set V are denoted as follows: V = {Conc, Math, Comp, Expe},
representing the Conceptual model, Mathematical model, Computational model, and
Experimental model, respectively.

The engineering design meta-model network has one dimension named the domain
dimension. The domain set of the engineering design meta-model consists of the fol-
lowing elements: User domain, Function domain, Physical domain, and Process domain. A
layer is used for every element of this set. The nodes of the set L are denoted as fol-
lows: L = {User, Func, Phys, Proc}, representing the User domain, Function domain,
Physical domain, and Process domain, respectively.

Theset Vx L = {(v e V,l € L)} encompasses all possible combinations of model-
domain pairs. If a model is absent in a given design methodology, it means it is also absent
in a given domain layer. This implies that for every node and layer pairing, it is necessary
to specify whether the node is active within that layer. If a model is used in a given design
methodology, then it is represented by an active-node.

Definition 2. The subset of active nodes Vi C V comprises solely those combinations of nodes
and layers where a node is present in the corresponding layer.

In the meta-model multilayer network, edges represent pairwise connections between
all possible combinations of nodes in the set of models {Conceptual, Mathematical, Computa-
tional, Experimental} and layers in the set of domains {User, Function, Physical, Process}, as
illustrated in Figure 1.

A model node v € V in domain layer / € L can be connected to any node v/ € V,
where v/ # v, in any layer | € L. This means that intra-relationships within a domain, as
well as inter-relationships between domains, exist. Assuming that intra-domain relation-
ships and inter-domain relationships are reciprocal, all edges are considered undirected.
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Definition 3. An edge set Ep; C Vi X Vi, referred to as active-edges, of the engineering design
multilayer network is defined as pairs of node-layer combinations that exist within the set Vy.

The intra-layer edges are represented using solid curves and inter-layer edges using
dotted curves. Figure 2a shows an illustrative example, where Mg3 is the methodology
employed in the 83th article studied [22] in the literature review. Mgs is composed of the
related quadruplet Vi,, Ep,, V, L where Vg, (red color) is the set of active-nodes that are
part of the methodology in place in the articles, and Ejyg, (red color) is the set of edges that
orders the nodes in the methodology.

Proc

(b)

Figure 2. (a) The engineering design multilayer network (in red) and (b) the engineering design

multilayer directed network.

In design methodology, the design phases may not operate bidirectionally. Assuming
that intra-domain relationships and inter-domain relationships are not reciprocal, all edges
are considered directed. Thus, a directed network is used to model such methodologies.
The edges of the directed network are ordered pairs.

Definition 4. The engineering design multilayer directed network is defined as a quadruplet M =
(Var Em, V, L) where V is the set of nodes, L is the set of layers, Vyy C V is the set subset of
active-nodes, and Ep; C Vg X V) is the set of ordered active edges.

Figure 2a shows the engineering design multilayer directed network of the methodol-
ogy employed in the 83th article studied [22] in the literature review.

Then, the following analyses can be conducted: Model Utilization, Model Utilization
Frequency, and Model Chronology.

Model Utilization: This analysis investigates the specific models chosen for each method-
ology (M;) employed in the i article. It will not only reveal the set of models but also shed
light on their functional roles within the methodology, their underlying theoretical founda-
tions, and their practical implications. Furthermore, examining the interactions between
these models can offer valuable insights into the evolution of problem-solving approaches,
the integration of interdisciplinary knowledge, and the emergence of innovative solutions.
For model usage analysis, we propose to use the attribute named Indicator of Model Uti-
lization, denoted as u(v, M;), where v represents the specific model and M; represents the
methodology employed in the i article. This attribute takes the value 0 or 1, indicating
whether the model v is chosen for the methodology employed in the i article.
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Model Frequency Utilization: The distribution of usage frequencies for specific models
within each methodology (M;) employed in the i article is of interest. The frequent use
of a model suggests a focus on iterative improvement, complexity management, or adap-
tation to changing conditions. For model usage analysis, we propose to use the attribute
named Frequency of Model, denoted as f (v, M;), where f represents the frequency f for the
model v within the methodology employed in the i article.

Model Chronology: Understanding the temporal sequence of a model within a method-
ology (M;) employed in the i article provides insights into the temporal dynamics, efficiency,
and critical path of the methodology itself. For model usage analysis, we propose to use
the attribute named Temporal Sequence of Model Utilization, denoted as t(v, M;), where v rep-
resents the specific model and i represents the methodology. This attribute indicates the
temporal sequence of model v within the methodology employed in the article i.

Considering the previous analysis, the engineering design multilayer directed network
is extended as follows:

Definition 5. The engineering design multilayer attributed network is defined as a quintu-
plet M = (V ,;,Epm, A, V, L) where V is the set of nodes, L is the set of layers, A = {u, f,t} is
the set of attributes, Vay C V is the set subset of active-nodes, Vyy = {(v,a)lv € V,a € A},
and Ep; C Vi x Vi is the set of ordered active edges.

