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Perceptions of intelligence 
& sentience shape children’s 
interactions with robot reading 
companions
Nathan Caruana 1*, Ryssa Moffat 1, Aitor Miguel‑Blanco 1 & Emily S. Cross 1,2,3,4,5*

The potential for robots to support education is being increasingly studied and rapidly realised. 
However, most research evaluating education robots has neglected to examine the fundamental 
features that make them more or less effective, given the needs and expectations of learners. This 
study explored how children’s perceptions, expectations and experiences are shaped by aesthetic and 
functional features during interactions with different robot ‘reading buddies’. We collected a range 
of quantitative and qualitative measures of subjective experience before and after children read a 
book with one of three different robots. An inductive thematic analysis revealed that robots have 
the potential offer children an engaging and non‑judgemental social context to promote reading 
engagement. This was supported by children’s perceptions of robots as being intelligent enough to 
read, listen and comprehend the story, particularly when they had the capacity to talk. A key challenge 
in the use of robots for this purpose was the unpredictable nature of robot behaviour, which remains 
difficult to perfectly control and time using either human operators or autonomous algorithms. 
Consequently, some children found the robots’ responses distracting. We provide recommendations 
for future research seeking to position seemingly sentient and intelligent robots as an assistive tool 
within and beyond education settings.

The past 15 years have seen growing confidence and interest in the potential for social robots to support children’s 
education, with a large body of research already evaluating the use of robots in various education support  roles1. 
Initial reports of success have been attributed to the physical embodiment and social presence of robots, which 
may promote learning  engagement2. However, very little research has examined precisely which aesthetic and 
functional features make robots more beneficial than other forms of technology and media.

Closely examining why and how particular robots can facilitate learning in different contexts is important 
given the high degree of variability across the types of robots used in education, the roles they play during learn-
ing, and the type of learning they  support2. As such, the field now needs a systematic interrogation of the features 
that help optimally position robots to promote learning. Ideally, this foundational research should be conducted 
before robots are selected for education interventions. This will not only inform which robots are likely to be the 
most effective for the skills and learners targeted, but can mitigate the use of unnecessarily expensive, complex, 
or poorly suited robots.

A recent systematic review by Papakostas and colleagues on the use of robots in special education highlights 
this multiplicity problem across what is a relatively nascent field of  enquiry2. Whilst outcomes across studies 
were mostly encouraging, researchers have used very different robots to target different skills, and with children 
who have a variety of different special education needs. Further, most studies were underpowered, underrepre-
sented female learners, and lacked critical control conditions. These studies also neglected to examine children’s 
perceptions and experiences of the robots. This is striking given that social neuroscience inspired human—robot 
interaction research has repeatedly evidenced the powerful influence of human perceptions, beliefs and expecta-
tions on interactions with both virtual and robotic artificial  agents3–7 (also see Hortensius &  Cross8 for a relevant 

OPEN

1School of Psychological Sciences, Macquarie University, Level 3, 16 University Ave, Sydney, NSW 2109, 
Australia. 2Centre for Elite Performance, Expertise and Training, Macquarie University, Sydney, Australia. 3Institute 
of Neuroscience and Psychology, University of Glasgow, Glasgow, UK. 4MARCS Institute for Brain, Behaviour and 
Development, University of Western Sydney, Sydney, Australia. 5Department of Humanities, Social & Political 
Sciences (D-GESS) and the Department of Health Sciences and Technology (D-HEST), ETH Zurich, Zurich, 
Switzerland. *email: nathan.caruana@mq.edu.au; Emily.Cross@glasgow.ac.uk

http://orcid.org/0000-0002-9676-814X
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-32104-7&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2023) 13:7341  | https://doi.org/10.1038/s41598-023-32104-7

www.nature.com/scientificreports/

review). Whilst understanding how these perceptions shape interactions with artificial agents is a highly complex 
and challenging endeavor, it should be a central focus as we develop, deploy and evaluate robot  assistants9. This 
is especially critical when considering how best to design robots to enhance the early education of children.

With the current study, our aim was to begin addressing this challenge by examining children’s first impres-
sions, expectations and experiences while engaging with three different robots (NAO, MiRo, Cozmo) that varied 
in appearance and function. We specifically examined these questions in the context of a reading activity to probe 
the extent to which these robots might be ‘fit-for-purpose’ as a tool to support the socio-emotional context and 
engagement of children and the features that are likely to make them more or less so.

Robots for reading. Some studies have already begun to examine the extent to which reading robots can 
be used to support children’s learning. However, prior work has mostly focused on using ‘storyteller’ robots in 
group settings where the robot is unable to support a one-on-one interaction with a  child10,11. Surprisingly, little 
work has been done to examine whether social robots can support children’s reading in one-on-one interactions. 
This is likely due to the complex and dynamic nature of evidence-based reading instruction which currently 
outstrips the capabilities of most robots. For instance, phonics training requires instructors to provide timely 
and sensitive feedback on the pronunciations of words read  aloud12,13. Current speech recognition systems are 
not able to reliably and rapidly recognise words that are mispronounced. Despite this, robots may yet be able to 
promote reading engagement and practice as a supplement to targeted reading instruction provided by human 
educators. A recent study conducted by Michaelis and  Mutlu14 provided some insight into the potential of such 
interventions. Here, children who engaged in a guided reading intervention with an in-home social robot, Min-
nie, reported increased motivation and improved reading comprehension. The authors suggest that social robots 
can support reading in several ways, including by simulating social interactions that promote comprehension 
and opportunities for ‘connection-making’, as well as by modelling effective reading habits. However, as we 
explore in a recent review, social robots might also be particularly useful in supporting reading in children who 
experience reading difficulty – and associated reading anxiety – by providing a social context for reading that is 
both engaging and  unintimidating15.

