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ARTICLE INFO ABSTRACT
Keywords: Background: Autistic children often face difficulties with semantic skills such as receptive lexicon.
Autism Games based on behavioral principles have been emphasized for treating autistic children.
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Serious Games are a new and effective way to alleviate deficits in autistic children.

Objectives: The present study aimed to design and investigate the efficiency of a Serious Game
titled “Kookism” on the receptive lexicon of autistic children.

Methods: The empirical study with a pretest-posttest design, and a two-months follow-up,
involved 30 children (aged 4-9) at Birjand and Zahedan, Iran. The participants were selected by
convenience sampling and randomly divided into experimental and control groups (each 15
participants). The control group received the Applied Behavior Analysis (ABA), while the
experimental group received a treatment consisting of the ABA plus the “Kookism” game. The 20-
min sessions were held every other day for two months. Data were collected using MacArthur-
Bates Communicative Development Inventories. After confirming the essential assumptions for
the covariance analysis, ANCOVA was used to analyze the data.

Results: The findings showed a significant difference between the experimental and control groups
in the increase in the participants’ receptive lexicon after eliminating the effects of the covariate
(p < 0.05). Two months later, there was no statistically significant difference. (P = 0.144, F =
0.077, p > 0.05).

Conclusions: The findings of this study indicate that Serious Games significantly improved the
receptive lexicon of autistic children. This result remained for up to two months.

1. Background

Autism, as a type of neurodevelopmental disorder, with a prevalence rate of 1 % [1], affects language skills [2], and one out of every
three autistic children enters school with verbal language deficits [3]. Autistic children have problems in both receptive and expressive
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forms of language, but the receptive lexicon is more problematic [4]. One of the main language deficits of these children is the se-
mantics deficit [5,6].

In semantic problems, autistic children show limited receptive lexicon in number and variety, word retrieval problems, use of
scripts, and a narrow range of topics compared with their typical peers [5]. these language problems of autistic children affect their
communication skills [4]. On the other hand, if autistic children up to the age of 5 acquire their linguistic skills through early
behavioral interventions, they will have a better prognosis for social adjustment and communicative skills, and they will have lin-
guistic development during later years [4,7]. Moreover, it has been shown that early concentrated behavioral interventions have
positive effects on autistic children [1].

Applied behavior analysis (ABA) is a treatment approach that has gained attention recently for addressing the needs of autistic
children [8,9]. Based on the principles of behaviorism, ABA is widely recognized as an effective method. In addition to traditional
treatments, serious games are being used to train autistic children. These digital games have an educational purpose and are based on
behavioral principles. They offer several benefits, including their appeal to children, potential to improve their sense of control in
different situations, ability to reduce stress levels, simulation of real-life scenarios, cost-effectiveness, accessibility in underdeveloped
areas, extension of training programs, and subsequent improvement in performance. Therefore, serious games can be a valuable
addition to traditional therapies for autistic children [10-16].

However, Serious Games have been mostly used to enhance the communication skills of children [17], and their potential to teach
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Fig. 1. Participant’s flowchart.
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vocabulary has been overlooked [18]. For instance, Khowaja and Salim (2019) conducted a study that demonstrated how Serious
Games can help increase the number of words learned and decrease the time required for their recall [18]. In another study, Zhu (2016)
successfully developed and evaluated a Serious Game called “Friendster” to train autistic children in social skills. However, the game
lacked guidance for children, which was removed in the present study by introducing an additional character responsible for guiding
them [19]. Similarly, Almeida et al. (2019) investigated the efficiency of a Serious Game titled “ALTRIRAS” and found it useful.
However, the demo version of the game did not entirely adhere to psychological principles [20]. The results of a study on a game called
‘AL-QURAN” revealed that the game significantly improved auditory skills [21].

Despite the benefits of use digital games for treating autistic children, there are some problems. One of the issues is the difficulty in
combining the expertise of clinical mental health specialists, children’s interests, and game designers [14]. Additionally, most of the
available games are in English [13]. Therefore, in this study, we aimed to enhance the game’s appeal to children and make the game
easier by incorporating a guide character and fundamental psychological principles for autistic treatment. We also aimed to make the
game environment more user-friendly and accessible to children. Furthermore, as all existing games for children are in English, we
developed this game in the Farsi language, specifically for Iranian children.

