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Abstract. The range of technology users is continuously increasing from
adults to children as well as seniors. This introduces new age-related re-
quirements and considerations. Modelling frameworks are used to assist
the software development independently of the platform and the coding
technology. However, very limited research has been done on age-related
issues within the modelling and design frameworks. In this paper, we
investigate how human-centric aspects regarding age can be better mod-
elled by extending wire-frames. We collected both developers and end-
users feedback through questionnaires and introduced an extension of
wire-frames to cater for decisions regarding age within the modelling
framework. We then conducted a usability testing by using the extended
age-modelling wire-frame approach to design a news app. This shows that
when using our extended wire-frames, developers can cater for different
user types and their accessibility needs easily. We finally conducted cog-
nitive walk-throughs with three personas, representing children, adults
and seniors to evaluate the prototype app. The results proved the usabil-
ity of the app for all age groups.

Keywords: Human aspects · Modelling · End-users age · Persona · Cog-
nitive walk-through · Usability.

1 Introduction

There is an increase in the average age of the Internet users, with 73% of United
States adults over the age of 64 accessing the internet [38]. Elderly users can face
issues such as screen readability due to visual impairments, which is not usually
an issue for the mostly young developers who design and develop most soft-
ware [37]. On the other hand, the number of teenagers growing up with technolo-
gies is also increasing. The study by Hussain et al. [18] compares web-browsing
behaviour between different age groups and discusses the issues teenagers have
with poor visual designs, such as font size, background colour and layout of cer-
tain websites. These provide evidence for a need to better cater for different age
groups of software systems end-users and carefully consider the limitations and
abilities of these groups when designing a software [22].
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Modelling Languages are used to assist the development of complex software
systems with implementation concerns such as usability, security, persistence,
and business rules independently of the platform and the coding technology [19].
Existing requirements modelling languages, including iStar 2.0 [12], and conven-
tional modelling languages such as the Unified Modelling Language (UML), have
been designed to model software functional and non-functional requirements.
Human-centric aspects of end users of software, such as their age, satisfaction,
preferences, working environment, and gender [23], are one of the most signifi-
cant factors to the success of a software system. However, these have been largely
ignored and not modelled properly during the system development process to
date [15]. There have been works on modelling emotions and interactions of
the users [33, 27, 34]. However, there is little or no provision to model diverse
human-centric aspects of software end-users, including the age of the end-users.

In this paper, we present an extended wire-frame to improve the modelling
process to better meet the human-centric issues regarding age. We critically
analyse the existing models, present our own extended model, and eventually
build a prototype, and evaluate it using personas and cognitive walk-through.
Our research aim is to investigate how human-centric aspects regarding age can
be expressed in current modelling frameworks. We initially investigate the type
of modelling frameworks that are best fitted for adding human-centric aspects
regarding age by collecting inputs from developers and relevant research pa-
pers. Next, we look into ways to best model user characteristics regarding age
in software requirements and/or design models. Last, we discuss what applica-
tion domains can benefit from human-centric aspects regarding age. Common
applications include news apps, discussion forums, and social media. For the
evaluation, we identify whether developers are easily able to create software sys-
tems with better usability for all age groups using our extended wire-frame.
We also evaluate the prototype apps created using the extended wire-frame to
understand whether the different user types are able to easily use the software
systems. Finally, we apply cognitive walk-through with three personas, repre-
senting all three age groups, as a usability inspection method to evaluate the
usability of our prototype app for users of different age groups.

This paper is an extended version of an earlier work that appeared at Eval-
uation of Novel Approaches to Software Engineering (ENASE) conference 2021
[20]. The key contributions of this paper include:

– Presenting an extended version of wire-frames to design the application spe-
cific to the age of the end-users

– Reviewing the literature on modelling the age of the users using personas

– Using personas to evaluate the usability of the method

The rest of this paper is organised as follows. Section 2 provides a summary
of the research papers that are related to our study. We present our approach
in Section 3 and our evaluation approach in Section 4. Section 5 presents our
extended modelling framework including examples of the artefacts resulting from
the research. We also discuss evaluation responses from our developer survey
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questionnaires and the findings of our cognitive walk-throughs with personas.
We will finally conclude the paper in Section 6.