It is now well-established that poor reading and poor mental health outcomes are  related16,17. Specifically, it 
is likely that reading-related anxiety hinders reading gains due to increased reading avoidance. This is consist-
ent with findings that children with below-average reading score higher on specific measures of reading anxiety 
than children with more established reading  ability18. Furthermore, interventions that simultaneously address 
children’s reading difficulty and anxiety through evidence-based reading instruction yield significant improve-
ments in both reading and mental health  outcomes19. The success of these interventions is, in part, attributed to 
their highly individualised approach. They are, however, time intensive and expensive. Despite this, little work 
is being done to explore additional tools and technologies that can be deployed in the classroom or home to 
supplement or reinforce children’s reading engagement – and as a result, learning – beyond direct instruction 
interventions. One avenue is the use of technology to encourage children to practice their reading between 
teacher-led instruction sessions. This is critical given that the frequency of reading engagement is positively 
associated with reading skill  acquisition20. Additional interventions which promote practice, without direct 
instruction or feedback have the potential to increase confidence and thus mitigate anxious avoidance during 
reading instruction opportunities in classroom settings.

In 1999, the Reading Education Assistance Dogs (READ) program was launched in the United States, which 
has seen sustained global reach. The program involves children reading to dogs, and is founded on the basic 
principle that dogs can increase motivation, relaxation and confidence by establishing a non-judgemental social 
context for  reading21. The program also assumes that reading anxiety and avoidance play a part in maintaining 
reading difficulties. A systematic review of 48 papers evaluating this approach presents a relatively consistent 
account of dogs having a positive impact on children’s reading engagement, anxious arousal and reading attain-
ment outcomes. However, the quality of this evidence is underwhelming, with the vast majority of outputs fall-
ing within the lowest category (Level 5) of the Oxford Centre for Evidence Based Medicine (OCEBM) levels of 
quality  criteria21. Assuming that the benefit of reading dogs rests on their engaging and non-judgemental social 
presence, social robots may provide a much more practical alternative. Unlike dogs, robots offer a higher degree 
of predictability and user control, which can mitigate the possibility of distracting children when reading. Robots 
can also be designed to engage, respond, and interact in a way that is relevant to the story being read. This is 
important given growing evidence that greater learning gains are observed in interventions where robots display 
responsive and personalised social  behaviour1. Robots are also more scalable and practical for deployment in 
the classroom and home since they require minimal ongoing care/maintenance. Further, many commercially-
available robots can be easily programmed and adapted to serve as a reading buddy. Finally, robots may present 
a more accessible and equitable solution than reading dogs. Whilst the cost of social robots ranges widely, many 
are affordable; some costing less than a video game console or personal computer.

To this end, the current study aimed to explore the robot features that lead to both positive and negative 
expectations and experiences when children interact with a robotic reading companion. To do this, our study 
employed in-depth qualitative measures to capture children’s first impressions, and first-hand experiences of 
interacting with three different social robots during a reading task. We implemented a qualitative inductive 
thematic analysis following an interview which explored children’s experiences which was supplemented and 
contextualised by quantifiable subjective measures collected before, during and after children were exposed to 
the different robots. Close attention was paid to how children perceived the robot’s fundamental social capabili-
ties – including how intelligent, attentive and kind they believed the robot was. We also explored the physical 
robot features (e.g., aesthetics and function) that gave rise to these initial impressions. These findings will directly 
inform our understanding of the aspects of social robots most likely to promote reading engagement in children.
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Results
Children’s perspectives were sampled in several phases to characterise their first impressions and expectations 
of the different robots included in the study (NAO, Cozmo, and MiRo), as well as their experiences during a 
sustained interaction with a robot of their choice (Nao, n = 15; Cozmo, n = 11; Miro, n = 3). In Phase 1, we sam-
pled children’s first impressions of each robot. Children were asked to rank the three robots according to their 
preference and rate each on their perceived ‘Intelligence’ and ‘Friendliness’. Children provided these ranks and 
ratings twice; upon entering the lab and viewing the inactive robots, and again after watching a video of each 
robot performing a standardised action. In Phase 2, children were asked to select one robot to read with. Dur-
ing the reading activity, children read aloud to the robot, and the robot responded appropriately to several pre-
defined plot points during the story using a Wizard-of-Oz approach. After the reading task, in Phase 3, children 
participated in a semi-structured interview where they provided several subjective ratings of their robot reading 
companion and their reading experience. Children were also asked several open-ended questions about their 
experience taking part in the study, their chosen robot, and the features they would expect of an ideal robot 
reading companion. Responses were analysed using a reflexive and inductive thematic analysis (see Methods 
section for full procedural and analysis details).