1.1. Objectives

This study aimed to develop a serious game called “Kookism™ and evaluate its effectiveness in teaching Persian vocabulary to
autistic children (aged 4-9). The game was designed, keeping in mind the interests of children, clinical knowledge, and the expertise of
game designers. The study aimed to answer the following hypotheses and questions:

1. Does using Kookism along with the ABA protocol result in better learning of more lexicon than using only the ABA protocol?
2. Does Kookism improve the learning of lexicons in autistic children?

2. Methods
2.1. Ethical considerations

The relevant ethics committee (the ethics committee of Zahedan University of Medical Sciences) has approved this study (IR.
ZAUMS.REC.1399.449). We described the purpose and duration of the study to the participants and parent participants and assured
them that their information would remain confidential. Written consent forms were also obtained from the parent participants.

2.2. Participants

30 autistic children (autism spectrum disorder according to the diagnosis of a psychiatrist) were selected using the convenience
sampling technique in the Welfare Offices of Zahedan and Birjand. The inclusion criteria were: 1) Children aged 4-9 years old, and 2)
Their verbal comprehension age is between 16 and 30 months as determined by their speech therapist. The exclusion criteria were: 1)
had severe intelligence deficit, 2) psychological disorders according to the evaluations of the psychologist, and 3) lack of ability and
interest in playing with mobile phones. The participants were randomly divided into two groups: the experimental group involved 15
participants (4 girls and 11 boys), and the control group involved 15 participants (3 girls and 12 boys). The flowchart illustrating the
movement of subjects through the study (Figure 1).

2.3. Design

The empirical study with a pretest-posttest design and a two-month follow-up. After obtaining the code of ethics, a serious game
called “Kookism” was designed by two clinical psychologists and a speech therapist. They designed a game to meet the special needs of
autistic children, including issues with attention, concentration, verbal comprehension, and rapid data processing to learn 20 words.
Then, a team developed the game. The game was tested in several stages (on two healthy children and two autistic children) to identify
any defects or bugs and assess its level of attractiveness for children. As a result, the researchers improved the game, which increased
its quality, attractiveness, and ease of communication with the game space. The researchers collected data at the pre-test, post-test
(after two months), and follow-up (after two months) stages using MacArthur-Bates’ Communicative Development Inventories (CDI)
administered with the assistance of parents to measure the children’s verbal perception.

2.4. Procedures

After the sample was selected, the Kookism game was installed on the phones of parents in the experimental group. The experi-
mental group participated in 20-min sessions on the Serious Game every other day (for two months) while being monitored and
followed up by the researcher every week to ensure that the game was played regularly and adequately. The procedure begins with the
child choosing their favorite character. The game is performed step by step for the autistic child and each stage becomes more
complicated than the previous stage.

Once some words are taught in the initial steps, they enter a testing stage. if they succeed in this step, they move on to a more
complex instructional step. For instance, at the initial steps, the poem will be played simply by tapping, without any additional action.
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However, in later steps, the child must solve a puzzle for the poem to be played. The stages are interconnected, and until the child
completes the initial stages, they cannot move on to the subsequent stages, which will not be accessible until they complete the
previous ones. The words in the game are repeated multiple times during gameplay, and characters are introduced through poetry.
Each time a child gives a correct answer, they are immediately encouraged to continue. In each stage, a category of words is taught, for
example, in the first stage, the words related to toys and animals are taught, while in the second stage, the words related to fruits are
taught. In the fourth step, children are asked to select colors based on similarity and color names. In Tables 1 and 2, you can find the
game steps and word categories, respectively, for the Kookism game. Also, we have provided examples of the Kookism game space in
Figs. 2 and 3. During the two months, the experimental group received the ABA protocol with the game, while the control group only
received the ABA protocol.

The ABA protocol, a common treatment method for autistic children in typical training, is rewarding when the correct answer is
given. Also, The coach taught the game words to the children during therapy sessions, which were held three times a week.

2.5. Tools

The Communicative Development Inventory (CDI) designed by MacArthur-Bates is a questionnaire that provides information about
children’s language development. CDI comes in two forms, one for children aged 8-18 months (form I) and another for children with a
verbal age of 16-30 months (form II). In this research, form II was used. The validity of CDI was determined by consulting 2 linguists, 2
speech pathologists, and the parents of autistic children in the study by Kazemi et al. (2008). The highest reliability coefficient
belonged to vocabulary comprehension (0.98), while the lowest coefficient (0.43) was observed in the case of general gestures.
Cronbach’s alpha of the verbal comprehension part of this questionnaire is 0.98 [22].

