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ABSTRACT

Software varies in the domain and has different target users. Also,
it is not possible to predict all users’ requirements at the system de-
velopment stage. This situation sheds light on the need to support
end-users to adapt their applications to cope with new demands.
End-User Development (EUD) is a research area that intends to
permit end-users to perform activities beyond application usage.
Such activities may involve software tailoring. Considering this,
we aim to map EUD towards supporting software with tailoring
capabilities. To achieve this goal, we conducted a literature review
using a snowballing procedure on the subject, and we found 42
studies in the time range 1997-2020. We analyzed the topic’s devel-
opment in terms of concepts, methodologies to building tailorable
software, tools, and we treat issues and implications of tailorable
systems development. Finally, we present future works to research
and develop tailorable systems based on gaps and opportunities
identified.
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1 INTRODUCTION

Software artifacts vary in the domain and have different target
users!. As a general goal, the software attempts to meet the user’s
needs. However, during its use, as the users gain proficiency in
system usage, unexpected necessities might unfold. This scenario

!In this paper we consider the words user and end-user as synonymous
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points out the need to enable users to adapt their applications to
cope with new demands.

Considering the perspective above, researchers have studied
approaches to empower end-users to tailor the software to their
needs (tailoring is the term employed to describe the activity of
modifying an application to meet some using context of the user
[35]). These studies refer to End-User Development (EUD) topic, and
most of them have been developed within the Human-Computer
Interaction (HCI) field [5].

EUD is formally defined as a set of methods, techniques, and
tools to allow users of software artifacts that are not professional
developers, at some point to create, modify, or extend the software
[37]. The seminal studies of this research field date to the nineties.
Nardi [43] coined the end-user programming term to describe a set
of advanced activities that software users can get involved with.
These activities may encompass simple customization actions such
as changing the color or font size or more sophisticated ones as
creating new features during the software use.

Empowering users to perform the activities mentioned above
involves letting them do this at design time and during software use
[20]. At this point, it helps to distinguish between design time and
use time, following the definition stated by Fischer and Giaccardi
[24]: at design time, system developers create environments and
tools to meet the users’ requirements. At use time, in turn, users
use the system.

The studies in EUD topic raised some issues concerning the
development of software with tailoring capabilities. For instance,
the trade-off between flexibility and usability. Another concern is
to make users aware of the parts of their applications that can be
modified in use or how to enhance communication between system
developers and end-users.

Advances in technology make it possible to develop more dy-
namic applications in which users can be provided with such tai-
lorable resources. Nowadays, specific web programming frame-
works or libraries, as ReacthZ, and VueJS3, can be employed in this
context. These new possibilities ground the interest to investigate
how the research community has approached tailorable systems
development.

To delimitate our research to EUD towards developing software
with tailoring capabilities, we defined our research in terms of How
the research field has been evolving to support tailoring software by
end-users. Additionally, we are interested in identifying concepts,
methods, opportunities, and difficulties within tailoring-featured
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applications. We then conducted a literature review using a snow-
balling procedure on this subject, and we found and analyzed 42
papers dealing with tailoring software within EUD topic.

As part of our results, we analyzed the selected studies’ contri-
butions. Then, after a textual analysis, we organized the research
topics into four periods encompassing concepts, approaches, and
requirements for developing tailorable software, and associated
technology. This contribution can aid novice researchers in rec-
ognizing the field in terms of authors, approaches, and concepts.
Another contribution of this study reflects future works for soft-
ware development with tailoring features research raised from the
studies’ outcomes observed.

To present the research done, the remainder of this paper is
organized as follows. Section 2 briefly presents the fundamental
concepts that anchor this research. Section 3 details the review
strategy followed in our snowballing procedure. Section 4 presents
the analysis of the results found during the study. Section 5 presents
a discussion about our results key points and presents gaps and
opportunities observed, and the study’s limitations. Section 6 dis-
cusses works most related to ours. Finally, Section 7 presents our
conclusions and future work.

2 BACKGROUND

At design time, system developers aim to gather information to de-
velop applications that meet the users’ needs. The task of collecting
information cannot handle all of them. The requirements for new
demands emerge as users get familiar with their daily applications,
and because of this, the system must evolve [25].

