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The design and implementation of a serious game (SG) concerning inhibition skills in children are presented. The SG consists of a set of activities, each eliciting the tendency to respond in an immediate and inappropriate (wrong) way. The SG is based on the Dual Pathway model of attention-deficit/hyperactivity disorder (ADHD) proposed by Sonuga-Barke and on the Unity/Diversity model of executive functions proposed by Miyake. In the SG, children must block impulsive tendencies, reflect upon the situation, inhibit irrelevant thoughts, and find the non-immediate solution. A study was carried out by testing the SG on typically developing primary school children (30 children, 16 boys; age, M = 9.30 years, SD = 0.87) to verify that it measures the same variables addressed by tests usually employed to assess attention ability in children and to diagnose ADHD. Three standardized tasks belonging to the Italian Battery for ADHD were administered, as well as an ad hoc questionnaire devised to check the acceptability, usability, and comprehensibility of the SG. Positive correlations between impulsiveness as measured by standard tests and impulsiveness scores in the SG emerged. These findings support the notion that skills associated with the control of impulsivity are involved in the SG. Furthermore, self-report ratings in the questionnaire showed that the SG is easy to be understood, is engaging, and elicits positive reactions in children.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder included in the Diagnostic and Statistical Manual of Mental Disorders (DSM-V; American Psychiatric Association, 2013). ADHD is characterized by inattention and hyperactivity. Such symptoms involve the core of executive functions (EFs) (Miyake et al., 2000; Diamond, 2013), namely:

• Inhibition is defined as the deliberate overriding of a dominant or assertive response (Miyake and Friedman, 2012). Inhibition is a multicomponential construct itself and comprehends different abilities such as managing impulses and interferences (Nigg et al., 2004; Diamond, 2013).

• Impulsivity, which occurs in rapid actions that are taken without reflection, resulting from a desire for immediate reward or an inability to delay gratification (Martinez et al., 2016). Impulsivity is not negative at all, but it becomes disabling when it interferes with decision making and doing actions (Kahneman and Tversky, 1974). Impulsivity is often linked with a multitude of behaviors or responses that are poorly conceived, premature, or inappropriate and that frequently result in unwanted or deleterious outcomes (Daruna and Barnes, 1993).

• Cognitive flexibility or shifting, namely, the capacity to change perspective over a task. To do so, people need to deactivate previous perspectives and to retrieve or devise a new one. This involves the ability to adjust and change demands or priorities, as well as to take advantage of unexpected opportunities (Diamond, 2013).

• Working memory (WM) refers to the ability to hold in mind and manipulate useful information available for a short time while completing a task when the information is no longer present (Baddeley and Hitch, 1994; Smith and Jonides, 1999). Diamond (2013) theorized a bidirectional relation between inhibition and WM, by describing them as separate dimensions yet strongly related.

The features of ADHD can be described also from a pathophysiological point of view (Cortese and Castellanos, 2012; Sonuga-Barke and Taylor, 2015). The currently dominant neuro-cognitive model of ADHD stresses the role of dysfunctions underpinned by disturbances in the frontodorsal striatal circuit and associated dopaminergic branches (Sonuga-Barke, 2005). In contrast, motivationally based accounts focus on altered reward processes and implicate frontoventral striatal reward circuits and those mesolimbic branches that terminate in the ventral striatum, especially the nucleus accumbens (Sonuga-Barke, 2003, 2005).

ADHD is meant as a motivational style characterized by attempts to escape or avoid delay of rewards, which arises from fundamental disturbances in reward centers (Sonuga-Barke, 2003). While traditionally regarded as competing, these models have been presented as complementary accounts of two psychopathophysiological subtypes of ADHD with different developmental pathways, underpinned by different corticostriatal circuits and modulated by different branches of the dopamine system (Sonuga-Barke, 2005). In the Dual Pathway model of ADHD, the first pathway (the cognitive one) concerns EFs, including WM and inhibition, while the motivational path is linked to delay sensitivity and aversion (i.e., the tendency to choose a smaller immediate reward rather than waiting for a larger delayed reward) (Sjöwall et al., 2013). In this perspective, ADHD is considered as depending on hypersensitivity to reward-related delay and characterized by an abnormal sensitivity to reinforcement (reward, punishment, and response cost) (Sonuga-Barke, 1996).

