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Abstract: This study reviews recent scientific literature on the use 

of robots as educational tools in home settings, aiming to evaluate 

their effectiveness and identify future research directions. Following 

a systematic search and screening process, 12 relevant studies were 

included. For each study, we analyzed the research purpose, the role 

and type of robot, methodological approach, and sample 

characteristics (size and age), along with the reported outcomes. 

Findings suggest that home educational robots, through companion-

based learning, help transform learning into social interaction, 

thereby enhancing children's motivation, engagement and social 

skills. Notably, robots have shown strong potential in supporting 

social skill interventions for children with special needs in home 

environments. However, some studies reported no significant 

improvement in cognitive learning under certain conditions, with 

outcomes influenced by individual characteristics, family 

background, and robot design. Based on these insights, we propose 

future research directions focused on multi-agent interaction, 

unstructured educational content, and physical design of robots, 

offering valuable guidance for researchers and parents.  
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1. INTRODUCTION 

Are educational robots truly high-tech tools that promote child development, or are they 

merely educational illusions wrapped in technology? In recent years, an increasing 

number of robots have entered home education settings, emerging as novel support 

tools for children’s learning. Compared to traditional screen-based media, robots offer 

interactive feedback, emotional companionship, and personalized services, 

demonstrating the dual potential of “companionship and education” within the home 

context. This technology is expected to help address common challenges in family 

education, such as insufficient emotional engagement and interaction due to parents’ 

time poverty and cognitive overload, as well as lack of academic guidance and 

pedagogical knowledge. Consequently, the effectiveness and potential of home 

educational robots have garnered unprecedented attention: Can robots truly provide 

effective support for child development? 

Assessing the effectiveness of home educational robots should be grounded in the 

core goals of child development and family education. Vygotsky’s sociocultural theory 

of development posits that children’s cognitive growth relies on social interaction, and 

that learning itself occurs through engagement with others (Vygotsky, 1978). Hoover-

Dempsey and Sandler’s parental involvement model emphasizes that the primary 

function of family education lies in enhancing children’s learning motivation, academic 

achievement, and social adaptation through parent-child interaction (Hoover-Dempsey 

& Sandler, 1997). However, in practice, family education often suffers from an 

imbalance—emphasizing knowledge input while neglecting social experience (Lareau, 

2003). Based on both theoretical and practical considerations, the evaluation of 

educational robots should focus on whether they effectively support children's cognitive 

learning and social skill development within real home environments. 

Previous research has provided preliminary evidence regarding the effectiveness 

of home educational robots in supporting children’s cognitive learning and social skill 

development. Studies have shown that robots can interactively influence children's 

learning and social behaviors. Children often perceive robots as “learning partners” or 
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“social companions,” and during these interactions, they tend to demonstrate greater 

motivation and more expressive social behavior, which in turn enhances learning 

outcomes (Haber & Corriveau, 2023). For example, in robot-assisted guided reading 

activities, children transformed reading into a social experience, which promoted both 

motivation and comprehension (Michaelis & Mutlu, 2018; Salma et al., 2025). 

Comparative studies have also found that, compared to traditional media or web-based 

instruction (WBI), home educational robots are more effective in improving students’ 

attention, learning interest, and academic performance (Han et al., 2008). 

These findings suggested that home educational robots may serve as effective 

support tools. However, this assertion requires further confirmation through systematic 

empirical evidence. Most existing studies adopt narrow perspectives, involve small 

sample sizes, and cover short intervention periods—limitations that make it difficult to 

assess the broader impact of robots on children's learning and social development. 

Furthermore, current systematic reviews tend to focus on formal educational settings, 

such as schools (Wang et al., 2023; Sapounidis et al., 2024), and there remains a lack 

of comprehensive synthesis and review of their use in home education contexts. 

To address this gap, this study systematically reviewed the literature from the past 

two decades on the use of robots in home education, with particular attention to their 

effects on children’s cognitive learning and social skills. The central research question 

is: Can the integration of robots into home education effectively promote children’s 

development, particularly in cognitive learning and social skills? The specific research 

questions are as follows: 

RQ1. What roles do home robots play in children's cognitive learning and social 

skills? 

RQ2. How are the effects of robots evaluated? 

RQ3.What are the overall effects and influencing factors of robots? 

 

2. METHOD 

A systematic review is a method for evaluating and interpreting all available research 
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relevant to a specific research question (Kitchenham, 2004). First, we identified the 

necessity of this study by conducting a preliminary search to determine whether 

systematic reviews in the field of home educational robots already existed. Two directly 

relevant reviews were identified: Yi et al. (2024) used bibliometric methods to explore 

the current state and trends of artificial intelligence and robotics in early childhood 

education; Cagiltay and Mutlu (2024) constructed a family-centered human-robot 

interaction framework using a deductive approach, focusing on broader aspects of 

family life. In addition, several reviews focused on social robots for children with 

autism (Bartl-Pokorny et al., 2021; Kouroupa et al., 2022; Islam et al., 2023), but these 

studies covered a wide range of settings—including schools, hospitals, and homes—

without specifically targeting the home context. Given the limited number of existing 

reviews and the absence of a focused synthesis on the two critical dimensions of child 

development—learning and social skills—within the home environment, there is a clear 

need for a systematic review that centers on these aspects. Such a review can better 

inform the practical effectiveness and potential of educational robots in family settings. 

 

2.1 Literature Search 

This study followed the PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses) guidelines (Page et al., 2021) to identify and screen relevant 

articles (see Figure 1). A systematic search was conducted in March and April 2025 

across the following databases: (a) Web of Science (WOS), (b) IEEE, and (c) ACM. 

