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Abstract. This paper describes how the Unified Design method, originally 
conceived as a means for developing universally accessible user interfaces, can 
be adapted and applied to the development of universally accessible games. The 
basic steps for applying the method are presented and explained through 
illustrative examples. Furthermore, the key differentiations between designing 
turn-based strategy games and action games are highlighted and the related 
impact to the application of the design method is explained. 
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1   Introduction 

Until now, little attention has been paid to the development of computer games that 
can be potentially played by all gamers, independently of their individual 
characteristics, requirements, preferences and abilities. In particular, there are no 
computer games that can be concurrently played among able and disabled people, 
either remotely or sharing the same computer, with the minor exception of a few 
games that can be played both by visually impaired and sighted players, like All 
inPlay card games1 and the 3D shooter Terraformers2. 

This paper introduces a novel approach to creating games which are proactively 
designed to be concurrently accessible by people with a wide range of diverse 
requirements and / or disabilities. In this context, a structured design method, based 
on Unified User Interface Design [1], is suggested. The method follows a step-by-
step, top-down approach, starting with a high-level abstract task definition process 
and eventually leading to the creation of a complex - but well-structured - design 
space, populated with numerous interweaved physical designs. 

2   Background and Related Work 

From a technical point of view, two main approaches have been adopted to address 
the issue of computer game accessibility: 

1. Inaccessible games become operationally accessible through the use of third-party 
assistive technologies, such as screen readers, mouse emulators, or special input 

                                                           
1 http://allinplay.com/games.html 
2 http://www.terraformers.nu/index.php?option=com_content&task=view&id=34&Itemid=28 
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devices. In practice there are serious barriers and bottlenecks inherent in the 
absence of compatibility efforts during the development of computer games and 
assistive technology systems.  However, even when some sort of compatibility is 
achieved, this is typically the result of either customized low-level adaptations (i.e., 
hacking) or pure coincidence, rather than the outcome of appropriate design 
considerations.  

2. Accessible games are developed from scratch, however, targeted merely to people 
with a particular disability, such as audio-based games for blind people3, and 
single-switch games for people with severe motor impairments on the upper 
limbs4. 

Following the first approach we typically accomplish a very limited form of 
accessibility, as well as poor interaction quality and usability. Through the second 
approach, being the most promising, we have to cope with two key drawbacks: (a) 
there is a significant tradeoff between the cost of developing high quality accessible 
games and the expected return on investment, assuming the target user group reflects 
a limited market population; and (b) there is an apparent hazard due to the potential 
segregation between able and disabled gamers, essentially leading to social exclusion. 

In order to overcome the limitations of existing approaches towards game 
accessibility, the Human–Computer Interaction Laboratory of ICS-FORTH, following 
the principles of Design for All [2], has introduced the concept of Universally 
Accessible Games [3] (or, UA-Games), as an effective technical approach to achieve 
game accessibility coupled with high interaction quality, also putting forward the 
objective of creating games that are concurrently accessible to people with diverse 
abilities.  

At present, in the context of the UA-Games research activity5 of the HCI Lab of 
ICS–FORTH, two games have been developed: UA–Chess [3], a universally 
accessible web–based chess; and Access Invaders [4], a universally accessible 
multiplayer / multiplatform version of Space Invaders. 

3   The Design Process 

A key prerequisite to effectively accommodate the particularly broad spectrum of 
diverse interaction requirements imposed by universally accessible games is to firstly 
design the interactive game space at an abstract level, in a representation-independent 
way, eliminating all references to the physical-level of interaction (e.g. input / output 
devices, rendering, low-level dialogue). Once this is accomplished, the next step is to 
appropriately capture the lower-level design details, incrementally specializing 
towards the physical level of interaction by addressing particular user characteristics. 
To this end, a design approach capable to represent an open set of alternative physical 
designs under a common abstract design umbrella is the Unified User Interface 
Design method [1]. This method reflects a process-oriented discipline emphasizing 
abstract task definition with incremental polymorphic physical specialization. 

