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Abstract 
The AHA (AdHd-Augmented) project is a pilot project funded by European Commission with the specific 
aim of developing an educational application to assist children diagnosed with an Attention Deficit - 
Hyperactivity Disorder (ADHD) in improving their literacy skills. Specifically, the AHA application 
represents a highly-targeted digital solution that has been implemented integrating different existing 
technologies: 1) the WordsWorthLearning (WWL) Programme, a web-based literacy programme 
addressing reading and spelling skills, 2) the Web Health Application for Adhd Monitoring (WHAAM), 
developed for the behavioural monitoring of children with ADHD, and 3) Augmented Reality (AR) 
content. The basic idea is that AR can increase the effectiveness of an already valid literacy programme 
by further drawing ADHD children’s attention to task completion. The present contribution first introduces 
a description of the AHA application architecture with regard to its constituent components. The research 
design to assess the impact of the AHA application on children’s literacy performance and engagement 
with the tasks is also presented. In this context, a detailed description of the infographic of the 
stakeholders is provided to offer a snapshot of some relevant characteristics associated with ADHD 
among children attending Irish primary schools. 

Keywords: ADHD, Augmented Reality, Literacy programme, Behavioural monitoring, Reading and 
Spelling difficulties. 

1 INTRODUCTION 
The AHA (AdHd-Augmented) project [1,2] is a pilot project related to Technologies and Tools for 
Children and Young People with Attention-Deficit Hyperactivity Disorder (ADHD) funded by the 
European Commission. The purpose of the project is to develop an educational application that can 
assist children diagnosed with ADHD in improving their literacy skills. Specifically, the AHA application 
is designed to assist children in strengthening reading and spelling abilities, while promoting their 
engagement with the learning material by the use of Augmented Reality (AR) content.  

Attention-deficit hyperactivity disorder is a neurodevelopmental syndrome and mainly occurs in 
childhood; it has been estimated that its worldwide prevalence ranges from 2 to 7 per cent [3]. The 
disorder is diagnosed when inattentive and disorganized behaviors, and/or hyperactivity-impulsivity are 
considered to be inconsistent with pupil’s age or developmental level and interfering with his/her 
psychosocial functioning [4]. It should also be noted that children with ADHD typically present with 
comorbid Specific Learning Difficulties such as reading, spelling, and writing difficulties (e.g. dyslexia 
and dysgraphia) [5]. In addition, attentive behaviour and levels of on-task behaviour are generally poorer 
and more variable among children with ADHD than those shown by their typically developing peers and 
these characteristics may account for their lower academic outcomes [6]. Indeed, empirical findings 
have shown that poor motivation affects ADHD children’s engagement with learning tasks thus resulting 
in poorer academic achievements [7]. 

Augmented Reality (AR) identifies a specific kind of content augmentation in which 3D augmented 
content can be associated to physical objects in real time [8]. In educational settings, the use of AR can 
represent a useful tool in supporting teaching and learning process and seems to be promising in 
promoting better academic outcomes when compared to traditional teaching methods [9]. Moreover, 
empirical research has already collected evidence on the positive effect of AR on learners’ motivation 
and engagement with educational material [10,11]. Given the positive impact of AR content on children’s 
engagement with the task, Augmented Reality solutions may be effectively used in implementing 
educational interventions addressing learning difficulties of children with ADHD. Recent research 
indicates that AR can improve literacy skills in the case of non-english speakers [12]. 

Proceedings of EDULEARN19 Conference 
1st-3rd July 2019, Palma, Mallorca, Spain

ISBN: 978-84-09-12031-4
5637



Within this conceptual and empirical framework, the AHA project has implemented a web-based 
application (the AHA system) that addresses difficulties in reading and spelling of English-speaking 
children diagnosed with ADHD. The main hypothesis behind the project is that the use of AR can 
improve reading and spelling skills of children diagnosed with ADHD while enhancing their attentive 
behaviour and engagement with the task. 

2 THE AHA SYSTEM 
More specifically, the AHA application has been developed as a web-based system blending three 
already existing technologies:  

1 the WordsWorthLearning© (WWL) Programme, a web-based programme organized into seven 
levels targeting reading and spelling difficulties [13],  

2 the Web Health Application for Adhd Monitoring (WHAAM), originally created to monitor problem 
behaviours of children with ADHD [14,15], and 

3 Augmented Reality (AR) objects.  
As stated above, the guiding idea was that AR can strengthen the positive impact of an effective literacy 
programme by further supporting ADHD children in maintaining attention focused on task completion. 