The cognitive path of the Dual Pathway model shows some overlaps with the Unity/Diversity model of EFs proposed by Miyake et al. (2000), and Miyake and Friedman (2012), which focuses on three aspects of EFs: updating WM, shifting, and inhibition. The model by Miyake states that the key requirement for response inhibition is the ability to be captured by common EFs, whereas stopping itself may be relatively automatic (Chatham et al., 2012). Hence, inhibition deficits should merit special attention in the assessment and treatment of ADHD.

Considering the neurocognitive aspect of ADHD is fundamental in order to plan functional and useful long-term effect training (Chacko et al., 2018).


Technological Tools Addressed to ADHD

Technology represents a potentially useful instrument to help children with ADHD to manage and monitor behavior (Simons et al., 2016; Powell et al., 2019). The literature presents some applications and games supporting parents in managing and monitoring children (e.g., by suggesting daily routines, such as getting dressed and going to bed); other apps, instead, aim at enabling children to monitor their own behavior (Powell et al., 2017). With respect to gaming solutions, Kulman (2012) claimed that playing a computer game involves EFs and metacognitive skills. In fact, the problem-solving skills needed to accomplish a task within the game imply to identify the relevant strategies to be applied (Antonietti et al., 2000), an ability that is poorly developed in people with ADHD. Furthermore, since children with ADHD get bored fast, it is important to constantly catch their attention. Serious games (SGs) can meet these requirements because the player has to stay focused all the time. Moreover, all the senses of the players are stimulated, and this makes the activities more interesting (Wronska et al., 2015). Finally, children with ADHD prefer immediate reward, and they need to maintain the experience at a “minimum waiting level” (Sonuga-Barke, 1996). All these aspects can be found in technological solutions such as SGs, which, therefore, represent valuable tools to engage children with ADHD.

Several studies demonstrate the usefulness of SGs for enhancing some positive attitudes (Beale et al., 2007) in children with ADHD (Rassin et al., 2004) by increasing problem-solving strategies (Coyle et al., 2007) and by modifying abnormal behaviors (Walshe et al., 2003). An example is the Harvest Challenge BCI Videogame (Muñoz et al., 2015), which consists of three mini-games that work with the use of neurofeedback. Plan-It Commander (Bul et al., 2015) is an online computer game structured in two parts: the mission game, formed of three isolated mini-games with embedded learning goals, and a closed social community interacting through predefined messages. Braingame Brian is an SG aimed at improving WM in children with ADHD aged 8–12 years (Van der Oord et al., 2014). PlayMancer (Fernández-Aranda et al., 2012) has been proven able to change underlying attitudinal, behavioral, and emotional processes of patients with impulse-related disorders, which are similar to ADHD. The Virtual Classroom (Rizzo et al., 2002; Coleman et al., 2019) was developed for the study, assessment, and rehabilitation of cognitive processes in patients with different forms of central nervous system dysfunction. It offers an assessment in a real-world dynamic simulation with distractors that mimic situations typically occurring in a classroom (Parsons et al., 2019).

In addition to SGs, recent studies applied Augmented Reality to rehabilitation of children with ADHD. As an example, the project Beyond the tReatment of the Attention deficit hyperactiVity disOrder (BRAVO) aims at implementing an immersive therapeutic game context to improve the relationships between young patients and therapies. The solution, based on an ICT system, combines the use of SGs, wearable equipment, and Virtual and Augmented Reality devices (Barba et al., 2019).



SGs as Assessment Tools for Children With ADHD

Even though the assessment was one of the aims of the SGs mentioned before, they were mainly designed as training tools. Therefore, data supporting their use as reliable tests for assessment are lacking. Furthermore, most of them are not grounded on a specific model of the mechanisms underlying ADHD. Technology, which should be reliably helpful, must meet some quality standards; however, SGs are often developed rapidly and are based on little evidence (Powell et al., 2017). Hence, the need for an SG based on updated and well-reputed theories and properly tested as an assessment tool is still unmet. The goal of the SG described in this paper is to address such a need.

