
  

Digital assessments for children and adolescents with ADHD:  1 

A scoping review 2 

Franceli L. Cibrian1*, Elissa M. Monteiro2, Kimberley D. Lakes3 3 

1 Fowler School of Engineering, Chapman University, Orange City, California, United States.  4 

2 Graduate School of Education, University of California, Riverside, Riverside, CA. United States  5 

3 Department of Psychiatry and Neuroscience, University of California, Riverside, Riverside, 6 

California, United States. 7 

 8 

* Correspondence:  9 

Franceli L. Cibrian 10 

cibrian@chapman.edu 11 

Keywords: ADHD, Assessment, Digital Health, Computer, Technology, Attention, Behavior, 12 

Hyperactivity 13 

Abstract 14 

In spite of rapid advances in evidence-based treatments for attention deficit hyperactivity disorder 15 

(ADHD), community access to rigorous gold-standard diagnostic assessments has lagged far behind 16 

due to barriers such as the costs and limited availability of comprehensive diagnostic evaluations. 17 

Digital assessment of attention and behavior has the potential to lead to scalable approaches that 18 

could be used to screen large numbers of children and/or increase access to high-quality, scalable 19 

diagnostic evaluations, especially if designed using user-centered participatory and ability-based 20 

frameworks. Current research on assessment has begun to take a user-centered approach by actively 21 

involving participants to ensure the development of assessments that meet the needs of users (e.g., 22 

clinicians, teachers, patients). The objective of this mapping review was to identify and categorize 23 

digital mental health assessments designed to aid in the initial diagnosis of ADHD as well as ongoing 24 

monitoring of symptoms following diagnosis. Results suggested that the assessment tools currently 25 

described in the literature target both cognition and motor behaviors. These assessments were 26 

conducted using a variety of technological platforms, including telemedicine, wearables/sensors, the 27 

web, virtual reality, serious games, robots, and computer applications/software. Although it is evident 28 

that there is growing interest in the design of digital assessment tools, research involving tools with 29 

the potential for widespread deployment is still in the early stages of development. As these and other 30 

tools are developed and evaluated, it is critical that researchers engage patients and key stakeholders 31 

early in the design process.  32 

1 INTRODUCTION 33 

Attention Deficit Hyperactivity Disorder (ADHD) is the most widespread psychiatric condition among 34 

children, affecting approximately 11.4% of children aged 3 – 17 years old in the United States 35 

(Danielson et al., 2024). The societal costs associated with ADHD were estimated at $19.4 billion 36 

among children ($6799 per child) and $13.8 billion among adolescents ($8349 per adolescent) in the 37 

United States (Schein et al., 2022). 38 

1.1 Gold Standard Assessments for a Diagnosis of ADHD  39 



TECHNOLOGICAL TOOLS FOR ADHD ASSESSMENT 

 This is a provisional file, not the final typeset article 

A gold-standard diagnostic assessment of ADHD involves a comprehensive evaluation of symptoms 40 

related to inattention, hyperactivity, and impulsiveness (American Psychiatric Association, 2023). 41 

Inattention includes difficulty with focusing and maintaining attention, poor organizational skills, and 42 

forgetfulness. Behaviors often considered reflective of hyperactivity include: (1) movement behaviors 43 

(e.g., fidgeting, leaving seats when staying seated is expected, constant motion, restlessness) and (2) 44 

communication behaviors (e.g., talking nonstop, blurting out answers, interrupting others). Although 45 

gold-standard evaluations typically involve data from multiple sources (children, clinicians, parents, 46 

teachers) and multiple methods (standardized rating scales, structured and semi-structured clinical 47 

interviews, neuropsychological tests), in most parts of the world, these types of evaluations can often 48 

be difficult to obtain, are costly, and are not widely available.  49 

In clinical practice, a diagnosis of ADHD is provided after a series of behavioral observations, 50 

combined with neuropsychological assessments and the completion of behavior rating scales provided 51 

by the individuals’ parent, guardian, or another informant. Self-reports of internal feelings and 52 

challenges experienced by the patient are also collected. Unfortunately, those reports can be influenced 53 

by factors intrinsic to the children themselves or extrinsic roles such as parents, the medical system, or 54 

school (Hamed et al., 2015).  55 

Unfortunately, scores derived using self-report, parent-, or teacher- report rating scales can be 56 

influenced by several factors (Hamed et al., 2015), including rater bias, differences in behaviors across 57 

settings, and the relationship between the rater and the child (Lakes & Hoyt, 2009). The limitations of 58 

rating scales have led to concerns about the validity of diagnoses, such as the potential for over-59 

diagnosis, while barriers to gold-standard evaluations have raised concerns about under-recognition of 60 

ADHD. Failure to recognize and treat ADHD early on may adversely affect academic achievement 61 

