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Abstract

Designers are often faced with the challenge of following web accessibility guidelines
that are complex and ambiguous, and therefore hard to use. This is evidenced by the
low percentage of public websites that comply fully with web accessibility standards
worldwide. Lack of engagement among designers to follow established web
accessibility guidelines is often accounted for this issue. In this paper, we address
designers’ lack of engagement through a serious game called GATE which is based
on the Web Content Accessibility Guidelines (WCAG). We followed a User-Centred
approach by identifying user types of designers through an online survey. We then
mapped these user types and the WCAG to relevant game mechanics. The resulting
game was evaluated with designers for its perceived effectiveness, user
engagement, and user satisfaction using a mixed methods approach. Our results
demonstrate the potential of GATE which offers designers an innovative and

engaging solution towards the wider adoption of web accessibility guidelines.
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1. Introduction

There is a growing recognition of the importance of designing for accessibility over
the last years. This is underpinned by legal drivers such as Section 508 of the 1998
Rehabilitation Act in the USA (Section508.gov, 1998) and the Equality Act of 2010 in
the UK (UK Government, 2010). Accessibility design is an essential part of the
design and development process of Information and Communication Technologies
(ICT) and it is a concept that designers need to learn and apply in their practice. This
in turn can prove to be beneficial for all involved parties, as accessible products are
35% more usable by everyone and are typically cheaper to run and maintain
(AbilityNet, 2017). However, a flagship investigation by the Disability Rights
Commission (2004) identified that only 19% of the 1,000 UK Web sites examined
complied with the Web Content Accessibility Guidelines (WCAG). In a seminal article
that brought WCAG to the forefront, Clark (2006) discussed that there are concerns
with WCAG, especially with regards to its documentation size and its inscrutable
language that can lead to their limited adoption.

In response to the need to identify better means to engage and motivate users,
serious games have quickly become an established practice. The motivation behind
leveraging serious games is typically related to improving education and training,
employee engagement, and motivation and wellness, to name but just a few
examples. However, the use of serious games to help designers better engage with
the WCAG has not been yet explored.

Player modelling is an important part of designing serious games that best respond
to user needs, as it can significantly improve both a game’s effectiveness and player
engagement. Past research revealed that such a user-centred approach can
improve gameplay experiences (Charles and Black, 2004; Sykes and Federoff,
2006). In addition, past work revealed that video games in general have the potential
to increase adoption of new programs (Lu et al., 2012), which is in line with the
envisioned potential of this work. Identifying player preferences and how those could
be applied to serious games is key in this effort. The use of a type-based preference
model (Myers and McCaulley, 1985) to define a player as one type has been shown
to be an effective approach to player modelling and has been adopted by several
authors since then towards the definition of player user types. We draw upon work in

the above areas to form player types that are representative of designers.



Accordingly, in this paper we present GATE — our serious game implemented with
an aim to improve designers’ engagement with, and ultimately, raise awareness of
the WCAG in a fun and interactive manner. We next discuss how GATE is designed
based on player models which was achieved through an online survey with
designers. Player user types are then created that are mapped to game design
elements corresponding to each WCAG principle in accordance to the results of our
survey. The game is next evaluated with designers through a mixed-methods user

study. Implications and contributions are finally discussed.

2. Related work

In this section, the WCAG, previous work on web accessibility and tools, and serious

games for increasing engagement and raising awareness are presented.

2.1 Overview of the WCAG 2.0

The WCAG 2.0 and the typical conformance levels that we based this work on are
presented in this section. Various web accessibility guidelines are currently available,
but in this paper, we focus on WCAG 2.0, which is one of the most well-established
and most widely used guidelines. WCAG 2.0 involves four principles, which consist
of 12 guidelines. The 12 guidelines provide the basic goals that designers should
work toward (see section 4.3). Specifically, the “Perceivable” principle states that
information and user interface components must be presentable to users in ways
they can perceive. The “Operable” principle states that user interface components
and navigation must be operable. Similarly, “Understandable” is concerned with
adhering to information and states that the operation of a user interface must be
understandable. Finally, “Robust” states that content must be robust enough that it
can be interpreted reliably by a wide variety of current and future user agents (e.g.
web browsers, media players, etc.), including assistive technologies. When
assessing web designs for compliance with accessibility standards, the World Wide
Web Consortium (W3C) recommends that a design could be classified as “Level A,
“‘Level AA” or “Level AAA,” with Level A representing the minimum level of
conformance. Past research identified that the lack of familiarity, and in some cases,
the lack of technical knowledge was one of the major challenges in engaging and

adapting such guidelines (Scott et al., 2015). Our serious game is designed upon



this premise and aims to help designers engage with the above through a game-
based informative environment.

Specific techniques and success criteria are available to designers and evaluators to
determine the level of conformance in the form of code examples, resources and
tests. Typically, content authors are required to understand the success criteria and
then utilise techniques in order to determine conformance of a web design to those
criteria. However, a common problem is that this practice has been shown to be
complex and ambiguous (CEUD, 2013), which often has direct implications to the
motivation to use them. In GATE, success criteria and techniques are integrated in
an interactive game environment. It is anticipated that our serious game can improve

on the above issues.

2.2 Web accessibility evaluation tools

This section identifies various automated tools and techniques that designers often
use to evaluate a design for accessibility conformance. A range of inclusive design
practices have been used by practitioners to help designers evaluate designs for
their conformity to accessibility standards, as well as their accessibility to people
living with a disability. Specifically, a platform was proposed for automatically
assessing a design for its accessibility across five application areas - automotive,
smart living spaces, workplace design, infotainment, and personal healthcare and
wellbeing with positive results (Scott et al., 2015; Spyridonis et al., 2014). Similarly,
Hersh (2017) presented an evaluation framework with an aim to assess ICT-based
learning technologies for people living with a disability. From the point of view of
mobile design, Mi et al. (2014) provided heuristics for evaluating the accessibility of
smartphone interface designs. In an effort to empathize and understand the needs of
a particular audience, Cooper (1999) was first to propose the use of personas i.e. the
creation of fictional characters to represent user groups for people with disabilities.
Along those lines, Kelle et al. (2015) presented how personas could be used within a
Massive Open Online Course (MOOC) for learning about accessibility design.

In addition, W3C recommends a number of tools and solutions that have been
developed to help designers evaluate their designs for accessibility (Chisholm and
Kasday, 2005). More recently, a number of simulation-based solutions have been
proposed. IBM have proposed the use of “aDesigner” (IBM Research, n.d.) as a tool
to aid designers assess if their web pages are accessible by the visually impaired. A



vision and hearing simulator was developed by the University of Cambridge within
their “Inclusive Design Toolkit” (2017).