EUD is a research field focused on such studies and for empow-
ering users to create and adapt their applications according to their
needs [37]. EUD intends to make the users able to customize, modify,
or extend software artifacts. Therefore, it is essential to differentiate
customization and modification. Lieberman et al. [37] defined these
terms as follow.

o Customization: this category encompasses the activities that
allow users to choose predefined systems behaviors. Actions
such as change the color font, font type, or other properties
are examples of customization. These changes can occur
by an explicit user action or as a system response to a user
action, such as in responsive applications.

o Modification: modifications are actions that imply in create or
modify the software. Visual programming, programming by
demonstration, macros, and script languages are examples
of approaches in this category.

Another aspect within EUD involves the learning cost of a pro-
gramming language and its scope of use. Fig. 1 shows a mapping of
this cost proposed by Fischer et al. [25]. In this mapping, the cost
and scope range from high to low. Programming languages such as
Java and C++ are set with a higher scope and cost. The EUD ideal
context is the one in which a language combines the high scope
and low cost.

Over time, as End-User (EU) researches evolved, two more EU-
related topics were defined to distinguish the different concerns in
activities performed by end-users. Hence, End-User Programming
(EUP) and End-User Software Engineering (EUSE) were introduced.
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Figure 1: Learning cost of programming languages. Adapted
from Fischer et al. [25].

EUP relied on approaches that involve end-users in programming
activities, so it is roughly related to ideas proposed by Nardi [43].
EUSE, in its turn, is focused on activities carried out to guarantee
the quality of the code created by end-users [36]. EUD has taken a
broader meaning, covering methods, situations, and social-technical
environments to empower users to craft software artifacts and being
independent of high-tech scribes [23].

In this work, we sought EUD studies covering concepts, ap-
proaches, tools related to the situations in which end-users can
tailor their applications. It may include theoretical investigations
or investigations aiming to build a tool, for example. Therefore, it
is essential to consider that tailoring is referred to in the literature
in different ways; as Costabile et al. [9] observed, actions of adapta-
tion, customization, personalization, extension, etc., are regarded
as tailoring activities.

3 METHODOLOGY

This study was carried out by following the Snowballing procedure
for the literature review proposed by Wohlin [49]. Snowballing
involves defining a set of initial studies and rounds or iterations
of backward and forward steps. In the backward step, the paper’s
reference list is considered. The forward step encompasses the
analysis of articles citing the paper under evaluation. Both steps
are unrolled to seek additional papers. Each new paper found is
pushed in a pile for the next round of forward and backward steps.
The process ends when no papers are added to this pile.

The choice for the snowballing procedure relies on the fact that
we found a recent literature review encompassing EU topics. Bar-
ricelli and colleagues’ [5] employed a literature review, and their
study encompasses EUD, EUP, and EUSE studies. Therefore, we
decided not to replicate its methodology because we were explicitly
interested in EUD studies. Hence, we choose snowballing to seek
additional papers on the topic.

Before starting the snowballing procedure, we defined our study’s
research question and topics to analyze during the papers’ scrutiny.
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3.1 Research Question

This study’s primary goal is to provide an overview of tailoring
software by end-users within End-User Development (EUD) topic.
Thus, we defined the following research question:

How EUD has been evolving to support tailoring software by
end-users?

By answering this question, we aimed to identify how studies
have been evolved in terms of concepts, methods, tools, opportuni-
ties, and difficulties researchers have been going through to build
applications with tailoring features.

3.2 Snowballing procedure

The snowballing procedure’s first step is to define the initial set of
studies to start the procedure. Following the rules stated by Wohlin
[49], to avoid bias in favor of any specific publisher, we used Google
Scholar to define the initial set of studies. We searched for EUD
studies on Google Scholar, and we found a secondary study on
the End-User Development topic conducted by Barricelli et al. [5].
We analyzed this study’s reference list to determine the initial set
of papers to start our literature review, employing snowballing.
According to Wohlin, although there is no recipe to define the
initial set of studies, a helpful approach is to select highly cited
papers in the area. Hence, based on this characteristic, we selected
the following studies to compound our initial set:

P1: Fischer, G., & Giaccardi, E. (2006). Meta-design: A frame-
work for the future of end-user development. In End user
development (pp. 427-457). Springer, Dordrecht.

P2: Lieberman, H., Paterno, F., Klann, M., & Wulf. (2006).
End-user development: An emerging paradigm. In End user
development (pp. 1-8). Springer, Dordrecht.