(Powers et al., 2008), family and social relationships (Taylor et al., 1996), employment (De Graaf et 62 

al., 2008), and functioning in other domains (Hamed et al., 2015). Hence, there is a need to both 63 

increase the rigor and availability of diagnostic tools as well as the tools that could be used to assess 64 

progress in response to a variety of interventions. Given these challenges with assessment of ADHD 65 

symptoms, there is growing interest in increasing the rigor of diagnostic procedures as well as the 66 

assessment of progress in response to interventions using digital tools.  67 

 68 

1.2 Towards a user-centered approach to develop assessment digital tools for ADHD 69 

Currently, standardized assessment tools could go far to bolster the accuracy of diagnosis and the 70 

acceptance by families and others of the clinical diagnosis procedure, in which technology offers an 71 

opportunity to support human professionals and experts in their diagnostic and assessment work.  72 

Rapid technological advances in the last few decades have introduced tremendous opportunities to 73 

support professionals and experts in their diagnostic and assessment work. Despite these advances, 74 

only a handful of technology-supported assessment tools are used widely in practice. For example, 75 

the Continuous Performance Test (CPT; Conners et al, 2003) is one of the few computerized tests of 76 

attention that clinicians consistently use in their assessment battery during a neuropsychological 77 

evaluation. 78 

On the other hand, research on digital tools has explored three main approaches to support the 79 

assessment and diagnosis of individuals with ADHD (Cibrian et al., 2020):  (1) classify data from brain 80 

activity, either EEG or fMRI (e.g., Sachnev, 2015; Ghiassian et al., 2016; Tan et al., 2017; Zou et al., 81 

2017; Eslami and Saeed, 2018; Riaz et al., 2018; Sen et al., 2018; Miao et al., 2019; Wang et al., 2019; 82 

Ariyarathne et al., 2020)), (2) classify data collected from sensors (on the body, in the environment, or 83 

inherent to computational tool use) used during everyday activities and then create computational 84 
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models that can classify unseen data instances (e.g., Lis et al., 2010; O’Mahony et al., 2014; Kaneko 85 

et al., 2016; Mock et al., 2018; Muñoz-Organero et al., 2018; Farran et al., 2019; Ricci et al., 2019), 86 

and (3) design and employ serious games or environments where users can play and interact (the 87 

interactions of the users with the game are analyzed to infer if the user has ADHD or related symptoms) 88 

(e.g., Chen et al., 2017, Jiang et al., 2020). While the first approach considers only the data from brain 89 

activity of ADHD individuals without their input; the second and third approaches involve end-users 90 

to some degree in certain stages of the development process for a given digital assessment tool.  91 

Recently, there has been a tendency to use user-centered, participatory, and ability-based design 92 

(Wobbrock et al., 2011; Still & Crane, 2017; Bennet et al., 2018; Spiel et al., 2019; Wobbrock et al., 93 

2018) and similar types of frameworks to include the needs and consideration of the primary end users 94 

through the whole process of designing, developing and evaluating digital tools to assess symptoms 95 

and behaviors, including ADHD (Spiel et al., 2022, Cibrian et al., 2020, Stefanidi et al., 2023). In the 96 

case of ADHD diagnosis and assessment tools, there are two primary end users that should be 97 

considered: the clinicians (therapist, psychiatrist, among others) who are conducting the assessment, 98 

and the individuals (patients) who are performing the activities requested by the clinicians. Therefore, 99 

research needs to find ways in which people with ADHD and experts might be empowered through 100 

technology and included in research teams to develop assessment tools.  101 

Given the early stages of research in this area, our goal in this research was to conduct a mapping 102 

review of digital assessments with the potential to diagnose ADHD symptoms. A mapping review has 103 

been defined as a “preliminary assessment of the potential size and scope of available research 104 

literature” that “aims to identify the nature and extent of research evidence,” including ongoing 105 

research (Grant & Booth, 2009). Scoping reviews typically do not include a formal quality assessment 106 

and typically provide tables of findings along with some narrative commentary. They are systematic 107 

and can provide preliminary evidence that indicates whether a full systematic review (with quality 108 

assessment) is warranted at a given time. 109 

 110 

2 METHODS 111 

Due to the breadth of the topic and our aims, we utilized the mapping review approach described by 112 

the Evidence for Policy and Practice Information and Coordinating Centre (EPPI-Centre), Institute of 113 

Education, London (Bates et al., 2007) and summarized by Grant & Booth (2009). This method of 114 

review aims to map and categorize published scientific journal articles and reports to provide an 115 

overview of a particular field that can aid in identifying gaps in the evidence and directions for future 116 

research. Mapping reviews typically do not include meta-analysis or formal systematic appraisal but 117 

may characterize the strength of the evidence-based on the study design or characteristics (Grant & 118 

Booth, 2009). Grant & Booth (2009) noted that mapping reviews are particularly helpful in providing 119 

a systematic map that can help reviewers identify more narrowly focused review questions for future 120 

work and potential subsets of studies for future systematic reviews and meta-analyses. 121 

 122 

2.1 Data Sources and Searches 123 

Following the PRISMA process for systematic reviews (Moher et al., 2009), we searched PubMed, 124 

Web of Science, ACM Digital Library, and IEEE Xplore for articles published in English from 125 

January 1, 2004, to January 1, 2024.  With an interdisciplinary approach, we conducted this search 126 

using both the world’s largest medical research database (PubMed), a multidisciplinary database 127 