While evidence from the literature suggests that accessibility design is an active area
of research and practice, research has also indicated that accessibility of web
designs appears to not be a primary concern amongst designers (Lazar et al., 2004).
The situation has not significantly improved since then. A recent survey of Web
accessibility practitioners (WebAIM, 2018) identified that lack of knowledge and
awareness of web accessibility are the most important reasons why websites are still
not designed to be accessible, and poor understandability of WCAG appears to be
the most important contributing factor for not engaging with guidelines. Most work on
accessibility design has focused on providing tools and methods such as the above
that incorporate those guidelines. There is little previous research on improving the
complex and laborious task of understanding such guidelines and addressing
engagement issues that designers currently seem to be faced with. GATE builds
upon this challenge by proposing an approach to better raise awareness and engage
designers in using the WCAG.

2.3 Serious games for increasing engagement and raising awareness

The use of gaming techniques and technologies has had a wide variety of
applications with increasing popularity. One of those is serious games (Abt, 1987;
Crookall, 2010) which are increasingly applied in more areas and disciplines, as well
as becoming more complex. Serious games offer interactivity coupled with
immersive experiences in order to engage people in tasks and activities that are not
necessarily considered fun. Their application in education and training market has
ever been growing over the past decade (Meijer et al., 2018; Michael and Chen,
2005; Papaioannou et al., 2018; Susi et al., 2007).

2.3.1 Increasing Engagement

Recent research on serious games has expanded into areas such as healthcare and
rehabilitation (Cargnin et al., 2015; Meijer et al., 2018), environment (Aubert et al.,
2018), military (DeFalco et al., 2018; McGregor et al., 2016), education and training
(Katsaounidou et al., 2019; Lamb et al., 2018), and decision making (Daylamani-Zad
et al., 2018, 2016; Flood et al., 2018). Research has also demonstrated many
examples of serious games being used for increasing engagement. The use of



serious games has not only increased (Paraskevopoulos et al., 2014), but also
optimized engagement in rehabilitation (Cargnin et al., 2015). There are many
studies into the positive impact of serious games on engagement in training and
education (Connolly et al., 2012; Papaioannou et al., 2018; Pourabdollahian et al.,
2012). The investigation of the benefits of serious games in engaging people in a
work environment is also not new. Research by Pavlus (2010) has shown that game
design elements such as leader boards and feedback mechanisms help people feel
more ownership and more engaged when carrying out tasks. Past work
demonstrated that engagement was indeed improved when game design elements
were introduced in work-related activities (Shneiderman, 2004). Halan et al. (2010)
found that the use of game mechanics helped increase participation in an online
training by 61%. In order to maximize engagement, the Self-Determination Theory
(SDT) (Deci et al., 1999) has been used to understand user motivation in carrying
out tasks. SDT discusses that human beings can be intrinsically (based on wants
and needs) or extrinsically (based on rewards) motivated when carrying out a task.
Research has shown that intrinsic motivation is the most effective, as it is supported
by three core psychological needs — competence, autonomy, and relatedness, which
when fulfilled help users feel more motivated (Deterding, 2015). Fundamental work
by Ryan et al (2006) investigated the application of SDT in video games and found
that it is associated with enjoyment and players’ sense of immersion in gameplay.
More relevant to this work, Stiegler and Zimmermann (2015, 2014) explored the use
of gamified systems in engaging developers through an online platform and
proposed a set of gamification patterns. The above platform was primarily designed
to connect developers in building accessible applications, but not to address issues
with the WCAG. Similarly, Grammenos (2008) provided developers a first-hand
experience of an inaccessible game with an aim to educate them about the
importance of game accessibility guidelines.

2.3.2 Raising Awareness

The body of research also indicates that serious games have been successfully used
for raising awareness. Recent research demonstrates an increasing awareness in
regards to communal policing in the public through the use of serious games (Sorace
et al., 2018). Others demonstrate results in raising awareness on genetic literacy
(Oliveri et al., 2018), antimicrobial resistance (Molnar, 2019) and stress awareness



(Holz et al., 2018) through serious games. In engineering, serious games have been
used to raise awareness on agile methodologies and portfolio management (Stettina
et al., 2018) and software security (Pandit et al., 2018; Yasin et al., 2018). Cultural
awareness and historical heritage have also benefitted from serious games (Katerine
Marceles and Burbano, 2018).

2.3.3 The need for a Serious Game

According to the body of research, serious games pose as a successful mean for
engaging individuals with activities around the topic at hand. However, and despite
their popularity, in current serious games literature web accessibility is scarcely
addressed. Additionally, it has been suggested that “accessibility is solved at the
design phase” (Lambert, 2018). Accordingly, GATE makes use of an interactive
game environment where designers can engage with the WCAG guidelines prior to
any development and during the design phase.

Work by Daylamani-Zad et al. (2014) identified that there is a limit to how close a
task in such game environments should be to the real-world scenario. Building upon
the Lusory and Ludic dimensions of serious games (Aleven et al., 2010; Suits, 2005),
which explain that if Lusory concepts (the goal of the game and the efficient means
to achieve it) and Ludic concepts (mechanics, story, aesthetics, and technology) are
too far apart, then the game will loose its efficiency, whilst if they are too close, then
the game is in danger of becoming boring. A balance has to therefore be reached
between these concepts. Accordingly, a greater abstraction level between the real-
world scenario and the game scenario in GATE would increase the enjoyment level,
yet it would also potentially increase the difficulty for achieving the original goal of the
training. Alternatively, the closer the real-world and the game-world are, the easier it
would be to achieve the training goal, but this comes at the cost of user enjoyment
and therefore engagement. The above is also taken into consideration in the design
of GATE.

2.4 Player modelling in serious games

Player modelling and its importance to serious games is discussed next. Player
modelling is often utilised in games to ensure that they would address the needs and
preferences of their target audience. Karpinskyj et al. (2014) have identified
gameplay preferences, playing style or skill level as important elements of player



modelling. The work by Oriji et al. (2013) that builds upon the BrainHex model is an
example of player modelling based on playing style. Previous research focused on
player modelling via player types. For example, Gobel et al. (2010) deployed a
variation of Bartle’s model where a quadruple of normalised values indicates how
much the player fits into the killer, achiever, socializer, and explorer player types,
and is updated as the player makes decisions. Similarly, Cowley et al. (2013)
present a real-time classifier of player type for the Demographic Game Design
(DGD) player typology (conqueror, manager, wanderer, and participant), with
approximately 70% accuracy. Marczewski developed the Gamification User Types
HEXAD framework and suggested different game design elements that may support
different user types (2015). The importance of tailoring games to users’ personalities
was also highlighted in previous work. Ferro et al. (2013) have sought to improve the
design of games by deriving relationships between player types, personality types
and traits, and game elements and game mechanics, resulting in five category
groupings: dominant, objectivist, humanist, inquisitive, and creative. Player modelling

is therefore central to the design of GATE.