Being inhibition involved in the cognitive pathway of ADHD, according to the development of the Unity/Diversity model, the two main goals of the SG are to assess the control of impulsivity and to prevent non-adaptive behaviors and irrelevant thoughts through inhibition. The purpose is to provide a technological tool able to assess to what extent children with ADHD handle impulsivity by implementing functional inhibition strategies.

Symptoms of ADHD are basically assessed with clinical interviews, behavioral observation, standardized tests or questionnaires, and information gathered from parents, teachers, and clinicians (Mühlberger et al., 2020). Recent studies show that SGs concerning EFs are useful for exploring the differences between children with ADHD and controls, as well as among ADHD subtypes (Areces et al., 2019). In this paper, we describe the structure of an SG aimed to assess inhibition mechanisms in children. We verified whether the abilities the SG involves correspond to those measured by some of the standard tests usually employed to diagnose lack of inhibition in ADHD, in order to be sure that the SG in the future could be used to assess ADHD.

The SG is addressed to children aged 8–11 because this is the period when children begin to master efficient self-management strategies and are able to generalize them in different everyday-life contexts (Welsh et al., 2006; Prencipe et al., 2011).



Antonyms: A SG for Children With ADHD

The SG, Antonyms, was designed as a single storyline that includes different scenarios. In this way, the child has an overview of the activities he/she will have to perform, which should help him/her to carry out every single adventure. Many existing SGs are made up of mini-games. This approach allows the child to focus on one aspect at a time. Antonyms consist of a series of activities, each eliciting the tendency to respond in an immediate, impulsive way (see the flow chart in Appendix 1). In the SG, children must block such a tendency, reflect upon the situation, and find the non-intuitive solution.

The SG can run on a tablet, a smartphone, or a touchscreen laptop. The player interacts with the environments by tapping on the screen or by dragging and dropping objects. If no touch screen is available, he/she can interact through the keyboard using the “Space bar” and Return key. Antonyms has been developed in Unity3D, a game development platform, based on C# programming language. A more detailed description of the SG architecture is reported by Crepaldi et al. (2017). Scores computed in each part of the game can be exported in an Excel database, and all the results are saved immediately for each player.

The SG is characterized by the presence of a narrative frame that involves players in all parts of the story. The player personifies a superhero (called Atansyon), who is asked to save a realm on the opposite side of the Earth (Antonyms). Atansyon will face different steps to free the planet from enemies. The tasks that require to inhibit responses are contextualized. As a consequence, the activation of inhibition mechanisms has a specific meaning, which is not arbitrary (as it happens in many SGs).

The complete version of the SG consists of three different scenarios. In the present study, only two scenarios are taken into account: Training School and Central Building. At the beginning of the game, the player can choose the main settings of the game: screen resolution, graphic quality, and monitor. After the main settings, the player is required to enter his/her name, surname, age, and gender to create a new user profile. For each scenario of the game, there is a user menu with the options: “Start,” “Settings,” “Instructions,” “Audio,” “Back,” and “Quit” (Figure 1).


[image: Figure 1]
FIGURE 1. Settings in antonyms.


Each mini-game has different levels of difficulty so that the activities become more challenging. The transition from a level to the next one is constrained to the number of errors made by children. It is worth mentioning the multimodal, detailed, and immediate feedback provided by the SG in the form of both visual and auditory messages, which have been proven to be highly beneficial to people with ADHD (Fabio and Antonietti, 2012). Moreover, it is possible to examine the player's behavior during the SG by saving the performance in the form of different types of errors (e.g., errors in waiting, wrong answer, etc.) and time spent.