In the context of the engineering design multilayer attributed network, the set of
attributes plays an important role in defining the characteristics and behavior of the net-
work’s nodes and edges. While the provided definition presents a specific set of attributes,
it is important to note that the flexibility to extend or adapt the attribute set depends
on the specific problem. Moreover, while the definition focuses on attributes associated
with nodes, there is potential utility in extending attributes to edges within the network.
Introducing edge attributes can enrich the network representation by encoding additional
information about the relationships between models. However, while recognizing the
possibility of extending attributes to edges or introducing new attribute types, this paper
will primarily explore the predefined set of attributes A = {u, f, t} within the context of
the engineering design multilayer attributed network M = (V ,,,Epm, A, V, L).

3. ERSA (Engineering Design Research Meta-Model Based Systematic Analysis) Process

ERSA (Engineering design Research meta-model based Systematic Analysis) is a new
dynamic process that utilizes the engineering design meta-model for user interface design,
along with its network-based formalization developed in Section 2. ERSA is formally
defined as a dynamic interactive multi-process system. The definition of the ERSA system,
denoted as E, is adopted from [23-25] and is presented as follows:

E=(I1,I,P,0,®) 1)

where I1 is a set of processes, I is a set of interactions, P is a set of roles that processes can
perform, O is a set of organizations, and @ is a set of functions in each process, respectively.
The behavior p of each process 7 is given formally by:

Br = <<DA(7T)/ P (m)s (DF(T[)/KH> 2)

where:

D) (Ex UIz) X £r — Q) is function of perception, where E, Ir, £, Q(7) Ex
is the finite set of observed events of a process 7, I; is the finite set of interactions of a
process 7, X is the finite set of states of a process 77, and () is the finite set of perceptions
of a process 7r;

CDA(H) 1 Q1) X L — Ay is function of decision of a process 71, Ay is the finite set of
decisions of a process 7t;
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@A(n) :Ap X Xy — Ay is function of action of a process 7t, Ay is the finite set of
actions of a process 7;

K is the knowledge of a process 7r, which includes key words, decision rules, and
learnings.

The proposed and developed ERSA process consists of six dynamic phases, as illus-
trated in Figure 3, facilitating the collection of relevant articles and the construction of
learnings on a specific topic. Subsequent sections will refer to this figure to describe each of
these phases.

A is the set of all a articles

Selection of aged up to 15 years old
Phase 1 el B=1by .., by . b} = (d(D) =
crizEEs “criteria for baseline article”}
Collection of Citation pool of the b; article:
Phase 2 = papers using CoY=ler-..rCinnri)
snowballing

v

Completion of
Phase 3 the collection

: Thematic group:
v Tewp=1yi. Vi yml

Z =5+ Ul”:lc(bl) + U:lsxrc(h_)

v '
4 4
Representation of < > M = (Vi,Em, AV, L)
methodologies >~ ) |
2 % S v I
USINg eNgINeering 3 o gAML 4 0 01 0 0 OWYM[1 0 0 0 ..
Phase 4 design multilayer |1 0 0 of[]3 o o offo 0 0 o/ o 0 0 0 A= ay]
attributed 001 0f[lo os offt oo off[]z 000 / \
001 0lllo o6 ollo 10 oltlo 300
network for 120 0 i 00 0 ay =u a; =t
computation 100 0 00 00
0010 100 0 a;=f
l 0 0 1 0 01 0 0
= : 1200
Discovering 1000
Phase 5 similarities of the g g i g [1200100000100010] T 7Axe 5 e
methodologies e ———— .o
5 Learning 1: ) The learnings are the
Phase 6 Constru?hon 2 & * Compliser=Concliser extraction of typical strategies
leamlngs Learning 2: CompExpe ~ CompUser from the mEthodologies

Figure 3. The ERSA (Engineering design Research meta-model based Systematic Analysis) process
composed of six phases.

3.1. Phase 1-Selection of the Baseline Articles

The first phase of the ERSA process involves selecting the articles that are relevant
to the topic, which will help gather comprehensive knowledge. Two main strategies
are usually considered when conducting a literature review: snowballing and database
searches. The first consists of studying articles preceding and following those identified
as relevant. The second involves searching on one or multiple highly populated and
cross-sourced databases using keywords to extract a set of articles. Performance-wise,
Badampudi et al. [26] states that both strategies are comparable but highly dependent on
the baseline article for the snowballing and the keywords for the database search. The
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snowballing technique enables a more precise approach by leveraging specific articles
rather than relying solely on various keywords related to the topic. A set of baseline articles
needs to be identified as the first phase of the backward snowballing process [27]. Articles
that have set a reference in the field(s) that is the aim of the research are recommended,
eventually selecting multiple articles to cover different point of views regarding a specific
topic. The selection of articles aged up to 8 years old, for instance, § = 15, from the time of
collection has been chosen in the application, to avoid the processing of too many research
articles and to avoid older articles that may not be relevant considering the recent adoption
of smartphones in low-income countries. Let A denote the set of all articles a aged up to
15 years old and 6(b) € @, () represent the function that identifies baseline articles B. Then,
the set of baseline articles B is define as follows:

B = {b[o(b)e Page } 3)

3.2. Phase 2—Collection of Related Articles Using Snowballing

The second phase of the ERSA process involves collecting more recent articles through
a snowballing process. Once the baseline articles B = {by,...,b;,..., b, } are identified, for
each baseline article b;, a search to find articles citing b; is conducted to gather a selection of
recent articles on the topic. For each baseline article b;, the citing articles are collected into a
set C(b;) = {c1,...,¢i, ..., cx} named citation pool of the baseline article b;. The citation pool
is limited to articles that are aged as « years or less, for instance x = 5, which allows for a
smaller set of more relevant articles. Moreover, and since various authors may have cited
the baseline articles, some articles collected could be off-topic. To keep the collection on
the topics, filters are established. Google Scholar [28] can be used to select articles citing a
baseline article b;. If a baseline article a happen to be less than 5 years old, it will then be
selected as a baseline article b.