2 Related Work

We reviewed a number of research papers related to extending modelling lan-
guages to support the modelling of different human-centric aspects, including
modelling emotions, age, culture, language etc [10, 21, 40, 1]. We investigated how
the languages were extended and which human-centric aspects were modified in
these existing research papers. We also reviewed various works that extended
existing modelling languages to capture additional non-functional characteris-
tics [14, 13, 16]. We investigated what aspects could be changed in the existing
modelling languages, in order to capture information about different age groups
of end users. After our analysis, we developed a set of extensions to the widely
used wire-frame based design notation [24] in order to model different end user
ages, age-related implications on the design, and different design decisions based
on user age characteristics.

2.1 Designing for different ages

We reviewed the key works done in three different categories related to designing
for children, seniors and extending models to capturing emotions of end users.
The age classification we used in this paper is called Life Cycle Groupings [41].
According to Statistics Canada, age groups can be defined as: Children aged
from 0 to 14 years; youth aged from 15 to 24; adult aged from 25 to 64 years;
and senior aged from 65 and above. The Australian Bureau of Statistics (ABS)
uses a similar convention except they group both youth and adult as working-age
population [2], which we named it as adult throughout the research.

Children: Mobile Educational Applications are used by Masood et al. [28]
for usability testing. By recording with eye tracking glasses, they found some
children had problems working with mobile applications. The system status is
not apparent for them and they have a hard time finding out what to do next.
They also had problems where they could not remember which page or button
was accessed earlier. This children-oriented software needs to more clearly show
the current state of the page, and sometimes the child users may need some
guidance to do the next step. Help toolboxes and documentation were identified
as necessary. Another important factor is to consider whether the buttons and
menus are simple enough for children. Buttons and menu links should be easily
identified as being clickable while items such as menu headings and titles should
be easily identified as being not clickable.

A Fingerprint app [36] is used by Pan, to describe how to design the software
user interface for the children. This work discusses four key points for the vision
element regarding kids – integer vision effect, functional area design, icon and
button design, and font design. For example, children may not understand the
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text inside a button but icons can be designed as buttons to show they are
clickable.

The work of Michaels [32] and Boyatzis et al. [4] discusses colour preferences
of children users as well as the effect of colour on children’s emotions. They did
colour tests with children around 6 years old, and found that their top three
favorite colours are yellow, red, and green. Another type of testing they did was
called the story test. If a child heard a happy story, most of them would select
yellow. Using this research, they used yellow and red as the gradient colour for
the theme colour, and made the whole app look funny and attractive.

Seniors: Boll et al. [3] provide a set of user interface design guidelines for people
between 55 to 75 years old. They found 41 participants between 55 and 75 years
to fill out questionnaires to research the actual requirement and the problems
they have. They used the results to make the user interface design guidelines.
According to the guidelines, for font design, the sans serif fonts provide good
readability. For colour selection in the main content page, they recommended a
light grey background with black fonts. Regarding the size of the icons and the
buttons, most of the users reported that the icons are too small, and that double-
clicking a small button is a problem for elderly people. The last important thing
is the structure of the page. For example, in menu page, a good menu structure
helps users to navigate through the user interface more easily. The menu needs
to be put in conventional positions to make sure the position of the menus are
consistent in the entire software.

Curumsing et al. [10] focus on designing emotion-oriented software, based on
the smart home device for elderly. They used extended Goal models, Interaction
models, Scenario models, Role models, and Behaviour models to keep track of
the “cared for” to a list of emotions. Analysis of these emotions helps developers
to understand the expectations of an older adult using the smart home. Using
this approach, a goal model for the smart home device was created. The model
includes different emotions for the elderly people to help get the elderly people to
accept the device and feel like this is what they need. The software can catch the
emotion of the user, and analyse their expectations. Thus, the software can make
corresponding responses to meet the needs of users. The software can understand
users’ emotions, this could become one of the determinants of software success.

Curumsing et al. [11] demonstrate a case study of an emergency alarm system
for elderly people, presenting the entire suite of models for this case study. They
suggested a few important factors on designing the framework and also keeping
the interest of the elderly people. Firstly, in order to encourage elderly people
to adopt technological solutions, they have to be designed in such a way that
they suit the needs of its users, are easy to use, and cost effective. The second
important factor determining the successful adoption of technology consists of
willingness and enthusiasm for acquiring new knowledge. However, this is rarely
the feelings expressed by elderly people when it comes to using a system which
is linked with a stigma. For example, some refused to use the pendant because
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of its visibility to others. It was viewed as a sign of stigma and old age. These
are the way users perceived technology from an emotional aspect.

