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Abstract. Testing products with representative users is a key factor for user-
centered design. When such representative users are disabled children the user 
testing process becomes a challenge and in this case evaluation methods based 
on heuristics and inspection could not attend the final user needs. The major 
purpose of our research is to provide an evaluation method that could measure 
disabled children interaction. This work first discusses the development of the 
coding scheme based on the detailed video analysis method which was adapted 
to observe interaction of children with Down syndrome. After that we demon-
strate the method reliability by applying the cohen’s kappa coefficient and the 
any-two agreement measure. Finally we discuss how this method could be used 
to evaluate usability and fun problems. 
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1 Introduction 

Recently the concern with the development of people with special needs and their 
inclusion in society has grown. The first step to make this possible is to provide child-
ren with special needs ways of stimulus that are pleasant and efficient at the same 
time. One way to combine these two features is through digital games that stimulate 
most of the speech, comprehension, attention, perception and other factors needed for 
a good social life. 

The learning process of children with Down syndrome occurs at a slower rate 
compared to other children of the same age, for this reason they take longer to learn 
how to read, write, do math, among other tasks. [5] Moreover, these children are more 
likely to have more interaction problems that must be taken into account when some-
one proposes to develop some kind of software for this specific audience. In this case, 
evaluation methods of interaction based on inspection and heuristics cannot meet this 
need since they do not involve the end user. 

Due to the specific needs of children with Down syndrome, evaluators may  
not predict usability and fun problems and when computer games are evaluated it is 
important to fix both. In spite of that, there is no coding scheme of behavior that indi-
cates these problems in computer games for children with any kind of special need.  
In this way, this article proposes a new coding scheme to detect usability and fun 
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problems in games developed for children with Down syndrome. The method is based 
on a list of breakdown indication types to evaluate children’s computer games [2]. 
Nevertheless, the definitions of existing breakdown indications probably need to be 
changed, new breakdown indications need to be added, and some indications have to 
be removed. The article starts with a brief introduction to the method created by Ba-
rendregt and Bekker [2] and then immediately describes the changes made to adapt it 
to children with Down syndrome. After that, it will be described how user interaction 
was captured, application of the method and also the results that prove the reliability 
of the method. Finally, the article discusses the results for reliability of the method 
and also how this method could be combined with other in order to better study the 
fun criterion. 

2 DEVAN 

DEVAN [5] is a tool for detailed videos analysis of user test data. It makes use of a 
table format for representing an interaction at multiple levels of abstraction. 

DEVAN method was originally designed to detect usability problems in products 
targeted at adults and it was adapted by Barendregt and Bekker [2] to assess usability 
and fun problems in games targeted at children. 

2.1 DEVAN Adapted for Children 

Based on the list of breakdown indications of the DEVAN method [5], Barendregt 
and Bekker [2] presented a new list of breakdown indications that reflects the beha-
vior observed in children when they indicate problems of fun and usability. 

Despite the fact that the DEVAN method was developed to detect usability prob-
lems in task-based products for adults, for the new method [2] it was chosen not to 
use explicit tasks. The goals set by the tasks may interfere with the goals provided by 
the game, because children feel obligated to fulfill the tasks and also to achieve the 
goals of the game [13]. 

To enable detection of fun problems, the taxonomy defined by Malone and Lepper 
in 1987 [12] was explored. This taxonomy consists of four main heuristics: challenge, 
fantasy, curiosity and control. From each heuristic the following indications were 
added to the list: help, bored, impatience and dislike. 

Moreover, in [2] Barendregt and Bekker observed the need to include other break-
down indications. Usually, games with texts that are difficult to read or with complex 
verbal explanations generate attention problems, so the breakdown indication percep-
tion problem was added. Sometimes children remain passive when an action is  
expected because they don’t know how to proceed. To represent these situations  
passivity was included. 