(Web of Science), and the two largest databases for computed sciences (ACM Digital Library and 128 
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IEEE Xplore). The Association for Computing Machinery (ACM) is the largest educational and 129 

scientific computing society in the world. The IEEE, an acronym for the Institute of Electrical and 130 

Electronics Engineers, has grown beyond electrical engineering and is now the “world’s largest 131 

technical professional organization dedicated to advancing technology for the benefit of humanity.” 132 

(IEEE, 2020).  Together, the ACM and IEEE digital libraries comprise the vast majority of 133 

computing and digital indexing of publications from the organizations’ journals and conferences. We 134 

also reviewed the references from the included papers to identify additional relevant studies.  135 

Our search strategy and search items are summarized in Table 1. We limited results to peer-reviewed 136 

research papers, excluding abstracts and short papers. Manuscripts were organized and reviewed 137 

using Zotero (an open-source reference management software). Keywords from retrieved articles are 138 

shown in Table 1.  139 

 140 

Domain Search terms or database search limits 
Population ADHD OR Attention Deficit Hyperactivity Disorder  
Topic Assessment OR Diagnosis 
Digital Health 
Interventions 
(Only for 
PubMed) 

 “digital” OR “computer assisted” OR “sensor” OR “mobile” OR “wearable” OR 
“smartphone” OR “tablet” OR “robot” OR  “virtual reality” OR “augmented reality” 
“internet” OR “assistive technology” OR “computer intervention” OR “serious game” OR 
“web” 
 

Search Limits Title, abstract, keywords, meta-data, years 2004-2024, no short papers, peer-reviewed, 
English only 

Table 1: Systematic research strategy 141 

 142 

2.2 Study Selection 143 

Study selection criteria are summarized in Table 2. We included research articles focusing on digital 144 

assessment for children and adolescents and excluded research focused on digital health interventions 145 

only. We included assessments for participants of all ages. We included assessments aimed for use 146 

by clinical settings, researchers, and community settings (e.g., schools). Importantly, we included 147 

assessments across various stages of development. To only focus on papers with empirical evidence 148 

regarding the use, adoption, usefulness, and effectiveness of digital assessment grounded by 149 

empirical evidence, we excluded papers focused solely on the theoretical design of technological 150 

tools, if they included no prototype or testing in individuals with ADHD.  151 

Two researchers reviewed abstracts and full papers and selected papers that both agreed met 152 

inclusion criteria. This process was completed two times to ensure accuracy. Further, inter-rater 153 

agreement was calculated on the basis of researchers’ categorization of articles using the previously 154 

mentioned inclusion and exclusion criteria (see Table 1). Researchers randomly selected 20% of the 155 

papers at the abstract review stage and coded the abstracts according to inclusion criteria. The 156 

agreement among researchers’ decision to include the article for these 20% of randomly selected 157 

articles was calculated to be greater than 80% (0.8125). 158 

 159 

 160 

 161 

 162 
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 Included Studies Excluded Studies 

Population ● Individuals with ADHD (children, 
adolescents, adults) 

● Studies that did not include individuals 
with ADHD 

Study Design o Any experimental or quasi-
experimental evaluative design, 
including pilot and feasibility studies  

o Non-randomized studies (e.g., pre-post 
study with no control group) 

o Cross-sectional studies, non-
experimental studies 

o Process evaluations without effect 
evaluation findings 

o Case series or case studies 
 

o Theoretical design or frameworks 
o Studies not including individuals with 

ADHD or related participants (such as 
studies discussing a theoretical 
product or prototype with preliminary 
testing in a non-clinical group only). 

Outcomes ● Focus on assessment in the following 
ADHD domains:  

o Cognition / Attention 
o Behavior Management/Self-

Regulation 
o Academic/Organizational Skills 
o Motor Behaviors/ physical 

activity  
o Social/Emotional Skills 
o Medication adherence 
o Life/Vocational Skills 

o Studies with a focus on intervention 
o Studies that did not evaluate the use of 

an assessment or diagnostic tool 
o Studies that focused on the use of 

machine learning to improve 
questionnaires 

o Studies that focused on the use of 
machine learning to refine 
understanding of EEG or fMRI data 

 

Publication 
Type 

● Peer-reviewed journal article, full paper 
proceedings, report.  

● Conference abstract, study protocol, 
book, website, review, thesis or 
dissertation, short conference paper 
proceedings, posters, demos 

Publication 
year 

● From 1 January 2004 to 1 January 2024 ● Before 2004, after 1 January 2024 

Setting ● Any country or region.  