Wagner et al. [42] explain the impact of age on usability. It states that there
is an increase in the average age of internet users which provides evidence that
there is a need for catering elderly users for applications. Usability helps or-
ganisations by improving the job performance, gaining higher productivity and
reduced costs by the users. There are five conceptualisations of age; Chronolog-
ical or calendar age, Functional or performance-based age, Subjective or psycho
social age, Organisational age, and Life span concept of age. Currently, mainly
research chronological age is used to allow for consistency and comparison with
the existing literature. We have also used chronological age as the other concep-
tualisations are mostly related to chronological age.

Finally, Holzinger et al. [17] aim to derive metric-based benchmarks for mea-
suring usability. This study suggested two aspects of usability: passive and active
interaction. Passive interaction means users are not directly interacting with it,
but it helps out in the background. Active interaction means users directly in-
teract with the technology. Several questions were developed to ensure it meets
both passive and active interaction. They present an analogy between user anx-
iety and metrics.

2.2 Modelling emotions of the users

An emotion orientated software development method is developed by Chen
et al. [8]. Existing emotion-aware applications lack accuracy in terms of emo-
tion recognition due to the small scale of data collected. Through cloud-based
computing and cloud assisted resources, mobiles phones can collect much more
data. Combined with the architecture itself, applications can recognise user’s
emotional changes by big data analysis. Based on the user’s current emotion, a
common list of feedback is generated in the remote cloud. The information is
transferred back to the local cloud, providing users with personalised services.
Various in-home devices were used to accommodate the user’s emotion.

Miller et al. [33] introduce the People Oriented Software Engineering (POSE)
method to capture emotional desires by using emotional goals. The emotional
goals are classified into two category of personal emotions and context-specific
emotions. A survey is then used to evaluate and compare the proposed emotional
model against iStar by implementing two domain models in both iStar and
POSE. The survey results show that participants preferred to use POSE models
since they are clearer, easier to understand, and not complicated to interpret.
Participants mentioned that they were not confident to make modifications to
iStar models, and would prefer to modify POSE model if required.

Lopez et al. [27] use personas within emotional scenarios to ensure that emo-
tional desires are met. They describe their experience with three projects in the
domains of aged well-being and mental health. Data are gathered form interviews
and other ethnographic studies and personas are built based on composing tex-
tual description of personality traits. Emotional scenarios are script templates
which explore how different personas react in identical situations.
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Laurenzi et al. [34] propose a modelling language to support user interac-
tions in heterogeneous physical scenarios. The model helps designers identify
the services that will be required by the users to support their activities. It is as-
sumed that systems modelled by this language are structured as Human-centric
Wireless Sensor Network (HWSN). The nodes participating in an HWSN can be
human-based sensors, regular sensors, mules, witness units and actuators.

Finally, a wire-frame extension method is presented in our previous work
[20], to incorporate end-user diverse ages into the design of the software.

2.3 Personas for usability evaluation

Personas provide good information about the ends users the software engineers
are designing the software for. Persona has also been used in evaluation of soft-
ware interface using different usability inspection methods. Burnett et al. [5]
reports multiple case studies to evaluate gender inclusiveness in problem solv-
ing software using GenderMag (Gender Inclusiveness Magnifier) approach [6].
According to the GenderMag approach they perform cognitive walk-through on
three problem solving software from different domains with three personas pro-
vided with the GenderMag tool. They could identify gender inclusiveness issues
in those software that had been in maintenance for years. They found most
problems with the persona Abby that represented one group of users.

McIntosh et al. [30] also reported a study where they evaluated usability of
popular e-commerce websites using cognitive walk-through with persona of dif-
ferent age groups. They could identify usability issues in the popular e-commerce
websites for the persona representing users who are above 70 years of age. They
also applied cognitive walk-through with persona representing users of different
age groups. Mendez [31] has proposed a generalised framework called “Inclu-
siveMag” that implements the main concepts of GenderMag approach, however
is not focused on gender. InclusiveMag can be used to evaluate inclusiveness is-
sues in any problem solving software with applying cognitive walk-through using
persona. We used persona and individual user stories to guide the development
of an improved smart parking app [26]. This resulted in a variety of individual
user characteristics – age, language, physical and mental challenges, culture –
being considered as first class requirements in the design and evaluation of a
smart parking app prototype.