2.6. Statistics

The data obtained from the study were analyzed by SPSS 26 software. Mean and Standard Deviation (SD) were used to summarize
the data. The study employed the univariate Analysis of Covariance (ANCOVA) to report the results ANCOVA test was used to account
for the influence of the Covariate variable, which refers to the ABA protocol that was applied to both groups in the study, to examine
the efficacy of the Serious Game intervention. Results are reported as F-test (F) for group differences, P-value (p) for statistical sig-
nificance, and Partial Eta Squared (1?) for the effect of the intervention. The significance level for all tests will be set at 0.05.

3. Results

In the present study, the average age of the participants was 7.27 (SD = 1.574) years. Also, the average age of the experimental and
control groups was 7.27 (SD = 1.552) and 7.07 (SD = 1.624) years, respectively (p = 0.895). The substantial assumptions of the
COVARIANCE test were confirmed (p > 0.05).

The results of the pretest, posttest, and follow-up stages for both the experimental and control groups are presented in Table 3.
Scores of receptive lexicon increased among children in the experimental group during the posttest and remained stable for two
months. However, no changes were observed in the control group in either of the stages.

By eliminating the effects of the covariate variable (i.e., the ABA), a significant difference was noted between the experimental and
control groups concerning the independent variable (F = 8.339, p < 0.05) (Table 4). Based on the increase in the mean of receptive
lexicon during the pretest and posttest of the experimental group (Table 3), it can be concluded that the use of the Serious Game by
autistic children enriched their receptive lexicon. Additionally, 23 % of the changes observed in the post-test scores are attributed to
the effects of the game intervention (12 = 0.236) (Table 4).

In the follow-up stage of the experimental group, no significant difference was detected between the mean scores in the post-test
and follow-up phase and they could keep this change observed during the post-test was maintained until the follow-up (F = 0.077, p >
0.05) (Table 5).

Table 1
Summary of the game stages.
Content Aim Stage
introduction of toys and animals by tapping each of them Education 1
introduction of fruits by tapping each one Education 2
character introduction by tapping on each of them (animals, fruits, body parts, colors, toys) Education 3
Asking the child to choose a color based on the similarity and name of the color (Figure 1) Evaluation 4
Asking the child to choose a fruit after presenting the name of the fruit Evaluation 5
Education: Providing a model for teaching directions Education and 6
Evaluation: (asking the child to choose the direction right after presenting the name of the direction) Evaluation
Completing the puzzle (animals, toys, fruit) Education 7
Asking the child to choose a character after presenting the name of the character (color, toy, animal, fruit, body parts) Evaluation 8
Asking the child to find the character after presenting the name of the character based on the name and similarity (animals, Evaluation 9
fruits, body parts, toys, colors) (Figure 2)
Asking the child to choose a character after presenting the name of the character (color, toy, animal, fruit, body parts) Evaluation 10
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Table 2
Vocabulary items supported by the game.
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Vocabulary items

Category

Car, doll, balloon, ball

Lemon, apple, pear, banana

Green, blue, yellow, red

Down, up

cat, dog, chick, hen

Bah, bib, jik jik, meow meow, hap hap, qodd qodd qodda
Leg, hand, eye, mouth

Well done, hit it, it was delicious, thank you, mom, baby, no

Toy

Fruit
Color
Direction
Animal
Sounds
body part
Other

Fig. 2. Screenshot of the fourth stage of the game.

Fig. 3. Screenshot of the ninth stage of the game.
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Table 3
Descriptive statistics of receptive lexicon in the pretest, posttest, and follow-up stages in the experimental and control groups.
Variables groups Pretest posrtest Follow up
M SD* M SD M SD
receptive lexicon Experimental (N = 15) 24.47 10.184 26.15 9.843 26.06 8.461
Control (N = 15) 22.85 11.864 22.11 11.018 23.87 12.054

2 M: mean, SD, Standard Deviation.

Table 4

Results of univariate covariance analysis for evaluation of the effectiveness of a serious game on the receptive lexicon.
Source ss? Df* MS® F* P n%
pretest 2924.477 1 2924.477 599.199 0.000 0.957
group 40.699 1 40.699 8.339 0.008 0.236
error 131.777 27 4.881
total 20498.434 30

2 $S: Sum of Squares. Df: Degrees of freedom. MS: mean square. F: F-test. p: Significance. n% Partial Eta Squared.
4. Discussion

The present study aimed to investigate the effectiveness of a serious game called “Kookism” on the receptive lexicon of autistic
children aged 4-9 years old. The findings showed that performing serious games by autistic children significantly enriched their
receptive lexicon, which is maintained until two months. The present study’s findings were in line with the findings of the previous
studies.