Language ● English ● Any other language 

Table 2: Mapping Review Study Inclusion Criteria 163 

 164 

2.3 Evaluation of the Stage of Development of the Assessment 165 

This literature review includes research from diverse fields mainly including a clinical approach and 166 

a Computer Science/Human-Computer Interaction (HCI) approach. Therefore, literature on these 167 

fields follows different research lifecycles when developing technology in general and for assessment 168 

in particular (Cibrian et al., 2022). Typically, HCI researchers explore how emerging and 169 

commercially available technology can be designed and developed to support digital assessments 170 

using a user-centered approach and then conduct pilot feasibility studies to prove that the technology 171 

can be used in this context. On the other hand, clinicians validate digital assessments that follow a 172 

well-known or evidence-based theory (Cibrian et al., 2022) when conducting pilot testing and 173 

randomized control trials to validate the assessment. Thus, in this work, we proposed two categories 174 

to classify the digital assessment depending on the stage of development: (1) validated or (2) 175 

exploratory. The types of assessments that tended to fall in the ‘validated’ category for this sample of 176 

articles were computerized assessments commonly used by clinicians (e.g., Continuous Performance 177 

Test) that were adapted to develop a digital version. Alternately, the type of assessments that tended 178 

to fall in the ‘exploratory’ category were pilot studies, studies with few participants, and studies that 179 
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were at the early stages of data collection, because these types of studies tend to involve the patients 180 

since early stages of the design of the tools as well as clinicians.  181 

3 RESULTS 182 

After applying the PRISMA (The PRISMA Group, 2009) process for identifying appropriate articles 183 

for inclusion, our results are summarized in Figure 1. After duplicates were removed using Zotero, 184 

there were 808 records. Among those 808 records screened, 712 articles were excluded using the 185 

previously provided exclusion criteria. Then, 96 full-text articles were assessed for eligibility. Of 186 

those 96 full-text articles, 39 papers were excluded because they did not target assessment or 187 

diagnosis of ADHD, they did not present an evaluation of ADHD users, or they were focused on the 188 

use of machine learning to improve questionnaires (i.e., utilizing machine learning to eliminate non-189 

significant variables from psychometric questionnaires for ADHD diagnosis, aiming to reduce the 190 

administration time of these assessments (Duda et al., 2017; Caselles-Pina et al., 2024)). Ultimately, 191 

57 papers were included in this mapping review (see Figure 1). 192 

 193 

Figure 1. PRISMA Flow Diagram 194 

 195 
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3.1 Targeted Domains of Cognitive and Behavioral Functioning 196 

The domains of cognitive and behavioral functioning assessed by the tools in the included studies 197 

were grouped into four categories: cognition/attention, social/emotional skills, behavior 198 

management/self-regulation, or motor behaviors/physical activity (Figure 2-left). 199 

Most papers (86%) described tools designed to assess attention and other aspects of cognition.  Two 200 

main projects have been widely explored, the Virtual Reality Classroom, then called ClinicalVR, 201 

(Coleman et al., 2019; Parsons et al., 2007; Pollak et al., 2009; Rizzo et al., 1997; Yeh et al., 2012) 202 

and AULA (Areces et al., 2018; Camacho-Conde & Climent, 2022; Díaz-Orueta et al., 2014), which 203 

demonstrate the potential of VR in assessing attention. Even though VR has become more accessible, 204 

less expensive, less heavy, and more tolerable (e.g., it creates less motion sickness), it is still not 205 

particularly intuitive for many people. It may be totally out of reach for people with sensory 206 

challenges, including children with neurodevelopmental disorders like ADHD, but it allows them to 207 

have a controlled environment to conduct assessments. 208 

The second most common domain was motor behaviors or physical activity, with 43% of papers 209 

describing tools to assess behaviors in this domain. One approach is to use an indirect sensing device, 210 

such as depth cameras (e.g., Kinect), to track the movements. For example, Sempere-Tortosa and 211 

colleagues (2020) developed ADHD Movements, a computer software that uses the Microsoft Kinect 212 

V.2 device to capture 17 joints and evaluate the movements. A study with 6 subjects in a 213 

teaching/learning situation showed that there were significant differences in the movements between 214 

the ADHD and control group (Sempere-Tortosa et al., 2020).  215 

On the other hand, Muñoz-Organero and colleagues (2018) tested direct sensing (e.g., wearables) 216 

using accelerometers on the dominant wrist and non-dominant ankle of 22 children (11 with ADHD, 217 

6 of whom were also medicated) during school hours. They used deep learning algorithms (e.g., 218 

Convolutional Neural Network (CNN)) to recognize the movement differences between 219 

nonmedicated ADHD children and their paired controls. There were statistically significant 220 

differences in the way children with ADHD and those without moved for the wrist accelerometer, but 221 

only between nonmedicated children with ADHD and children without ADHD for the ankle 222 

accelerometer.  223 

None of the papers found described tools designed to measure social/emotional functioning, and only 224 

one paper described a tool designed to measure behavior management or self-regulation (Chen et al., 225 

2017). The research group developed a Contextualized and Objective System (COSA) to support 226 

ADHD diagnosis by measuring symptoms of inattention, hyperactivity, and impulsivity. Impulsivity 227 

is often used as a proxy for measuring self-regulation using performance-based tasks, or Serious 228 

Games. The Serious Games developed for COSA were informed by existing auxiliary diagnostic 229 

performance-based tasks of inhibition and impulsivity, including CPT, Go/No-Go, and the Matching 230 

Familiar Figures Test. The COSA instruments were used to measure inhibition and impulsivity (e.g., 231 

stop yourself from eating “eCandy”).  232 

A hybrid approach, meaning the measurement of multiple symptoms, using multiple digital tools 233 