3.3. Phase 3—Completion of the Collection

The third phase of the process consists of completing the collection by incorpo-
rating related articles for each citation pool C(b;). For every citation pool C(b;), a set of
new articles is identified through a search for thematic similarity, denoted as I'c(;,) =
{71,---»%i- -, 7m} and named thematic group related to the citation pool C(b;). As stated in
Wohlin’s [27] work on snowballing, it is always relevant to use different strategies to cover
the literature as comprehensively as possible. The set of articles is therefore extended to
include more recent works and to include works that may have been overlooked in the
previous phase of the process. The Research Rabbit process [29], which uses a list of works
to visualize their interconnections through their common citations, permits to find studies
on similar topics. In this case, the list of articles collected in snowballing phase is used in
Research Rabbit process. The criteria applied for the research in Research Rabbit process
are the same as those applied in the snowballing phase. The list is completed by articles
suggested by Research Rabbit, contributing to its continuous growth. This phase stops
when Research Rabbit has no other studies to suggest than the one already present in the
list or those not considered in the focus of the study.

The complete collection of articles X is defined as the union of three sets: the baseline
articles set (B), encompassing all initial articles aged up to 0 years old; the set of all citation
pools (C(b;)), representing the citing articles for each baseline article (b;); and the set of
thematic similarity articles (I¢(;,)), comprising new articles identified through thematic
similarity searches for each citation pool:

=B+, )+, Tew )
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3.4. Phase 4—Representation of Methodologies Using Engineering Design Multilayer Attributed
Network for Computation

Each paper’s methodology is represented by the engineering design multilayer at-
tributed network M = (V 51, Em, A, V,L). Then, to simplify computation, ERSA use the
matrix A = [a;;], which represents the set V x L = {(v € V,I € L)} encompassing all pos-
sible combinations of model-domain pairs in the engineering design multilayer attributed
network, with a;; € {u, f,t}.

The matrix (5) shows the set V x L = {(v € V,I € L)} encompassing all possible
combinations of model-domain pairs.

ConcUser  ConcFunc  ConcPhys  ConcProc
MathUser  MathFunc  MathPhys MathProc
CompUser CompMath CompPhys CompProc
ExpelUser  ExpeMath  ExpePhys  ExpeProc

)

The matrix (6) illustrates the case where 4;; = u. It indicates that the employed method-
ology incorporates the models ConcUser, ConcFunc, ConcPhys, ConcProc, MathPhys,
CompPhys and ExpePhys.

1110
0 010
0 010 (6)
0 010

The matrix (7) depicts the case where a;; = f. It indicates that the frequency f for the
models ConcUser, ConcFunc, ConcPhys, ConcProc, and MathPhys within the employed
methodology is 1, while the frequency f for the models CompPhys and ExpePhys within
the employed methodology is 2.

)

o o o o

11
01
0 2
0 2

o o O

The matrix (8) displays the case where 4;; = ¢, indicating the temporal sequence of models
as follows: 1: ConcUser, 2: ConcFunc, 3: ConcPhys, 4: MathPhys, 5: CompPhys, 6: ExpePhys.

3
(®)

o o O
SO ON
o o o o

4
5
6

Through matrix representation and analysis, ERSA can unlock a deeper understanding
of engineering design methodologies. This powerful tool allows us to identify the starting
and ending models within each methodology. It also enables us to recognize recurring
patterns, highlighting similarities between different approaches. Furthermore, we can use
matrices to compare methodologies and evaluate which aspects of the engineering design
meta-model receive the most focus.

3.5. Phase 5—Discovering Similarities of the Methodologies

To extract similarities and striking elements in the methodologies in order to identify
and interpret meaningful patterns, trends, or insights, computation is required. Clustering
algorithms, a subset of unsupervised machine learning techniques, group data points based
on similarities. They provide a systematic way to identify commonalities and differences
among methodologies. By organizing methodologies into clusters, researchers gain insights
into the underlying structures of employed methods. Instead of analyzing an unstruc-
tured set of methodologies, coherent clusters sharing similar models can be identified.
This simplifies trend identification, best practice determination, and the recognition of
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emerging paradigms. Clustering results can prioritize relevant methodologies for further
investigation and can reveal gaps in existing research, aiding knowledge synthesis and
new research directions.