P3: Fisher, G., Fogli, D., & Piccinno, A. (2017). Revisiting
and broadening the meta-design framework for end-user
development. In New perspectives in end-user development
(pp. 61-97). Springer, Cham.

The third study has not a high citation score. However, we de-
cided to include it in the starting set due to its scope. This study
broads the discussion addressed by the first high cited study.

3.2.1 Selection Strategy. To conduct our literature review, we de-
fined the exclusion and inclusion criteria as follows.

Publications that met any of the following criteria were excluded
from the review:

e Duplicated papers.
e Studies that are not written in English.
e Ph.D. or Master dissertations.

The inclusion criteria are:

o Studies must be published in the Computer Science area.

e Studies must address EUD and/or terms related to tailoring
software by end-user.

o The time frame considered is 1997 - 2020.

We defined the beginning of the time frame range, taking into
account the fundamental work in tailoring activities published by
Merch [41] and ending the time frame range by the year in which
the review was carried out.
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3.2.2 Conducting. After defining the starting set, we conducted
the backward and forward steps seeking additional papers related
to the research question. Hence, considering the set of papers being
analyzed, we checked their reference list in the backward step. We
excluded papers that do not fulfill our inclusion criteria. Follow-
ing this, we removed papers from the list that have already been
examined in previous iterations. We then analyzed the title, publi-
cation venue, authors, and the most relevant parts of each paper
to decide whether they should be included or not in a pile for the
next iteration.

In the forward step, we identified new papers based on the papers
citing the paper being examined. We considered the information
provided by Google Scholar, and we checked the papers similarly as
approached in the backward step. Each selected paper was included
in a pile for the next iteration of backward and forward steps. The
process ended when no new papers are included.

To address our research question and select studies adhering to
it, we only selected studies that met at least one of the following
criteria: (i) present systems architectures that allow customization
or modification by end-users; (ii) address significant concepts for
tailoring software development; and (iii) present methodologies or
frameworks for tailoring software development.

We started to carry out our review at the end of 2019. During
the time required to conduct all the analyses, we also decided to
include papers published in 2020. From the starting set, a total of
four iterations were performed until no new papers were found. In
the first, second, and third iterations, we added 31, 7, and one study,
respectively. In the fourth iteration, no papers were added, and
the snowballing procedure was concluded. Thus, 42 publications
were selected. Fig. 2 illustrates the performed iterations from the
snowballing process. Note that considering the three papers in
the starting set in the first iteration, we found 13 new studies in
the backward step and 18 new ones in the forward step. Thus, 31
publications compounded the set for the subsequent iteration. The
process lasted until no papers were found.

These studies address End-User Development towards tailoring
software or related terms to this subject. Table 1 shows the selected
papers ordered by year. Studies from Barricelli et al. [5] and Maceli
[38] are also systematic reviews. We found and decided to maintain
them during the snowballing iterations due to their contribution
and because they differ from this study in scope. The section 6
discusses these works.

After identifying and collecting, papers were independently as-
sessed to identify the work’s overall purpose and main contribu-
tions. We employed a textual analysis used in the open codification
phase from the Grounded Theory [8] for each paper’s full-reading.
This approach helped us to define and group concepts and patterns
we found during the process. Thus, we realized that it was possible
to organize the studies into four periods due to similar patterns
found. This analysis allowed us to define each period’s label (see
Section 4).

In this sense, the studies in the first period present terms most
related to tailoring and show the researchers’ effort to (re)think
methodologies or develop new ones to involve end-users in the
software planning. The second period has studies discussing issues
related to system performance, users involved in the use of such
systems, and their activities and approaches that may be helpful in
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Figure 2: Amount of selected studies per performed iteration

tailorable systems design. The same is true for the two subsequent
periods. The period’s label tries to catch the central aspects observed
in the studies within the timeframe.