First impressions and expectations
Robot preferences. Children ranked the robots in order of preference immediately upon viewing the inac-
tive robots (Fig. 1A), and again after watching short videos depicting each of the robots in action (Fig. 1B). 
Children were then provided with a final opportunity to select a robot to read with (Fig. 1C). On final selec-
tion, most children preferred NAO (n = 15, 51.72%), followed by Cozmo (n = 11, 37.93%) and then MiRo (n = 3, 
10.34%). An exploratory analysis revealed a significant effect of robot on the probability of being selected (χ2 
(2) = 7.72, p = 0.021). Post-hoc tests revealed that children were significantly more likely to select NAO over 
MiRo (χ2 (2) = 8.00, pFDR = 0.014), and Cozmo over MiRo (χ2 (2) = 4.57, pFDR = 0.049). No significant differences 
were noted in post-hoc comparisons between NAO and Cozmo (χ2 (2) = 0.62, pFDR = 0.443).

Taken together, this suggests that the zoomorphic MiRo robot was markedly less popular in this context, 
perhaps reflecting a reduced perceived capacity to engage in a reading task. It is of note that three of the four 
children who initially ranked MiRo first changed their preferences upon viewing the videos. By comparison, 6/16 
children who initially ranked NAO first, and 5/9 children who ranked Cozmo first changed their preferences, 
after watching the video. Whilst the overall preference pattern remained stable across ranking opportunities, 
47% of children changed their first preferences after watching the videos, suggesting that both aesthetic form 
and function play a role in shaping first impressions and expectations.

Intelligence and friendliness ratings. After viewing the demonstration videos, children rated how 
‘intelligent’ and ‘friendly’ they thought each of the three robots were on a 3-point scale (1–3; see Methods and 
Fig. 2A). We found evidence for a significant effect of robot on intelligence ratings (χ2 (4) = 13.12, p = 0.011). 
Post-hoc tests revealed that NAO (M = 2.61, SD = 0.50) outperformed MiRo (M = 2.03, SD = 0.73; χ2 (2) = 10.60, 
pFDR = 0.015), but not Cozmo (M = 2.31, SD = 0.60; χ2 (2) = 4.20, pFDR = 0.184), with no significant differences 
noted between Cozmo and MiRo (χ2 (2) = 3.38, pFDR = 0.184).

Figure 1.  Bar graphs depict the proportion of children who ranked each robot in each place, i.e., 1st, 2nd, 3rd, 
(A) immediately upon viewing the inactive robots and (B) after viewing the short video demonstrations of the 
robots in action. Panel (C) summarizes the proportion of children who selected each robot as their reading 
buddy.
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We found no evidence for significant robot effects on ratings of friendliness (NAO: M = 2.64, SD = 0.49; 
Cozmo: M = 2.79, SD = 0.41; MiRo: M = 2.55, SD = 0.57; χ2 (4) = 4.57, p = 0.335).

Reading experiences
State anxiety immediately before and after reading with robot. We collected state anxiety meas-
ures from children immediately before (M = 2.21; SD = 2.08) and after (M = 0.52; SD = 0.87) reading with the 
robot to explore whether there were any children who experienced marked anxiety immediately before or after 
reading with the robot. This was not the case. We also ran two exploratory Spearman correlation tests to deter-
mine whether reading anxiety and social anxiety traits were associated with elevated state anxiety immedi-
ately before reading. We found no evidence for a significant association between our state anxiety measure and 
scores on either the MORAT measure of reading anxiety (ρ = 0.13, p = 0.659) or SPENCE social anxiety subscale 
(ρ = 0.19, p = 0.659; see Fig. 3).

Subjective ratings of selected reading robot. After reading with their selected robot, children were 
asked to indicate whether they enjoyed reading with the robot, and whether it was helpful. Almost all children 
agreed with both statements (Fig. 4). However, three children who selected NAO indicated that the robot was 
not helpful. Two of these children commented that NAO’s reactions were unpredictable and distracting: ‘Inter-
rupted me [by] laughing loudly’ [P101, F, 12yrs] and ‘All he does is listen and give random reactions, not helpful 
because out of nowhere he distracts you’ [P108, M, 12yrs]. The third child explained that NAO was not helpful 
because it did not offer corrective feedback [P117, M, 10.5yrs]. Two children who indicated that they did not 
enjoy reading with their selected robot, also selected NAO. One (same as above) attributed this to the robot’s 
distracting behavior.

To obtain further information about children’s perceptions of robots during the reading activity, they were 
asked to rate how much they enjoyed reading with their selected robot (Nao, n = 15; Cozmo, n = 11; Miro, n = 3), 

Figure 2.  (A) Mean ratings for ‘How intelligent’ and ‘How friendly’ children found each robot to be after 
viewing demonstration videos. (B) Scatterplot summarizing the relationship between individual ratings of 
Intelligence and Friendliness for each robot.