                                                           
3 e.g., http://audiogames.net 
4 e.g., http://oneswitch.org.uk/4/games/reviews/index1.htm 
5 http://www.ics.forth.gr/hci/ua-games 
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Fig. 1. Applying Unified Design to the development of universally accessible games 

Since Unified Design was originally targeted to the creation of accessible user 
interfaces, it had to be adapted to cater for the intrinsic characteristics and particular 
needs of game design. The basic steps in applying Unified Design to the development 
of accessible games are summarised in Fig. 1. As shown, it is a highly participatory, 
user-centred, iterative process, as: (a) throughout the overall lifecycle, the direct 
involvement of several representative end-users (gamers) with diverse characteristics, 
as well as domain experts (usability, accessibility, gaming, etc.) is promoted for the 
continuous assessment of the design outcomes in each step; and (b) it is possible to 
return to a previous design step, in case, for instance, more information is required, 
some design artifacts have to be revisited, or the design parameters must be further 
specialized. 

Quite often, in order to evaluate the decisions made at a specific step, or to weigh 
alternatives before committing to them, it is required to quickly create small-scale 
temporary prototypes, known as “throwaway” prototypes. These may range from 
rough hand-made sketches to simple programs. Prototyping [5] is an essential part of 
the iterative design process since it provides a low cost, tangible means for gathering 
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early and meaningful user feedback, and, at a later stage, can also serve as a common 
reference point, as well as a concrete, unambiguous, documentation medium for 
communicating design specifications to game programmers. 

At this point, it should be noted that game programmers are also involved in the 
whole process with a two-fold role: (a) they provide input about technical 
requirements and restrictions, as well as about the feasibility and cost of alternative 
design solutions; and (b) they develop and “tweak” the required electronic prototypes. 

 

Fig. 2. Abstract task decomposition for the game of chess 

 

3.1   Abstract Task-Based Game Design 

The goal of this first step is to breakdown the high-level tasks performed by people 
when playing the particular game – irrespectively of the medium they use to play it – 
as well as the things they do, the things they act on and the things they need to know. 
The hierarchical decomposition adopts the original properties of hierarchical task 
analysis [6] for incremental decomposition of user tasks to lower level actions. In this 
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context, it is essential to focus on the basic logical game activities and constituents 
identifying their semantic attributes and relevant regulations independently of the way 
these can be physically instantiated to be accessible or usable to particular user 
groups. 

As an indicative example, the result of the decomposition for the game of chess is 
illustrated in Fig. 2, where tasks are divided in two broad categories: (1) game-play 
tasks, comprising user actions directly related to the game goal and content (i.e., the 
board and the pieces); and (2) game-control tasks, which include “peripheral” user 
actions that affect the game state and the way that player-game interaction is 
performed. 

 

Fig. 3. Example of mapping abstract tasks to alternative interactive designs 

3.2   Polymorphic Specialization with Design Alternatives 

In this step, the abstract tasks resulting from the previous one are mapped to multiple 
low-level, physical alternative interactive designs, meeting target user attributes. In 
this context, accessibility barriers that can possibly emerge in each task when 
performed by a particular user group are identified and suitable alternative interaction 
methods and modalities are selected. An example of how the abstract task entitled 
“Select piece” (from the example illustrated in Fig. 2) can be mapped to alternative 
low-level, physical, alternative interactive designs is presented in Fig. 3. 

3.3   Appropriateness Analysis for the Design Alternatives 

A matrix is constructed correlating the perceived appropriateness of each selected 
design alternative for every user attribute. The rows of the matrix represent distinct 
user attributes while its columns alternative interactive designs. Each cell, depending 
on the suitability of the particular design for the specific user attribute, is filled with 
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one of the symbols depicted in Table 1. The alternative interactive designs 
appropriateness matrix can be filled in by reviewing related literature, using previous 
know-how in the field, as well as by questioning domain experts and representatives 
of the target user groups. 

Table 1. Alternative interactive designs appropriateness symbols 

Symbol Meaning 
  (ideal) Explicitly designed for this user attribute.  
  (appropriate) Suitable, but possibly not the best choice. 
  (could be used) If nothing else is available, it can be used, though not recommended. 
  (inappropriate) Totally inappropriate, will result in posing an accessibility barrier. 

 =  (neutral) Does not have any effect on the particular user attribute. 

