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Abstract 

We present the findings of a study regarding game 

design for children with neurodevelopmental disorders, 

found through observing play of a digital game by 

players with Fetal Alcohol Spectrum Disorder (FASD). 

Deficits associated with FASD include problems with 

social skill development and executive function, 

including emotional regulation and impulse control. 

These deficits can increase the difficulty of playing 

digital games. We conducted a ten-week in-school 

gaming trial with 11 elementary-aged children with 

diagnosed or suspected FASD. Participants enjoyed 

playing together and enjoyed the in-game reward 

system, though some game elements caused 

unexpected frustration. Successful game elements 

included a reward system of earning coins to buy 

virtual items, easy access to social play, and easily 

interruptible gameplay to allow players to take breaks. 

Elements to avoid include retracting game options that 

players already know, and insufficient ability to recover 

from in-game setbacks. 

Introduction 

The over-arching goal of our research program is to 

increase the accessibility of digital games for children 

with neurodevelopmental disorders. Here, we present 

the findings of a study into the design of games for 

children with Fetal Alcohol Spectrum Disorder (FASD). 
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FASD, caused by prenatal alcohol exposure, is a 

heterogeneous and complex set of disorders, affecting 

an estimated 2-5% of the population of North America 

[2]. FASD is associated with a wide range of 

behavioural, cognitive, and physical deficits, impacting 

visual-spatial processing, attention, fine motor function, 

and gross motor function [6]. For this report, the most 

pertinent deficits associated with FASD are problems 

with social skill development and executive functions 

such as emotional regulation and impulse control 

[6,7,8]. 

These deficits can make many activities of daily living 

more difficult, including playing digital games. 

However, there have been few studies concerned with 

how to design a game so that it can be played and 

enjoyed by players with FASD. Games are an important 

pastime and cultural touchstone, and difficulty 

participating in gaming can exacerbate social isolation. 

Therefore, social equity demands that children with 

FASD be considered in the design of games. 

Additionally, games are frequently used in interventions 

intended to improve the symptoms of FASD. It is thus 

important to make these games as fun and playable as 

possible, not only for the sake of equity, but also to 

improve the effectiveness of game-based interventions 

for children with FASD. 

Study Design 

To investigate how to effectively design games for players 

with neurodevelopmental disorders, we performed a 10-

week study at an elementary school in which 11 

children with diagnosed or suspected FASD participated 

in a social gaming activity during class time, using the 

existing pedal-to-play social exergame Liberi [3]. The 

participants were recruited from an elementary school. 

Demographically, nine players were male and two 

female, and ranged from 7-11 years old. Players were 

divided into two cohorts. Members of each cohort 

played together in a room provided by the school. 

Liberi was created to be played by children with 

Cerebral Palsy (CP), and its design includes 

considerations for deficits common to both CP and 

FASD, including motor disabilities and visual-spatial 

deficits. For this study, Liberi offers the advantages not 

only of having been designed for players with 

neurodevelopmental disorders, but of being designed 

specifically to be fun. Liberi has been tested and found 

enjoyable by a range of juvenile populations, including 

typically-developing [4], CP [5], and now FASD. 

Liberi's main gameplay is structured as a set of seven 

minigames that can be entered from a central island 

area (Figure 1). Most minigames take under two 

minutes to play, and all can be played multiplayer, 

divided between competitive and cooperative 

playstyles. If fewer than four players join a game, AI-

controlled bots are used to make up the numbers. 

Liberi also includes the ability to earn coins from games 

that can be spent on in-game items. These include 

costume pieces for a player's avatar, and power-up 

items to give the player extra powers. Items have 

varying prices, with some “deluxe” items, like golden 

armour, costing much more than others (Figure 2). 

Method 

During play, each player was assigned a “buddy”, a 

kinesiology student from a local university who helped 

the participants individually when needed. Buddy duties 
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included answering questions from their participants, 

being the first to offer help in case of emotional upset, 

and otherwise managing player behaviour. 

Buddies also gathered data about their participant's 

experiences, using a standardized “passport” checklist. 

To fill the passports, buddies asked their players at the 

end of each session what parts of the session they did 

or did not enjoy. The buddies also recorded their own 

observations about the players' responses to events. 

These passports formed the primary data source for our 

study. The passports were analyzed using thematic 

analysis [1]. Contents of the passports were reviewed 

by one researcher. Repeating ideas and patterns were 

defined as codes, and the codes were grouped to form 

the following three themes, each of which relates to a 

deficit associated with FASD: 

▪ Frustration: Though the players enjoyed the game 

overall, there were some aspects that players found 

frustrating. This included external factors we could 

not control, but also some elements of the game that 

players found unfair. 

▪ Rewards: Players enjoyed both earning coins and 

using them to purchase game items. The players 

were able to save up for expensive “deluxe” items, 

despite having to resist impulse purchases of 

cheaper items in order to do so. 

▪ Social Interaction: The game sessions inspired social 

connections. Players much preferred to play with 

each other than to play alone, and interpersonal 

conflict was rare. Players also showed a strong 

preference for playing cooperatively over playing 

competitively. 

Lessons 

We were initially uncertain how well Liberi’s money 

system would work as a reward system for our players, 

given that the coins must be saved up to buy items. 

However, players enjoyed not only buying both 

ordinary and “deluxe” items, but also collecting the 

coins themselves. This positivity strongly suggests that 

standard gamification techniques can be 

effective, despite difficulties experienced by children 

with FASD in planning and deferred gratification. 

We also saw that the players enthusiastically embraced 

collaborative group play, making the game a positive 

social experience. They also showed a strong inclination 

toward playing cooperatively, so much so that they 

sometimes invented their own cooperative ways to 

play, such as playing tag in the island, or teaming up 

against bots in competitive minigames. This suggests 

that emphasizing cooperative play options may 

help players play together and form social connections. 

However, players sometimes found themselves very 

frustrated with problems in the game. The first problem 

element was game rotation. Each week, a different set 

of Liberi's minigames would be available, to help avoid 

players becoming bored of always playing the same 

games. However, on several occasions players became 

very frustrated at a game being unavailable when they 

wanted to play it. 

Second, players could get frustrated when they were 

unable to recover from setbacks or mistakes. The most 

common example was that the AI bots can stun a 

player in some games, stopping them from moving for 

a second. While this is not a large effect, repeated 

stuns—especially when a player was close to winning—

 

Figure 1: A player avatar in the 

Liberi island. On the right is a 

portal to a minigame. On the left 

is an AI shopkeeper. 

 

 

 

Figure 2: A player avatar wearing 

three different outfits, combined 

from items purchased in in-game 

stores using virtual coins earned 

through play of games. 

Left: default outfit. 

Centre: Hair and a new shirt. 

Right: A full set of golden 

armour. 

 



 

left players feeling bullied by the bots. Similarly, 

players could not return an item purchased by accident, 

thus losing their hard-earned coins. Both elements 

were present in prior trials of Liberi, but only caused 

obvious, serious frustration in our players with FASD. 

In both the above cases, the problem can be fixed in 

design: avoid retracting options, and ensure low 

cost of failure in game mechanics. However, it may 

not always be possible to prevent players from 

becoming upset. As one final positive lesson from our 

observations, Liberi’s minigame structure allowed 

players to easily take breaks to calm down when 

especially upset, without disrupting the play session by 

exiting a longer game. This interruptibility allowed 

Liberi to account for breaks, allowing sessions to be 

less frustrating, and thus more fun overall. 
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