Careful consideration of data representation, algorithm choice, and result interpre-
tation ensures the validity and reliability of clustering outcomes. To apply clustering
algorithms, ERSA transform the matrices presented in Section 5 into vectors. Let us de-
note the transformation function as 7, where T represents the transformation from the
matrix A to column vector X. Mathematically, we can define this function as:

T: 2V 71° ©)

where Z*** denotes the set of all 4 x 4 matrices with integer entries, and Z!° represents the
set of all 16-dimensional row vectors with integer values.
The transformation function can be defined as:

T(A) = X (10)

where A is a 4 x 4 matrix with integer entries representing the input from phase 5, and X is

a 1 x 16 row vector with integer entries representing the output. The function T maps

each integer element of the input matrix A to its corresponding position in the output

column vector T while preserving the order of elements. Thus, the function T transforms

a4 x 4 matrix with integer entries into a 16-dimensional row vector with integer values.
For instance, the transformation of the matrix (6) is represented below (11):

=111 000 100 01000710 ] (11)

o O o o

Thus, each article in the complete collection of articles X is represented by a vector X.
All these vectors are then assembled into a matrix Y, where each row represents an article
with employed methodology and each column represents 16 models. The assembly func-
tion f operates on n row vectors (n = card(X)), each with 16 integer elements, producing a
resulting matrix Y with n rows and 16 columns. The assembly function f is defined as:

f (24)" — z¥16 (12)

(X1, Xa, .., Xn) =Y (13)

where f is the function that assembles row vectors into matrix; X; represents the i-th
row vector with 16 integer elements; and Y is the resulting matrix, also with n rows and
16 columns. The elements of Y are obtained by assembling the row vectors X1, Xp, ..., X, as
rows of the matrix Y with y;; = x;;, where y;; represents the element in the i-th row and j-th
column of Y, and x;; represents the j-th element of the i-th row vector X;.

The matrix ¥ = [yij} (14) with dimension n x 16 illustrates the assembly of the
vector X in the Equation (7).

Y11 Y12 Y13 Y14 Y15 Yie Y17 Y18 Y19 Y110 Y111 Y112 Y113 Y114 Y115 Yiie
Y=|1 1 1 0 0 0 1 0 O O 1 O O O 1 o0 | (19
Ynl Yn2 Yn3 Yna Yu5 Yne Yn7 Yn8 Yn9 Ynl0 Ynll Yni12 Ynl3 Ynld Yul5 Ynlé

ERSA comprehends the application of interactive processes for discovering similarities
based on the characteristics of the defined problem. Here, in order to discover the cluster of
methodologies, we show the adoption k-means with the elbow method among the various
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clustering processes. The dataset for k-means with the elbow method is represented by
the matrix Y = [yij] . K-means stands out for its simplicity, efficiency, and effectiveness in
many real-world applications. However, in determining the optimal number of clusters
of methodologies, k, is crucial for the success of k-means clustering. In this context, the
elbow method is a commonly used technique for selecting the optimal number of clusters
in k-means clustering. The elbow method utilizes the explained variance ratio to identify
the optimal number of clusters k. It looks for the “elbow” point on the graph representing
the explained variance ratio as a function of k, where increasing k leads to a minimal
increase in the explained variance ratio, suggesting diminishing returns in explaining
additional variance. The rationale behind this method is that adding more clusters beyond
the elbow point does not lead to a significant improvement in clustering quality. Thus,
the elbow method provides an objective criterion for selecting the optimal number of
clusters, allowing data analysts to make informed decisions based on the characteristics
of the dataset. Additionally, the elbow method is robust and intuitive. It does not rely
on assumptions about the underlying data distribution and can be applied to various
types of datasets. The elbow plot offers a straightforward visualization of the trade-
off between model complexity (number of clusters) and clustering quality (intra-cluster
variation). While k-means clustering itself is computationally efficient, the elbow method
adds minimal computational overhead.

3.6. Phase 6—Construction of the Learnings

The last phase identifies learnings that will help the design of methodologies on the
topic. These learnings should be generic and easy enough to be understood and put into
place by future researchers while they are designing their methodology. The learning
process in ERSA is currently assisted by human-based learning, where human expertise
and guidance play a central role in comprehending and processing results effectively. While
this approach allows for good understanding and adaptability, there is substantial potential
in integrating machine learning techniques to advance ERSA’s capabilities.

The next section describes the application and results obtained through the developed
ERSA process for each phase in the context of user interfaces design adapted for users in
low-income countries.

4. Application and Results

The results of each phase are described below:

4.1. Phase 1-Selection of the Baseline Articles

For this phase of ERSA process, the specificities that made the interaction for users in
low-income countries different from high-income countries are used as a starting point to
identify baseline articles. According to the literature, four criteria are specific to low-income
countries: (1) low literacy rate [30], (2) low level of computer literacy [31], (3) high rate of
multilingualism in those regions with a high number of local languages, often oral [32],
(4) and the impossibility of accessing IT tools, either for financial reasons, such as telecom
charges and the cost of acquiring and maintaining the device, or structural reasons. These
structural reasons can be because of white or poorly covered areas or the distance of the
user from the electricity network. Then there is a more general criterion: (5) the integration
of user culture into the design of user interfaces. This criterion comes into play when the
target users have a different culture than that of the design team [33]. At least one baseline
study was collected on each of the five criteria previously described, as described in Table 1.
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Table 1. List of the baseline studies in each criterion. Each article has been selected as a reference in
their respective criterion or in related user interfaces solutions to take into account the criteria.