Figure 3.  Scatterplot depicting the association between pre-reading state anxiety and (A) MORAT Reading 
Anxiety; and (B) SPENCE social anxiety.
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and the extent to which the robot was, ‘Helpful’ a ‘Good Listener’, a ‘Good Teacher’, and ‘Kind’ using the same 
visual 3-point rating scale (see Fig. 4). Subjective ratings revealed that most children enjoyed reading with their 
selected robot and felt that the robot was both kind and attentive (i.e., a ‘Good listener’). This was true, despite 
children having mixed perceptions about the robots’ capacity to directly help or teach them while reading. An 
exploratory analysis revealed no evidence for an effect of robot on any of these ratings (all ps > 0.458; see accom-
panying R Markdown for full analysis).

Preferences for reading with robots vs alone or with teacher. Finally, children were asked whether 
they preferred reading with their selected robot over reading alone or with their school teacher. Overall, children 
presented mixed preferences, with just over half the children preferring to read with the robot over reading alone 
or reading with their teacher (Fig. 5, Table 1). An exploratory analysis did not offer any evidence for robot-
specific effects on either the preference to read alone (χ2 (2) = 0.92, p = 0.632) or with a teacher (χ2 (2) = 0.17, 
p = 0.920) over reading with a robot companion.

Figure 4.  Subjective ratings of Enjoyment as well as the extent to which the robot was, ‘Helpful’ a ‘Good 
Listener’, a ‘Good Teacher’, and ‘Kind’. Note. Here children rated their experience with their selected robot (Nao, 
n = 15; Cozmo, n = 11; Miro, n = 3).

Figure 5.  Proportion of children who prefer reading to a robot than on their own or with a teacher, by selected 
robot.

Table 1.  Percentage of children who preferred reading with a robot than alone or with a teacher.

Alone ~ Robot Teacher ~ Robot

Alone Robot Teacher Robot

NAO 27.59 24.14 20.69 31.03

Cozmo 13.79 24.14 17.24 20.69

MiRO 3.45 6.90 3.45 6.90

Sum 44.83 55.18 41.38 58.62
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Thematic analysis of reading with robot experience
Our thematic analyses of interviews with children identified three key themes relating to children’s perceptions 
and expectations of robot reading companions. Figure 6 summarises these themes, as well as several correspond-
ing sub-themes which are explored in more detail in Supplementary Material 1, which includes all relevant quotes 
organised by sub-theme, participant, and robot. Quotes are accompanied by the participants anonymised ID, 
age (years), selected robot and their MORAT-P score, to demonstrate the diversity of evidence sources (in the 
format: [ID, robot, age, MORAT]. Supplementary Material 1 also includes a table that offers a comprehensive 
summary of evidence for each of the sub-themes, again organised by selected robot.

Discussion
The current study aimed to comprehensively examine children’s perceptions and expectations towards three very 
different robots (NAO, Cozmo, MiRo) to identify features that make a robot well-suited to promote children’s 
reading engagement. We employed a mixed methods approach in which children shared their impressions of the 
different robots at three different time points: first, based on the robots’ appearance alone, then upon observing 
the robots in action, and finally after reading with a robot of their choice. This was followed by in-depth inter-
views with each child, which we then examined using a reflexive thematic analysis approach.

We found that most children were drawn to NAO, the humanoid robot, upon initially seeing the inactive 
robots, and after viewing videos of the robots performing dynamic actions. This is consistent with recent findings 
in which young children were found to prefer NAO over more machine-like and human-like  robots22. Whilst 
preferences for the three robots remained consistent overall, almost half the sample changed their preferences 
after viewing the videos, suggesting that children’s early impressions and preferences for robots are informed by 
both aesthetic form and  function9,23.

Whilst all robots received consistently high rating for friendliness, children provided significantly higher 
intelligence ratings for NAO over MiRo, which may indicate that children perceive this humanoid robot to be 
intelligent enough to engage in the reading activity, but also friendly enough to mitigate any fear of negative 
evaluation if the child were to make reading errors. Importantly, subsequent thematic analyses revealed that 
whilst this was certainly true of some children who read with NAO, it was not unique to humanoid robots, and 
was also experienced with the machine-like (Cozmo) and zoomorphic (MiRo) robots. Overwhelmingly, children 
reported positive experiences with their selected robot reading companion, irrespective of the robot chosen. For 
instance, whilst very few children selected MiRo (n = 3), each of these children reliably reported enjoying the 
experience and perceived MiRo to be highly attentive and kind (see Fig. 6). Whilst this apparent reliability may 
be an artifact of the small number of children who selected MiRo – these experiences may suggest that robotic 
‘pets’ such as MiRo may offer similar benefits to those previously reported with reading assistance  dogs21.

Our thematic analyses identified three key themes that provide valuable insight into children’s perspectives 
towards robots as reading companions, the features that best position robots to fulfill this role, as well as those 
that present challenges. Children expressed that: (1) robots offered a welcomed social presence during reading; 
(2) their animations and responses during reading impacted the experience positively by promoting reading 
engagement, enjoyment, and comprehension, but could also be distracting when unexpected; and (3) reading 
robots appear to be intelligent, literate and helpful when they have the capacity to talk. Children also highlighted 
an expectation for corrective feedback and demonstrated relatively accurate understandings about the capabili-
ties and limits of robot intelligence.