2.5 Research aim and approach

Research revealed that the WCAG guidelines are complex to learn and this often de-
motivates designers from using them in their practice. Numerous tools and methods
exist to address this issue, but those incorporate those guidelines for automatic
assessment of designs, which may be subject to error, and after development has
taken place. There is no previous work that focused on helping improve designers’
engagement with WCAG. The use of serious games was shown to be effective in
helping users engage and train in numerous settings. Accordingly, in this paper, we
aim to address the above by proposing a serious game that promotes the WCAG
guidelines in an effort to improve engagement with the available web accessibility
guidelines, and ultimately, to raise awareness about WCAG. GATE was
implemented following a multi-layered approach whereby the design was informed
and tailored to user needs and preferences in Study 1, and it was then evaluated by
users in Study 2. Figure 1 presents this approach.
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Figure 1. Summary of approach for development and evaluation of GATE
3. Study 1 - Turning designers into user types

The serious game was informed by a user study through an online survey with
designers with an eye on tailoring the game to potential users’ preferences based on
empirical data.

3.1 Study 1 procedure and materials

In this work, player modelling was implemented by adopting the Gamification User
Types HEXAD framework using the approach put forward by Tondello et al. (2016) in
order to identify player types for GATE, as it explicitly utilises the SDT. HEXAD
proposes six user types that can be used to screen a target audience and choose
adequate game design elements for each user:
i.  Achiever (intrinsic type). Motivated by challenges, completion of tasks and
progression.
ii. Free Spirit (intrinsic type). Looking to explore or create.
iii.  Philanthropist (intrinsic type). Motivated by a sense of altruism.
iv.  Socialiser (intrinsic type). Looking to create social connections and a sense of
being part of a group.
v. Player (extrinsic type). Motivated by extrinsic rewards.
vi.  Disruptor (none of the above). This type is a group rather than a single type. It
is looking to disrupt the system by influencing the system or others.

The HEXAD survey instrument was therefore used to identify user types that are
appropriate for our target audience. The survey contained sections about
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demographics (age, gender, education, and awareness of accessibility guidelines),
and the 30 User Types survey items outlined in Tondello et al. (2016). Participants
(see section 3.2) were asked to rate those items on a 7-point Likert scale (‘Strongly
disagree’ to ‘Strongly agree’). Responses were collated, and a score-per-type was
calculated for each participant. Specifically, in order to evaluate how representative
each user type is for a participant, the user type scores for all items relating to a type
were added up with the maximum score per type being 35 (100%) (Tondello et al.,
2016). Mean scores and Standard Deviations (SD) were further produced to
summarise the findings (Table 1). The average distribution of user types in
participants was also calculated and presented in Figure 2. As illustrated in Equation

1, if HEXAD is the set of all user types, then Thp, € Ry, represents the score rated by
participant p, for each h € HEXAD. The calculation of Mean and SD is demonstrated in

the equation below.

Average user type distribution percentage

-
J—

\

= Socialiser = Achiever Disruptor Free Spirit = Philanthropist = Player

Figure 2. Average distribution percentage of user types in participants. The diagram
illustrates a high identification with all user types in the participants.

HEXAD = {Socialiser, Achiever, Disruptor, Free Spirit, Philanthropist, Player}
Ry, = {rn|h € HEXAD} : p, € Participants
Z Rh,pi

M h) = : p; € Participants & h € HEXAD
ean(h) \Participants] Di articipants

SD(h) = O'(Rh’pl.) : p; € Participants & h € HEXAD

Equation 1. Calculating the Mean and Standard Deviations for each HEXAD user
type.



Additionally, we define ‘main user type’ as the type in which the participant achieved
the highest score among the six user types. Whilst a main user type allows us to
identify dominant preferences, participants exhibited traits and preferences that
relate to all six user types (Figure 2). Therefore, all six user types need to be
considered in the design of the system that accommodates for the designer
population. The identification of a main user type thus allows us to determine the
distribution of user types in order to prioritise in facilitating for each user type.
Accordingly, the distribution of participants’ main user type was averaged (Table 1)
and then used to inform GATE’s game design elements. Equation 2 illustrates the

calculation process for the main user type distribution.

MainUserTypes = {MainUserType,. = max(r,,.) | Thp. € R,. & h € HEXAD
yp yp Di Di Di pPi

Y |MainUserTypep. = h|
Distribution, = % ( n

\Participants| ) : p, € Participants & h € HEXAD

Equation 2. Identifying main user type for participants and calculating the distribution.

3.2 Study 1 participants

Thirty-one (14 female; 17 male) designers were recruited to take part in this survey
via online postings in relevant communities and through related professional
networks. The participants were aged between 18-37 years old (Mean=26.53;
SD=4.94) and more than half (63.4%) had never used WCAG before, which is
consistent with past research about designers lacking required technical knowledge

in practice.

3.3 Designer user types mapped to game design elements

The results of our online survey are presented and further mapped to game design

elements in this section.

Table 1 presents the Mean score, SD and Distribution for the six user types
according to the results of our survey. All user types were considered in the design
of GATE. Specifically, the findings reveal that the “Free Spirit” and the “Achiever” are
the top two representative types to the participants based on their Mean score.
These data suggest that intrinsic motivation is most important to the targeted
audience and it will be mostly utilised in GATE. However, it has to be noted that
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“Player” also scored high both in its Mean and Distribution suggesting that extrinsic
motivation should also be considered in GATE, as most players initially come into a
system due to rewards. On the other hand, “Disruptor” was not as commonly
identified as a main user type. It did not scored high by any of the participants as a
main user type (0% distribution), but nevertheless, the findings suggest that it makes
up a smaller portion of the participants’ preferences (M=19.66) and as illustrated in
Figure 2, “Disruptor” represents 13.31% of the participants’ preferences which is
clearly impactful. Hence, it will be accordingly considered in GATE. The GATE game
mechanics were then tailored in accordance to the characteristics of each of the

identified user types for the targeted audience, outlined in
Table 1.