Criteria Low-Fncome Countries Yersus Baseline Studies
High-Income Countries

In low-income countries, illiteracy is
almost three times as high as in
lower-middle and upper-middle income

1 Low li . 1 Medhi Thi 4
ow literacy rate countries. The user interfaces based on edhi Thies [34]
text are therefore not suitable for users
in low-income countries.
Low-income countries exhibit extremely
Low low levels of digital literacy. The user

i f. h . .
5 level of 1ntf3r. aces t at.assume users are Medhi Thies [34]
computer literac prof1c1ent on using a computer are
p y therefore not suitable for users in

low-income countries.

As a whole, high-income areas have low
linguistic diversity, while low-income
High rate areas have high linguistic diversity
3 of multilingualism geographically. The user interfaces Danis et al. [35]
with oral languages = made for only a few major worldwide
languages are therefore not suitable for
users in low-income countries

In around 50% of the low-income
countries, fewer than 50% of inhabitants
report owning a smartphone. Energy
access is low in poorer countries, and
increases as incomes increase. A decent

internet connection is out of reach for
Impossibility to internet connection is out of reach for 90 Blumenstock and

per cent of people in low- and
access IT tools middle-income countries. The user Eagle [36]

interfaces designed on devices that are
not used and/or requires frequent
recharging or high connection quality is
therefore not suitable for users in
low-income countries

As most user interfaces decisions are
made in high-income countries, the
need to understand the culture of the
end user is utmost important. The user
interfaces designed with the culture of
the designers’ country in mind is
therefore not suitable for users in
low-income countries.

5 User culture Heimgértner [37-39]

4.2. Phase 2—Collection of Related Articles Using Snowballing

For this second phase of ERSA process, studies that were conducted in high-income
countries were withdrawn from the selection to keep only low-income countries. The
choice was made to include in this definition the African continent, South Asia (Bangladesh,
India, Indonesia, Pakistan), and South America. A first set of articles was collected using
this strategy. A filter was also applied to keep only articles published after 2018. Figure 4
depicts the results from the Research Rabbit process [29] when given the list of the articles
collected during this phase on criterion (1), low literacy rate. Each node represents an
article, while a connection indicates that there is a citation between two articles. Some
groups of citations are formed at the top and bottom, while in the middle sits a set of
articles that are not interconnected.
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Figure 4. Results of the snowballing work from articles citing the work of Medhi-Thies [34] and being
dated from 2018 to 2023.

4.3. Phase 3—Completion of the Collection
Using the four previous lists based on the four baseline articles and the Research
Rabbit process, new articles are listed, allowing for the extension of each list, which is now
put in common for the rest of the study. The detailed number of articles collected in this

phase can be found in Figure 5.

There were 174 articles selected to form a representative set of articles on the topic of
interface design for users in low-income countries (see Table S1).
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Figure 5. The first three phases of the ERSA process applied to methodologies for interface design for
users in low-income countries. The articles cited in the phase 1 are Mehdi-Thies [34], Danis et al. [35],
Blumenstock and Eagle [36] and Heimgértner [38-40].

4.4. Phase 4-Representation of Methodologies Using Engineering Design Multilayer Attributed
Network for Computation

In this phase, ERSA process applies the engineering design meta-model. The 174 articles
were therefore put in perspective of the engineering design meta-model, which generated
174 matrices with a;; € {u, f,t} (see Equations (6)~(8)).

4.5. Phase 5-Discovering Similarities of the Methodologies

In this phase, ERSA builds the matrix ¥ = [yij] with dimension 174 x 16. The
elements of Y are obtained by assembling the row vectors X1, X», ..., X7, as rows of the
matrix Y with Yij = Xijs where yjj represents the element in the i-th row and j-th column
of Y, and x;; represent the j-th element of the i-th row vector X;. The k-means algorithm,
utilizing the elbow method, was chosen among different clustering processes in ERSA
for the application to the matrix Y = [y;j| where a;; € {u, f,t}. In this paper, we will
consider the results for 4;; = t, which yields findings that are particularly pertinent and
insightful. Fifteen clusters were found, represented in Figure 6. The clusters 1, 3, 5, 7,
9, 11, and 14 are specific to a model, while the clusters 4, 6, 12, 13, and 15 are grouping
similar methodologies. Finally, the clusters 8 and 10 only include a limited number of
methodologies.

e  Cluster 1: The 1st cluster is the most populated cluster, with 95 methodologies entering
it. It is also one of the simplest ones, since almost all the methodologies have only one
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step, except for one. Most of the articles also studied the conceptual model, except for
two that are interested in the experimental model of the physical domain (ExpePhys).
Cluster 2: The 2nd cluster is formed of 2 methodologies that both have around four or
five steps, start from the conceptual model of the user domain (ConcUser), and finish
on ExpePhys. During the process, both consider aspects of the conceptual models and
the user domain, each in a different way.

Cluster 3: The 3rd cluster is composed of 15 methodologies that, except for two, all
have one step only, on the experimental model of the user domain (ExpeUser). The
two exceptions both end on this step while starting on the physical domain.