In summary there are some some approaches and empirical research evidence
of applying cognitive walk-through using persona on problem solving software
to conduct usability evaluation.

3 Our Approach

3.1 End-users and Developers Feedback

To evaluate our extended design modelling notation we used a set of different
questionnaires, aimed at different classes, i.e., users and developers. We pro-
vided multiple solutions to modelling software design decisions regarding human-
centric aspects related to age. We wanted to ask target end-users to identify the
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ones that are good for the age group, in their opinion. We used a range of target
end users from different age groups to evaluate a prototype based on our aug-
mented wire-frame design models. Using their feedback, we checked to see which
solutions are the best fit for our prototype use cases.

Our extended wire-frame modelling frameworks are to be used by Software
Engineers to create an end-product that is more age-aware and supports different
interfaces and interface components for differently-aged end users. We prepared
a different set of questions to ask a range of developers their opinion on the new
modelling framework. We wanted to identify key current issues that can be found
with the pre-existing model frameworks not supporting modelling of end user
age. We also wanted their opinion on the new framework and whether it helped
them in addressing these issues. Using the questionnaire results, we have refined
our extended wire-frame-based design approach to better match the needs of the
developers.

3.2 Extended Wire-frames

There were multiple modelling frameworks that could be extended to support
end user age difference modelling in our research. We decided that extending
wire-frame-based design models would be the best option as most of the changes
required for the different age groups were based on the application user interface.
wire-frames provide a simple way for developers to create the basic design of an
application and our extension point was to create a workflow that a developer can
follow for each of the different age groups. In recent years, various other works
have looked to extend the use of wire-frame-based UI design and to suggest wire-
frame-based designs or partial designs [24, 7]. None have focused on supporting
different design decisions based on end user ages.

Based on the research review, our age groups are defined as: 1) Kids; Under
15 2) Adults; Aged between 15 and 64; and 3) Seniors: Aged above 64. To
model different ages, age-related design considerations, and age-related design
differences to wire-frame models, we added three features to the original wire-
frame modelling framework:
1. Branching (Branch a screen into two or three pathways)
2. Merging (Merging two or three pathways into a single pathway)
3. Splitting (Splitting a screen into multiple screens)

Figure 1 shows an example of branching. A single pathway has been branched
into two pathways. This is used when there is a need for different user interface or
functionality for the same screen for different aged users. It thus gives developers
a tool to express the need for a change in a single screen for different ages.

Figure 2 shows an example of merging. Two pathways have been merged
into a single pathway. This is useful when multiple pathways arrive at a specific
screen that will be the same for multiple age groups that have been previously
branched out. It saves the developers from creating the same screen design for
different pathways. It also helps show that multiple screens will be the same
across different age groups.
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Fig. 1: Example of branching (from [20])

Figure 3 shows an example of splitting. A single screen is split into two
screens. This is useful for age groups that require additional assistance in getting
a task done. For example, adults may prefer a single register page as it allows
them to quickly register. However, kids or seniors may need additional help
when registering, e.g. by using a step by step multiple screen approach. Using
multiple screens will give developers more room to explain key features within
each screen, make items larger, or choose different interaction components. This
will be a trade-off between speed and ease-of-use.

4 Evaluation Approach

4.1 Prototype News App

We created a prototype news app based on our extended wire-frame approach to
evaluate how easy it was for a developer to use this extended wire-frame model.
The prototype was also used to evaluate the final prototype system by different
age group target end-users. We chose a news app as the prototype as (i) most age
groups use them or are interested to use them; (ii) despite their seaming simplic-
ity, they often have quite complex interfaces and design decisions are not always
fitting differently aged users; (iii) the interface design is reasonably detailed but
not overwhelmingly so; and (iv) many lessons from news app development can
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Fig. 2: Example of merging (from [20])

be applied to social media, communications, education and other widely used
apps [9]. Hence, the news reading app domain contains enough variation points
between the three age groups to try out the use of our extended wire-frame
modelling language features.

We used our extended wire-frames to design and develop a Figma-based
prototype. The extended wire-frame designed to create the news app prototype
is shown in Appendix. By using the extended modelling framework we captured
key human-centric aspects regarding the age of the users and designed solutions
to accommodate these. This news application has different functionality and
user interface for different age groups of its users. In this prototype, we decided
to keep the colours for each of the branches specific to the age groups even if
a screen was for all three user types. For example, a screen that has not been
branched out which is used for all three user types will still have different colour
themes to allow for a more consistent experience for the end user.