The AHA system consists of two interfaces. First, the training interface that can be used by children to 
access the educational content provided by the WWL programme, enriched by AR content. The system 
takes advantage of 90 AR objects that children can easily access throughout the programme by means 
of an AR marker. Additionally, children can choose to observe an AR object associated to an element 
of the learning environment by clicking on it. At this point, the camera of the device (e.g. a tablet or 
laptop) turns on and the AR object can be seen on the screen by holding the camera over the AR marker. 

The AHA monitoring interface has been implemented for teachers and parents to use; it consists of a 
dashboard with a series of facilities allowing significant adults to monitor their children’s engagement 
and performance in the WWL educational activities. When a teacher (or a parent) logs on to access 
his/her account associated with the student’s account, a toolbar is presented that contains four icons to 
enter AHA system functionalities:  

• WWL Account, allows the monitoring of the child’s progression through the WWL educational 
content; 

• Case Data, to monitor the performance of the child on the pre- and post- assessment tests of 
literacy abilities (for the purpose of the pilot only, see the heading below “The research design of 
the AHA project”); 

• Observations, provides a web-based tool that the teacher (or the parent) can use to measure 
his/her child’s off-task behaviour as an indicator of the level of engagement with the WWL activity; 

• Data analytics, to monitor child’s performance and engagement with the WWL activities. This 
incorporates the use of several charts: (i) scores on evaluation questionnaires that are included 
in the WWL programme in each of the 7 levels, (ii) time spent on the WWL programme (weekly 
and per level), and (iii) estimates of off-task behaviour (per session). 

3 METHODOLOGY 

3.1 The research design of the AHA project 
The AHA project defined the research design in order to investigate the impact of the educational 
intervention administered by the AHA application on children’s: 1) literacy skills (reading and spelling), 
and 2) engagement with the proposed educational activities. To this purpose, 117 primary school 
students living in Ireland were enrolled on the basis of these selection criteria: 1) to be in either 3rd, 4th, 
5th or 6th Class at the time of registration; 2) to have a clinical diagnosis of ADHD; 3) to be functioning 
intellectually within the normative range of I.Q.; 4) to have a broadband connection and devices (e.g. a 
laptop or tablet) capable of  accessing the AHA platform; 5) willing to undergo  pre- and post-assessment 
tests and intervention; and 6) to have interested parents or teachers, willing to participate in a year-long 
project.   
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A pre- and post-test control group design [16] was chosen to assess the incremental effect of embedding 
AR content in the established WWL traditional programme on participants’ outcomes. Specifically, 
students were quasi-randomly assigned to three experimental conditions: two intervention groups (WWL 
with AR vs. traditional WWL), and one control group (with no access to WWL content). This grouping of 
participating students (33.3% WWL with AR group, 34.2% WWL group, and 32.5% Control group) allows 
to conduct a comparative study with respect to the effect of AR presence, and subsequently, the effect 
of use of an online literacy programme. Students are assigned with parents and/or teachers. In cases a 
parent or teacher has multiple students associated, it was ensured that the students from WWL+AR 
group and WWL group were not mixed. Control group is a group where no stakeholder is given access 
to the the AHA/WWL system during the intervention. 

Technologies used in the system (e.g. the Web-based WWL programme and the marker-based Web-
AR) were selected so that the AHA system is accessible as long as participants have Internet connection 
and use up-to-date browsers. It was ensured that the use of the system requires no special technical 
knowledge, and any familiarisation to the system was supplemented by a booklet [17] and information 
session, backed by regular communication with stakeholders.  

The Neale Analysis of Reading Ability (NARA-II) [18] and the Vernon Graded Word Spelling Test [19] 
were selected as measures of participants’ reading and spelling skills. The chosen standardized 
measures were administered to the students of all the three groups and will be re-administered to all 
participants at the end of the intervention.  

With regard to the measure of children’s engagement with the WWL activities, the Direct Behaviour 
Rating (DBR) methodology [20] was adopted. Specifically, off-task behaviours were defined as motor, 
verbal or passive activities that are not directly related to the assigned educational task [21]. Parents 
and teachers of each participating child, assigned to the two intervention groups (WWL with AR and 
WWL alone), were asked to longitudinally observe and measure the child’s off-task behaviour during 
each session of the WWL intervention. To this purpose, they were expressly instructed on the DBR 
method and on the use of the digital facility specifically designed to collect the behavioural data on 
children’s off-task (see the work of Mangina [17] for further details).   

3.2 The current study 
For the purpose of the current study, a detailed description of the pupils enrolled in the study is provided 
to offer a snapshot of some relevant characteristics associated with ADHD among children attending 
Irish primary schools. Data on participants’ developmental, functional, medical, familial, educational and 
social history, was collected through a questionnaire (case history) administered to parents (or legal 
guardians).  