Table 1: Selected papers per year

Year Selected papers Year Selected papers
2000 | [42] 2011 | [7]
2001 | [50] 2012 | [14] [29] [31] [40]
2002 | [17] 2013 | [30] [39] [44] [45]
2003 | [9] 2014 | [2] [6] [47]
2004 | [25] 2015 | [16]
2005 | - 2016 -
2006 | [10] [18] [24] [37] 2017 | [3][23] [38]
2007 | [4] [11][12] [19] [20] || 2018 | [1]
2008 | [13] [28] 2019 | [5]
2009 | [27] 2020 | [15][22][32][33][34]
2010 | [21] [46]

4 RESULTS

In this section, we discuss the analysis carried out on the 42 selected
papers. Afterward, as mentioned before, from our textual analysis,
we decided to organize our results as a four periods featuring the
studies’ outcomes. Then, we labeled the periods based on the con-
tribution recognized from the group of studies belonging to each
trend.

Fig. 3 illustrates these periods of EUD studies. We named the
trends as Emerging needs for tailoring, Designing of tailorable
systems, EUD environments, and Broadening EUD concepts. Below
each period in the image, we summarize terms from the studies
in the period. In each subsection, we present figures to illustrate
central concepts from the periods.

4.1 Emerging needs for tailoring (2000-2004)

A glance at the studies that belong to this trend shows the re-
searcher’s effort to define the purpose of tailoring actions, build
approaches to enable users to adapt their applications, and make
them aware of tailoring functions.

The intent of developing applications with tailorable capabil-
ities raised from reasons such as the impossibility of gathering
all user needs at design time. Technology evolution also brought
new opportunities for users to get engaged and for designers to
develop their applications. Thus, technologies that emerged in the
so-called web 2.0 enabled users to interact with others or take place
as content producers.

Taking advantage of all the new opportunities implied a change
towards new models, methodologies, and programming languages.
In this context, this trend encompasses studies that reveal the au-
thor’s endeavor to foster the understanding of tailoring activities
definition and involve users in meaningful actions, such as design-
ing or tailoring their daily software. This scenario also reveals some
issues and implications to accomplish such development.

A shared vision from this trend is that the distinction between
users’ and developers’ roles started to get blurred due to ongoing
changes in the relationship between users and applications, and
users and content. However, the authors noticed that although users
could perform meaningful activities, they were not likely to engage
in programming activities. Hence, tailoring was said to encompass
actions to modify the system during its use by means that do not
involve writing codes [42].

Morch and Mehandjiev [42] set tailoring as a long-term col-
laboration between the system’s developers and users. This col-
laboration is mediated by the application’s interface, which tells
the users which action they can take. Thus, to enable tailoring,
the authors argued that the model from which an application is
developed should be closer to users’ tasks. Hence, they proposed
systems multiple representations and applications units to fill the
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Figure 3: The four periods of EUD studies

gap between user-oriented representations and the application’s
underlying code.

These representations are part of the software that users may
match in order to tailor their applications. So, they represent com-
munication paths from where the users can realize which actions
they may consider for modifying the software. One important is-
sue, as the authors reported, is to maintain the system congruence
between different parts of the system.

One fundamental work in this trend addressed the changes men-
tioned previously to reconsider software development practices.
Regarding to design and use of tailorable software, Dittrich et al.
[17] claimed that they should not be regarded as two separate and
sequential activities but rather as overlapping and intertwined per-
spectives. So, they advocated for researchers to take the participa-
tory design beyond stakeholders’ involvement at design time. They
called it to design for change. From this perspective, the software
design must be an ongoing collaboration among the developers
and stakeholders involved in the software use. In this sense, this
work highlighted implications for the participatory design and
its methods and tools for tailoring software during its use. It also
highlighted the importance of the continuous interaction among
the actors involved in the development, whether they are users or
professional developers.

As essential as having tailoring functionalities is making them
available for users. An additional concern raised in the studies is
designing the application from which users can be aware of tailor-
ing functions. To cope with this demand, Wulf and Golombek [50]
established direct activation to allow the user to access tailorable
systems functions. In this concept, a function’s tailorable param-
eters are displayed close to the function’s visual representation.
Thus, users can note the tailorable function and recognize which
results achieve from it.

Two works approached means to aid users’ involvement in signif-
icant activities in light of the increased need for tailoring software.
Costabile et al. [9] reported the Software Shaping Workshops (SSW)
to support tailoring driven by users and then led to the concept
of system co-evolution. The SSW allows users to collaborate with
design teams to build applications to their needs.

Fischer et al. [25] presented the meta-design framework. This
framework stands for an important proposal for EUD environments.