Table 1. GATE User Types

User Type Mean SD Distribution (%)
Free Spirit 27.43 4.65 29.03

Achiever 27.06 4.03 32.26
Philanthropist 26.10 3.32 6.45

Player 24 .43 6.23 22.58

Socializer 24.23 5.50 9.68

Disruptor 19.66 512 0

The design goal of GATE is to improve engagement with WCAG. Accordingly, we
designed GATE based on game design elements proposed by Marczweski (2015)
for each user type in order of their Mean score (highest to lowest). Previous research
by (Brondi et al., 2015) highlighted the importance of challenges in engagement. On
this premise, we further map those design elements to the WCAG guidelines through
relevant challenges and tasks, and based on the framework proposed by Spyridonis
et al. (2017) with an eye on increasing engagement. Section 4 discusses the final

mapping for GATE.

4. GATE design and implementation

The game’s design and implementation decisions that utilise our Study 1 findings are
presented next. The game was designed based on two dimensions of requirements:
1. Mechanics proposed by HEXAD that cater for the identified user types, and 2.
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Scenarios that would enable implementation of the WCAG and the identified
mechanics in (1). As stated previously, all participants (designers) identified with
every user type in varying extents (Figure 2), therefore, by utilising (1) and (2) we
can ensure that all designers can engage with every WCAG guideline included in
GATE. The theme used was a contemporary setting, but with a futuristic touch to
ensure that there is a greater abstraction level between the real-world scenario and
the game scenario so that enjoyment is increased in line with the findings by
Daylamani-Zad et al. (2014). The summary of design and implementation
architecture is presented in Figure 3. The design and implementation is explained in
detail in this section.

The serious game was implemented with Unity and C#. The use of this engine
allows for future releases on suitable mobile platforms, such as tablets and
smartphones. The current version was ported as a desktop PC game and as a web-
based game that is playable in a browser. GATE uses a secure NoSQL database to
store user data, user progress, and achievement and certification capabilities.

a Implementation N
4 Game Design h
Badges User Types
Certificates Competition Achiever
(- ~N
Mystery Box i
Achievements Player Progres.smn
(Levelling)
Keys and Doors \ p N
™A || Elevator Connecting
Tactical Assassination Free Spirit Floors
Multiple Rooms per
Envi t -
Timed tower defence nvironmen Floor
Mechanics in Rooms . .
Loss aversion & e (skills) Disruptor Multiple Rooms per
. . Level
Interactive Narrative
& J
Discovery ~ ~
Philanthropist
Assistive Robot
Puzzle Social Awareness =i~
Leaderboard
Room Escape Socialiser |
Connect the dots \_ J
-
N . J

Figure 3. Design and implementation of GATE game, illustrating the relations
between various components and mechanics.

4.1 Game structure and mechanics
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The game’s overall structure and how it incorporates the WCAG and user types is
now discussed. The location used in GATE is an office building to match the player’s
perception with the reality of working as a designer in a company. The office building
has multiple rooms spread across four floors which are connected via an elevator
(Figure 4). Each floor represents a ‘Principle’ of the WCAG and would encompass
rooms that act as level settings, which are dedicated to a specific ‘Guideline’ from
the WCAG. The incorporation of levels supports the Achiever user type through
progression mechanics. Figure 5 illustrates the hallway for a typical floor with rooms
that the user can choose to enter and explore.

Figure 4. Elevator tracking player progress and connecting various floors.

Each room holds a new challenge for the player. Challenges are also mechanics that
are in support of the Achiever user type. The player is free to explore the various
floors and rooms in any order they wish to, and therefore, incorporating exploratory
mechanics and providing a nonlinear gameplay, which are both mechanics that
support the Free spirit user type. Upon overcoming the challenges in each room, the
player would receive an achievement badge for the corresponding guideline (Figure
6), supporting the Player user type. Once the player has overcome the challenge,
they are provided with a briefing about the specific guideline they have been
addressing with links back to the guideline for more in-depth information about
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success criteria. This is in line with the Achiever user type who are looking to learn
new skills and improve themselves. Once a room challenge is addressed, the next
challenge for the room is unlocked. For example, once the player overcomes a
guideline challenge at Level A, the challenge at Level AA is unlocked. This mechanic
supports both Progression for Achievers and Unlockable content for the Free Spirit

user types.

P .
Figure 5. A typical hallway of a floor where doors would lead to rooms with various
scenarios.

The elevator connecting the floors also has controls and indicators for each floor and
room, which will light up once a challenge has been completed. This allows the user
to monitor their progress in support of the Achiever user type. Once all the levels for
a ‘Principle’ are completed, the player is issued a certificate indicating its completion
at the corresponding level (A, AA, AAA), also in support of the Achiever user type.
Players may join the game at any floor they wish, supporting the need for autonomy
to achieve intrinsic motivation in GATE. This also supports in transitioning Disruptor
user types into more engaged user types through incorporating an Anarchic
gameplay. As Disruptors can freely roam around and explore without engaging with
the gameplay, intrinsic motivation elements would help engage them with the game
through their anarchic style and gradually transition to another user type. This game
structure should allow players to learn about the guidelines through different
challenges and understand the importance of classification and success criteria of

designs.
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Congratulations, the room you have just
completed, has been based around the
guideline Distinguishable at level A.
[Press Space to Continue]

If you would like to read this guideline
specification then please click here to view
it on W3C website.

[Press Space to Continue]

Congratulations, you have a new
Achievement! You have completed
Perceivable guidelines at level A.
[Press Space to Continue]

Figure 6. Achievement messages corresponding to guidelines.

4.2 Assistive technologies and social interactions in GATE

The importance of assistive technologies for GATE is demonstrated in this section by
mapping the identified user types to social mechanics implemented through a
companion robot. This robot has been designed into the game and accompanies the
player throughout. The robot is designed as a metaphor for Assistive Technologies
and is therefore called ‘Assistive Robot’ (see Figure 4, top-right). The robot
communicates with players and either helps/guides their progress or needs their help
at various challenges. This enables the implementation of Knowledge sharing
mechanics for the Philanthropist user type, as well as creates a social awareness
and sense of belonging for players in support of the Socializer user type. Throughout
the game, the Assistive Robot requires players to collect and spend items and
collectables; for example, the items discovered in one scenario can be used in
another (see next section for GATE’s scenarios). This mechanic supports the
Philanthropist user type.

We also included a leader board social mechanic in the game, as it allows for a
sense of belonging and ownership (Pavlus, 2010), while supporting a competitive
experience. Specifically, leader boards allow for supporting social comparison, social
competition and social discovery in line with the Achiever, Socializer and Player user

17



types. Additionally, leader boards help to overcome feelings of loneliness that might
arise in gamified experiences. The leader board in GATE helps to enable
competence amongst players, creating in that way incentives for better performance,
as well as for mastering the environment and outcome. The above is in line with the

relatedness and competence needs of SDT to achieve intrinsic motivation in GATE.

