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Exploring new frontiers of education using humanoid robots - a case 

study of patient centred innovation in digital health education 

Digital education is intertwined with matters of global economics, geopolitics, as 

well as ongoing changes in what counts as knowledge, skills and learning. We 

have witnessed throughout the COVID-19 pandemic how technology has been 

embraced within education from online classes to innovative mobile learning 

approaches and evaluating humanoid robots in education is a next step. Driven by 

a need to keep pace with the evolving techno- and socio-economic requirements, 

schools and society are increasingly adopting artificial intelligence (AI) and 

robots in their daily activity. This paper presents a feasibility case-study in digital 

health education where a humanoid robot was chosen to teach based on its form 

and function. With an imperative to establish a strong and sustainable learning 

space, the aim of this paper is to present results and learn about the future of 

digital health education from humanoid robots being deployed in digital health 

learning spaces. The paper concludes by highlighting key design challenges in 

unbundling educational approaches in the context of  humanoid robots. It is 

intended that the outcomes of this paper will extend beyond the COVID-19 

pandemic by contributing to the humanoid robot technology discussion that will 

push towards more futuristic artificial intelligence in and for education.  

Keywords: digital education; digital health; robots  

Introduction  

In 2021, the paradigm of a physical classroom, human teacher and students is no longer 

the norm and key technological advancements are changing our educational 

infrastructure and where we merge the best technology with the best of human teaching 

(Salmon 2019).  COVID-19 has resulted in rapid digital transformation across all parts 

of society and education delivery in particular. Technology adds a level of complexity 

to a pedagogical context and these developments create both opportunities and tensions 

for education and learning (Selwyn 2020). The driving trends in technologies can 

already be observed, with big data, virtual reality (VR) and augmented reality (AR) 

experiences, deployment of artificial intelligence and ubiquitous technology creating 



 

 

digital divides and affecting education (Hoadley and Uttamchandai 2021). These novel 

and emerging technologies have a role to play in the changing context of learning, 

teaching and assessment, and the educational sector will be undeniably and significantly 

influenced by AI and robots.  

Although robotics has not still found the place in school curricula, a growing 

number of robotic interactions take place in formal and informal education. Proponents 

of humanoid robots in learning environments advocate that central to our digital future 

is the need for educational design research, with all participants in a variety of learning 

spaces (Cox 2021). The dichotomy of educational methodologies and practices aligned 

with the fast-paced technological innovation is the challenge (OECD 2016, Selwyn et 

al. 2019).  

The aim of this research is to discuss what we can learn about the future of 

digital health education from humanoid robots being deployed in a health care facility, 

and what issues arise that necessitate a rethinking of such technology in education 

settings. The use of robots in healthcare has advanced in recent years as the demand for 

health care services far outpaces availability of staff and robots are seen as a viable 

solution to address shortage. Indeed, the global medical robotics market is expected to 

reach USD 12.7 billion by 2025 from an estimated USD 5.9 billion in 2020 at a rate of 

up to 20% per annum (Market and Markets n/d). One key factor propelling the growth 

of this market is the advantage offered by robot-assisted training in rehabilitation 

therapy. 

This paper presents a feasibility case study in a diabetes care setting, where the 

humanoid robot was ‘teaching’ the patient about their diabetes self-management. The 

study highlights important areas concerning human behaviour and the impact of using a 

humanoid robot on the learning of the participant is explored. The results of our 



 

 

feasibility study suggest enormous potential to deploy innovative digital transformation 

opportunities in health education.  

Theoretical Framework 

Artificial intelligence in education (AIED) combines the fields of computer science, 

education, psychology and other facets of the learning sciences (Timms 2016; 

Gasteiger, Hellou and Ahn 2021). The benefits of AI in education originates from three 

fundamental factors that it can firstly increase capacity and productivity of educators, 

secondly that it provides valuable observations to enhance teaching and learning, and 

support learners’ well-rounded development and lastly AI in Education can deliver 

autonomous learning recommendations (The Institute for Ethical AI in Education 2020). 

Undeniably influenced by AI, humanoid robots have a special appeal in education 

enhancing the interaction between content-user, the student; and the content-producers, 

the teachers; along with presenting content material (Henkemans et al. 2013).  

The integration of humanoid robots in education is not solely an educational 

issue of learning theory or pedagogical design, nor is it simply a technical matter of how 

to design and develop an effective robot. Constructivism and constructionism are they 

main theories underpinning educational robotics where the contribute to teaching and 

learning practices (Piaget 1974; Papert 1980), and where problem-based and 

experimental learning approaches are the most usual methodologies (Hoffmann et al. 

2016). Collaborative learning is also evidenced where robots, when matched with the 

instructional goals and learning intentions, are a positive teaching tool (Plauska and 

Damaševičius 2014; Belpaeme et al. 2018). A robot’s ability to perform repetitive tasks 

repeatedly, precisely, and presenting digital data in a humanoid appearance is endearing 

to most learners and combined with their flexibility robots allow educators to propose 

difference models for a wide range of educational use (Spolaôr and Benitti 2017). 