Cluster 4: The 4th cluster is made of 5 clusters that all have around four to six steps.
The difference between this and the 2nd cluster is that while both start on conceptual
models and end on experiments, the 4th cluster is considering the computational
model of the physical domain (CompPhys).

Cluster 5: The 5th cluster is a simple cluster formed by 21 methodologies, 19 being
simple step methodologies over the conceptual model of the functional domain (Con-
cFunc). The two exceptions are no less than three steps and also take into account
ConcFunc.

Cluster 6: The 6th cluster is a cluster of 14 methodologies that all have two or three
steps and end on ExpePhys, while starting on different models but mainly on models
of the conceptual model. Most of the methodologies also consider CompPhys.
Cluster 7: Cluster 7 is only formed of one six-step methodology that starts on ConcUser,
ends on ExpePhys, and iterates over this same ExpePhys step.

Cluster 8: Cluster 8 is formed by two methodologies that start by ConcUser and the
conceptual model of the physical domain (ConcPhys). One stops here, while the other
ends with ExpePhys.

Cluster 9: Cluster 9 has 5 one-step methodologies that have interest in the mathemati-
cal model of the use domain (MathUser). It is the simplest cluster, the only one having
all its methodologies being one step.

Cluster 10: Cluster 10 has 2 three-step methodologies that both consider CompPhys
and ConcFunc, while adding a step in the conceptual model before or after those
two steps.

Cluster 11: Cluster 11 is only formed of one eight-step methodology that iterates three
times over ConcPhys and CompPhys before ending on the mathematical model of the
physical domain (MathPhys) and ExpePhys.

Cluster 12: Cluster 12 is composed of 3 methodologies that consider three to four
steps, all ending on ExpUse. Two have just before considered MathPhy and ConcPhy.
Cluster 13: Cluster 13 has 3 two-step methodologies that all end on MathUser. Two of
the three start on ConcUser, while the last one starts on the conceptual model of the
process domain (ConcProc)

Cluster 14: Cluster 14 is composed of only one methodology. It is the longest with
17 steps and highly iterative, and it has already been identified in the previous phase.
Cluster 15: The last cluster is formed of 3 methodologies that all consider ConcPhys
while being no more than two steps long.
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Figure 6. Representation of the 15 clusters using a multilayer representation.

Several emerging patterns resulting from cluster analysis and data processing are the
following:

e  Clusters with one-step methodologies: The clusters n°1, 3, 5, and 9 are part of this
first family. The research articles present in those methodologies do not propose
a true methodology, since they focus only on one part of the design work. The
high number of methodologies could be explained by the fact that the algorithm has
tried to group together methodologies that were heavily focused on one model of
the engineering design meta-model: the 1st cluster revolves around the conceptual
domain of the user model (ConcUser), the 3rd cluster is focused on the experimental
model of the user domain (ExpeUser), the 5th cluster is interested in the conceptual
model of the functional domain (ConcFunc), and the 9th cluster is composed only of
one-step methodologies that consider the mathematical model of the physical domain
(MathPhys).

e  Clusters with two to five steps: The 4th, 6th, 12th, 13th, and 15th clusters are part of
the second family. This family of clusters shows similarities to existing methodologies;
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for example, the 4th cluster is similar to the UCD methodologies: the methodologies
developed in this cluster start by learning about the users but also working on the
specifications the end product should have. Finally, a product is developed and is
tested. The 6th cluster is more likely to represent one sprint in the context of a SCRUM
framework [40]; this small part of a project allows the final product to be more suited
to the command instead of basing the whole process on one version of the product.
The 15th cluster is similar because the methodologies found in this cluster propose a
user interface without testing it. These small iterations can also be found in the 13th
cluster, although it is more oriented toward MathUser. The 12th cluster, however, was
more likely to experiment with the end users instead of testing a product.

Clusters with only one methodology: These clusters form the third family. The
clusters with only one methodology (the 7th, 11th, and 14th clusters detailed in
Section 3.6 are populated with long methodologies that show specific approaches
while retaining aspects of UCD methodologies: the users are usually a focus of interest
at the start, and an experiment is conducted at the end of the methodology. These
methodologies being conducted in different contexts, and requiring a different number
and types of iterations, are in the end very different, which is why the algorithm has
ranked them into different clusters. The 2nd cluster is of similar shape, but of medium
length, which has allowed us to group together two similar methodologies.
Exceptions or original methodologies: The 8th and 10th clusters are methodologies
that are exceptions, in the sense that they are mainly focused on the conceptual model
without testing the solution proposed. In this sense, they hardly follow an existing
methodology.

Identification of single-step methodologies: 75.8% (132 of 174) of the methodologies
are single-step methodologies. These articles include interventions in a general topic
such as a mode of interaction or a specific study of digital adoptions in certain regions.
Identification of the most commonly utilized models as an initial step: 82.9% (34 of
41) of the multiple-step methodologies have a first step that is part of the conceptual
model. Moreover, 51.2% (21 of 41) of the process methodologies have a first step that
is part of the user domain. This means that overall, researchers were more likely to
obtain knowledge about the end users in an abstract way before diving into more
concrete aspects.