4.3 WCAG principles mapped to game scenarios

We utilise different scenarios in each level so that the player feels both challenged
and motivated to discover new mechanics, whilst engaging with the WCAG.
Accordingly, the GATE scenarios implement the WCAG principles and identified

game mechanics as described below.
Principle 1 — Perceivable

The Perceivable principle is presented on the first floor. This principle consists of four

guidelines which have been mapped to specific game scenarios.

e Guideline 1.1 - Text Alternatives (provide text alternatives for non-text content):
We implemented a Mystery Box scenario where the player enters a dimly lit room
and finds a box at its centre. The player tries to open the box, but the item inside
is unclear. The Assistive Robot will explain what it can scan, and the player is
presented with an HTML code box and must write the description in the ALT tag
of an image. If the player enters a correct description, the item will appear clearly
and can be collected. This level includes exploratory tasks, a challenge, and a
reward and collection, which address the Achiever, Free spirit and Player user
types. Figure 7 illustrates the stages of this scenario.

e Guideline 1.2 - Time-based Media (provide alternatives for time-based media):
The Mystery Box scenario is similarly implemented for this level, where a blurred
video is being used in a noisy room. The Assistive Robot will communicate with
text and the player needs to fill the ALT tag to make the video clear and receive
the video’s message which is the password to unlock the door and finish the
level. This level incorporates mechanics from categories of challenges,
unlockable content, knowledge sharing and rewards which address the Achiever,
Free spirit, Philanthropist and Player user types.
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1
A small potted cactus? No, it's not a cactus
but it might be in the same family.

[Press Space to Continue] d

Figure 7. Mystery box for the Text Alternatives scenario (Top), HTML code box and
the alt tag clue (Middle), correctly filled alt tag with a collection message (Bottom).

¢ Guideline 1.3 - Adaptable (create content that can be presented in different
ways): The corresponding scenario is based on Keys and Doors, where Keys are
content such as text, pictures, videos, etc. and Doors are a phone/PC platform,
etc. Players should fit the content into the platform provided. If the platform is out
of reach, then the player would access it with the help of the Assistive Robot. The
collectables from scenarios such as the Text Alternative can be used at this level

as content, if the user has collected them. This scenario includes exploratory
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tasks, a challenge and collection, and social discovery which address the
Achiever, Free spirit and Socialiser user types.

Guideline 1.4 - Distinguishable (make it easier for users to see and hear content):
Tactical Assassination is the scenario mapped to this guideline. The player needs
to find a specific target in the crowd. Everyone is the same colour; hence, the
Assistive Robot will help to apply filters to make the target visible. This scenario
includes exploratory tasks, unlockable content, a challenge, a quest, team
activity, and rewards in line with the Achiever, Free spirit, Socialiser and Player

types.

Principle 2 — Operable

This principle consists of four guidelines and is located at the second floor of the

building.

Guideline 2.1 - Keyboard Accessible (all functionality available from a keyboard):
This guideline is mapped to a Discovery and Coordinated Action scenario, where
the player would need to fix a keyboard in order to type in a password by finding
the missing keys. The Assistive Robot suggests shortcuts. There are no-
keyboard zones and no-mouse zones, which the player would need to overcome.
This scenario includes exploratory tasks, unlockable content, a challenge, a
quest, team activity, and rewards in support of the Achiever, Free spirit,
Socializer and Player user types.

Guideline 2.2 - Enough Time (provide enough time to read and use content): This
has been mapped to a Timed Tower Defence scenario. The player has to destroy
100 enemies in the time given. Players cannot win until the Assistive Robot helps
them increase the time limit. This scenario has an epic challenge, gifting, team
activity and creativity tools mechanics, which support the Achiever, Free spirit,
Philanthropist, Socializer and Player.

Guideline 2.3 - Seizures and Physical reactions (do not design content that may
cause seizures and physical reactions): To help the players realise the possible
features that could cause seizures, a combination of Loss Aversion and
Interactive Narrative is used. At the start of the level, the Assistive Robot breaks
down because of multiple flashing points, and through conversation, the player
turns them off, and reduces the area they affect. Finally, the player makes a
shield for the robot to ensure this does not happen in any other room. From here
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onwards, the player needs to recharge the shield at intervals to remind them of
the seizure issues. This scenario includes an exploratory task, gifting, rewards
and social discovery which address the Free spirit, Achiever, Player,
Philanthropist and Socializer user types.

Guideline 2.4 - Navigable (provide ways to help navigate, find content and
determine position): This guideline is suitably mapped to a Discovery scenario.
The level starts with the player faced with many rooms and corridors. The player
needs to finish a task of downloading and a task of uploading a file in order to
progress. The Assistive Robot suggests using the map and prompts the player to
find the home page, check the page title and check for any breadcrumbs to go
back to where they were after accomplishing the task. This level includes
exploratory tasks, nonlinear gameplay, unlockable content, quests, knowledge
sharing and rewards which support the Free spirit, Achiever, Player,

Philanthropist and Socializer types.

Principle 3 — Understandable

This principle consists of three core guidelines and is located on the third floor.

Guideline 3.1 - Readable (Make text content readable and understandable): This
guideline has been mapped to a selection of Puzzles where the level would take
the default language of the game and use a different language to show the
instructions. The player is prompted with an HTML code block and needs to find
the ‘http header’ and change it back to their own language. This level includes
quests and rewards, which address the Achiever and Player user types.
Guideline 3.2 - Predictable (Make Web pages appear and operate in predictable
ways): The guideline is mapped to a Room Escape scenario. The player would
start in a locked room, and there is a panel next to the exit door. The player can
prompt the HTML code with the help of the Assistive Robot, but s/he needs to
find the passcode first; the Input field is locked, so the player needs to create an
‘on focus’ for the input in order to enter the passcode. Finally, the player must
create a submit button with a ‘select tag’ to submit the passcode. This level
involves unlockable content, learning new skills, a challenge, team work and
rewards which support the Achiever, Free spirit, Socializer and Player user types.
Guideline 3.3 - Input Assistance (Help users avoid and correct mistakes): A
Connect the Dots scenario is mapped to this guideline where the player needs to
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access the HTML code panel with the help of the Assistive Robot and connect
validation and labels to fields in order to enter the information needed to complete
the level. This level includes unlockable content, a challenge, rewards and team

play, which address the Achiever, Free spirit, Socializer and Player user types.

Principle 4 — Robust

This principle consists of one core guideline and is located at the top floor. It has to

be noted that even though each floor has different number of active rooms, there is

always a similar number of room doors available in the corridor and the player would

need to find active doors that allow them to enter rooms.