The activities of the SG were inspired by classical neuropsychological tasks addressing several subcomponents of inhibition and attention, such as (1) the Flanker task (Eriksen and Eriksen, 1974), in which the target is flanked by non-target stimuli, which correspond either to the same direction response as the target, to the opposite response, or to neither (respectively: congruent, incongruent, and neutral flankers); (2) the Stroop test (Stroop, 1935; Dalrymple-Alford, 1972), assessing the ability to inhibit an automatic, incorrect response and to produce a non-automatic, correct response; and (3) the Stop signal task (Lappin and Eriksen, 1966; Logan, 1994) in which the subject must respond to an arrow stimulus by selecting one of two options, depending on the direction in which the arrow points. If an audio tone is present, the subject must withhold the production of that response.

The mechanisms underlying these tasks were adapted to create a new assessment tool with a more ecological background, addressing inhibitory control abilities. In a different investigation, Antonyms was administered to a small group of children with ADHD (Crepaldi et al., 2020) who showed significantly lower performances than a matched group of typically developing children, thus suggesting the SG sensitivity.




METHOD


SG Concurrent Validity: A Pilot Study

Teachers and children, belonging to schools different than those involved in the study, have been involved in the first part of the project, when they were shown examples of the tasks included in the SG and could play a prototype (pilot application) of the SG. A series of features of the SG were changed, according to the feedbacks received about the pilot application. This phase of the project, even though not based on a systematic assessment of the usability and ergonomics of the game but rather on qualitative feedbacks, was nevertheless useful to check the acceptability of the SG. The new version of the game better matched the initial idea to create an SG that is realistic and able to engage children.



Design of the SG: Scenarios and Activities

Two activities from the Antonyms SG were tested in the present study:

• Training School (TS) (Figure 2) is a same-different task addressing visual selective attention and inhibitory control. In the center of the screen, a target stimulus (an object useful to the mission) appears, and the player must compare it with the object that appears on a shelf: if they are the same, the player takes the object from the shelf and puts it in the backpack; otherwise, he/she has to put it in the trash in the shortest possible time. The activities are divided into two different levels: a warm-up (level 1) and the actual game (level 2). The objects from the shelf are dragged and dropped using touch; they should be the same as the given target, but slight differences can hamper the success. A total of 30 items appear in each level of the task, 15 of which are “different” trials, and 15 are “same” trials. The order of appearance of the objects and their position on the shelf are random with the only constraint that the two correct objects from two consecutive groups of stimuli cannot appear in the same position. Errors are classified as Trash Errors (putting the correct object in the trash) and Bag Errors (putting a wrong object in the bag), by referring to the signal detection theory (Swets, 1964), which categorizes, in same-different tasks, incorrect responses in either false alarms or miss responses. In the Training School task, Trash Errors are considered false alarms, since the player incorrectly detected a difference between identical stimuli, whereas Bag Errors are considered miss responses, since the player failed to detect the difference between stimuli. The correct responses and errors in the second level of the game (since the first level was a warm-up task, the actual performance was recorded during the most challenging level) were used to compute a sensitivity score as a measure of discriminability (Macmillan and Creelman, 2004).

• Central Building (CB) (Figure 3) addresses sustained attention and the ability to hold automatic responses. The player walks through the corridors to arrive at the central room. Movements are driven by colored lights appearing on the floor that the player has to select either touching directly the screen or by pressing the Space bar on the keyboard. He/she must walk only when the path is highlighted with a proper light (green light) according to a randomized sequence whose timing is referred to the Conners (1994) Continuous Performance Test, the most used instrument to measure ADHD impairment in impulsivity and inhibition (Mühlberger et al., 2020), which requires respondents to select a response to a particular stimulus that appears at regular intervals (Fang and Dai Han, 2019). The interstimulus intervals are 1, 2, and 4 s with display time of 250 ms. When a different light (blue light) appears or there is no light on the screen, the player must stop. Scores are assigned to the child based on the speed of the response (touch the screen/press the spacebar): five points for an answer in <1 s and 10 points for an answer from 1 to 3 s. Two paths have been created differing in direction and predictability. Both paths can be completed in about 5 min in case of no errors. Starting from these two paths, we designed two levels of difficulty for each route, and, as in the previous scenarios, the transition from one level to another depends on the number of errors. Errors are classified as follows: Anticipation Errors = errors while waiting for the appearance of the light (the player clicks but no light has appeared yet); Position Errors = failure to select the position; impulsivity errors = in level 2, the player selects a blue light; Omission Errors = non-selection. In the cases of Position or Omission Errors, the player retreats by an amount of distance equal to a quarter of the displacement expected to reach the light just missed, for a maximum of four times (i.e., the player has moved backward to the previous position). The instructions of the SG translated in English are available in Appendix 2.