Theme 1. Robots offer a welcomed social presence. Most children expressed that they welcomed, 
enjoyed and benefited from the robot’s physical social presence, irrespective of the robot selected. This included 

• 1.1 Robots comfort, calm, support and encourage
• 1.2 Robots are cool and fun

THEME 1 
Robots offer a 

welcomed social 
presence 

• 2.1 Robots can engage by reac�ng
• 2.2 Robots can engage by being a�en�ve
• 2.3 Robots can distract by reac�ng
• 2.4 Robots can promote comprehension through emo�ve 
expressions

THEME 2
Robot anima�ons can 
engage and distract

• 3.1 Verbal robots appear intelligent and literate
• 3.2 Correc�ve verbal feedback from robots would be welcomed

THEME 3
Helpful reading robots 

can talk

Figure 6.  Summary of themes and sub-themes.
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being comforted, calmed, supported and motivated by the robot’s presence. Some children indicated that they 
liked their robot because it kept them ‘company’, suggesting that the social presence of the robot alone was 
engaging. Others indicated that being invigilated by an attentive robot while reading was motivating. These 
initial findings provide some tentative support for using physically-embodied robot agents as an education tool 
over screen-based artificial agents which may not be sufficient in generating the social context necessary to 
motivate and engage children in educational activities such as  reading24–26.

Critically, the social presence offered by the robot was usually perceived as unintimidating. Some children 
explicitly touched on the notion that robots can offer a non-judgemental companion mitigating any anxiety 
about making an error when reading. Other studies examining perceptions towards robots in a motivational 
interviewing context have similarly reported that some individuals preferred to be interviewed by the NAO robot 
than a human stranger as they were less likely to feel intimated or  judged27. However, some variability emerged 
among children, with three children indicating that they might still experience apprehension and embarrassment 
at the prospect of making a mistake when reading to their robot. When specifically asked if they thought the 
robot would or could judge them, children explicitly stated that they did not think this was likely. This reveals 
the complexity of expectations and perceptions children (and, likely, adults) can have towards artificial agents 
when they are positioned to demonstrate ‘intelligent’ and human-like capabilities. Specifically, it is possible for 
an individual to explicitly perceive an agent as artificial, and lacking human-level intelligence, sentience and 
intentions, and yet, experience visceral or subconscious reactions to the agent as they would a human. This 
highlights the need to develop tools that can more sensitively probe the explicit and implicit stances humans 
take towards robot agents in various  contexts28. Furthermore, in order to confirm the utility of reading robots 
as a tool to establish non-judgmental, unintimidating social contexts for reading, this work must be extended to 
children with a history of reading difficulty and reading/social anxiety. Whilst we attempted to explore variability 
in experiences across individual differences in reading fluency and reading/social anxiety, the variability in our 
sample was inadequate to draw any meaningful conclusions in this regard. Prospective studies which specifically 
sample these children are now needed.

Theme 2. Robot animations can engage and distract. Whilst some children leaned on the robot’s 
aesthetics to make inferences about its intelligence and reading competence, it was the robot’s animations and 
reactions during the reading activity that appeared to most significantly shape children’s perceptions. This is 
consistent with research at the intersection of human—robot interaction and social neuroscience which shows 
that there are many factors that influence how we perceive, behave and feel when we interact with robots other 
artificial agents. This can include how they look as well as our beliefs about their intelligence, sentience and 
capacity for intentional  actions9.

Our findings show that the robot animations in particular signalled the robot’s capacity to attend to and 
understand the child and story. Some children went further to say that the robot’s emotive reactions at key plot-
points facilitated their reading comprehension. Indeed this aligns with past research which shows that reading 
comprehension in children benefited from the presence and social interactions of a robot co-reader29. These 
findings are highly encouraging for the future deployment of robots as reading companions; however, it was also 
clear that current robot capabilities are inadequate for fully realising this potential. Specifically, robot reactions 
that were even slightly mis-timed or unexpected had the potential to distract children when reading. A Wizard-
of-Oz approach was specifically implemented in the current study to minimise such issues, while also ensur-
ing we had maximal control over the timing of robot animations, irrespective of the child’s reading speed and 
accuracy. Nevertheless, even this approach could not guarantee optimally-timed responses. More importantly, 
human-controller approaches negate the key advantages that robot companions provide: scalability, availability 
and non-judgmental privacy, since an adult operator must be nearby.