Autistic children can remarkably interact with technologies despite their inability to communicate with external environments
[23]. As a result, serious games are being used more and more to change their behavior patterns [24] and be effective in improving
various skills in autistic children [18]. In a review study by Noor et al. (2012), it was shown that such games had significant effects on
the treatment of autistic children [21]. Moreover, the review study by Zakeri et al. (2014) investigated 40 serious games designed for
Autistic children, they concluded that performing the serious games had significant impacts on increasing the children’s social
communication and enhancing their emotional deficits [23]. However, Serious Games have more potential to improve vocabulary
skills in autistic children that have not been used yet [18]. It should be noted that some studies confirmed the positive effects of Serious
Games on enhancing autistic children’s lexicon, and the effects were sustained two weeks later [18,25]. In addition, the findings of
some studies showed that implementing Serious Games for teaching vocabulary was much more useful than using traditional methods
and had a strong impact on learning words and increasing examinees’ abilities to recall words [26-28]. Moreover, the findings of
Kalani et al. confirmed the significant effects of Serious Games on increasing the comprehension abilities of students with dyslexia
[29]. Similar results were observed in the study by Schuurs (2011) where it was shown that Serious Games had significant impacts on
children’s verbal development [30]. In addition, the significant effects of Serious Games on verbal skills have been observed in several
studies. The study by Chen (2020) showed some findings in support of the significant effects of Serious Games on increasing children’s
verbal lexicon [31]. findings of the present study were in line with the results of the above references. To explain these similarities, it
can be argued that modern theories on effective learning state that learning can be more effective when carried out actively,
empirically, and with immediate reinforcement, and computer games create such conditions for their audience [24]. Learning methods
should activate the hippocampus, which is the region in the brain responsible for creating positive emotions, so that interest and
positive emotions may emerge [32]. Serious Games are attractive methods for learning vocabulary by involving the emotional systems
of their brains and lead to an increase in people’s motivation, participation, and effectiveness of treatment [24,26,33,34]. However,
the meta-analysis by Girard et al. (2013) conducted to explain the effect of Serious Games on the rate of learning indicated that such
games had no inherent effects on people’s learning rates, but it increased the time people were motivated to be exposed to learning by
increasing their motivation and participation in the process of learning. Consequently, their learning rate would improve [35].

5. Conclusion

Performing the serious game titled ‘kookism’ had a significant impact on increasing the receptive lexicon of autistic children aged
4-9 years, confirming the hypotheses of the study. The game explained 23 % of the progress in the post-test phase. The finding is
maintained for two months.
6. Limitations

First, the variation in autism severity levels among participants can potentially affect the generalizability of the results. It may lead

to inconsistent performance across different words and make it difficult to draw conclusions about the overall effectiveness of the
intervention. To address this, reserchers could consider analyzing the data separately for different severity levels or using statistical
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Table 5
results of univariate covariance analysis for evaluation the maintenance of the effectiveness of a serious game on the receptive lexicon after one
month.

Source ss? Df° MS® F sig.” 0%
Pos-test 2766.083 1 2766.083 276.017 0.000 0.911
group 22.662 1 22.662 2.261 0.144 0.077
error 270.579 27 10.021

total 21544.633 30

2 §S: Sum of Squares. Df: Degrees of freedom. MS: mean square. F: F-test. Sig: Significance. n*: Partial Eta Squared.

techniques to control for the variability in severity. Second, relying on families as a source of information may introduce subjective
biases and inaccuracies in assessing children’s progress. This could impact the reliability and validity of the results. To mitigate this
limitation, reserchers could consider incorporating objective measures of children’s progress, such as standardized assessments or
direct observations by trained professionals.Thirdly, some children showed echolalia, i.e. they repeated words without real under-
standing words, the presence of echolalia in some children may affect the accuracy of their performance during assessments. To
address this, reserchers could consider implementing additional measures to assess comprehension and ensure that the children are
truly understanding and retaining the learned words. This could involve using different assessment methods or incorporating follow-
up assessments over a longer period to evaluate the sustainability of word learning. Fourth, the short follow-up period may limit the
ability to assess the long-term retention and generalization of word learning in autistic children. It may also underestimate the true
impact of the intervention. To overcome this limitation, resherchers could consider extending the follow-up period to evaluate the
durability of word learning and assess whether the acquired vocabulary is being used in real-life contexts.

7. Suggestions

Future studies should extend the duration of the interventions to account for the slower learning speed of autistic children. In
addition, the games should include options to adjust the speed and increase the number of word repetitions.
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