[image: Figure 2]
FIGURE 2. Training school.
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FIGURE 3. Central building.




Participants

The SG was tested in two primary schools near Milan (Italy), which have had the access to the Service of Learning and Educational Psychology of the Catholic University of the Sacred Heart of Milan in previous circumstances when they took part in research projects. We obtained the permission, through written informed consent, from parents to involve 70 8–11 years old typically developing children, excluding a priori those who had a diagnosis of cognitive impairment, ADHD, or other neurodevelopmental disorders. They were administered the Scala per il Disturbo di Attenzione e Iperattività (Scale for the Attention Deficit and Hyperactivity) (SDAI) (Marzocchi and Cornoldi, 2000) included in the Italian Battery for ADHD (BIA: Marzocchi et al., 2010). SDAI is the most commonly used screening tool for ADHD in Italy. Its standard use is based on the frequency with which each of the behaviors reported in the questionnaire is manifested. The 18-item scale is completed by the teacher, who must evaluate, for each of the behaviors listed, the frequency with which it appears. It is composed of two subscales: attention (odd items) and hyperactivity/impulsivity (even items). Responses are on a Likert scale (0–3) for each item (0 if the child never shows that behavior; 1 if the child sometimes presents that behavior; 2 if the child presents it often; 3 if the child presents it very often). According to Marzocchi and Cornoldi (2000), the cutoff score to suspect the presence of ADHD is >14 in one of the two subscales. Since we were interested in impulsivity, only the score of the relevant subscale was taken into account. In the sample, no child obtained a score of 14 or higher in the hyperactivity/impulsivity subscale. From the initial sample of 70 children, 30 children−15 from the lowest range (0–6) and 15 from the highest range (7–13)—were randomly extracted by researchers for the next step so to have a reasonable (in term of time needed for each subject) number of participants who could studied individually and a heterogeneous sample (but still constituted by typically developing children). Children were distributed evenly in each grade (third, fourth, and fifth). Gender was equally distributed in all grades [[image: image] = 0.268; p = 0.875] and in the two SDAI level groups [[image: image] = 0.536; p = 0.464].



Assessment Instruments

The standard tests chosen from the Italian Battery for ADHD (BIA, Marzocchi et al., 2010) were the following:

• Ranette (small frogs), which is a mirror of the “Walk/Don't walk” task. The test involves sustained attention (the test lasts about 10 min), selective attention (children must detect the target sound), and motor inhibition (children must stop the impulsive response to go ahead). In this task, the errors represent a failed inhibition of the answer to “GO” to the right time (difficulty in controlling inhibitory, typical of children with ADHD). The total score consists of the number of correct responses in the 20 items presented. In the analyses we carried out, we considered the complementary score (i.e., the number of errors) as a measure of sustained attention, to facilitate the interpretation of the relations between different measures.

• Number Stroop task, which measures interference control and the ability to stop an automatic, but incorrect, response. The task consists of two parts: a baseline task, in which individuals are asked to count how many asterisks are present in each box, and a Stroop task, in which the request is to count how many elements (numbers) are present in each cell. Two kinds of errors may occur: identity errors (when the written number is read instead of the number of stimuli presented; interference of stimuli occurs) and counting errors (when there are errors in counting the stimuli). For the sake of the analyses, the number of interference errors was considered as a measure of inhibition.