(e.g., wearable sensor, intelligent hardware, paired with mobile application), has also been explored 234 

to create a system to support the assessment of multiple domains of ADHD (e.g., attention and 235 

hyperactivity). An initial pilot study to investigate children’s attentional control in a VR classroom 236 

was combined with instruments to detect “head turning” and gross motor movements. These 237 

instruments included motoric tracking devices on the VR head-mounted display and wearable hand 238 
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and leg tracking systems (Parsons et al., 2007). Combining the use of VR, Serious Games, and motor 239 

behaviors allowed Parsons and colleagues (2007) to predict the body movements a hyperactive child 240 

may be engaging in the classroom. Similarly, the WEDA system, tested with 160 children ages 7 to 241 

12, half with ADHD, attempted to discriminate between challenges in inattention from those related 242 

to hyperactivity and impulsivity, finding that the tasks cover all symptoms but perform better related 243 

to inattention (Jiang et al., 2020). Overall, the summarized works suggest that it is possible to assess 244 

several ADHD-related behaviors using a multimodal technology approach. However, it is unclear 245 

how we can refine the current assessment tools to collect data augmented with contextual, or real-life, 246 

information.  247 

 248 

Figure 2. A pictograph showing the distribution of paper by domain (left) and by platforms 249 

(right). VR – Virtual Reality, NUI – Natural user interfaces, CP – Personal computer and web 250 

3.2 Technology Platforms Applied to ADHD Assessment 251 

Among the included studies, the technology platforms used in the assessment process were varied: 252 

virtual or augmented reality (49%), natural user interfaces (17%), personal computers (17%), mobile 253 

devices or tablets (23%), sensor/wearables/EEG (25%), and robotics (3%) (Figure 2-right).  Virtual 254 

and augmented reality is a rapidly shifting label in the literature, but for the purpose of this review, 255 

studies assigned to that category included fully immersive virtual reality as well as mixed-reality and 256 

augmented reality approaches. This category included virtual worlds and immersive video games. 257 

Natural user interfaces included the use of input devices beyond traditional mice and keyboards, 258 

such as pens, gestures, speech, eye tracking, and multi-touch interaction. The personal computers 259 

category included applications that require a traditional keyboard, mouse/touchpad, and monitor.  260 

Mobile devices and tablets can access such applications, as well, but this category was reserved for 261 

so-called “mobile first” applications, focused on an intentional design towards mobility. Sensors and 262 

wearables include the use of automated sensing technologies, such as accelerometers, heart rate 263 

sensors, microphones, and brain-computer interfaces, both in the environment and on the body. 264 
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Robotics, a similarly broad and dynamic category, included physical instantiations of digital 265 

interactions, such as both humanoid or anthropomorphic robots and general digital devices that carry 266 

out physical tasks. This grouping included autonomous robots and those operated remotely by 267 

humans.  268 

3.3 Stage of Development 269 

Results from the literature review revealed that 27 of the projects that met inclusion criteria were 270 

considered ‘validated assessments.’ The projects with validated assessment studies tended to adopt 271 

widely accepted assessments, such as the Continuous Performance Test (CPT; Conners, 1994), and 272 

implemented the assessment within a novel digital environment, such as via virtual reality (see Table 273 

3). For example, Areces (2018), Areces (2020), and Rodriguez (2018) all administered the CPT 274 

within a virtual reality classroom environment. In some cases, these widely used assessments seemed 275 

to inspire ideas for the measurement of symptoms of ADHD (e.g., attentional control, inhibition, 276 

reaction time) in a gamified virtual environment (e.g., the Nesplora Aquarium test) (Camacho-Conde 277 

& Climent, 2021). Other studies in this stage of development administered widely used assessments 278 

via telemedicine. For example, Sabb and colleagues (2013) administered the Stroop task (MacLeod, 279 

1992) via a web-based platform typically used to meet patients virtually. 280 

On the other hand, 26 of the projects were considered ‘exploratory assessments’ as they were either 281 

pilot studies, studies with small sample sizes, or the research team was in the early stages of data 282 

collection, and the primary goal was to launch the assessment tool rather than collect usable data. 283 

 284 

The studies aimed at refining exploratory assessments using novel technological platforms or a 285 

combination of the following platforms, including (a) personal computers and the internet (24%), (b) 286 

mobile devices or tablets (20%), (c) sensors, wearables, or EEG (40%), virtual reality (24%), robotics 287 

(8%), and a natural user interface (28%) (see Table 4). These types of technologies were created by 288 

researchers to better meet the needs of participants (patients and clinicians), as current commercial 289 

devices may not provide the sensors and feedback needed to conduct in-depth assessments of ADHD 290 

symptoms in accordance with current American Psychological Association diagnostic criteria (DSM-291 