Guideline 4.1 - Compatible (Maximise compatibility with current and future user
agents, incl. assistive technologies): This guideline has been mapped to a
Connect the Circuit scenario where the player is faced with a locked electronic
door. The circuit that runs the power to the door is broken and the player would
need to fix this. The Assistive Robot is unable to read the page, so it informs the
player that the information is incompatible. The player would need to fix IDs,
closing and opening tags to make sure the current can run through to the door so
that the Assistive Robot can open the door. This level includes unlockable
content, a challenge, team activity and rewards which would support the

Achiever, Free spirit and Player user types.

5. Study 2 - User evaluation

The hypothesis being tested in this research work is that GATE is as equally

effective as W3C'’s existing online documentation for WCAG, but it is more engaging

and user friendly. Accordingly, an empirical user evaluation was carried out to

address two main aims:

A1. Determine whether GATE provides similar results with the existing online
documentation whilst being more engaging. This was addressed through a
comparative user study of GATE and the current WCAG documentation®. The
standardised User Engagement Scale (UES) questionnaire (O’Brien and
Toms, 2010) was then adopted to compare the user engagement levels
between GATE and the above documentation, which includes questions that

1 https://www.w3.org/TR/WCAG20/
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specifically address complexity (e.g. player confusion) and laboriousness (e.g.
demanding gameplay) dimensions in line with the research problem identified
in this work.

A2. Determine whether designers’ preferred GATE as opposed to the online
documentation and what is their perceived satisfaction with using it. The
standardised Post-Study System Usability Questionnaire (PSSUQ) presented
by Lewis (2002) was similarly used and adapted to fit this study in order to

address this aim.

Written informed consent was obtained from all participants before starting the

evaluation.

5.1 Study 2 procedure and materials

The user evaluation consisted of three stages; (i) a briefing stage, (ii) the
comparative user study, and (iii) the PSSUQ stage (Figure 1), in accordance with the
above aims. Specifically, all participants were initially briefed about the purpose and
aims of the research study in the briefing stage (Stage i). This stage lasted
approximately ten minutes.

The second stage (Stage ii) was then carried out with participants being divided into
control group and experimental group (Campbell and Stanley, 2015) to assess (a)
whether the control group ability to identify accessibility issues with the online
documentation was statistically significant different from the experimental group
ability with GATE, and (b) whether GATE is more engaging compared to the online
documentation. Accordingly, the control group was assigned to the online
documentation mentioned earlier, which is an established resource that has been
produced as a summary of the WCAG. The experimental group was assigned to
GATE for the similar purpose. All participants, regardless of group allocation, were
asked to complete a demographics questionnaire at the beginning of the study and
were told to use their allocated approach freely to familiarise themselves with their
content.

Both groups were then provided with the full HTML and CSS codes of the website
from W3C'’s Before and After demo?, an established web-based resource that shows

an inaccessible version of a website, an accessibility audit report for it, and the

2 https://www.w3.org/WAIl/demos/bad/
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improved version. The demo is typically used to raise awareness on web
accessibility or as a practical example for designers and developers. However, for
the aims of this study, the participants were only provided with the “Before”
(inaccessible) version. They were then asked to carry out the task of inspecting the
‘Homepage’ and the respective code against the guidelines checklist provided in
Table 2, and identify and write down as many accessibility issues as possible based
on their experience of using their allocated approach. The checklist was compiled
based on existing accessibility issues in the provided audit report from the demo.
The above task and materials were identical for both groups. Participants in the
experimental group were also asked to adopt a ‘think-aloud’ approach, which
enabled them to verbally share their thoughts while interacting with GATE (Martin
and Hanington, 2012). In order to minimise interference with the process, when
participants wanted to make a comment, we asked them to pause the game, and to
continue it after their comment. Written notes were taken during each session by the
authors. The participant responses were then analysed by comparing those to the
audit report, and they received one point for each correctly identified issue for ease
of analysis. There are 27 reported accessibility failures on the Homepage (27 points
in total), which are presented within 10 annotated notes.

On completion of stage two, all participants from both groups were asked to
complete the UES questionnaire to assess their level of engagement with each
approach. The user study was carried out in a lab setting in a controlled environment
using a PC. Each user test session lasted approximately 80 minutes.

In stage three (Stage iii), participants in the experimental group were lastly asked to
complete the PSSUQ, which was used to gain insight into their perceived satisfaction
with using GATE. This final stage lasted approximately 8 minutes.

Table 2. Accessibility audit checklist for the comparative study
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Principle Guideline

1.1 Text Alternatives

1. Perceivable 1.3 Adaptable

1.4 Distinguishable

2.1 Keyboard Accessible
2.4 Navigable

3.1 Readable

3. Understandable | 3.2 Predictable

3.3 Input Assistance

4. Robust 4.1 Compatible

2. Operable

5.2 Study 2 participants

A purposive sampling approach was used for this study. Accordingly, 20 designers
(8 female; 12 male) were recruited to participate in the user evaluation via online
postings and through related professional networks. They were aged between 24-45
years old (Mean=30.5; SD=6.14). The participants were equally divided between the
two study groups. All of them had previous experience of playing video games and
had varying level of familiarity/expertise with accessibility design, which is

summarised in Table 3.

Table 3. Participant self-declaration of level of familiarity/expertise with accessibility
design

None Aware Knowledgeable Expert

4 7 5 4

Total Count 20

5.3 Comparative User Study results
The results of our comparative user study (Stage ii) are presented in this section in

accordance to the aims presented earlier.

5.3.1 Effectiveness results

Overall, the participants performed similarly in identifying accessibility issues, which
confirms that working with GATE can be as effective as working with the WCAG
online documentation. This section presents the analysis of the results from this

stage of the study.
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Figure 8 shows the box-plot of the effectiveness study for the experimental group
(GATE) and the control group (WCAG documentation). The performance of the two
groups was similar, which means the effectiveness of GATE and WCAG as a means

for communicating the WCAG is similar.

24

22

20

Effectiveness

Experimental Group Control Group

Figure 8. Box-plot for the effectiveness study in experimental group (GATE) and the
control group (WCAG documentation).

Table 4 presents the descriptive data of the comparative study for both groups. As
can be seen, the means for both groups are similar (M=16.8 for the experimental

and M=16.5 for the control group). The best response in the experimental group is
higher than the control group. Similarly, the standard deviation of the experimental

group is also marginally higher than the control group.

Table 4. Descriptive data for the comparative study between the experimental group
(GATE) and the control group (WCAG documentation)

N Min Max Mean SD
Experimental 10 11 23 16.8 3.6
Group
Control Group 10 1" 22 16.5 3.32
Valid N 10
(listwise)
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A Wilcoxon matched pairs signed-rank test was further performed to determine
whether there is a significant difference in the test results between the experimental
and the control group. The Wilcoxon signed-rank test showed that there is no
statistically significant difference between the two groups (Z = -0.339, p=0.734). In
fact, the Median for both groups is 16.50, suggesting that participants performed
very similarly.