• MF20, an adaptation of the Matching Familiar Figure Test (MFFT), which consists of 20 items. The task measures visual selective attention and inhibitory control of impulsive responses. Each item is made up of two pages: on the first page, a target figure is shown; on the second page, six figures are shown; they are similar to the target but only one is just the same as the target. The task is to choose the figure that is identical to the target. Then, the following variables are computed: Time of the First answer and Number of Errors. We decided to include in the analyses the number of errors score only, namely, the most discriminant measure, as reported by previous literature on the use of the MF task for measuring impulsivity (Homatidis and Konstantareas, 1981; Brown and Wynne, 1984; Milich and Kramer, 1984; Marzocchi and Cornoldi, 1998).

• Ad hoc questionnaire. Children were asked how they felt playing the game (Likert scale); if it was enjoyable or boring (Likert scale); if there was something that they would add in the scenarios (open questions); if the story was simple or difficult (Likert scale); and to summarize the storyboard (open question). The questionnaire is reported in Appendix 3.



Procedure

The protocol included three individual sessions for each child. Children carried out the tasks at school in a quiet room in the morning with the presence of a psychologist. All children played all the levels but in a slightly different time, depending on errors and execution speed. The overall time, however, varied in a not very broad range, for a total of 45 min for each section. In the first session, each child completed the Ranette test, the Stroop test, the first level of the Training School (in Antonyms), and the first path of the Central Building (in Antonyms). In the second session, MF20 was proposed together with the second level of the Training School and the remaining paths of the Central Building. In the last session, the ad hoc questionnaire was proposed. Each child performed the same tests in the same order and the same activities of the SG. Neither reinforcements nor credits were given to the participants.



Statistical Methods

Statistical analyses were performed with Jamovi R-based software, version 1.0.8.0 (2019), The Jamovi project (2020), IBM Corp (2016), and SPSS, version 24 (2016). Given the count nature of error scores for both the standardized tests and the SG activities, assumptions of normality (all Shapiro–Wilk ps < 0.01, with the only exception of the MF20 error score), homogeneity of error variance, and linearity of the associations were not met. Therefore, non-parametric analyses have been performed.

As for the Training School task, the proportion of hits (i.e., items correctly put in the trash) and false alarm errors (i.e., items incorrectly put in the trash) was used to compute a sensitivity score as a measure of discriminability {d′ = [z(Hit) – z(FA)]} (Macmillan and Creelman, 2004). A criterion score, representing the bias toward the same (i.e., items put in the bag) response type (C > 0) or different (i.e., items put in the trash) response type (C < 0), has been computed as well {C = –[z(Hit) + z(FA)]/2} and considered in the analyses.

First, descriptive analyses have been carried out, and gender, school-grade, and SDAI's level differences for all measures have been tested. The p-value was adjusted to compensate for multiple comparisons, using the Bonferroni correction (alpha = 0.05/9 = 0.005). Afterwards, we computed correlations (Spearman's rho) between the measures of the BIA (Ranette, Number Stroop, and MF20). The rationale of these analyses was to check that these tests, usually employed for diagnostic aims, were adequate to the purpose of the present study: Coherent patterns of correlation, in the expected directions, between them would support their relevance. Then, correlations between the BIA tests and the performance in Antonyms (scores in Training School and Central Building) were computed to verify, according to the main goal of the paper, if the SG can be considered a valid instrument to measure impulsivity tendencies, and therefore testing its concurrent validity. When school-grade differences have been found, partial Spearman's correlations controlling by school grade have been computed. Finally, responses to the ad hoc questionnaire were analyzed to draw conclusions about the subjective experience with the SG.




RESULTS

Neither SG performance scores nor the other standardized tasks from the BIA battery (i.e., Ranette and Number Stroop) differed between gender groups (all ps > 0.46) (Table 1).


Table 1. Gender differences in SG activities (TS, Training School; CB, Central Building) and in the standardized tests (BIA battery).

[image: Table 1]

Similar performances were measured in different school grades (i.e., third, fourth, and fifth) in all tasks (all ps > 0.01, Table 2). The SDAI level (medium-low vs. medium-high) was not found to discriminate children's performance in either the SG tasks, or the standardized tests, except for the Ranette subtest (Table 3), although in the normal range, a lower SDAI level was found to be associated with a lower level of sustained attention, as measured by the Ranette task.