Indeed, we attempted to automate the robot animations using a speech recognition algorithm (this automated 
function is available as an option in our robot control application, see Method for links to code). However, this 
was inadequate because current speech recognition applications are too slow and inaccurate to support real-time, 
rapid reactions during fluent, let alone, dysfluent, reading. Voice recognition is already known to be challenging 
in children due to idiosyncratic pitch and speech  dysfluency30. This challenge is exacerbated when children have 
reading difficulty and mispronounce words. A further concern was that a mistimed response could have the 
potential to do more harm than good if misinterpreted by the child. For instance, a delayed response in which 
the robot laughs at a humorous plot point could be misinterpreted as the robot laughing at the child’s reading. 
This would be especially problematic for children with reading difficulty who may already experience anxiety 
and a fear of negative evaluation during  reading16,31. This exemplifies a much broader challenges of automation in 
human—robot interaction, especially when interactions involve verbal  communication32–34. Previous longitudinal 
observations of in-home interactions with the humanoid robot, Pepper (SoftBank Robotics) have revealed that 
people expect social robots to autonomously sustain complex reciprocal conversations, and that the inability of 
robots to do this results in both disappointment and diminished interest/engagement35.

Theme 3. Helpful reading robots can talk. Children expressed that the capacity for verbal communi-
cation is a key feature expected of a robot reading companion. For many children the presence or absence of 
this capability was a marker of the robot’s intelligence. In particular, children often judged a robot’s capacity to 
read and understand the story based on the robot’s ability to talk. Furthermore, children indicated a desire and 
expectation for reading robots to provide corrective feedback when needed. This was surprising as the robot was 
not at all positioned as a teacher or tutor in this reading scenario.

Importantly, however, some children specifically described the way in which this feedback should be offered. 
One suggested that it could be to prompt the child when an error was made rather than offering an abrupt 
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correction; another believed that feedback from a robot would be less harsh than feedback from a human teacher; 
and another suggested that it should be up to the child to request assistance when needed, thus affording them 
more control over when feedback is provided. Recently, there has been growing discussion around what precise 
social roles robots should play in education settings, with emerging research suggesting that positive learning 
outcomes are observed when children learn alongside, or even ‘teach’ a robot peer or  novice1. Our findings 
suggest that children may benefit from robots who serve mixed roles: in this case, a peer who can follow and 
co-experience the child’s learning, but also offer help and instruction when requested.

Limitations
In the current study, all children read the same book to standardise the reading experiences as much as pos-
sible – including the quality and quantity of robot animations. Further, an easy text was intentionally selected to 
minimise reading difficulties for younger children in the sample. A limitation of this approach is that the text is 
likely to have appeared too easy for some children. This may have limited children’s evaluations of how helpful 
they thought the robot was, or could be for themselves. Accordingly, the oldest children expressed that the robot 
would benefit younger children in earlier stages of learning to read. Future work should evaluate children’s expe-
riences with robot reading companions when reading texts are matched, or slightly exceed, the child’s reading 
ability. This follows in that the application of robots to promote reading engagement is likely to be most impactful 
when children read books that they find difficult.

It is important to note that the current study only examined experiences following a single and short reading 
activity. Consequently, the reflections from children assessed here may, in part, reflect the novelty of robots. This 
is especially likely to be true for children’s reflections on robots being ‘cool’ and ‘fun’ (sub-theme 1.2) and effec-
tive in promoting engagement by dynamically reacting to story plot points (sub-theme 2.1). Longitudinal data 
is needed to determine whether these potential benefits of robots persist over time when children engage with 
robots in the home or classroom, and indeed, whether children themselves would initiate interactions with robots 
for the purpose of reading. Previous studies applying social robots for education interventions have highlighted 
challenges in maintaining children’s engagement with  robots34. This may be, in part, due to waning novelty and 
a realisation of the robot’s limited capabilities (e.g., capacity for complex and reciprocal conversation)35,36.

Finally, it is important to note that the insights gained from the current study on the application of social 
robots as reading and learning companions may not generalise to older children and adults since perceptions 
of robots have been shown to change with development, possibly as the ability and tendency to attribute mental 
states to others matures. For instance, Brink and  colleagues37 have shown that younger children (< 9 years) were 
less likely to experience the ‘uncanny valley effect’ towards human-like robots, and as a result were more open to 
interactions with them. As such, future work which begins to examine the experiences of children with reading 
difficulty and anxiety should broadly sample readers or all ages.

Conclusion. The current study shows much promise for the application of social robots to support children’s 
reading engagement. Whilst similar benefits have been reported with reading assistant dogs (see Introduction 
for an in-depth review), robots have the potential to offer a much more practical, economical, controlled and 
scalable option. Indeed, one key benefit of social robots, over human or animal companions, is that they offer 
on-demand availability. However, for the full potential of reading robots to be realised, technological strides in 
developing autonomous robots that have highly sensitive and accurate speech recognition – for both correct and 
incorrect pronunciations of regular and irregular words – is needed, to ensure they can engage in an appropriate 
and timely way. This is also key if robots are to additionally provide children with corrective feedback when it is 
both needed and wanted.

More broadly, we demonstrate that much is to be gained from commencing the design and application of 
social robotics in education contexts by asking children to share their impressions, perspectives and experiences. 
This offers the opportunity to identify the robot features that are likely to help and hinder children when learning 
alongside artificial companions.

Method
Participants. Thirty children (Mage = 8.51  years, SD = 1.74; 11 females; 67% Caucasian, 33% Asian) were 
recruited from the general public through word of mouth and social media advertising in the greater Sydney 
area. Both children and their parents provided written and informed consent before taking part in the study. This 
study was conducted in accordance with the protocol approved by the Macquarie University Human Research 
Ethics Committee.