Finally, the indication wrong action has been added to include situations in which 
the child does not understand how the game works properly and when asked about a 
particular action, the answer is not correct. 
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2.2 Adaptations in the Coding Scheme 

In order to meet the need of evaluating digital games for children with Down syn-
drome, it was necessary to remove, add or redefine meanings of some information 
contained in the list of previous work [2]. 

Removed Breakdown Indications. Basically children who have Down syndrome 
have more difficulty expressing themselves verbally. In [2] there were breakdown 
indications which were only based on verbal explanations. In this work it could be 
difficult to observe these and probably its frequency would be very low. Because of 
that the following breakdown indications were removed: wrong goal, wrong explana-
tion, recognition, ‘doubt, surprise and frustration’. 

Maintained Breakdown Indications. Six breakdown indications from [2] were 
maintained with no changes in their definition. The indications and reasons for keep-
ing them are presented below. Wrong action was kept on the list because it can be 
observed when a child clicks on a non-clickable area or performs an action that was 
not expected at that moment. The difficulty of interacting with a physical game device 
is characterized by the indication execution problems.  

If the game responds slowly, or if the user fails to perform some type of command 
in the game, the indication impatience appears when the user repeatedly click on a 
button or make more abrupt movements in an attempt to do something work or get a 
faster response. Games for children with special needs should also entertain their 
users and propose challenges. But when the challenge proposed is very easy and does 
not interest the child to continue playing, certainly the indication subgame stopped 
will be noticed. When the game fails to stimulate the user's curiosity, the child begins 
to yawns and sighs which are a clear demonstration of the indication bored. The game 
interface should be able to drive the user in a simple and efficient way, if this does not 
happen, interaction problems can occur and the user can get confused, pointing the 
indication puzzled. 

Modified Breakdown Indications. Five breakdown indications from [2] were main-
tained but had their definitions changed. As previously mentioned children with 
Down syndrome have difficulty to verbalize their feelings and thoughts, for this rea-
son the need of verbalization was removed from the definition of indications: percep-
tion problem and random actions. 

Difficult to achieve goals, hinder the child to proceed without the intervention of a 
mediator. Mediators often help children with Down syndrome when they realize that 
the child cannot proceed, i.e. without a verbal request, thereby avoiding serious prob-
lems. Help also had its definition changed, again precluding the need for verbaliza-
tion. If the fantasy provided by the game is too childish or too scary the child may 
express dislike, which can be observed only through facial expressions. 

If the child does not know how to perform some action he or she tends to be pas-
sive just staring at the computer screen. But there are other reasons that could cause 
the child to have that reaction, for example, he or she did not want to perform an ac-
tivity because it is difficult or boring, or even by lack of stimulus. 
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New Breakdown Indication. During an interaction session it was observed  
that one child performed a wrong action just to enjoy the reaction of a character. 
Such behavior did not fit perfectly into wrong action indication, appearing then the 
need to insert an indication of intentional wrong action. In this action the child 
knows that it is not the correct action, but he or she is still doing it only for the 
purpose of fun. 

3 Capturing the User Interaction 

Our study case is based on the user interaction with JECRIPE – a game that has a 
purpose of stimulating preschool children with Down syndrome [1]. Four children 
with Down syndrome, aged between 6 and 12 years (mean = 9 years), joined the 
group of users (Figure 1). None of the children had experienced JECRIPE before and 
was chosen not to use explicit tasks.  From the interaction session we obtained a 
video of approximately 20 minutes containing interactions of children with the three 
game scenarios (Figures 2 (b), (c) and (d)). Ethical procedures regarding the user 
participation in the video was also performed. 

 

Fig. 1. Capturing the user interaction in a video recording 
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Fig. 3. Video coding analysis 
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Another index used to measure the method consistency was the Cohen’s Kappa 
[4], for interpreting the result the following guideline was used [11]: 

• Less than 40% = low agreement. 
• Between 40% and 60% = average agreement. 
• Between 60% and 75% = good agreement. 
• More than 75% = excellent or perfect agreement. 

For that purpose two new evaluators received the same training session described 
before and a list of observation points for which they individually had to pick a code.  