Table 2. School grade differences in SG activities (TS, Training School; CB, Central Building) and in the standardized tests (BIA battery).

[image: Table 2]


Table 3. SDAI level differences in SG activities (TS: Training School; CB: Central Building) and in the standardized tests (BIA battery).

[image: Table 3]

Within BIA tests, we found that scores in the Ranette test (number of errors in the auditory sustained attention test) were positively correlated to the interference errors in the Number Stroop test (the score indicates the errors that children make in pronouncing the stimuli; rho = 0.37; p < 0.05, one-tailed). High Ranette scores (right actions) were associated to less impulsive behaviors and more attention in the tasks. There was a negative correlation between errors in MF (when children choose the wrong figure) and time of the performance (more time spent in the performance is linked with a greater accuracy of the answer and fewer errors; rho = 0.62; p < 0.001, one-tailed). This means that the more the child was impulsive, the less time he/she took to complete the task and the more mistakes he/she did. These patterns of correlations were expected and are reported just to support the validity of the assessment tools we used in the kind of population the sample belongs to.

Concerning the relationships between the standardized tests and performances in the SG activities, errors in MF20 performance correlated negatively with the sensitivity score in the Training School (Table 4). This association suggests that a lower performance in the SG task (lower sensitivity scores) is indicative of a failed inhibition of the automatic response (higher number of errors in MF20) and, therefore, emphasizes that the two tasks measure the same construct involving the similar basic principle. Conversely, the bias score in the Training School task was not correlated with any standardized measure. Scores in the Ranette test (number of errors in the sustained attention task) were positively correlated to anticipation errors in the Central Building scenario (measure of the difficulty for children to stop their irrelevant actions) (Table 4). Errors of interference in the Stroop Test (when children say the number written in the box and not the correct number of stimuli inside the box) correlated with errors in anticipation and omission in the Central Building (failure in touching the light) but not with sensitivity in Training School. This may be because the performance request in the Training School is more ecological and helps children in considering details and differences; the Stroop test, instead, is more specific, and there is more conflict between the two codes considered. To sum up, there was evidence of correlations between standard tests, like the tasks from BIA and performances in the SG.


Table 4. Spearman's correlation matrix between SG activities (TS, Training School; CB, Central Building) and standardized tests (BIA battery).

[image: Table 4]

Concerning the ad hoc questionnaire, instructions were considered easy, and the only difficulties that children underlined were linked to some words [three third-grade children and one fourth-grade child marked as difficult words: perfido (perfidious), impulsivo (impulsive)]. Twenty-eight children reported that the story is easy, and only two claimed that the story is difficult to follow. In general, all players understood the game and remembered that Antonyms is the planet of “contrary thoughts and actions,” that is, it is a “slowly” planet and that there were enemies who captured the inhabitants. All participants accomplished the different tasks without the help of an adult.

The main difficulties described in the Training School were that some objects differed because of small details. This may depend on the fact that the background color of the shelf is sometimes misleading with respect to the color of the objects that appear. The main difficulties reported in Central Building were that the player must wait for different time lapses before the light appears, and he/she must remember not to click on the blue light. In the second level, when the lights were smaller, it was difficult for children to properly select the light. We suggest that such difficulty can be explained by the higher level of required sustained attention necessary to detect a small visual cue, therefore addressing one of the main ADHD-related symptoms, and not by any issues in the perception of a small visual target.

Given the question “Was Antonyms enjoyable or boring?,” 29 children answered “enjoyable” and only one fifth-grade child found it “boring.” Twenty-five participants liked the game, and only five liked quite the game; none answered that he/she did not like it.

When requested to provide suggestions to improve the SG, three children would add the avatar of Antonyms to modify the hero and make him/her similar to themselves. According to the responses given in the questionnaire, we can conclude that the general aims of the SG were understood by children. They reported to have fun in playing the games and appeared to be fully immersed in the task. All these elements support the notion that Antonyms reached a satisfactory level of acceptability.