Indeed, we realized its importance based on the number of stud-
ies that consider it a baseline to create environments for users
to perform design activities. Meta-design characterizes objectives,
techniques, and process to users act as designer of their systems
[25].

4.2 Designing of tailorable systems (2005-2009)

Systems with tailoring capabilities require attention to issues that
vary from tech aspects to communication among the different stake-
holders. The goal of a EUD-like interface is to let the users adapt
systems at a level of complexity appropriate to their individual
skills thus, taking the systems from easy to use to easy to develop
[37]. The studies from this trend discussed such issues. They also
provided implications and employed methodologies to cope with
them.

Regarding tech aspects, Dittrich et al. [18] reported five issues
that system developers must be aware of in this subject. They are
usability, decide what parts of the system must be adaptable (and
how to design for it), system performance, software engineering
for end-users, and how the software development changes with
tailoring.

The tailoring interface’s usability plays an essential role once it
represents the higher abstraction of the actions. The tailorable parts
of the system have to match a user perspective on the domain. Here,
we can establish a possible approach to cope with this issue that
may rely on Baranauskas and Neris’ study [4]. Regarding the differ-
ent people, interests, domains, and contexts diversity, the authors
proposed using design patterns to support the design of tailorable
User Interfaces (UI). This work presents an interesting approach
regarding its contribution. The authors explored a set of interaction
patterns suitable for the design of flexible applications. As a result,
they classified these patterns according to the semiotic ladder. This
classification may help developers to construct applications with
tailoring features regarding different domains and contexts.

The second issue addressed by Dittrich and colleagues is related
to what should be adaptable or not in the software. According to the
authors, take this type of definition requires the full understanding
of the user’s domain. Also, user feedback is important to define
the tailorable parts of the software. For this issue, we can also
relate another study from this trend that may represent a probable
approach to handle it. The study published by Costabile et al. [11]
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employed a methodology that, among other goals, aims to improve
the communication and feedback exchange between users and the
developers’ team in the context of tailoring software development.

Another issue about tailorable systems is their performance.
Many design techniques that provide flexibility and tailorability
reduce system performance [18]. Unfortunately, the studies do not
deepen this issue. From our perspective, it requires more investiga-
tion.

The fourth and fifth issues concern the software documenta-
tion and the changes in software development methodologies that
the tailorable applications imply on developers teams. The former
intends to cope with the users’ fear to perform tailoring actions.
From documented software, users’ may feel safer in conducting
such activities. The latter addresses how the industry changed in
terms of methodologies to support the development of tailorable
software.

Software development usually involves stakeholders from dif-
ferent skills and knowledge. Software engineers, HCI experts, and
end-users are examples. Naturally, each one of them has an under-
standing of the system. This situation raises some communication
gaps. From this trend, we can relate two more studies due to their
contributions.

Regarding the diversity of users involved in EUD environments,
Fischer et al. [28] and Costabile et al. [13] established frameworks
that describe the different types of participants developing and
designing the tools they use. In a similar intent, the study men-
tioned previously, conducted by Costabile et al. [11], addressed
the communication among different stakeholders engaged in such
environments. In another study, Costabile et al. [10] and Costa-
bile et al. [12] presented an approach to cope with users’ diversity
by employing a HCI model to develop a visual interactive system
for medical domain. These papers are complementary in terms of
coping with users’ diversity and communication.

By conducting a case study, Dorner et al. [19] explored the de-
velopment of an EUD tool for small and medium entreprises (SME).
The authors interviewed several employees aiming to understand
the dynamic of adapting software by end-users. As a result, they
presented a set of problem types (e.g. usability problems, functional
problems) identified during the study, and the strategies applied to
solve them.

Three studies adressed the meta-design and the Seeding, Evolu-
tionary Growth, and Reseeding (SER) model. This model consid-
ers system design as a three-phase activity: Seeding, Evolutionary
Growth, and Reseeding framework in this trend. Fischer et al. [27]
present guidelines for using meta-design to build systems. Fischer
[20] and Fischer and Giaccardi [24] reflected on the socio-technical
environments and the meta-design adoption through challenges
and opportunities for the framework.

4.3 EUD environments (2010-2014)

Many solutions have been proposed with the intent to empower
end-users to craft their applications. As the main feature, this trend
encompasses studies approaching the development of solutions to
make software usage more flexible. This trend also contains studies
reflecting EUD environments for web and mobile solutions and
types of roles and activities performed by end-users.