Finally, a Kruskal Wallis test was additionally used to determine whether participants’
previous experience with accessibility design affected the results of the comparative
study. The Kruskal-Wallis H test showed that whilst the experience has had an effect
on the performance of the participants, this was not statistically significant (p = .096
for the experimental group and p=0.226 for the control group).

5.3.2 User Engagement results

Overall, the participants found GATE considerably more engaging than going
through the online documentation. Accordingly, this section presents the analysis of
the results of the UES survey.

Figure 9 shows the box-plot of the UES surveys for the experimental group (GATE)
and the control group (WCAG documentation). Participants rated GATE considerably
higher compared to the online documentation in the UES survey, suggesting that the
group who used GATE were more engaged in comparison. Table 5 presents the
descriptive data of the engagement survey between the experimental and control
groups. As can be observed, the mean of the engagement survey for the
experimental group is higher (M=90.6) compared to the mean for the control group
(M=48.2).
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Figure 9. Box-plot for the overall engagement in the experimental group (GATE) and
the control group (WCAG documentation) in %, using the UES survey.

Table 5. Descriptive data for UES survey comparing engagement between the
experimental group (GATE) and the control group (WCAG documentation)

N Min Max Sum Mean SD
Experimental 10 84 108 906 90.6 8.79
Group
Control Group 10 42 55 482 48.2 3.94
Valid N 10
(listwise)

A Wilcoxon matched pairs signed-rank test was further performed to determine
whether there is a significant difference in the engagement levels between the
experimental and the control groups. The test showed that participants’ engagement
level was significantly different between the experimental group and the control
group (Z =-2.810, p = 0.005). The Median engagement for the experimental group is
86.50 and for the control group is 50.00, suggesting that participants from the
experimental group were more engaged compared to the control group. The
reliability analysis of this surveys showed that the Cronbach alpha (a=0.861 for
Experimental group and a=0.816 for Control Group) is at an acceptable level for this
study. Overall, KMO sample adequacy measure for Experimental Group is 0.96 and
for Control Group is 0.89.
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Existence of any gender differences in usability perception and engagement was
also investigated. The Wilcoxon-Mann-Whitney test showed that there is no
statistically significant difference between the engagement levels in male and female
participants in the experimental group (p=.741). Similarly, the Wilcoxon-Mann-
Whitney test showed no significant difference between the engagement levels in the
control group (p=.659). Finally, a Kruskal Wallis test was used to determine whether
participants’ previous experience with accessibility design affected the engagement
with GATE. The Kruskal-Wallis H test showed that there was no statistically
significant difference in engagement between those who had less experience with
accessibility design and the more experienced (p = .520).

5.3.3 PSSUQ survey results

This section presents and discusses the results of our post-study questionnaire
carried out in Stage iii which are supported by selected participant comments
recorded through the think-aloud approach. The PSSUQ measured perceptions of
Overall System Satisfaction (Item 1), System Quality (Items 2-10), Information
Quality (Items 11-15), and Interface Quality (ltems 16-19) on a 1 (Strongly disagree)
to 7 (Strongly agree) point Likert scale. The average of each of the above
dimensions was taken in order to obtain an overall satisfaction score according to
Lewis (Lewis, 2002, 1992).

As presented in Figure 10, GATE was perceived overall as a highly satisfactory
system. All responses have averaged above the chance line (value 4 would be the
average for a 1-7 scale). Overall System Satisfaction (Item 1) had a high satisfaction
(Mean=5.75, SD=0.62), which indicates that the system was received well by the
participants. The reliability analysis of this surveys showed that the Cronbach alpha
(a=0.850) is at an acceptable level. Overall, KMO sample adequacy measure is
0.89.
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Figure 10. Wilson confidence interval of PSSUQ.

The System Quality perception (ltems 2-10) is also strongly averaging above 5 with
high confidence in the responses. However, Item 4 “| was able to complete the tasks
and scenarios quickly using this system” received the lower satisfaction (Mean=5.33,
SD=0.49), which indicates that some participants found certain challenges difficult
and had to spend more time on them than they had expected. Notably, the
‘Keyboards Accessible’ level was identified as challenging during the think-aloud
approach, which considering the context, is reasonable. Item 8 | believe | could
become productive quickly using this system” received a high error margin as the
deviation of responses was 1.16. A number of participants, whilst acknowledging that
GATE would increase their engagement with the WCAG, did not feel this
engagement would increase their productivity. This is an interesting point and would
rely on participants’ perception of productivity, whether they consider productivity as
the quantity of the work, or the quality of the work performed adhering to the
guidelines. The Information Quality (Items 11-15) responses averaged above 4.75,
which again shows a satisfactory perception by the participants. However, Iltem 11
“The information (such as on-line help, on-screen messages and other
documentation) provided with this system was clear” received the lowest satisfaction
in the category (Mean=4.75, SD=1.65). The mixed responses in this category could
be related to the communication with the Assistive Robot. Comments revealed that
the participants who communicated more with the Assistive Robot were satisfied

whilst the lower communication led to lower satisfaction. We plan to encourage the
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communication more through prompting the player more into conversations during
gameplay.

Finally, the Interface Quality (Items 16-19) received high satisfaction responses
(overall average above 5). Participants were satisfied with the quality of the
interaction and indicated that they were able to effectively perform all the tasks and
compete the scenarios. Iltem 18 “This system has all the functions and capabilities |
expect it to have” did however receive a lower satisfaction (Mean=4.33, SD=1.07).
This could be attributed to the lack of auditory feedback. In fact, during the think-
aloud approach, participants identified audio as a weakness in the system. While the
game has background music and atmospheric and interaction sound effects (e.g.
opening doors, pressing buttons), the participants identified that they would like to
also have audio feedback such as sounds effects when objects are picked up, or
when a challenge is achieved. They would also have liked voice-over for messages
communicated by the Assistive Robot.

6. Concluding discussion

This section discusses the overall findings and presents the identified implications
and contributions of this work.

6.1 Overall findings

In this paper we introduced GATE — a novel proof-of-concept serious game which
can assist towards the design of accessible user interfaces. Our game was
developed in order to assist designers better engage with the WCAG through play in
a user-friendly manner. Two studies were reported which informed the design and
evaluated the game for its effectiveness, user engagement, and user satisfaction.
The results highlighted a general consensus that our game was a usable system that
ranked high in terms of user engagement whilst retaining effectiveness similar to
existing online documentation.