The student case-history evaluation employed non-standardised questionnaires that were used to gain 
a more in-depth, holistic understanding of each child presenting with ADHD. The questionnaire is a 
bespoke multidisciplinary client-centred form, developed by three clinicians: a Speech and Language 
Therapist, an Occupational Therapist and an Educational Psychologist, each with vast clinical 
experience working in paediatric multidisciplinary teams in Ireland. The objective was to gather and 
collate pertinent developmental, familial, educational, medical, and social information, in conjunction 
with the multidisciplinary assessment findings and diagnoses to enhance the profile of a specific cohort, 
in this case children presenting with a diagnosis of ADHD. The importance of collecting this information 
cannot be understated as it can indicate the possible presence of other co-morbid conditions that may 
complicate the child’s presentation [22]. Parents completed the case-history forms, which were then 
analysed and the parents were given individual recommendations for their child indicating further 
investigations and/or interventions where appropriate. 

The information arising from this case history form was collated and clinically analysed to provide a more 
complete multidisciplinary perspective. Adopting this approach facilitates parents and clinicians working 
in the field to reach a better understanding of the complexity surrounding neurodiversity and the 
additional probing questions explore a wider range of possible difficulties and can also uncover 
previously unrecognised patterns of co-morbidity thus reducing the chance of them going unnoticed. 
Co-morbidity is the rule rather than the exception with this cohort and this multidisciplinary quantitative 
methodology gathers data on the types of difficulties that children with ADHD face, e.g. motor, auditory, 
visual, sensory, speech and language, communication, socio-emotional, literacy and learning aspects 
and examining the co-morbid natures of these challenges. The collation and analysis of this information 
can identify cluster symptoms and provide “red flags” for those multidisciplinary clinicians working with 
these complex, multifaceted disorders.  
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Thanks to the strategic recruitment process, prior to the project intervention, participants were enrolled 
from most counties in Ireland (as shown in Fig. 1). Nearly a half of student participants go to school in 
either Dublin, Wicklow, or Galway (49%) with the majority being male (80%), as shown in Fig. 2. This 
tendency appears to support a commonly held view where more male children are diagnosed or 
suspected to have ADHD than their female counterparts [23]. Students are also nearly equally 
distributed across our targeted classes and age groups (except for the 3rd grade). Nearly a half of the 
student participants take ADHD-related medication (46%). 

 
Figure 1. AHA pilot study demographic. 

 
Figure 2. AHA pilot study gender demographic. 

3.3 Stakeholders’ characteristics 
As part of our qualitative, subjective analysis, we asked parents and teachers participants (who are to take 
the observer role for their students during the intervention) of both the WWL+AR and WWL groups at their 
first login to the AHA application to provide their pre-conceptions of Augmented Reality. We collected 123 
responses (as of January 2019). The majority (84%) of the responders know the exact meaning of 
“Augmented Reality” (i.e., showing the real world using “digital overlays” of information onto a screen). It 
appears that there is no significant difference in knowledge of AR between teachers and parents.  

The multidisciplinary case history form collects a wide variety of data about the respondents and is 
utilised as part of a standard clinical practise by one of the AHA consortium partners (WWL). The case-
history sections contained information about: Family Details; Pregnancy & Birth History; Developmental 
History; Functional History; Medical History; Social & Behavioural History; Family History; Educational 
History; Executive Function; Academic Performance; and Assessment Treatment History. The research 
of the AHA project is focusing on the impact of Augmented Reality technology on the concentration 
levels of the students diagnosed with ADHD. The data collected will provide invaluable information, 
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which can assist in the further development of disruptive solutions for education. For example, Table 1 
denotes the most relevant variables, where most of the respondents ticked yes (binary variables). 

Table 1. Variables that describe the respondents. 