Correa and Silveira

In general, the works concern mashups and domain-specific
solutions, e.g., e-government services. Regarding the issues dealt
with, the tools try to approach communication gaps pointed out
by Costabile et al. [11] or the system congruence in tailorable tools
addressed in the second trend.

Schwartze et al. [46] explored the concept of interface models to
describe users’ interfaces and their constraints. The models with
solver support enable the interface to be adaptable in response
to users’ actions. These constraints’ goal is to ensure the system
congruence when the users are performing tailoring actions. Simi-
larly, to construct more flexible interfaces, Neris and Baranauskas
[14] employed a participatory design approach to explore rules and
constraints to develop a social network system solution. In their
study, a framework for the design of a flexible interface (PluRaL)
was employed. The users’ participation in design time helped define
the possible interfaces, and their flexible behavior was formalized
in norm-based structures.

A set of works also investigated EUD applications using mashups
or other techniques that enable end-users to perform their cus-
tomization actions. Cappiello et al. [7] explored mashups’ develop-
ment, i.e., applications based on components’ compositions. In the
pursuit of this, the authors developed the DashMash platform, an
application aiming to demonstrate mashup potential. This study’s
main issue is to make the mashup process easy for end-users to
compound the application.

Two studies employed a meta-design approach to enhance e-
government services. Fogli [29] and Fogli and Provenza [31] devel-
oped a solution to enable domain-experts to build employees’ and
end-users’ applications. Both studies are useful examples of how
to create and apply a meta-design approach. Although the stud-
ies’ target was specific e-government services, the methodology
employed can be derived for other domains.

One more work published in this time frame concerned e-govern-
ment applications. Fogli and Piccinno [30] analyzed the usability
issue inherent to EUD activities towards software development
to end-users. As a case study, the authors used the application
developed by Fogli and Provenza [31].

Pantazos et al. [44] explored EUD features from Information
Visualization (InfoVis) applications. They evaluated a set of the
most popular InfoVis tools in predefined visualizations and the
offering resources for visualization customization. Other studies
presented guidelines to support EUD’s environments [39, 40].

Regarding the actions in which a user can commit when con-
ducting tailoring activities, Cabitza et al. [6] built an interesting
taxonomy. This classification allows us to discern situations in
which usability is most pursued.

The authors also specialized public EUD into inward EUD and
outward EUD. Inward and outward specializations encompass situ-
ations in which the users tailor artifacts for a community they also
belong to, or external communities, respectively. This classification
is useful to understand the usability issue when outward EUD is the
focus. Indeed, when performing individual EUD, one may concern
with functionality rather than usability. Conversely, usability is
likely desirable when performing outward EUD.

The remaining papers in this trend addressed EUD environment
topics, such as cultures of participation [21], participatory design
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[14], guidelines to support end-users customization, a study pre-
senting EUD approaches for web, and mobile solutions [45].

4.4 Broadening EUD concepts (2015-2020)

The EUD research field has increased once the evolution of technol-
ogy tools introduced new possibilities for users to shape systems in
use. This trend’s primary outcomes are expanding concepts related
to EUD, addressing EUD-like approaches for Internet of Things
(IoT) and web applications, and presenting some improvements in
mashup applications development.

Ardito et al. [1] reflected on system properties valued by end-
user when performing EUD activities and showed that the users
are focused on supporting the tasks they are performing. By evalu-
ating an application with users, their study has reported significant
findings addressing tailorable systems’ development. An important
outcome is that the users are more focused on how the application
supported their tasks than its aesthetic features.

Fischer et al. [23] reviewed studies employing the meta-design
framework in the range of ten years. They also investigated meta-
design implications supporting different domains, such as e-gov-
ernment, medical, and virtual worlds. As Cabitza et al. [6], they
stressed the trade-off between utility and usability of tailorable tools.
In respect of technologies employed to develop these tools, Maceli
[38] showed that they did not change over the years, although the
increasing number of publications observed. Also, she observed the
lack of solutions for interfaces such as voice and tangible.

Concerning other mashup tools, Desolda et al. [16] presented the
EFESTO platform that distinguishes from other proposals by con-
sidering the end-user mental model for user composition reported
in the literature. This approach tries to overcome some mashup
difficulties (e.g. complexity of composition paradigm) identified
in previous studies. Ardito et al. [3] discussed a three-layer meta-
design model to develop a mashup tool that enables any domain
customizations.