DISCUSSION AND CONCLUSIONS

Chacko et al. (2018) pointed out that, although the main interventions now available for children with ADHD consist of a combination of pharmacological treatments and behavioral training [which usually have short-term effects: Daley et al. (2014), DuPaul et al. (2012), and Evans et al. (2014)], it is important to focus attention also on neurocognitive aspects since they, if properly stimulated, have long-term effects. Precisely for this reason, it is important to have engaging tools aimed at strengthening cognitive functions and having a neuropsychological basis, such as the SG presented here.

The optimal intervention should be based on psychosocial skills and take into consideration the neurocognitive mechanisms and processes involved in a specific functional ability together with targeted training to improve and enhance the mechanisms and processes on which these skills are based (Chacko et al., 2018).

The SG was designed, referring to the Dual Pathway model by Sonuga Barke because the basis of the game is the cognitive path that concerns EF aspects involved in ADHD. In particular, inhibition (in the SG, the most immediate action is the wrong one), shifting (cognitive flexibility is requested in order to remember changes in the rules of the game), and WM (remembering the storyboard is needed during the activities) are considered. Considering the two main objectives of the proposed SG (assessing impulsive control and preventing non-adaptive behaviors and irrelevant thoughts through inhibition), the performance and data obtained seem to show a positive result in this direction.

Results suggest that the activities embedded in the SG appear to be associated with the performance in standard tests usually employed to assess inattention, impulsivity, and hyperactivity levels in children. Few significant correlations emerged, but it is interesting to observe that these concerned only those aspects of the SG that closely match the specific skills measured by those tests. No significant differences emerged in the SG scores between SDAI levels (i.e., medium-low vs. medium-high), which reflects the trend obtained in standardized tests. These results are not surprising, since the sample was composed only by typically developing children. In the study by Crepaldi et al. (2020) on ADHD children, Antonyms scores were found to be significantly different between a group of children with a diagnosis of ADHD and a paired subgroup of typically developing children (which was extracted from the larger group recruited for the present study). Since in Antonyms there are no significant differences between different levels of the normal SDAI score range, but instead differences emerged when compared to a clinical sample (SDAI score in the clinical range, >14) (Crepaldi et al., 2020), this leads us to suppose that Antonyms could be a useful tool to discriminate between ADHD and healthy children and not between different levels within a non-clinical range.

When designing the SG, we chose to propose activities with a reference to everyday life. The generalizability of tasks to everyday life remains a limit of many existing computer activities, which we tried to overcome in Antonyms. For example, the path in the Central building may be compared to the attention that children must pay when they are walking on a street: in this situation, children must be careful where they put their feet, stop when there is a danger, and proceed only when it is allowed. The activities in the Training School can mirror preparing the backpack for school, which is an activity in which children with ADHD often struggle.

The SG has been ultimately designed to assess impulsivity and inhibition in children with ADHD and ADHD-related characteristics. However, since the abilities that are lacking in ADHD are not all/nothing variables, a continuum in performance can be assumed. Hence, the SG can be employed also to check if inhibitory skills are poorly expressed in typically developing children. Another advantage is that scoring is automatized and, therefore, more accurate and quicker. Furthermore, only a laptop is needed to administer the SG, whereas traditional tests require a series of different materials (sheets, cards, audio-recorder, pencils), which are continuously presented and removed from the child, thus by distracting him/her.

In the future, some critical ergonomic points stressed by the participants might be improved, and the ergonomic aspects of the SG might be tested in a systematic way. We also plan to implement more mini-games with other activities to test the efficacy of Antonyms in enhancing the ability to keep attention in daily life situations and to propose the game to a large sample of children diagnosed with ADHD.

Furthermore, it will be advisable to verify the influence and role of the greater engagement of the SG compared to the pencil paper tasks, but it seems that, in comparison to standardized test, the SG is more motivating for children. If, as it seems, this is verified, it could prevent evaluators to struggle to attract and keep attention of the patient, a problem which is rather common in the assessment of ADHD.

We expect that children who will be engaged in this SG could improve attention and learn strategies to manage impulsivity so to inhibit irrelevant thoughts and thus an enlarged version of Antonyms could be proposed as a rehabilitation tool.
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