Procedure. Participants were given the option for parents to sit in on the study session. Only three parents 
chose this option. All parents were asked to complete a demographic questionnaire, as well as two anxiety meas-
ures which assessed their child’s reading and social anxiety (see Measures below). Once information and consent 
forms were completed, participants were taken to the robotics laboratory where three robots were positioned on 
a small table by the entrance (see Fig. 7). At this point, the robots were inactive and children were simply told 
the names of each robot. The researcher and child then sat down beside the robots and the researcher asked a 
series of questions about the child’s initial impressions of the three robots. Answers to all questions were directly 
entered into an online survey completed by the researcher on an iPad. See Supplementary Material 2 for a 
complete depiction of the survey questions and layout. Quantitative survey data and associated analysis code is 
available on the Open Science Framework (https:// osf. io/ jdv2y/). Survey data from one participant was lost due 
to a data upload error, however this individual was still included in the qualitative analyses which used audio 
recordings of a subsequent interview (see below).

https://osf.io/jdv2y/
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Phase 1. First impressions and expectations. The initial phase of the interview aimed to assess chil-
dren’s first impressions of the different robots. In order to explore the extent to which these first impressions were 
driven by robot aesthetics and function, we first asked children to rank the inactive robots in order of preference, 
and explain their preferences. This was done using a graphical interface on the iPad in which the child could drag 
and place a 1st place, 2nd place and 3rd place ribbon onto each of the robots. Children were then asked if they 
have any questions about the robots.

Then children were shown three short videos which displayed each robot in action (see Supplementary Mate-
rial 3). These videos simply depicted each of the robots rolling a small ball along a platform, moving forwards 
in the same direction as the ball, and then reacting to the ball dropping off the platform. The purpose of these 
videos was to highlight the key functional differences between the three robots, such as verbal communication 
for NAO, tail wagging and light displays for MiRo and emotive expressions for Cozmo. Videos were presented 
to children in a randomised order. After each video, children were asked if they had any questions about the 
robot, as well as how “Friendly” and “Intelligent” they thought the robot was. These ratings were made on a visual 
3-point scale depicted by three red circles of increasing size (see Fig. 8A). Once all three videos were viewed, the 
child was asked to rank the robots again according to their preferences using the same drag-and-drop interface 
(see Fig. 8B).

Phase 2. Reading with preferred robot. Children were then told that they would now have the oppor-
tunity to read a short book with their favourite robot. Before commencing the reading activity, children com-
pleted a visual adaptation of the brief State-Trait Anxiety  Inventory38 to obtain a measure of their state anxiety 
immediately after being instructed that they would be reading with the robot. Children were asked to indicate 

MiRo Cozmo NAO

Room Partition

Robot Display Podium

Laboratory Entrance

Position of Selected
Reading Robot

Researcher Position
During Reading Activity

Child’s
Chair

Researcher Position
During Interview

Parent’s
Chair

Researcher
Alert Bell

A B

Figure 7.  (A) Schematic depiction of laboratory layout. (B) Photograph of child model reading with a robot. 
Photo of model depicted used with the informed consent of the child and their parents. This child was not a 
participant in the current study.

Figure 8.  (A) Visual rating scale. (B) Robot preference ranking display screen.
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how “calm”, “tense”, “upset”, “relaxed”, “content” and “worried” they were using the same visual 3-point scale 
depicted above (see Fig. 2) and was numerically scored as 1–3 for each item, with a possible range of 6–18.

Children then sat at a table with their chosen robot positioned approximately 45 degrees to their right. The 
researcher gave all children the same book to read; ‘At the Fun Run’ by Lorraine Lea. This book was selected from 
the ‘Little Learners Love Literacy®’ story series (www. learn inglo gic. com. au), and is categorised as a Stage4, level 
16. This book was chosen so that it was simple enough for all children in the sample to read it accurately, whilst 
still being engaging enough to allow for a range of robot reactions and animations. We wanted to use the same 
book with all participants in order to standardise the robot’s animations during the story.

Once the child was ready to begin reading, the researcher told the child that they would be doing some 
work on the other side of the laboratory, behind a large room partition that visually occluded the experimenter 
from the child. The researcher then placed a cowbell on the table and instructed the child: “I will be wearing my 
headphones, but when you are done you can get my attention by ringing this bell.” This instruction was provided to 
minimise any influence of the researcher’s physical presence in the room. In reality, the researcher was listening 
to the child behind the partition and controlled the robot’s animations at four pre-determined points in the story 
using a Wizard of Oz approach. This was achieved using a remote-control application that was built into the 
online survey (see Supplementary Material 2; code available on GitHub: https:// github. com/ gimait/ readi ngtor 
obot_ app; https:// github. com/ chaud huryB/ Readi ngToR obot). Animations depicted happiness/excitement; fear/
surprise, annoyance or sadness. For example, when the child read “I cut my leg” NAO would sympathetically 
say “Aww!”, Cozmo would make a sad vocalisation accompanied by a downcast expression, and MiRo would tilt 
its head slowly towards the table. Videos depicting all animation reactions by robot are available on the Open 
Science Framework (https:// osf. io/ jdv2y/) and a detailed guide on animation development for each animation 
and robot can be found in the design documentation on the associated GitHub page (https:// github. com/ chaud 
huryB/ Readi ngToR obot/ blob/ master/ doc/ design. md). Once the child completed the story and rang the bell, the 
researcher returned and re-administered the same state anxiety items using the iPad interface.