Naturally, as EUD research evolves, the researchers also consid-
ered the IoT domain. Johnsson and Magnusson [34] presented a
Graphical User Interface (GUI) development for IoT devices. The
GUI was developed concerning situations in which users input are
required to interact with IoT devices. The authors focused on devel-
oping an approach that empowers end-users to build GUIs without
typing any piece of code. The users are provided with an editor in
which they define the graphical components of their applications.
The interface behavior is stored in an eXtensible Markup Language
(XML) file while performing these actions.

Addressing EUD research on other domains or technologies,
Cardieri and Zaina [15] investigated the combination between EUD
and Progressive Web App (PWA). The authors’ goal was to identify
communication breakdowns that emerge when users play the role
of co-designers. The choice for combining PWA and EUD relies on
the scant of studies addressing it. Cardieri and Zaina contribuitons
are twofolded. They present communication breakdowns that can
affect the end-user experience when they act as co-designers. Also,
they explored a promising technology for web development under
a EUD-like approach.

This period also contains studies investigating EUD and meta-
design framework employment to game development [32], website
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(re)design activities [33], and the trade-offs of enabling users to per-
form meaningful activities, i.e., customizing, adapting, or creating
new digital artifacts [22].

5 DISCUSSION

In this work, the primary goal was to understand how EUD has
evolved to support tailoring software by end-users. In this pursuit,
we conducted a literature review and analyzed the reported results
of selected studies. We recognized patterns that allowed us to orga-
nize the outcomes in a timeline of four periods from our analysis.
The studies first addressed tailoring fundamental concepts, then
going to tailorable systems development issues, and finally devel-
oping applications (e.g., mashups). We claimed that our timeline
supports the reader to reasoning on fundamental perspectives of
tailorable software development.

The first trend represents how and why the researchers consid-
ered empowering end-users to perform meaningful activities in
their daily applications. In this trend, Fischer et al. [25] published
the work presenting the meta-design as a framework to cope with
this goal. We also observed that concepts, such as tailoring, have
been handled differently by the authors. Indeed, Costabile et al. [9]
have already pointed out this.

The second trend encompasses studies addressing the designing
of tailorable systems. Studies from this trend present requirements,
issues, and they concern the performance and usability of tailorable
systems. Also, two methodologies supporting the meta-design are
presented, the SER [26] and the SSW methodology [11].

Our third trend presented a taxonomy, proposed by Cabitza et
al. [6], concerning the classification of EUD activities in which
a user may commit. This classification showed a trade-off when
performing such activities, i.e., the relation between functionality
and usability. The former is related to situations in which users
are committed to tailoring for their purpose. The latter is desir-
able when they are performing tailoring activities for the use of
other users. Another trade-off is related to the relationship between
flexibility and usability. Although these trade-offs are fundamental
issues when one considers software development with tailoring
capabilities, Fischer and Piccinno [23] argued that they are more
related to End-User Software Engineering (EUSE).

In the last trend, Ardito et al. [1] showed that users engaged
in tailoring activities focus on properties related to the system
effectiveness in support of their actions rather than in software
aesthetic features. Of course, it does not mean that aesthetic aspects
of an application should be disregard. It enhances that the system
must be designed to best fit the user’s goals and support than in their
daily tasks. This situation may imply further studies addressing the
trade-offs of empowering end-users in this context.

We identified some gaps and opportunities for research during
our review. For instance, we did not find studies measuring the
performance of tailorable applications. One hypothesis for this
lack is that specific research communities, such as parallel and
distributed computing, not studied here, may conduct this type
of study. Regarding opportunities for additional investigation are
the implications of building software with tailorable features for
development methodologies. We believe that this discussion may
be worthy of addressing in the face of current methodologies.
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Some limitations may affect our review of the literature. We
defined our review time frame considering the moment in which
we carried out the research. Due to this and the time required to
conduct all analyses, at the date of submission, there are probably
other published papers not considered here that could be of interest.
Also, we did not consider Master or Ph.D. dissertations. Thus, some
original ideas concerning tailorable systems may not have been
considered.