In the extended wire-frame design model, we have many common pages for
all three age groups. We needed to find a balance point for these age groups such
as use of font size, user interface complexity, and any related points to ensure
that the design for the common pages is clear enough for use from all three age
groups. An age selector is presented to users at the start, as shown in Figure 4.
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Fig. 3: Example of Splitting (from [20])

Children For the kids application, the key aim was to make the application
enjoyable and attractive enough for the children. Some user interface design
decisions that needed to be considered are:

– Colour: Research showed that children prefer colours like red and yellow
and thus we used a rainbow gradient colour schema to catch the eyes of the
children.

– Font Style: Use a fun looking font size to help children stay focused.
– Icon selection: We chose a more cartoonish icon for children to cater for their

shorter attention span.

Figure 5a shows a user interface designed for kids, based on that specified in
our extended wire-frame.

Adults For the adult application, the key aim was to make the app clear and
simple so that they will be able to quickly navigate between pages without too
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Fig. 4: Age category selection page (from [20])

much overhead information. Thus key design decisions for the adult app user
interface design included:

– Font Size: Normal size
– Colour: Simple and conventional colours. More professional compared to

the kids version.

Figure 5b shows a user interface designed for adults, using our extended
wire-frame.

Seniors The senior application is similar to the adult application, but we
needed to make sure that everything is large enough, easily accessible, and that
the user interface is simple enough. We added some additional functionality to
help aid seniors so that they can comfortably use aspects of the technology that
they may not be familiar with. Some key design decisions for the senior age
group include:

– Colour: Similar to adults, use simple and conventional colours.
– Font Size: use a larger font size to aid visual impairments.
– Voice control: Senior users may have trouble typing on a mobile device or

reading smaller font sizes and speech-to-text and text-to-speech functionality
would be good for them.

– Larger components: Make items such as buttons, and links large enough for
them to easily click.
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(a) Kids version (b) Adults version (c) Seniors version

Fig. 5: User interfaces adapted from the extended wire-frames (from [20])

Figure 5c shows a user interface designed for seniors, using our extended
wire-frame.

We also provided a toggle setting, shown in figure 10, so that users can
customise the app styles such as the font size, font style, etc. This was necessary
because there may be some users who do not require the customisations that
were categorised within their user age groups. Other customisations that were
determined necessary during our research are specified in the extended wire-
frames. This allows developers to choose whether to include a customization
within their applications.

4.2 Usability Evaluation

To evaluate the news app prototype’s usability, a usability test was conducted to
gain insights into what went well and what needs to be improved in our extended
wire-frame modelling approach. Users were asked to complete two tasks:

– Change the user mode along with some settings to match their preferences;
and

– Find an article they are interested in, save the article, and open the article
again using the saved articles page.

The details of the tasks given to the users were purposely given without too
much detail on how to navigate within the application. This was so that we can
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Fig. 6: Toggle setting (from [20])

see how a new user will act when using this application. These tasks helped us
to gather user data on key age-based design decisions in the news app:

– Whether each user type is able to use the interaction flow designed for them
within the application, as well as change the settings to match their acces-
sibility needs; and

– whether the navigation supported within the application is easily under-
standable to new users.

The testers were asked to record whether the tasks were successfully com-
pleted as well as to describe any troubles that they encountered during per-
forming the tasks. We conducted a preliminary test, and using the results, we
enhanced our extended wire-frame models to increase the usability of the pro-
totype. We plan to conduct a more comprehensive usability evaluation with
developers to evaluate whether the extended wire-frame is applicable to differ-
ent domains and can be easily used to create prototypes. We also plan to conduct
usability evaluations with end-users from various age-groups to evaluate whether
the created prototype actually increased the usability of the news app prototype
for each age group.

4.3 Cognitive Walk-through using Personas

In order to evaluate our extended wire-frame designs we applied a cognitive
walk-through process [39]. Cognitive walk-through is a popular usability inspec-
tion method that includes performing some specific tasks on the design or the
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user interface itself by an evaluator in order to assess the usability of the interface
or the design. User characteristics are taken in to consideration while performing
the walk-through. This is often done with user personas. Personas are archetypal
descriptions of users that include their goals, general characteristics, pain points
and any other information. In our cognitive walk-through approach we use some
user personas and evaluate our wire-frame while accomplishing set tasks.