5; American Psychiatric Association, 2023). However, the approach of exploratory research is first to 292 

develop the technology and provide evidence that it is feasible for application, once feasibility is 293 

established, the primary objective of researchers is to test the usability of the assessment data 294 

collected for either patients or clinicians. For example, Son and colleagues (2021) are in the early 295 

stages of developing an ‘objective diagnosis of ADHD by analyzing a quantified representation of 296 

the action of potential patients in multiple natural environments’. The research team applies the 297 

diagnostic criteria for ADHD listed in the DSM-5 (American Psychiatric Association, 2023) to 298 

virtual reality and artificial intelligence applications in order to build an AI model which will classify 299 

the potential patient as having either ADHD inattentive type, hyperactive-impulsive type, combined 300 

type, or no diagnosis. Future steps for this research may include comparing the decisions of the AI 301 

model to those of a clinician in a clinical trial. 302 

Overall, it is ideal to combine both approaches. To better conceptualize this goal, it is useful to 303 

position these approaches on a continuum of digital health technological tool development where 304 

stages of development from exploratory (early stages often piloted by human-computer interaction 305 

researchers) to validated (late stages such as clinical trials led by clinicians) lie. Thus, researchers in 306 

the field should strive to recruit multidisciplinary teams that are capable of implementing 307 

methodologies that combine both approaches over the course of a tool’s developmental lifetime.  308 

When made, these proposed changes will accelerate the validation and widespread use of diagnostic 309 

digital health technologies for ADHD.310 
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Adamou et al., 2021 X             X         X       X X X        

Adams et al., 2009       X       X     X   X     X         X     

Areces et al., 2018       X       X         X     X       X X     

Areces et al., 2020       X       X         X     X       X X     

Camacho-Conde & 

Climent, 2022 
      X       X     X   X     X     X   X     

Coleman et al., 2019       X       X         X     X         X     

Díaz-Orueta et al., 

2014 
      X       X     X   X     X         X     

Eom et al., 2019       X       X         X     X         X     

Gutierrez-

Maldonado et al., 

2009 

      X       X         X     X         X     

Hyun et al., 2018             X X         X     X     X         

Iriarte et al., 2016       X       X     X X` X     X         X     

Johnson et al., 2010             X       X   X     X     X       X 

Lalonde et al., 2013       X       X         X     X         X     

Leitner et al., 2007 X   X         X     X   X     X   X           

Loskutova et al.,  

2021a,  Loskutova et 

al., 2021b 

    X         X X       X       X   X         

Mangalmurti et al., 

2020 
      X       X        X     X        X     

Muhlberger et al., 

2020 
      X       X     X   X     X         X     
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Mwamba et al., 

2019 
        X           X   X     X     X       X 

Neguț et al., 2017       X       X         X     X         X     

Nolin et al., 2016       X       X     X   X   X           X     

Parsons et al., 2007       X       X         X     X         X     

Pollak et al., 2009       X       X         X     X         X     

Rodriguez et al., 

2018 
      X       X         X     X       X X     

Sabb et al., 2013 X   X         X         X X       X           

Zulueta et al., 2019       X       X     X   X     X         X     
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Aflalo et al., 2022             X X         X     X     X         

Arakawa et al., 2023   X               X X X X X         X X       

Brkic et al., 2022         X     X       X X     X     X         

Cazzato et al., 2019             X X               X             X 

Chen et al., 2017   X         X X   X   X X     X   X   X     X 

Cho et al., 2022   X   X       X     X   X     X       X X     

Delgado-Gómez et al., 

2020 
        X     X         X       X           X 

Gardner et al., 2013   X           X         X     X     X         

Jiang et al., 2020; Luo et 

al., 2022 
  X     X   X X   X X   X     X   X   X     X 

Kim et al., 2023   X           X   X     X     X       X       

Krichmar & Chou, 2018           X         X       X             X   

Lee et al., 2022a;Lee et 

al., 2022 b; Lindhiem et 

al., 2022 

  X       X   X     X X       X       X   X X 

Loleska and Pop-

Jordanova 2023 
  X           X     X X X     X   X X         

Muñoz-Organero et al., 

2018 
  X                 X   X   X         X       



TECHNOLOGICAL TOOLS TO ASSESS ADHD  

 
 PAGE  \* Arabic  \* 

MERGEFORMAT 3 

Table 4: Exploratory Assessments Included in this Review 318 

 319 

Study Digital Health Assessment Domain 
User Setting Technology Platform 

T
el

em
ed

ic
in

e
 

W
ea

ra
b

le
s/

 S
en

so
rs

 

W
eb

-b
a
se

d
 

a
ss

es
sm

en
t 

V
ir

tu
a

l 
re

a
li

ty
 

S
er

io
u

s 
g
a
m

es
 

R
o
b

o
t 

A
ss

is
ta

n
t 

C
o
m

p
u

te
r
 

A
p

p
li

c
a
ti

o
n

/ 

S
o
ft

w
a
r
e
 /

 S
e
n

si
n

g
 

in
 t

h
e
 e

n
v
ir

o
n

m
e
n

t 
C

o
g
n

it
io

n
 /

 

A
tt

e
n

ti
o
n

 

S
o
c
ia

l/
E

m
o
ti

o
n

a
l 

S
k

il
ls

 
B

e
h

a
v
io

r
 

M
a
n

a
g
e
m

e
n

t/
S

e
lf

-

R
e
g
u

la
ti

o
n

 
M

o
to

r
 B

e
h

a
v
io

r
s/

 

P
h

y
si

ca
l 

A
c
ti

v
it

y
 

C
a
r
e
g
iv

e
r
s 

(P
a
r
e
n

ts
/T

e
a
c
h

e
r
) 