Specifically, our comparative user study revealed that there is no statistically
significant difference between the performance of the two groups (experimental and
control) in identifying accessibility issues. On the other hand, our findings showed
that user engagement levels between the two groups were statistically significantly
different with participants finding GATE considerably more engaging than going
through the online documentation. This is an encouraging finding as it demonstrates
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that GATE allows for achieving the same end result, but in a more engaging manner,
which is in line with our hypothesis.

Similarly, the post-study results measured through the PSSUQ demonstrated that
overall user satisfaction was averaging above 4.75 across all measured items.
PSSUQ further revealed that the quality of the provided information (ltem 11) could
be improved if the interaction with the Assistive Robot is further enhanced. This is an
interesting observation that points to a positive relationship between depth of
interaction and information quality. However, it is necessary that the perceived
efficacy of GATE will be explored further in a larger-scale study. The full investigation
of the effectiveness of GATE therefore constitutes part of our future endeavours.

6.2 Implications and contributions

This section summarises the findings and insights from this research work.
Accordingly, the main contributions of this work are: a) improving designer
engagement with WCAG through a novel serious game, b) an approach to integrate
WCAG into games, c) discussion of how our findings could be applied to the design
of similar games for designers. These are elaborated below.

Enjoyment improves engagement with WCAG. We established that lack of
knowledge is an important factor in the case of implementing the WCAG. In this
work, by proposing a proof-of-concept game for the purpose of improving
engagement with the WCAG, it is possible to moderate the lack of knowledge that
designers are faced with and enable them to know what they should consider when
designing accessible solutions. However, in order to facilitate engagement, research
has shown that this is influenced by how satisfying a game is for a player (Merhi,
2016). Customisation has also been shown to influence players’ enjoyment (Teng,
2017). Accordingly, our Study 2 results indicate that GATE’s Overall System
Satisfaction was high (Mean=5.75, SD=0.62), while our highly tailored game, as
shown through Study 1, adds another dimension of fulfilment for players. Our
comparative user study further confirmed that GATE is significantly more engaging
compared to existing online documentation (Z =-2.810, p = 0.005, experimental
group M=90.6; control group M=48.2). Our studies’ results, therefore, point to an
equally high level of engagement with the game. Interestingly, participants
commented that they would appreciate a higher level of immersion in the game
(GS7) indicating the importance of emotional engagement to designers. Indeed,
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Dominguez et al. (2013) found that emotional engagement is crucial for successful
games. We can therefore surmise that increased engagement can lead to enhanced
work performance. Research has in fact shown that this can be achieved as a result
of a number of mechanisms and components, such as work enjoyment and intrinsic
work motivation (Alessandri et al., 2015). Our findings are in line with the above, as
GATE has shown to both improve engagement with WCAG through enjoyment
(Study 2), as well as to cater for intrinsic motivation (Study 1). It is therefore
recommended that enjoyment and intrinsic motivation should be key ingredients in

engaging designers in similar activities.

A serious game can turn complex work activities into informative play
activities for designers. The foundation of GATE is turning a laborious, yet
important workplace activity i.e. accessibility design using the WCAG, into a playful
activity. Our findings from the comparative user study indicated that designers found
the activity of engaging with WCAG through play as an attractive approach. This is in
line with previous findings that employees enjoy work activities that include elements
of play (Petelczyc et al., 2018). In our work, we found that turning accessibility
design into a play activity could be enabled through certain game mechanics that are
shown to be most appealing to designers. Specifically, participants highlighted in
their comments that autonomy implemented as an ability to roam freely within the
game environment helped them feel engaged and kept the game fresh. Exploration
and learning are therefore important elements of play to designers and should be
investigated by further studies based on appropriate behavioural theories. Similarly,
participants identified that GATE would benefit from the ability to provide players with
flexible controls and additional menus. This was also identified from the results of the
PSSUQ, and specifically, in Item 18 which indicated that participants would prefer
additional functions and capabilities. Indeed, past research indicated that
customisation is related to personal control (Turkay and Adinolf, 2010) and the
feeling of “ownership” (Ondrejka, 2004), which are elements that designers identify
within games according to our findings. It is suggested that the aforementioned
game mechanics should be considered when designing similar gameful experiences

for designers.

No “one size fits all” user type for designers in games. Players are typically
categorised based on motivation (Yee, 2006) and enjoyment (Hunicke et al., 2004).
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This premise has led to numerous player type preference models that are currently
reported in the literature, but they all point to two common mechanics; achievement
and socialisation (Zichermann and Linder, 2010), which are both aspects of intrinsic
motivation. Results from our Study 1 confirm this, as we found that designers are
intrinsically motivated types who are mostly driven by challenges (“Achiever”),
exploration (“Free Spirit”), altruism (“Philanthropist”), and social connections
(“Socializer”). Accordingly, we found that game mechanics such as challenges,
nonlinear gameplay, achievements, unlockable content, knowledge sharing, and
social discovery can be used to this effect when designing engaging games for
designers. However, our findings further point to the fact that there is no single,
optimal user type appealing to designers. In fact, participants indicated that they
identified themselves with all six user types in the HEXAD Framework. It is therefore
suggested that design for designer populations should not only consider the intrinsic
types, but extrinsic types (“Player”) and types looking to influence a game
(“Disruptor”) must also be attended to by ensuring that they can be transitioned to
more engaged types. In GATE, the latter type has been addressed through an
Anarchic gameplay mechanic.

6.3 Limitations and future work

Our findings present a number of limitations that need to be considered. We
acknowledge that the relatively small number of participants in our studies may have
an impact on the generalisation of our findings. However, given the limited existing
efforts in this research area, the reported findings can be considerably useful as they
offer significant insights and could be used as an important point of reference for
future efforts. Overall, our findings provide a positive indication towards the
acceptance of the proof-of-concept game by designers. However, the lack of audio
and auditory feedback was perceived as a weakness, and it is therefore unclear
what impact the inclusion of audio would have to the user experience and whether it
would help designers feel more immersed. We also acknowledge that we used two
types of questionnaires to measure user engagement and user satisfaction,
respectively. Employing additional methods could lead to more insights. Finally,
while both user engagement and user satisfaction were evident from our findings,
GATE’s impact on increasing productivity and awareness were not investigated.
Accordingly, our findings present two main avenues for future work. First, a further
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longevity study is needed to fully assess the above. This would require a well
thought out design process underpinned by appropriate theory. Second, the recently
published WCAG 2.1 version of the guidelines will be considered and incorporated
into GATE, as at the time of development those were not available.

Overall, this work can contribute to ongoing efforts in adopting good accessibility
practices when designing ICT products and services for all, which is not only
required by law, but it also provides equal access and equal opportunities to people

with disabilities and therefore help avoid social exclusion.
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