This list was created by taking the list of all four groups of evaluators in the  
first evaluation. When at least three of the four groups of evaluators in the first expe-
riment agreed on an observation point (but not necessarily on the code), it was  
included in the list of observation points, resulting in a list of 47 fixed observation 
points. Of all the 47 points contained in the list, 30 were also encoded in both assess-
ments, producing a concordance of approximately 64%. Sometimes it was noted that 
the discrepancy occurred due to the priority order, e.g. an evaluator puts a code as the 
most important while the other placed it as the second.  

Table 2 shows a comparison between the percentages achieved in any-two agree-
ment and also Cohen’s kappa for this work and [2]. It is important to emphasize that 
the evaluators considered in this study for the validation of Cohen's Kappa have dif-
ferent levels of experience in usability evaluation (one without experience and the 
other an experienced evaluator) and they encoded a list of 47 points. Whereas the 
evaluators in [2] codified a list of 26 points. 

Table 2. Comparison between the results of the two methods  

 

6 Final Considerations 

Finally we conclude that such adaptations performed in the DEVAN method were 
suitable to evaluate interaction of children with Down syndrome.  

Two measures have been implemented to verify the reliability of the method. Four 
groups of evaluators participated in the first measure used as part of the validation of 
the method, and then two new evaluators collaborated to compute the second meas-
ure. The result for each measure was satisfactory and the combination of these proves 
the reliability of the method. 

Note that due to lack of experience of evaluators who participated in the first step 
of method validation (any-two agreement), it can be stated that the method has an 
easy application that its indications and definitions are clear. Based on the result of 
Cohen's Kappa (64% agreement) that included the participation of evaluators with 
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distinct experience levels, we can assume that even inexperienced evaluators will be 
able to apply the method after receiving an appropriate training. However both as-
sumptions need to be further investigated. 

As future work, we could combine the method with other previous investigations 
in which the user informs more directly how much fun he had playing the game. For 
example, by using the Smileyometer [9] it would be possible to verify the impact 
caused by the fault of the game as the criterion of enjoyment reported by the user as 
well as where the indications of the DEVAN method, are appropriate and effective to 
evaluate the fun criterion. 

Based on the statement made by [10] that children between 7 and 8 years of age are 
able to understand and distinguish the concepts of usability, fun and potential for 
learning, we believe that the methods reported by [9] may also be suitable for children 
of the same age range of the participants in this study, because the methods are not 
composed of complex questionnaires and they are also easy to apply. 

Besides that we intend to extend this method to estimate users interactions with 
others kinds of disabilities and also link the detected usability problems with appro-
priate design guidelines as those pointed by [8]. 
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Appendix 

DEVAN Method for children with Down syndrome. 

Code Description Definition 

Breakdown Indication Types Based on Observed Actions with the game 
ACE Wrong 

Action 
An action does not belong in the correct sequence of actions. 
An action is omitted from the sequence. 
An action within a sequence is replaced by another action. 
Actions within the sequence are performed in reversed order. 
The user performs a wrong action unintentionally. 

ACP Intentional 
wrong action 

The user knows that the action is wrong, but still performs this 
action only to have fun. 

AJU Help The user cannot proceed without help or the researcher has to 
intervene in order to prevent serious problems. 
The user is helped to do some action. 

ANT Dislike The user indicates disliking something. 

CON Puzzled The user indicates not knowing how to proceed. 

IMP Impatience The user shows impatience by clicking repeatedly on objects 
that respond slowly, or when it takes too much time to reach the 
desired goal. 

PAS Passive The user stops playing and does not perform the expected ac-
tion. 

PEX Execution 
Problems 

The user has physical problems during interaction with the game. 
The user has motor skill problem. 

PPR Perception 
Problem 

The user indicates not being able to hear or see something clear-
ly, not understanding how to proceed. 

RAN Random 
actions 

The user performs random actions. 

STP Subgame 
stopped 

The user stops the subgame before reaching the goal. 

TED Bored The user indicates being bored by sighing or yawning. 
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