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Participatory design has played a huge role in Interaction Design for Children, where different approaches have been explored. This is 

more important than ever in the age of AI since children may access and engage with AI systems from a young age in a variety of contexts. 

Even though the creation of digital assessment and diagnostic tools for children is one of the most researched uses of AI, this application 

domain primarily included professionals throughout the design, and evaluations are primarily technical, thus, it is unclear how children 

could be involved within the design of digital assessment tools. In this position paper, we discuss some challenges involving children in 

designing and evaluating a smart pen to assess their handwriting skills. We proposed that children can be jury and judge in the early stages 

of the design of tools that are ethical, fair, and safe.  
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1 INTRODUCTION 

Participatory design has played a huge role in Interaction Design for Children, where many different activities and 

approaches have been explored [1]. This is becoming more crucial in the AI era, where from an early age, children have 

access to and interact with AI systems in different settings, for example, when they ask requests from Alexa or Siri, or 

when watching automatically suggested videos. Beyond using those in everyday life, one of the most explored uses of AI 

for children is the development of digital assessment and diagnostic tools [2]. For example, when developing technology 

to assess handwriting skills in children, most of the research has focused on evaluating the accuracy of Machine Learning 

models to predict whether children have dysgraphia or not with data collected using tablets or smart devices [3]. Thus, 

most children only participate during the evaluation by conducting a traditional assessment using technology. Therefore, 

their feedback and experience are not considered. These types of applications mainly involve professionals (clinicians or 

therapists) during the design, and evaluations are mostly technical, using data collected from children [2]. To our 

knowledge, it is unclear how children could be involved in the design of digital assessment tools.  

 
* Both authors contribute equally in this paper.  



2 

In this position paper, we discuss a set of challenges involving children in the design, development, and evaluation 

of a smart pen to assess their handwriting skills. We proposed that children can be jury and judge in the early stages of the 

design and be involved in user studies after technical evaluations are done to develop AI digital assessment tools that are 

ethical, fair, and safe. This workshop represents an opportunity to first present our case study and experiences, then discuss 

how children could be involved early in the design.  

2 THE CASE OF ASSESSING HANDWRITING SKILLS USING PENSANDO  

Children face challenges hampering their social inclusion at school, where handwriting is key [4]. Research and industry 

have shown that it is feasible to use technology to support handwriting and as an alternative for writing, as with touch 

screens, smart pens, and speech-to-text tools. Also, it shows that it is possible to 

identify writing patterns and recognize paper-based writing [5], which is evidence of 

the potential of using smartpens. To our knowledge, these have yet to be designed 

and used to assess children's handwriting skills. To address this gap, we created 

PenSando (Figure 1), a smartpen augmented with sensing capabilities to 

automatically detect a child’s handwriting ability [6]. Teachers, designers, and 

psychologists who specialized in children’s fine motor skills participated in the 

design of PenSando. The contribution of the participatory design allowed us to 

decide the pen’s form factor, size and features to measure speed, legibility, and 

strength. The pen senses inertial and pressure measurement. It provides a 3D-printed 

case to ensure a proper and safe grip. We ran a pilot study with two children to 

understand their experience while writing using PenSando; results showed that 

children could write using PenSando. They found it easy to use but requested more 

feedback about their writing.  

3 CHALLENGES TO IMPROVE PENSANDO 

Participatory design involving children is challenging. Still, it is even more difficult when the design is something that will 

evaluate children's behaviors and skills. There is a trade-off between the engaging experience of children using PenSando 

and collecting data in an appropriate way (e.g., data collected, experiment setup, and conduction) for the specialist to 

conduct the assessment.  

After the pilot study with PenSando when children and experts were involved (unfortunately, at this stage, we were 

not able to include children in the design given the COVID-19 restriction), we found interesting feedback that led us to 

think about PenSando’s design and data visualization. We found the following concerns when deploying an AI tool like 

PenSando. 

Tradeoffs between designing engaging activities with children that collect relevant data for AI. Most AI models 

rely on the quality and quantity of data [7]; therefore, it is crucial to properly collect the data needed. To accomplish this 

aim, when working with children, it is important to maintain their engagement in the tasks to collect data. Currently, the 

pilot study involved writing their names, dates, and geometric figures five times as suggested by traditional assessments, 

so, as expected, children found it tedious. Therefore, data could be biased given the tedious task, but at the same time, not 

having enough data could bias the AI model. Participatory design should include all stakeholders, in this case, therapists, 

psychologists, teachers, and children, to balance the children’s motivation and the focus of the assessment. 

Figure 1: A child participating in the 
pilot evaluation of PenSando. 
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Involved children with diverse skills. Children's writing skills vary, given their age, culture, and neurodiversity, 

among others [8]. Therefore, all those factors should be considered when designing technology to ensure a fair assessment 

that includes the characteristics of all children. For example, sensory differences exhibited by autistic children [9] may bias 

the data collected if children refuse to touch the pen given the textures. As PenSando's main goal is handwriting assessment, 

there is a need to consider how both the design AI models should be adapted for neurodiverse. 

Provide understandable feedback on the collected data to the children. A key challenge when working with 

children is their engagement; the literature recognizes that providing feedback is a strategy that can help with this and gain 

other benefits for children [10]. During the pilot evaluation of PenSando with the children, we showed them the interior of 

PenSando (see Figure 1). We informed them that PenSando has some features that evaluate their handwriting. Therefore, 

they were curious about the outcome and verbally requested feedback (e.g., lights or vibrations) to see how they were doing 

and how they could improve. This is also important when developing an AI system, as this could improve transparency 

and explainability. However, this should be carefully designed with specialists for the children to provide data that is safe, 

and with and by the children to make sure it is understandable.   