Identification of models frequently utilized as the final step: 65.9% (27 of 41) of the
process methodologies end with a step that is part of the physical domain. Moreover,
70.7% (29 of 41) of the process methodologies end with a step that is part of the
experimental model. This shows that there is a will on the researchers’ part to test out
the user interface (physical domain) as the final part of their methodology. All the
methodologies that ended with the experimental model have put in place experiments,
such as about the user interface they developed, the product they tested, or a strategy
they needed to test out. In the context of user interface design, experimentation is a
crucial step, since it forms the testing of the newly developed interface.

Iterations: 22% (9 of 41) of the multiple-step methodologies presented iterations,
meaning that the methodologies went back to a step that was previously developed.
Of these iterations, 55% (5 of 9) happened over the computational model of the physical
domain and the experimental model of the physical domain (CompPhys -> ExpePhys).
All five of these iterations were conducted over different versions of a user interface,
making it possible to carry out heavy testing on the interface developed, with each
new version trying to improve the previous one.

Conceptualization of design methodologies: In their article, De Silva et al. [22]
adapted the Design Science Research methodology theorized by Hevner [41] for
specificities of interface design for users in low-income countries. The specificities
taken into account on the methodology are to enable collaborations at different times
and locations. The result is a six-step methodology that is highly iterative, and where
each step has their identifier, which is numbered according to the iteration number
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ConcUser
MathUser
CompUser
Expelser

associated with each step. According to the authors, they “strongly recommend this
model for any large and complex research project aiming to develop an artifact”. From
the 174 research articles, it is the only one that put such a focus on the methodology.

e  Coverage of the meta-model: Matrix (15) sums up the coverage of the models by the
process methodologies; for example, over the 41 multiple-step methodologies, 58.5%
covered the ConcUser model. The sum of percentages for the models is greater than
100% because each methodology covers more than one model. The models never
encountered were MathFunc, MathProc, CompUser, CompFunc, CompProc, and
ExpeProc. Considering the focus of the application on the design of interfaces adapted
for users in low-income countries, it makes sense that aspects such as the knowledge
of the end users (ConcUser) and aspects of the features of the app (ConcFunc) are
more developed than mathematical or computational models because of the nature
of the topic, which is more likely to focus on the understanding of the users or the
solution proposed in a conceptual way.

ConcFunc  ConcPhys  ConcProc 5896 18.50% 13.87% 4.62%

MathFunc ~ MathPhys ~ MathProc| _ | 5.20% 0% 1.73% 0% (15)
CompFunc CompPhys CompProc 0% 0%  15.61% 0%

ExpeFunc  ExpePhys  ExpeProc 12.14% 1.73% 16.18% 0%

4.6. Phase 6—Construction of the Learnings
The developed process has led to the generation of the following key learnings.

e Learning n°1 (Core models inclusion)-The analysis reveals that conceptual and exper-
imental models are prominently featured across most clusters. Notably, the 9th cluster
diverges by excluding both models. Additionally, despite the widespread prioritiza-
tion of the conceptual and experimental models, the utilization of the mathematical
model remained surprisingly low.

e Learning n°2 (Adapting iterative strategies)—The analysis demonstrates that the
most common strategies include iterative processes, especially involving the physical
user interface design and subsequent testing. This adaptation enables continuous user
feedback when initial models are incomplete. Despite the potential benefits of iterative
methodologies, the results highlight that research articles from low-income countries
exhibit a low rate of iterations. This may be explained by the challenges associated
with field testing and distance from end users.

o Learning n°3 (Incomplete modeling)—The analysis indicates that the methodolo-
gies examined in this study fail to fully incorporate all models of the engineering
design meta-model. Indeed, none of the 15 clusters included all the models. This
result underscores the incompleteness within the field and a gap in current research
methodologies.

e Learning n°4 (Mathematical Modeling Gap)—The analysis exposes a reluctance in
adopting mathematical modeling. Among the clusters analyzed, only clusters 2 and
13 employ the mathematical model. The results suggest that designers may be limited
in their ability to take advantage of the enhanced precision, predictive capabilities,
optimization potential, and validation opportunities afforded by mathematical models.

e Learning n°5 (Community-based Design)—The analysis suggests a transition from
user-based design to community-based design. To better addresses local cultural needs,
the results show that it is preferable to focus on, or conduct, studies on community-
wide studies rather than individual users.

e Learning n°6 (Real-time dynamic solutions)—The analysis outlines the importance
in incorporating cultural sensitivity across multiple cultures. The physical models
should not exclude users due to socio-economic and literacy disparities. The results
reveal that designs should be tested in real-time using dynamic solutions to ensure
they meet the varied capacities and computer literacy levels of users.
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e Learning n°7 (Versatility)—The analysis allowing for identification of 15 clusters,
demonstrating the diversity of the methodologies employed. The results show that
including varying levels of literacy, computer literacy, and potential future literacy is
crucial to make designs of user interface versatile. More than in any other context, the
results suggest that designers should correctly include users in all phases.

e Learning n°8 (Model-based Interface design)—The design of an interface can be seen
as a process of building engineering models from the user domain to the process domain.

5. Discussion and Limitations

The study presents a new approach to analyzing design methodologies for inclusive
user interfaces in low-income countries. ERSA, formally defined as a system of interactive
processes, allows for dynamic learning and developing design methodologies for inclusive
user interfaces in low-income countries.