C
li

n
ic

ia
n

/R
e
se

a
r
c
h

e
r
s 

H
o
m

e
 

S
c
h

o
o
l 

L
a
b

  

C
li

n
ic

 

P
e
r
so

n
a
l 

C
o
m

p
u

te
r
s 

&
 W

e
b

 
M

o
b

il
e
 D

e
v
ic

e
s 

o
r
 

T
a
b

le
ts

 
S

e
n

so
r
s 

/ 

W
e
a
r
a
b

le
s 

/ 
E

E
G

 
V

ir
tu

a
l 

&
 

A
u

g
m

e
n

te
d

 

R
e
a
li

ty
 

R
o
b

o
ti

cs
 

N
a
tu

r
a
l 

u
se

r
 

in
te

r
fa

c
e
 

Santos et al., 2011         X   X X             X X   X           

Seesjärvi et al., 2022  
Jylkkä et al., 2023; 

Merzon et al., 2022 

    X         X         X     X   X           

Sempere-Tortosa et al., 

2020 
  X         X       X         X             X 

Son et al., 2021       X       X         X     X         X     

Stokes et al., 2022   X   X       X         X     X       X X     

Ulberstad et al., 2020 X   X         X     X   X X   X   X         X 

Wehmeier et al., 2011   X           X     X   X     X       X       

Wiguna et al., 2022       X       X   X X   X   X X         X     

Yeh et al., 2012       X       X         X     X         X     



  

4 DISCUSSION 320 

Recent estimates suggest that nearly 10% of children and adolescents in the United States experience 321 

ADHD symptoms (Danielson et al., 2018). Thus, there is a significant need to broaden access to 322 

evidence-based treatments to support individuals with ADHD. In this paper, we argue that digital 323 

health assessments have the potential for widespread impact on the assessment infrastructure 324 

necessary to connect individuals with ADHD to the necessary treatments designed to support them. 325 

This scoping review addresses a critical gap in the literature and illustrates the growing international 326 

interest in digital health assessment for ADHD. Many of the excluded papers in our search described 327 

novel digital health assessment tools that were not sufficiently developed or have yet to be evaluated. 328 

This suggests that this field of research will continue to grow rapidly and, therefore, intentional 329 

investment in translation from early designs for digital assessment tools to robust products as well as 330 

from pilot studies to larger scale clinical trials are necessary next steps to meet the needs of the field. 331 

4.1 Participant Engagement and User-Centered Assessment 332 

Involving the final users in the development of the assessment is a crucial step in trying to create 333 

unbiased digital tools. Therefore, different points of view should be held up to the light. 334 

Traditionally, clinicians are charged with developing the assessment tools for ADHD, and 335 

subsequently, researchers in the technological fields “translated” those tools into digital health 336 

assessments. The advantage of this approach is that the tools tend to be more widely “accepted” by 337 

other clinicians as they use “validated” assessments to evaluate symptoms and behaviors without 338 

input from the patients who are responsible for conducting the activities requested by the clinicians.  339 

On the other hand, studies have reported conducting interviews with one (Jiang et al., 2020; Huang et 340 

al., 2022; Luo et al., 2022) or more (Arakawa et al., 2023) clinicians to incorporate their perspectives 341 

before building the tools. Additionally, these studies consider or evaluate patient and caregiver 342 

satisfaction (Cen et al., 2019) prior to deploying the actual tool, showing an initial commitment to 343 

following a user-centric approach instead of translating current theories into digital interventions 344 

(e.g., Díaz Orueta et al., 2014; Iriarte et al., 2016)). Unfortunately, developing quality assessment 345 

tools is time-consuming and starts from co-design sessions before developing low and high-fidelity 346 

prototypes. The first evaluation of those prototypes targets the tools' feasibility and usability before 347 

developing the final tools that can be then “validated.” While this approach is highly recommended, 348 

the approach neglects to answer important research questions that have yet to be answered, including 349 

how to engage ADHD participants in the co-design sessions, how to balance their needs with the 350 

clinicians' needs, how the collected data can be used fairly, and what should need to be done to 351 

transform those prototypes into valid assessment.  352 

4.2 Clinical Implications 353 

The underdiagnosis of ADHD results in patients not receiving treatment, which poses psychological, 354 

financial, academic, and social burden to the patient and their community (Ginsberg et al., 2014). 355 

Further, failure to diagnose ADHD prevents children and their families from getting the assistance 356 

necessary to achieve their full potential in academic, workplace, and psychosocial settings (Faraone 357 

et al., 2003). A lack of diagnosis can lead to a lack of treatment and restricted access to 358 

accommodations that will have a cascade of consequences for an individual’s academic achievement 359 

(Powers et al., 2008), family and social relationships (Taylor et al., 1996), employment difficulties 360 

(De Graaf et al., 2008), among other critical components of life success (Hamed et al., 2015).  361 

The clinical implications for the development of diagnostic digital health technologies to diagnose 362 