 

Fig. 4. Example of appropriateness matrix for the design alternatives 

A basic design goal is that for every abstract task, there should be at least one 
“ideal” or “appropriate” input and one output design alternative for each user attribute 
and target user profile. A user profile is a collection of user attributes (e.g., novice, 
sighted, hand-motor impaired gamer). The appropriateness of a design alternative for 
a specific user profile can be inferred by merging the corresponding rows of the 
matrix that contain attributes of this profile, as follows: 

• If the design alternative is inappropriate for any of the user attributes, then it is 
deemed as inappropriate for the entire profile. 

• If the design alternative is neutral for a specific attribute, it means that it is not 
related to this attribute and thus, does not affect the design’s appropriateness for it. 

• In all the other cases (i.e., ideal, appropriate, could be used), the lowest 
appropriateness value supersedes all the others.  
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Thus, for example, Fig. 5 illustrates the appropriateness matrix for the case of a 
low vision, novice player that can use just a single switch. As can be seen, this is a 
particularly difficult case, since the available solutions are very limited and not 
optimal. Nevertheless, it can still be ensured that the game is accessible in this case. 

 

Fig. 5. Appropriateness matrix for a low vision, novice player that can use just a single switch 

 

Fig. 6. Compatibility matrix example for the alternative input designs of Fig. 3 

3.4   Compatibility Analysis Among Design Alternatives 

When alternative interactive designs have been identified, it is essential that cases 
where two, or more, alternatives are mutually incompatible are pinpointed, so that 
they can be avoided. To this purpose several related compatibility matrices need to be 
devised. A compatibility matrix has as rows and columns all the alternative interactive 
designs that can potentially be concurrently active at a particular point in time. If two 
designs are compatible then the corresponding cell is filled with a green tick ( ), else 
with a red X ( ). Fig.6 presents a compatibility matrix created for the alternative 
input designs of the example presented in Fig.3. 

3.5   Prototyping, Usability and Accessibility Evaluation 

As soon as a “stable” version of the whole (or just a discrete part of) game design is 
available, indicative electronic prototypes of the game can be developed showcasing 
the alternative interactive properties of its user interface for the different target user 
groups. The usability and accessibility of these prototypes should definitely be 
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evaluated with representative end-users. In this respect, a quick, handy and very 
effective informal evaluation method is thinking aloud [7]. According to this method, 
an evaluator (or sometimes even more) observes a gamer interacting with the system, 
asking vocalisation of thoughts, opinions and feelings, in order to understand the 
gamer’ s mental model, the way she thinks and performs tasks and find out any 
mismatches between the user’s mental model and the system model. Conversations 
are usually recorded so that they can be analysed later on. Furthermore, to support the 
evaluation process, a list of indicative tasks is used, that prompts participants to 
explore the full game functionality available. After playing the game, a small 
debriefing session can be held, where participants are asked about their overall 
impression of their interaction with game and personal preferences, likes or dislikes, 
as well as for suggestions regarding potential improvement and modifications. 

The outcomes of this step, can considerably aid in validating, correcting and 
updating design decisions, as well as in developing new ideas for improving the 
accessibility and playability of the final game. When the design specification is 
considered as “mature” it can then be propagated for further development. Of course, 
as parts of the game and its functionality are being developed it is highly desirable to 
regularly perform usability and accessibility testing. 

4   Abstract Task-Based Game Design and Action Games 

A basic design differentiation between a turn-based board game, such as chess that 
was used as an example up to now, and action games is the “degrees of freedom” 
along which the game can be modified in order to become accessible. More 
specifically, in the case of board games, only the user interface (i.e., the way the game 
is presented and controlled) can be adapted to better match a particular player’s 
characteristics. The game’s rules (logic) and content are fixed and any deviations are 
not possible. Then again, action games are more flexible in this dimension, since they 
usually have a main goal, but they do not impose restrictions on how this can be 
achieved and do not have any globally established strict rules and specific content. 

To provide an illustrative example, when making a chess game accessible, the 
possible adaptations can only affect how the board and pieces are rendered and the 
way the player can select and move the pieces. The type or number of the pieces, the 
rules they follow for moving, or what a player has to do to win can not be changed 
(since this would be a different game).  On the contrary, when creating an accessible 
version of Space Invaders, beyond changing how the player’s spaceship is controlled 
and presented, it is possible to completely revamp the characteristics of the attacking 
alien ships (e.g., number, speed, firepower, size) and even the rules of the game (e.g., 
allow the player to destroy any alien, but only a specific alien to destroy the player, 
change the initial number of the player’s “lives”). 