Moreover, papers describing methods and tools for EUD tailoring
actions may not cite these terms explicitly. Our study could not
reach these works.

6 RELATED WORK

EUD is an active research topic in the HCI community. Prior studies
addressed reviews on the subject to classify technologies, target
users, and other topic features.

Maceli [38] focused on technologies proposed in EUD studies. To
accomplish this, the author analyzed 73 papers from 2004 to 2016.
The selected papers are derived from EUD-related conferences and
journals. The author considered the categories discussed by Tettero
and Markopoulos [48], i.e., engineering and re-engineering. Of 73
studies, 48 were also considered in the survey conducted by Tettero
and Markopoulos [48]. Thus, Macelis’ studies added 25 papers to the
analysis. Thirteen categories have been obtained from the studies
with the dominance of programming environments and web and
information authoring tools.

Considering the list of papers analyzed by Maceli, three are also
examined in our systematic review, i.e., we examined 39 different
studies. Besides, the analysis conducted in our review has a different
goal over investigating EUD evolution. We did not focus only on
technologies but also on other aspects, such as concepts, method-
ologies for developing tailorable systems, issues, and implications.

Barricelli et al. [5] also conducted a systematic review of EUD
and related fields. The authors have classified scientific literature
about EUD, EUP, and EUSE. They analyzed 165 papers ranging
from January 2000 to May 2017. Regarding the studies’ selection,
the authors employed a manual and automatic search. The manual
search considered proceedings, special issues, and books related
to EUD, EUP, or EUSE themes. The automatic search considered
the following digital libraries: ACM, IEEE Xplore, Springer, and
ScienceDirect.

The selected papers were classified into seven dimensions: type
of approach, interaction technique, phase in which the approach is
adopted, application domain, target use, class of user, and type of
evaluation.

Considering the list of papers analyzed by Barricelli et al. [5],
four are also examined in our systematic review, i.e., we examined
38 different studies. By considering the three related fields that aim
to empower end-users, i.e., EUP, EUD, and EUSE, Barricelli and
colleagues conducted a broader review that maps the studies in
the sevens dimensions aforementioned. Our review tried to show
the topic’s evolution by catching the studies’ common goals or
concerns at each trend.

Regarding the results, the reviews do not overlap. The study
conducted by Maceli [38] is the one most similar to ours. However,
she focused only on the technological evolution of EUD studies.

Correa and Silveira

7 CONCLUSION

EUD studies have increased and spread to research fields beyond
HCI due to the technology’s evolution that enabled the develop-
ment of more powerful interactive systems [4]. This evolution also
directed to a shift from consumer cultures to participation [21].
Furthermore, the impossibility to collect all users’ needs at design
time led to the interest of providing them the means to perform
more meaningful activities.

This research reports on the results of a literature review as-
sessing EUD evolution towards tailorable systems development.
For clarity sakes, we organized our results in four trends that tried
to catch this evolution. Each period from our timeline supports
the reader to reasoning on fundamental perspectives of tailorable
software development. This chronological arrangement helped ob-
serve how each trend connected the previous trend contribution
to evolve the researches. For instance, the SSW methodology ap-
proaches the end-user active involvement in system development
in a way not supported by other methodologies (e.g., participatory
design or User-Centered Design - UCD). Moreover, it enhances
communication between the stakeholders.

Another relation we may establish relates to the composition
paradigm. The employment of users’ mental model from the fourth
trend tries to handle system component’s suitability discussed in
the third trend and previously, by Merch and Mehandjiev [42] in
the first one. Also, it attempts to make the processes easy for users.

Generally speaking, we observed that through the years, the
studies first addressed tailoring fundamental concepts, then went
to tailorable systems development issues, and finally, to developing
applications (e.g., mashups).

New technologies and approaches for system development have
been released. They may represent a means to advance in this
research topic. In this context, we believe that this work can help
settle the knowledge basis for EUD research studies.

Finally, as future work, we may envision addressing the following
opportunities identified after our analysis.

e Reasoning about the implications of tailorable systems devel-
opment over modern software development methodologies
(e.g., agile methodologies).

e Further investigation about the UI patterns for tailorable
parts of software presented by Baranauskas and Neris [4] in
context of tailorable system development.

e Exploring how new script frameworks and their resources
can be employed to build such systems minimizing the trade-
off between flexibility and usability.
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