ADHD are vast and varied. To support access to digital assessment tools researchers will need to 363 
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adopt rigorous approaches to ensure the development of reliable and feasible tools designed to be 364 

used by clinicians who seek to evaluate ADHD symptoms and diagnose ADHD. Innovative 365 

computational approaches paired with expert human decision-making have the potential to improve 366 

the quality of assessments while decreasing their costs. Thus, novel technologies can support 367 

clinicians through the collection of data from multiple modes of assessment that support the decision-368 

making of the experts and improve the accuracy of diagnosis. 369 

4.3 Future Research Directions 370 

Only a handful of studies collected from this scoping review examined products that were designed 371 

using user-centered participatory and ability-based design methods.  User-centered, participatory and 372 

ability-based design frameworks demand two parallel approaches: inclusion of the needs and 373 

consideration of the primary end users of these technologies early in the design process and 374 

consideration for the ways in which people with ADHD might be empowered through technology 375 

and included in research teams. In our own work, we strive to include children and adolescents with 376 

ADHD on our design teams, engaging them in creating their own inventions as well as commenting 377 

on and critiquing ours (Cibrian et al., 2019, 2020; Doan et al., 2020; Tavakoulnia et al., 2019, Silva et 378 

al., 2023, 2024, Ankrah et al., 2023). Although these approaches are time consuming and can be 379 

more challenging to implement, the long-term adoption and ultimate success of digital health tools 380 

requires the input and perspectives of those who experience the conditions as well as other relevant 381 

stakeholders.  382 

In terms of hyperactivity, research has shown that measuring and predicting movement-related 383 

behaviors using data gathered from wearables and cameras to assess ADHD is feasible and helps to 384 

understand more about the role of hyperactivity in motor performance. However, the assessment of 385 

hyperactivity should also consider the core features of ADHD related to attention, socioemotional 386 

functioning, and self-regulation. Therefore, a multimodal approach should be adopted.  387 

A possible reason for the lack of tools design to measure social/emotional functioning and self-388 

regulation is the challenge of eliciting the real-life emotions involved in behavioral management and 389 

self-regulation, especially with respect to the demands placed on children with neurodevelopmental 390 

disorders in schools and at home. Take for example a child who is being bullied by peers at school or 391 

a child who has difficulty reading and, therefore, cannot access the academic material and becomes 392 

frustrated in a classroom. These are challenges children with ADHD are faced with daily and it is 393 

possible Serious Games have not yet been developed to tap into these charged and challenging 394 

socioemotional and behavioral contexts. 395 

4.4 Study Limitations 396 

There are several limitations to consider when reading this mapping review. First, we limited our 397 

review to papers published in English language journals and to PubMed, IEEE, and ACM databases. 398 

Although these databases contain the largest collections of research in the field and can be considered 399 

comprehensive for scholarly publications in English, limiting the search to articles published in 400 

English and to articles available through these databases has inherent limitations. For example, the 401 

lack of grey literature, which includes white papers that are not peer-reviewed but that can be 402 

common surrounding consumer products. We excluded papers that developed diagnostic assessments 403 

for multiple diagnostic groups other than ADHD (e.g., for individuals with Autism who also 404 

exhibited symptoms of ADHD, children who demonstrate self-regulation difficulties). We also 405 

excluded papers for which the focus was on digital health intervention and treatment, rather than 406 

assessment. This could potentially have implications for the assessments identified in this paper 407 

versus the assessments used commonly in clinical treatment and research settings. Finally, the broad 408 
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range of terms used in this space makes a true comprehensive review incredibly difficult. Keyword 409 

selection, terminology usage, and digital libraries in the mHealth space are not consistent within 410 

disciplines, across disciplines, nor across countries.  Despite these limitations, our work provides a 411 

map of the current scientific work in this space that can aide clinical and computing scientists in 412 

identifying gaps and potential targets for future work. 413 

5 Conclusion 414 

Recently, there has been rapid growth in collaboration between the fields of computing and clinical 415 

sciences. Given the explosion in telehealth and telemedicine since the beginning of the COVID-19 416 

pandemic, this growth underscores the need for empirically and well-developed technological 417 

diagnostic tools. This mapping review highlights current work on the development of diagnostic tools 418 

used to assess symptoms of ADHD, providing examples of how emerging technologies can enhance 419 

diagnostic processes for both researchers and clinicians. 420 

The included studies show that while some diagnostic technologies seem promising, there is still 421 

opportunities that should be addressed to widespread clinical use. Specifically, future work should 422 

focus on: 423 

1. User-Centered Design: Emphasizing user-centered design strategies to tailor diagnostic tools 424 

to the needs and experiences of clinicians, patients, and caregivers, thereby improving 425 

acceptability and usability. 426 

2. Interdisciplinary Collaboration: Fostering multidisciplinary collaboration between 427 

computer science, HCI researchers, clinicians, and other stakeholders to bridge gaps in 428 

knowledge and practice, ensuring that technological advancements are clinically relevant and 429 

evidence-based. 430 

3. Integration with Clinical Workflow: Developing strategies to seamlessly integrate 431 

diagnostic technologies into existing clinical workflows, ensuring they complement rather 432 

than disrupt standard practices. 433 

4. Rigorous Validation: Conducting comprehensive validation studies to ensure the accuracy, 434 

reliability, and effectiveness of diagnostic technologies in diverse clinical settings. 435 
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