According to Wharton et al. [43], we need to define the cognitive walk-
through process before conducting the walk-through. They also advise to record
all critical information while walking though and later analysing those. In the
first step Wharton et al. [43] advise to define who the users are, what the tasks
they will perform, what is the design or interface they will perform the tasks
on and the sequence of actions needed to accomplish the task. Since we want
to evaluate our wire-frame design, the interface would be the wire-frame. The
wire-frame is designed particularly for users of different age groups. We collect
personas of different age group from a search in the existing literature.

Collection of Personas Creating new personas for the evaluation of the wire-
frame is out of scope for this study. We searched for existing personas represent-
ing end users of different age groups in the existing literature. We searched with
“elderly persona”, “children persona” and “persona of news app?” on Google
scholar and looked into the published research that describe personas. We then
reviewed the quality of the persona and how the persona is created. Based on
our reviews we selected three personas – one child, one senior and one adult
persona. We will use these three personas in the cognitive walk-through process.

Children persona: We collected children persona from [35]. This article was
found while searching for children persona. The article focuses on persona cre-
ation for children and elderly end users. They describe different factors that can
influence the decision of adopting a qualitative, quantitative or mixed method
for data collection for creating personas. They provide several case studies as ex-
ample. One of the case studies describe a project called “FamCannector”, where
they have created some children persona. We take the persona called Sarah, as
shown in Figure 7, who is an eight years old school girl who uses computers for
didactic games and information seeking. She often needs help using the system.
We believe she represents the children end users for our news app wire-frame.

Adult Persona: Mayas et al [29] describes the opportunities and challenges
of personas from several projects. They present an example persona Michael, as
shown in Figure 8, who is a 34 years old consultant. He is a commuter and a
frequent traveller. We take his persona as an adult persona as commuters often
read news during their travel.

Senior Persona: We collected one senior persona from [25]. The article re-
ports a survey to understand elderly end users of mobile devices and to identify
the factors that influence their interaction. They presented three personas with
different level of literacy and interaction. We selected the persona Manoel, shown
in Figure 9 among those. Manoel enjoys using computing devices, however is re-
luctant to spend much time learning new things. He often struggles with the
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Fig. 7: Children persona collected from [35]

font size. Since the other two personas do not use computing devices frequently,
we think Manoel will best represent the senior end users for our news app wire-
frame.

Usability Tasks In order to perform the cognitive walk-through we need to
define some usability inspection tasks that we assume the selected personas
perform using the prototype app. We define the following two tasks that we will
perform on the prototype app:

– Task 1: User can change the font size from settings: For this task we assume
that the user will be able to bring the setting interface and customise their
font size.

– Task 2: User can search for desired news article: For this task we assume
that the user can perform a keyword based news search on the prototype
app interface.
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Fig. 8: Adult persona collected from [29]

Fig. 9: Senior persona collected from [25]

5 Results

In this section, we present the results of our survey of developers and users, and
the cognitive walk-throughs using personas. We collected a total of 27 responses
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– 6 from developers, 21 from app end users. We also conducted the cognitive
walk-throughs by three personas: one child, one adult, and one senior.

5.1 Evaluation Results - Developer questionnaires

Fig. 10: Developer responses on designing in issues regarding different end user
age during development (from [20])

Six developers responded to our survey – 3 with 5 to 10 years development
experience, 2 with 1 to 4 years, and 1 with more than 20 years of experience.
Among all of these developers, 4 said they think there is a need for human-centric
aspects regarding age in modelling frameworks e.g UML diagrams, Wire-frames,
User stories, etc. One had never thought of this issue, and one thought it is not
important. We collected a list of approaches and frameworks they currently use
to deal with age related issues of the users in the software that they develop.
This included use of wire-frames (3 of the developers), UML (3), user stories (2),
use cases (2), and BPMN diagrams (1).

We asked the 6 developers whether they have encountered any issues re-
garding age during software development. Based on their responses, as shown in
figure 10, one of the key issues is that the majority of developers do not address
differing age of their end users at all in their software development. To address
this issue in this study, we captured a lot of end user requirements from our end
user survey questionnaires. The second issue is that some developers believe it
is hard to define an “age group”. To address this, we decided to research more
about the target audience of the particular software and then defined the age
groups accordingly.