 

 

Robots also facilitate learning and have been found to create an engaging environment, 

motivating, as well as enhancing learning performance (Alimisis 2013). The use of 

social robots with older adults in their homes found that cognitive games delivered on a 

robot may be a valuable addition to existing cognitive stimulation activities and was 

considered by participants useful in improving cognitive functioning (Gasteiger et al. 

2021). In the healthcare setting, some research indicates that an autonomous robot can 

be as effective as a human clinician in the delivery of a behavioural change intervention 

to improve dietary behaviour of patients (Robinson et al. 2020).  

Rational of present study 

This study sought to conduct a deeper exploration of the context and impact of an 

educational intervention using a social robot in a healthcare setting using a feasibility 

case study approach (Bryman 2008; Harrison et al. 2017). Ethical approval was gained 

by the University Hospital Galway Ethics committee. This feasibility case study 

involved the use of a humanoid robot, personalized as the Diabetes Audio Visual 

Educator (DAVE) which was developed by Softbank Robotics (SoftBank Robotics 

2015). DAVE was used to demonstrate interactive health education related to diabetes 

disease and condition management.  

Method  

Design, Participants, setting and sample size 

The study was conducted at the outpatient diabetic centre at University Hospital 

Galway. Thirteen patients with diabetes (nine male, four females) were recruited, all 

adults. Only one participant had type 1 diabetes, with the remaining participants having 

type 2 diabetes. This feasibility study employed a single group repeated measures 

design with two time points (baseline and post-intervention). 



 

 

Development of the educational intervention using DAVE 

The intervention was developed in consultation with a multi-disciplinary team 

incorporating a public and patient involvement approach (PPI). This is where members 

of the public or patients are actively involved in research projects (e.g. study design) 

rather than just being subjects. This innovative paradigm recognises the valuable 

expertise of the lived experience to give novel insights to science and helps to ensure 

that the research questions being asked are relevant and hence impactful (Richards, 

Snow and Schroter 2016). The project team programmed an application embedded 

within the DAVE robot featuring specific concise videos, in an interactive Q&A session 

format, explaining aspects of the diabetes disease and condition management. The 

selected videos in this particular study application aligned to learning outcomes 

addressing the topic of the self-management of hypoglycaemia; including how to use a 

glucometer to measure HbA1c. The eight teaching and learning resources were 

developed in collaboration with the diabetic nurse specialist. Authentic learning (Herod 

2002) was central to the design and development of these materials and “the context in 

which they would be used”, with Lombardi and Oblinger (2007) emphasising that this 

form of learning requires connection-building. In making authentic learning effective 

(Lombardi and Oblinger 2007) describes how learners look for connections, that habits 

come with practice and the context has a role to play. These three principles 

underpinned the development and use of the videos along with best practice in 

designing the video tutorials appropriately for the participants (Koumi 2006; Ronchetti 

2010). 

DAVE was programmed to feature an artificial intelligence based audiovisual 

interactive framework. The robot was able to visually recognise human features and 

begin the interaction that was continued between DAVE and patient through the 



 

 

patient’s audio feedback to questions, which was responded to by DAVE, thereby 

progressing the lesson and ensuring the patient was engaged.  

Measures 

To operationalise the variable Knowledge Transfer a questionnaire was generated from 

the accompanying video guides in the programmed application for DAVE. The 

questionnaire was administered to participants at two time points – pre and post the 

DAVE intervention. To assess whether interacting with the intervention influences 

future usability, participants were invited to complete the Modified Telehealth Usability 

Questionnaire for DAVE (MTUQD). The MTUQD is comprised of 5 subscales. The 

ease of use and learning subscale consisted of 3 items (α = .89), the interface subscale 

consisted of 5 items (α = .90), the interface quality subscale consisted of 7 items (α = 

.30), the reliability subscale consisted of 4 items (α = .60) and the satisfaction and future 

use subscale consisted of 6 items (α = .89). The overall MTUQD was found to have 

very good internal consistency (α = .89). Participants also completed the Diabetes 

Distress Screening Scale (DDS) (Fisher et al. 2008), the Attitude towards Diabetes 

Scale (DES) (Parmanto et al. 2016; Anderson et al. 2000), and the Learning 

Experiences with Robots questionnaire (Chang et al. 2010). 

The DES scales based on a 28-item attitude towards diabetes scale is further 

subcategorized into three subscales based on diabetes-related psychosocial self-efficacy, 

(i) ‘Managing the psychosocial aspects of Diabetes’ covers items about patient’s 

perceived ability to seek needed social support, be motivated to manage diabetes 

induced stress and make diabetes-related self-decisions, (ii) ‘Assessing dissatisfaction 

and readiness to change’ contains items which measure patient’s perceived ability to 

recognize parts of their diabetes self-management plan that they are dissatisfied with 

and their ability to know when they are prepared and ready to make the changes in their 



 

 

diabetes self-management plan, (iii) ‘Setting and achieving diabetes goals’ addresses the 

patient’s perceived ability to recognized applicable and achievable diabetic self-

management goals and overcome barriers. The DES was found to have excellent 

internal consistency (α = .95).  