4 HOW PENSANDO WILL ADDRESS THOSE CHALLENGES 

While researching with PenSando we found that designers must think beyond the assessment’s goal, and create a balance, 

when there is the need to evaluate children between design decisions (judge) and all the stakeholders involved (jury).  In 

future work with PenSando, we propose a twofold assessment, including technical aim-directed and case studies, where 

all stakeholders are included. The following strategies will be included: 

 A team of diverse children ilities, specialists in handwriting and child development, and specialists in AI and child-

computer interaction will be involved from the design stage until the evaluation.  

 Children will actively participate in the design to “jury” the form factor of the pen, making sure it is feasible and 

comfortable to write, designing potential engaging activities to avoid tedious repetitions, and ensuring the data 

visualization is understandable and meaningful.  

 At the same time, handwriting and child development specialists will participate in making sure that the proposed 

activities are appropriate to assess handwriting skills, propose what type of information is relevant to improve and 

ease current assessment, and what type of information is appropriate for the children to see and encourage them about 

improving their handwriting skills without harm. 

 AI and HCI experts need to make sure that the data collected is appropriate and enough to develop AI models able to 

predict features that ease the handwriting assessment and make sure that the proposed models fulfill the needs of both 

children and specialists.  

5 CONCLUSION 

In this paper, we present the case study of PenSando, a smartpen augmented with sensing capabilities to automatically 

detect a child’s handwriting ability. While we developed the first version of PenSando and ran a pilot study, we found 

tradeoffs between designing assessments that are engaging by children and collecting relevant data to develop AI models. 

The AI models should provide children with understandable, transparent, and nto encourage them to practice writing skills. 

Data collected should be from children with diverse backgrounds and skills. Those challenges will be addressed in the 

design, development, and evaluation of the second version of PenSando to ensure the needs of children and specialists. AI 

experts should focus on developing AI digital assessment tools that are ethical, fair, and safe.  



4 

ACKNOWLEDGMENTS 

We thank our study participants for their valuable time and our institutions and research ethics committee for approving 

this study. 

REFERENCES 
[1] O. S. Iversen, R. C. Smith, and C. Dindler, “Child as protagonist: Expanding the role of children in participatory design,” IDC 2017 - Proceedings of 

the 2017 ACM Conference on Interaction Design and Children, pp. 27–37, Jun. 2017, doi: 10.1145/3078072.3079725. 

[2] G. Wang, J. Zhao, M. Van Kleek, and N. Shadbolt, “Informing Age-Appropriate AI: Examining Principles and Practices of AI for Children,” 
Conference on Human Factors in Computing Systems - Proceedings, vol. 29, Apr. 2022, doi: 10.1145/3491102.3502057. 

[3] J. Kunhoth, S. Al Maadeed, M. Saleh, and Y. Akbari, “Exploration and analysis of On-Surface and In-Air handwriting attributes to improve dysgraphia 
disorder diagnosis in children based on machine learning methods,” Biomed Signal Process Control, vol. 83, p. 104715, May 2023, doi: 
10.1016/J.BSPC.2023.104715. 

[4] P. J. Chung, D. R. Patel, and I. Nizami, “Disorder of written expression and dysgraphia: definition, diagnosis, and management,” Transl Pediatr, vol. 
9, no. Suppl 1, pp. S46–S54, Feb. 2020, doi: 10.21037/TP.2019.11.01. 

[5] Y. L. Hsu, C. L. Chu, Y. J. Tsai, and J. S. Wang, “An inertial pen with dynamic time warping recognizer for handwriting and gesture recognition,” 
IEEE Sens J, vol. 15, no. 1, pp. 154–163, 2015, doi: 10.1109/JSEN.2014.2339843. 

[6] F. L. Cibrian, O. Gutierrez, and L. Escobedo, “PenSando: Developing a smartpen assessing handwriting skills for children,” ACM International 
Conference Proceeding Series, Nov. 2021, doi: 10.1145/3488392.3488393. 

[7] R. W. GREGORY, O. HENFRIDSSON, E. KAGANER, and S. H. KYRIAKOU, “The Role of Artificial Intelligence and Data Network Effects for 
Creating User Value,” https://doi.org/10.5465/amr.2019.0178, vol. 46, no. 3, pp. 534–551, Jul. 2021, doi: 10.5465/AMR.2019.0178. 

[8] L. Benton, A. Vasalou, R. Khaled, H. Johnson, and D. Gooch, “Diversity for design: A framework for involving neurodiverse children in the technology 
design process,” Conference on Human Factors in Computing Systems - Proceedings, pp. 3747–3756, 2014, doi: 10.1145/2556288.2557244. 

[9] R. L. Watling, J. Deitz, and O. White, “Comparison of Sensory Profile Scores of Young Children With and Without Autism Spectrum Disorders,” The 
American Journal of Occupational Therapy, vol. 55, no. 4, pp. 416–423, Jul. 2001, doi: 10.5014/AJOT.55.4.416. 

[10] S. Ruan et al., “Supporting children’s math learning with feedback-augmented narrative technology,” Proceedings of the Interaction Design and 
Children Conference, IDC 2020, pp. 567–580, Jun. 2020, doi: 10.1145/3392063.3394400. 

  