We asked developers what tool(s) they used to help them address differing age
issues of their app and web site end users. They mostly stated they never used
any tools. Some suggested that although they did not use any tools in particular,
they tried to address age related problems such as security restrictions in the
identity server (e.g. some websites are for adults only); and informally captured
non functional requirements in text, annotate the odd use case/user story. For a
news application, age selection is important to restrict inappropriate news from
the children. Icons, text, and background colours might also need to be changed
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to accommodate different types of users sight limitations and preferences based
on their age.

Regarding what other human-centric aspects they think could be a good ad-
dition to better support in software modelling frameworks, developers included
gender, culture, end user language, physical and mental challenges of users, ac-
cessibility needs of end users, Convenience of usage, usability test (user test),
cognitive load (mental effort) test (including performance measures in terms of
user’s response time taken to complete a task and its accuracy, or physiological
measures, e.g. pupil dilation and blink rate).

5.2 Evaluation Results - End-user survey

We received 21 responses, 13 from 18-25 (Young Adults) respondents, 6 from
26-49 (Adults), and 2 from those 50-64 years old. The age demographics for the
questionnaire participants are mostly young adults with ages ranging from 18 to
25. We did not have any younger participants (below 18) and senior participants
(above 65). Most of the participants used technology for daily activity for a
significant amount of time (8 hours+). A majority of the participants found that
using technology is easy for them (14 people said they are proficient with it, five
said they are good with it, and one said they are doing okay with it). We also
found out that the most popular device is a smartphone used for social media,
entertainment and news apps. We asked if any participant had any accessibility
requirements. The majority of people saying they had visual impairments, such
as needing glasses to read, having short sight, and one person answered that
they needed to use voice output to “read” app text.

Fig. 11: Key pain points of using software systems (from [20])

5.3 Evaluation Results - Cognitive walk-through

We performed cognitive walk-throughs on our news prototype app with the
selected personas representing children, adult and senior users. We evaluated
the usability of the news prototype app by performing the defined usability
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tasks as the persona. The cognitive walk-through is performed by one of the
authors. Table 1 and 2 present the results of our cognitive walk-through process
for the tasks defined in Section 4.2.

In our usability evaluation using cognitive walk-through with child persona
“Sarah” we found evidence for all the related works summarised in Section 2. We
used the colour theme advised by Michaels [32] and Boyatzis et al. [4] and found
that the interface was intuitive for Sarah. We used icons for buttons as advised
by [36] and made the title texts and clickable button distinguishable according
to [28]. We found that Sarah could find the icons easily and could successfully
conduct a search for news article using the search option. She could complete
the usability tasks without help from others. We have implemented background
colour and font suggestions provided by Boll et al. [3]. In our usability evaluation
with senior persona “Manoel”, we found that the font was suitable for him. In
the description of “Manoel” persona we found that he prefers fonts bigger in size
on mobile devices.

Table 1: Cognitive walk-through with selected personas - Usability task 1:
Change the font size
Persona Cognitive walk-through Notes

Children
persona
- Sarah

Opens news app wire-frame After signing in she
lands on the “KidsNews” page. There is no option
on this page to change the font size. She explores the
four options available at the bottom. She finds the
“profile” page where the second options says “Tog-
gle Settings”. She selects that and finds the option
for “font size”.

Sarah can complete the
task without any help
from others. The theme
is intuitive and easy for
Sarah to explore and find
the functionalities.

Adult
persona

Opens news app wire-frame After signing in she
lands on the “News” page. Although the font size
is good for him, he often needs to make the fonts
bigger while he reads news while travelling on pub-
lic transport. He clicks on the settings icon, and finds
the toggle settings option. He takes the short cut and
selects senior mode presents the text in bigger font
size. He likes the fact that he can change the settings
with very fewer clicks and while on the move.

Michael can change the
font from toggle setting
or can switch account set-
tings to make the font big-
ger. He likes that he can
do this with minimum ef-
fort on the app.

Senior
per-
sona -
Manoel

Opens news app wire-frame After signing in he lands
on the “News” homepage. He likes the fonts since
those are bigger than usual. He wants to play with
the font size. He goes to profile page and checks
“adult mode” and “child mode”. He finds that fonts
are smaller for adults. He goes to “Toggle Settings”
and changes the font size for his profile to smaller as
adult mode.