The Diabetes Distress Screen (DDS) scale is an instrument for the assessment of 

diabetes-related emotional distress. Items are rated in a six-level scale ranging from not 

a problem, a slight problem, moderate problem, somewhat serious problem, a serious 

problem to a very serious problem. The Learning Experience with Robots questionnaire 

(LER) is a 9-item measure to assess the efficacy of the DAVE in demonstrating health 

education based on a 5-point Likert scale. The LER gathered data from the participants 

examining factors such as authenticity, engagement and learning motivation. For 

example, participants had to rate on a scale factors such as ‘I like to learn about my 

diabetes with DAVE’, ‘I would use DAVE to learn about my diabetes for a long time’ 

and ‘I want to use DAVE to learn about diabetes again.’ Cronbach’s alpha for the DDS 

and LER were found to be .93 and .95, respectively, demonstrating excellent internal 

consistency across the measures. The means and standard deviations (SDs) for all 

variables can be seen in Table 1.  

Table 1. Means and Standard Deviations of the MTUQD, DDS, DES and LER Total 

and Subscale Scores  

<Insert Table 1> 

 

Results 

A dependent samples t-test indicated a significant difference in knowledge scores from 

baseline to post-intervention, with participants demonstrating a significant increase in 

knowledge from baseline (M = 4.46, SD = 2.18) to post-intervention (M = 5.85, SD = 



 

 

2.58), (t (12) = -2.84, p = 0.15), Figure 1 illustrates the results.   

Figure 1. Knowledge Transfer Scores at Baseline and Post-Intervention  

<Insert Figure 1> 

 

An independent samples t-test also revealed a non-significant trend in 

knowledge increase between males and females with males gaining more knowledge 

post intervention than females, (t (11) = 1.66, p = 0.13), the Mean and Standard 

Deviations are presented in Table 2.  

Table 2. Means and Standard Deviations of Between Groups Knowledge Transfer 

Scores at Baseline and Follow-up  

<Insert Table 2> 

 

Intercorrelations between variables were conducted using Pearson’s correlation 

coefficient. The results shown in Table 3 reveal a significant inverse association 

between knowledge and the satisfaction and future use subscale of the modified TUQ, 

(r (10) = -.52, p = .04). 

 

Table 3. Summary of Inter-Correlations between Knowledge Transfer Scores and the 

MTUQD Subscales 

<Insert Table 3> 

 

Discussion and Conclusion, including future-facing recommendations 

This feasibility study demonstrated promising findings for the use of a social robot for 

patient education in a diabetes day care setting. Significant improvements in patient 

knowledge were observed from baseline to follow-up signifying the potential of DAVE 

to provide health education effectively. Participants with the lowest scores at baseline 

perceived significantly greater benefits from DAVE. Overall, patients reported high 



 

 

levels of acceptance and engagement with this method of intervention and reported low 

or slight levels of associated diabetes distress. Obvious limitations of this study include 

a small sample size, no control measure, and selection biases relative to a cohort study. 

Notwithstanding these limitations, the current research extends the range of potential 

educational applications of social robots beyond well-established target areas e.g. 

dementia, autism spectrum disorder to deliver health education on blood glucose 

management to patients with diabetes.   

Within a health education setting, a framework for educational design to 

promote transfer of learning by Botma et al. (2015) consisted of two principles: (1) 

establishing a community of learning and (2) the primacy of a learning outcome. 

Though the creation of a sustained learning community was not extensively addressed 

in this study design, the study was very much guided by learning outcomes addressing 

the topic of the self-management of hypoglycaemia. The learning outcomes were met in 

the use of DAVE because when the learning involves embodiment it has been 

demonstrated that learning is better for learners to interact with physical entities rather 

than virtual agents (Belpaeme et al. 2018). Similarly this study raised the possibility of 

social robots delivering a range of educational interventions for other aspects of health 

behaviour targets (e.g. diet and exercise). While further research that replicates and 

extends the current results in larger scale trials is necessary to build greater confidence 

in its acceptability and impact, the study provides a solid basis for that research 

program. The development of such interventions would benefit from continued 

stakeholder engagement and from the integration of behaviour change techniques 

(BCTs) (Michie et al. 2013) and other relevant learnings from behavioural science to 

develop educational content that will also successfully impact on health behaviour 

change, thus significantly improving clinical outcomes. The pedagogical design 



 

 

considerations for robots teaching, factoring digital literacy of participants, as well as 

feedback data collection are all avenues for the next stage of our DAVE investigations, 

along with examining varied educational environments.  

In leading and innovating in the field of digital education we must recognise that 

the learning cycle is longer than the fast changing technology cycle and all stakeholders 

need to be active agents, not just in the implementation of innovations, but also in their 

design and development. It is without doubt that as technology advances we recognise 

that artificial intelligence, robot experiences and exposure in education is powerful but 

the impact of its application in health education should not be left to chance. It is 

intended that the outcomes of this project will extend beyond health education by 

creating a prototype for learning that will encourage a connected paradigm shift in 

education more broadly. 
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