Variables Respondents Percentage 

Difficulty Staying Focused 117 100% 

Receive Learning Support 113 97% 

Weak Organisational Skills 113 97% 

Do Technology Activities 113 97% 

Weak Planning & Prioritising 107 92% 

Attended Psychologist 107 92% 

Difficulty with Emotional  Control 105 90% 

Attend Mainstream School 105 90% 

Attended Child Psychiatrist 104 89% 

Weak Working Memory 101 86% 

Most evidently, all the respondents reported yes to "Difficulty Staying Focused", implying that all the 
children exhibit symptoms reminiscent of attention deficit noticeable by their parents, who are their 
immediate family observers. Second to the aforementioned variable, the vast majority of the 
respondents reported their children’s various relevant difficulties, such variables as: "Have Weak 
Organisational Skills", "Have Weak Planning and Prioritising Skills", "Have Difficulty with Emotional 
Control", and "Have Weak Working Memory". The vast majority of the respondents also reported that 
the children "Receive Learning Support", "Attended a Clinical or Educational Psychologist", and 
"Attended a Child and Adolescent Psychiatrist". The high rates of these variables suggest that the 
children are likely to have recognisable difficulty in areas related to  organisational or interpersonal skills, 
probably both in home and school settings, and that the parents are well aware of the need to provide 
learning support in  school along with  multidisciplinary intervention from professionals e.g. Psychiatry, 
Psychology, Speech and Language Therapy and Occupational Therapy. The result of the "Do 
Technology Activities" variable is not a surprising one considering the fact that nowadays it is 
commonplace for young children to be exposed to technology such as smartphones and the Internet, 
naturally providing a sufficient prerequisite for participating the AHA project, which requires children to 
use the web application for a number of months. The majority of children are confirmed to "Attend 
Mainstream Schools", based on the AHA recruitment strategy.  

Other variables that can be of interest for this particular group of stakeholders, is the results of ADHD 
and comorbidity, as shown in Table 2. 

Table 2. ADHD Comorbidity-related variables. 

Comorbid-related Variables Respondents Percentage 

Developmental Coordination Disorder / 
Dyspraxia &/ or Dysgraphia  

85 73% 

Specific Learning Difficulties /Dyslexia 78 67% 

Autism Spectrum Disorder (ASD) 31 27% 

Language delay / disorders 50 42% 

Articulation / phonological difficulties 42 36% 

Variables about the presence of ADHD with close family members interestingly suggest that majority of 
student participants do not have immediate family members with a diagnosis of ADHD, as shown in 
Table 3. However, many reported that they queried the presence of ADHD with themselves, their 
partner, or children but were not able to access ‘services’ to obtain a definitive diagnosis. 
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Table 3. ADHD diagnosis within family members. 

ADHD Family Variables Respondents Percentage 

Have ADHD Siblings 29 25% 

Have ADHD Parents 17 15% 

 
Figure 3. Data visualisation of ADHD presence in family members. 

Following the binary variables (Yes/No answer), we analysed the responses to multiple choice variables 
(i.e. a respondent is asked to select one answer), related to: Preferred Hand: {Right, Left, Either}; Age 
Talking Began: {Normal, Delayed}; and numerical variables, namely: Age Walking Began (age in months, 
a numerical value); Number of Siblings (a numerical value); and Birth Order (a numerical value).  It turned 
out a majority (i.e. approximately three quarters of children for both female and male) are children who are 
right handed and who’s language acquisition milestones were normative. The rest of children roughly 
account for the opposite (i.e. left-handed or either hand is preferred, and/or talking was delayed). The 
general tendency is that the majority of children fall around "11 months" in the distribution in Age Walking 
Began, and that there is a separate minority group of around "25 months", for both female and male, as 
visualised in Figure 4. 

 
Figure 4. Results for data distribution in term of Age Walking Began (in months). 
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4 CONCLUSIONS 
The aim of AHA project is to quantitatively evaluate the effectiveness of AR for students diagnosed with 
ADHD for their spelling and reading skills. Within the last phase of the project evaluation, we plan to 
correlate all available information of the stakeholders’ infographic in order to achieve knowledge 
acquisition in terms of understanding what triggers the motivation and the concentration of students 
diagnosed with ADHD. For example, we have initialised a preliminary study into how Walking Age is 
related to a standardised spelling test score. This score can be considered as a representative literacy 
skill and was retrieved in pre-assessment phase of evaluation of reading and spelling skills of the 
students participating in the pilot study. Based on the fact that there was only a slight difference between 
genders as shown in Figure 5 (i.e. the regression lines in red and blue) and that the steepness of the 
regression line is not radical, there appears to be no strong linear relationship between these variables, 
suggesting that an early or delayed walking age is not correlated to literacy ability of the children. Note 
that the standard score [17] has a lower cutoff threshold, approximately 70, which implies there are 
potentially children who score lower than that if the test employed a wider scale. 

 
Figure 5: Assessment Score vs. Delayed Walking age 

During the evaluation period of AHA, we plan to assess the pedagogical aspects of AR-based teaching 
and learning process for ADHD and through the data analytics process to provide evidence for designing 
effective educational systems able to support students diagnosed with ADHD in reading and spelling 
abilities. This paper describes the initial data available through the case history forms available from the 
stakeholders and the general infographic of the stakeholders involved. In the future and during the last 
phase of the project, we plan to incorporate the datasets from the pre-assessments and post 
assessment along with the data gathering during the intervention from the observers to quantify the 
impact of Augmented Reality for the spelling and reading skills for the students involved. 
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