Phase 3. Structured interview to probe reading experience. The researcher then conducted a struc-
tured interview which comprised a combination of subjective rating questions, alternative forced choice ques-
tions and open-ended questions (see Supplementary Material 2 for a complete list of questions). These questions 
probed the aspects of the robots, and reading with them that children liked and disliked, as well as the extent to 
which they found the robot helpful, a good listener, a good teacher, and kind. We also asked open-ended questions 
to explore robot features that would make the robot a better reading companion and to characterise children’s 
perspectives about how robots work, and how they should be used (e.g., “What types of activities could you do 
with this robot?”).

Qualitative thematic analysis of interview data. This interview was audio-recorded with participants’ 
consent, except for one child who did not provide consent. For this child, responses were recorded verbatim in 
writing during the interview with their consent. All responses were transcribed and analysed by N.C. and R.M. 
using a reflexive thematic analysis  approach39,40. The goal of this analysis was to accurately capture the experi-
ences and perceptions of children when engaging with the robots during reading. N.C. and R.M. began discuss-
ing trends in children’s experiences throughout the data collection process and identified potential codes that 
might be relevant for thematic analysis. Once all interviews had been transcribed, N.C. immersed themselves 
in the data, reading all the transcripts twice and applying relevant codes to each using NVivo (Version 12). N.C. 
then organised codes under unifying themes. This initial thematic analysis was then discussed with both R.M. 
and E.C., who also reviewed all coded transcripts (see Supplementary Material 4 for deidentified transcripts). 
This ultimately resulted in some codes being consolidated into common codes or separated into more specific 
codes. The final coding and themes were then agreed upon by all authors, consistent with Braun and Clarke’s 
inductive and iterative method for thematic analysis.

Measures
We administered screening tests for reading and anxiety to characterise our sample and contextualise their 
reflections following the reading activity. See Table 2 for a full summary of participant scores on these measures.

Test of word reading efficiency 2 (TOWRE 2). Word reading efficiency was assessed in all children 
using Form A from both subtests of the TOWRE  241,42. The Sight Word subtest requires participants to read a 

Table 2.  Screening measures of reading efficiency and anxiety. Standard scores are reported for both TOWRE 
subtests. Raw scores are reported for the MORAT-P and SPENCE-P social anxiety subscale.

Measures M SD

TOWRE – sight word reading 103.97 17.24

TOWRE – phonemic decoding 101.63 11.72

MORAT-P – reading anxiety 6.77 5.13

SPENCE-P total 17.40 13.07

SPENCE-P – social anxiety 3.27 2.83

http://www.learninglogic.com.au
https://github.com/gimait/readingtorobot_app
https://github.com/gimait/readingtorobot_app
https://github.com/chaudhuryB/ReadingToRobot
https://osf.io/jdv2y/
https://github.com/chaudhuryB/ReadingToRobot/blob/master/doc/design.md
https://github.com/chaudhuryB/ReadingToRobot/blob/master/doc/design.md
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list of regular and irregular words as quickly and as accurately as possible in 45 s. This test provides a measure of 
how efficiently children can read sight words by recognizing their orthographic representation. The Phonemic 
Decoding subtest is administered in the same way but involves reading a list of ‘non-words’. This test provides a 
measure of how efficiently children can read words using letter-sound rules. The list in both subtests is ordered 
so that items are of increasing difficulty. The number of correctly pronounced words read in 45 s is summed and 
then converted into a standard score using available norms.

Macquarie oxford reading anxiety test – parent report (MORAT‑P). The parent report version 
of the MORAT was used to obtain a measure of children’s reading  anxiety43. The measure comprises 48 state-
ments which describe concerns children may have about reading. Parents are required to rate how often their 
child experiences these signs of reading anxiety (0 = “never” / “I don’t understand”, 1 = “sometimes”, 2 = “often”, 
3 = “always”). Total raw scores are reported and included in analyses.

Spence children’s anxiety scale – parent report (SPENCE‑P). The parent report version of the 
SPENCE was used to obtain an overall measure of anxiety, as well as a specific measure of social  phobia44. The 
measure comprises of 38 items which can be divided into six subscales (generalized anxiety; separation anxiety; 
social anxiety; panic/agoraphobia; physical injury fears; obsessive–compulsive symptoms). The current study 
was particularly interested in the social anxiety subscale. Each item describes an anxiety symptom and parents 
rate the frequency this is experienced by their child (0 = never, 1 = sometimes, 2 = often, 3 = always). These sub-
scales have been reported to have sound internal consistency, criterion validity and test–retest  reliability45.

Data availability
The datasets generated and analysed during the current study are available in the Open Science Framework 
repository, along with associated code and other supplementary materials (https:// osf. io/ jdv2y/).
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