Manoel can easily check
all the font size options
available on the app wire-
frame and can change the
font size for his profile.
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Table 2: Cognitive walk-through with selected personas - Usability task 2: Search
for news article
Persona Cognitive walk-through Notes

Children
persona
- Sarah

Opens news app wire-frame After signing in she lands on the
“KidsNews” page. She wants to read the article about “calls
to change cheese” that she heard from her friend. She likes
the small categories icon at the bottom left of the screen. She
finds it easy to select food since this is shown as a category
on the main screen. She selects the category and finds all the
articles related to food. She quickly finds the search icon at
the top right and searches for the particular news she was
looking for. She can find it easily.

The interface lay-
out and the op-
tions are intu-
itive and easy for
children to fig-
ure out common
functionalities.

Adult
persona

Opens news app wire-frame After signing in he lands on the
“News” homepage. He writes his preferred keywords to search
for news he enjoys to read. He does not have any difficulty
in looking for the search options.

The search op-
tion on top of the
homepage is easy
to locate.

Senior
per-
sona -
Manoel

Opens news app wire-frame After signing in he lands on the
“News” homepage. He does not like the trending news that
is highlighted on his homepage. He likes to read about sports
so he clicks on the categories to find other categories of news.
He finds “sports” category and selects that to find more on
sports. He searches for the articles on yesterday’s match by
clicking top right search icon.

The interface is
designed in a way
that the common
functionalities
can be found
easily.

Based on the cognitive walk-through, we made the following findings about
the user interface.

– The user interface is easy for children and intuitive enough that they are
happy to explore and find functionalities they desire without help from others

– The user interface is easy for senior users who prefer larger fonts as well as
for others who prefer normal fonts - they can toggle the setting very easily

5.4 Discussion

From the result in figure 11 we can see that most of the problems are User
Interface related issues. This is one of the main reasons we decided to extend
wire-frames since wire-frames provide early visuals that can help with these
problems, they are also easy to adapt compared to conceptual designs. We used
questionnaires for collecting data. We created both end user and developer ques-
tionnaires to capture data from multiple angles. We got a range of feedback from
different age groups that indicated usability enhancement in the prototype news
app for different age groups of target end users. However, we need to recruit
more participants to gain a larger sample size, especially younger (under 18)
and older (over 65) end users. According to our survey results in figure 12, we
can see that our participants are commonly using a range of different applica-
tion domains such as social, entertainment, study, etc. These results helped us
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in deciding on which domain our example extended wire-frame and prototype
would focus on. Generalising our experiences to those other common domains
would help to show if the approach can enhance different age group usability for
them as well.

Fig. 12: Devices used by participants and for what purposes (from [20])

We chose to extend wire-frame design models with information about the age
of target end users and alternative user interface design decisions based on these
ages. However, other modelling frameworks such as interaction and sequence
diagrams may help developers understand the human-centric aspects regarding
age further and use similar approaches based on the wire-frame extensions we
have created. For example, figure 13 contains an interaction diagram that is
adapted from the extended wire-frames presented in this paper. Adapting other
human-centric aspects, such as gender, emotion, and physical support, into the
extended modelling framework presented in this paper may also be beneficial.
Additional research can be done to increase the range of our user types and
changes to the designs to accommodate their needs. Using approaches devel-
oped in the accessibility research field could also help us to better understand
the needs of users with a range of disabilities. The specific requirements of these
user types need to be identified so that the developers can create an appropriate
pathway and design decisions for those users in our extended wire-frame models.

6 Summary

In this paper, we discuss the need for incorporating human-centric aspects into
modelling frameworks in order to make software suitable for diverse end users.
We reviewed the existing modelling frameworks, and found they mostly do not
support modelling the age of end users. The existing modelling and design
frameworks do not provide different design solutions for different age groups
according to the specific needs of end users. We developed a set of extensions to
the commonly used wire-frame modelling approach to incorporate different de-
signs for child, adult and senior end users. Evaluation of our modelling approach
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Fig. 13: Interaction diagram adapted from the extended wire-frames (from [20])

with developers and a prototype news app developed using our approach with
a range of differently aged end users are represented. We conducted cognitive
walk-throughs with three personas representing children, adults and seniors to
evaluate the usability of the prototype app. Our future work includes incorpo-
rating other human-centric aspects e.g. gender, culture, and language into the
extended wire-frame model. Another future direction is to try the same model
extension approach in other modelling frameworks, such as user stories, use cases,
and sequence diagrams.
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