Thus, a key difference in relation to the aforementioned design example of the 
chess game is that, at the stage of identifying accessibility barriers related to the 
game’s interface, barriers that stem from the game’s content and rules should also be 
identified, as well as possible design strategies for overcoming them. In this respect, 
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Fig. 7. Abstract task decomposition of a “Space Invaders” type of game 

the abstract task decomposition of a “Space Invaders” type of game is illustrated in 
Fig. 7. This time, tasks are divided in three – instead of two – categories:  

1. game-play tasks, comprising user actions directly related to the game content;  
2. game-control tasks, which include “peripheral” user actions that affect the game 

state and the way that player-game interaction is performed;  
3. game-logic tasks, which are performed by the system in order to create and control 

the various active game elements. 

5   Conclusions 

The design of universally accessible games is an inherently demanding and 
challenging task, requiring the management of a very large design space, which, even 
when the game design is mostly completed, may still grow dynamically as new 
diverse user groups or varying environments of use are accommodated in the design 
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process. Additionally, it entails the mapping and transformation of design parameters 
to coherent, highly usable and accessible interaction designs. 

To this end, analytical design methods, such as the one presented in this paper, are 
anticipated to become necessary tools for capturing, representing and managing the 
large and complex design spaces of universally accessible games, addressing the 
compelling requirements for customization, accessibility and high quality of 
interaction.  

The presented design method has been formulated, applied, tested, refined, and 
documented in its present form through the development of two computer games in 
the context of the UA-Games research activity of ICS–FORTH (see section 2 
“Background and Related Work”). 

References 

1. Savidis, A., Stephanidis, C.: Unified User Interface Design: Designing Universally 
Accessible Interactions. International Journal of Interacting with Computers 16(2), 243–270 
(2004) 

2. Stephanidis, C., Salvendy, G., Akoumianakis, D., Bevan, N., Brewer, J., Emiliani, P.L., 
Galetsas, A., Haataja, S., Iakovidis, I., Jacko, J., Jenkins, P., Karshmer, A., Korn, P., 
Marcus, A., Murphy, H., Stary, C., Vanderheiden, G., Weber, G., Ziegler, J.: Toward an 
Information Society for All: An International R&D Agenda. International Journal of 
Human-Computer Interaction 10(2), 107–134 (1998) 

3. Grammenos, D., Savidis, A., Stephanidis, C.: UA-Chess: A Universally Accessible Board 
Game. In: Salvendy, G. (ed.) Proceedings of the 3rd International Conference on Universal 
Access in Human-Computer Interaction, Las Vegas, Nevada, USA, Lawrence Erlbaum, 
Mahwah (2005) 

4. Grammenos, D., Savidis, A., Georgalis, Y., Stephanidis, C.: Access Invaders: Developing a 
Universally Accessible Action Game. In: Miesenberger, K., Klaus, J., Zagler, W., 
Karshmer, A.I. (eds.) ICCHP 2006. LNCS, vol. 4061, pp. 388–395. Springer, Heidelberg 
(2006) 

5. Floyd, C.: A Systematic Look at Prototyping. In: Budde, R., Kuhlenkamp, K., Mathiassen, 
L., Zullighoven, H. (eds.) Approaches to Prototyping, Springer, Heidelberg (1984) 

6. Johnson, P., Johnson, H., Waddington, P., Shouls, A.: Task-related knowledge structures: 
analysis, modeling, and applications. In: Jones, D.M., Winder, R. (eds.) People and 
Computers IV,, pp. 35–62. Cambridge University Press, Cambridge (1988) 

7. Nielsen, J.: Usability Engineering. Academic Press, Boston, MA (1993) 


	Introduction
	Background and Related Work
	The Design Process
	Abstract Task-Based Game Design
	Polymorphic Specialization with Design Alternatives
	Appropriateness Analysis for the Design Alternatives
	Compatibility Analysis Among Design Alternatives
	Prototyping, Usability and Accessibility Evaluation

	Abstract Task-Based Game Design and Action Games
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