The ERSA process applied to Orange allowed for a comprehensive examination of the
characteristics, patterns, and implications of different design methodologies, contributing
to a deeper understanding of design practices in inclusive user interfaces for low-income
countries.

The results indicate that although design methodologies vary, common principles and
practices support effective design processes across different contexts. The presence of both
simple one-step methodologies and more elaborate, iterative approaches highlights the
need for versatile design strategies to accommodate diverse needs and constraints. The
widespread occurrence of single-step methodologies suggests a common tendency to focus
on specific aspects of the design process, potentially overlooking broader considerations.

The findings indicate that researchers prioritize user-centered design principles, usabil-
ity testing, or cultural adaptation. The presence of iterative approaches and experimentation
in design methodologies reflects a commitment to user-centered and iterative design prin-
ciples, which, though essential for ensuring the effectiveness and usability of solutions,
highlight the challenges in achieving convergence toward optimal solutions.

Conceptual and experimental models are central to user-based design methodologies,
while mathematical models are poorly represented, and computational models are uniquely
used in the physical domain. While computational modeling techniques exist for certain
aspects of interface design, they are not utilized in design practices for inclusive user
interfaces in low-income countries, neither for the user domain, functional domain, nor
processes domain. Surprisingly, computational predictive modeling of user behavior
is lacking.

The results indicate that designers may be hesitant to adopt computational modeling.
While computational modeling can offer numerous benefits, it also comes with its own
challenges, including the complexity of developing and implementing models, integrating
them into the design process, and interpreting the results. Indeed, computational modeling
is complex and technically challenging. This perceived complexity may discourage design-
ers from incorporating computational modeling into design processes, opting for simpler
and more familiar methods instead.

The rather large absence of mathematical models can also lead to a deficiency in
computational modeling within the context of interface design. Mathematical models can
enable designers to quantitatively describe and analyze various aspects of interface design,
such as user behavior, interaction patterns, and usability metrics. Without these formal
mathematical representations, it becomes challenging to systematically analyze and predict
the performance of interface designs. In addition, without appropriate mathematical
models, designers may lack the necessary tools to systematically evaluate the effectiveness,
usability, and user satisfaction of interface designs. Mathematical models enable the
integration of advanced techniques, such as machine learning, data analytics, and predictive
modeling, into interface design. Without mathematical frameworks for representing and
analyzing data, designers may be limited in their ability to utilize these advanced techniques
for inclusive user interfaces in low-income countries.
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Designers often use intuition, creativity, and user feedback to iteratively refine and
improve interfaces. Inclusive interface design involves subjective elements related to
aesthetics, usability, and human perception, which are challenging to quantify and model
computationally. While mathematical and computational models can provide valuable
insights into many aspects of interface design, they may not capture the full richness and
complexity of human-centered design.

In this context, our findings reveal the importance of adopting more holistic ap-
proaches. They suggest that user-based design methodologies, mathematical models,
computational models, and experimental models can be defined and theorized together.
Future research could explore additional factors influencing the effectiveness of design
methodologies in low-income countries, such as diversity of cultural norms but also the
dynamic evolution of these countries. In this context, computational design can be used to
assist designers in predicting the future of interfaces for low-income countries.

While the learning process in ERSA currently relies on human-based learning, there
is recognition of the significant potential in integrating machine learning techniques to
improve ERSA’s capabilities. This transition toward machine learning can be seen as a
future direction toward developing more objective learnings.

The ERSA process has only undergone testing within the topic of design method-
ologies for interfaces adapted for users in low-income countries. While its efficacy has
been demonstrated in this specific context, its transferability to other topics remains open.
However, the generic approach of the snowballing process, the flexibility of the engineering
design meta-model over different product methodologies, and the similarity of the construc-
tions of research articles suggest that the process could easily be used in other contexts.

6. Conclusions

The ERSA process developed in this article proposes a new approach to construct
learnings from the literature by using both a collection of research articles regarding a topic
integrating design methodologies and an analysis through both algorithmic clustering
and data processing. By aggregating and analyzing the methodologies conducted by the
research articles, the systematic approach allowed for the creation of learnings from the
literature on the topic of methodologies to, in our case, design interfaces adapted for users
in low-income countries.

The learnings gained from the application of the process on the topic of design method-
ologies for interfaces adapted for users in low-income countries will also enable researchers,
designers, and engineers who want to construct design methodologies that suit their context
of work, independently of the low-income country that is targeted.

Our findings indicate the importance of adopting more holistic approaches. Particu-
larly, they suggest that user-based design methodologies and computational design can be
defined and theorized together.

This process could be used on other topics that focus on design methodologies descrip-
tions to extract learnings from a set of research articles, applying design methodologies in
their works. The proposed ERSA process is opening new opportunities for data collection
in any engineering-related field, allowing researchers to gather information using existing
the methodologies of research articles. Because of these three factors—the adaptability
of the snowballing process, the flexibility of the engineering design meta-model, and the
structural similarities found in research articles—the described process could be effectively
utilized in diverse contexts beyond its original application.

Supplementary Materials: The following supporting information can be downloaded at: https:
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topic of interface design for users in low-income countries.
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