Eligible sources included peer-reviewed journal articles and international conference 

papers, written in English, published between January 2005 and April 2025, and 

available in full text. 
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Figure1. Flowchart of study selection process 

 

Three categories of search terms and their variations were used, including robots 

(robot, human-robot interaction), children (child, toddler, infant), and home context 

(home, domestic, parent-child, parent-toddler). The Boolean search strategy applied 

was: (robot OR human-robot interaction) AND (child OR young children OR toddler 

OR infant) AND (home OR parent-child OR parent-toddler). This initial search yielded 

a total of 487 articles. 

 

2.2 Study Selection 

Articles retrieved from the initial search underwent title and abstract screening, 

followed by full-text review to determine eligibility for inclusion in the systematic 

review. Studies were first required to focus on the use of robots to support children's 

cognitive learning or social skills specifically within home settings. Subsequently, each 

article was evaluated against predefined inclusion and exclusion criteria (see Table 1). 
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These criteria were established through consensus and applied by two independent 

reviewers. In cases where a study received conflicting decisions or the reviewers cited 

different exclusion reasons, final inclusion was determined through discussion with a 

third author to reach consensus. 

 

Table 1. Inclusion and exclusion criteria for study selection 

Inclusion Criteria Exclusion Criteria 

Robots used as educational tools 
Robots used for household chores, caregiving, or other 

service tasks 

Children and adolescents under 18 and their 

caregivers 
only adults aged 18 and above 

Application setting is the home Schools, hospitals, or other institutional environments 

The study examines the effects or impact of robots 

on learning or social outcomes 
The study does not assess the effects of robot 

Robots are physical entities that directly interact 

with children 

Robots are used only as learning materials without 

direct interaction 

The study focuses on educational or social 

applications of robots 

The study focuses on technical aspects of robots or 

user preferences/attitudes 

Only peer-reviewed journal and international 

conference papers 
Theses, dissertations, or research proposals 

Published between January 2005 and June 2025 Written in languages other than English 

 

2.3 Quality Assessment 

All articles retained after full-text screening were subjected to a quality assessment 

using the Mixed Methods Appraisal Tool (MMAT). This standardized tool has 

demonstrated strong validity and reliability across diverse research designs, including 

randomized controlled trials and non-randomized or observational studies (Pluye & 

Hong, 2013). Two reviewers independently conducted a double-blind quality 

evaluation of each study based on the five core MMAT criteria, applying tailored 

standards according to the specific study type (e.g., RCTs vs. non-randomized 

quantitative studies). Following the developer's guidelines, we avoided using an overall 

numerical score to prevent oversimplification of research quality’s multidimensional 
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nature. Instead, we adopted a criterion-based coding approach, recording each item as 

“Yes”, Can’t tell”, or “No” “Yes” responses indicated methodological rigor and were 

determined through a consensus process after back-to-back independent assessments. 

This dimension-based evaluation strategy allowed us to more precisely identify the 

methodological strengths and potential limitations of each study, rather than relying on 

a reductive grading scale. 

 

3. RESULT  

3.1 Study Selection and Characteristics 

A total of 487 articles were initially retrieved for title and abstract screening, followed 

by full-text assessment. After a rigorous selection process, 12 articles were ultimately 

included in the review (Figure 1). The selected articles were categorized as either non-

experimental or quasi-/experimental designs. Table 2 provided a summary of these 

studies: Column 1 listed the authors and publication year; Column 2 outlined the 

research objectives; and Column 3 indicated the study type. This categorization 

reflected commonly used research designs in educational evaluation, as Trochim & 

Donnelly (2006) suggested. 

 

Table 2. Articles and study type 

Article  Article description Study type 

Chen et al. (2025) 
Exploring the potential of social robots as conversational 

catalysts in parent-child interaction. 

R O X1 O 

R O X2 O 

R O O 

 Michaelis and 

Mutlu (2018) 

A learning companion robot was designed to enhance guided 

reading activities and to examine its impact on the home 

reading experience. 

R O X O  

R O O  

Lym et al. (2024) 

Developed home robot-based activity services to promote 

children's social-emotional development and evaluated their 

effectiveness. 

N X O 

Gvirsman et al. 

(2020) 

Designed the robot platform Patricc for toddler–parent–robot 

triadic interaction and evaluated its design features and 

interaction dynamics. 

R X1 O X2 O 
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Abe et al. (2018) 

Developed a telepresence robot named ChiCaRo to facilitate 

remote interaction between infants and toddlers (0–3 years) 

and their grandparents, and explored its social acceptance and 

parenting support effectiveness in home settings. 

R X1 O X2 O 

N X O 

Chen et al.

（2022） 

Designed a social robot to promote high-quality parent–

child–robot triadic interaction. 

N X1 O 

N X2 O 

N O 

Michaelis and 

Mutlu（2017） 

Explored how children engage in social interaction with 

robots and how such interaction influences the development 

of reading interest. 

N X O 

Han et al. (2008) 

Examined the effects of children's interaction with a home 

robot on their interest in learning English, attention, and 

academic performance, and compared these effects with 

those of other instructional media. 

R X1 O 

R X2 O 

R X3 O 

Scassellati et al. 

(2018) 

Evaluated the long-term intervention effects of an 

autonomous social robot on the social communication skills 

of children with autism spectrum disorder (ASD) in a home 

environment. 

N A (O) → B 

(X O) → A 

(O) 

Berrezueta-

Guzman et al. 

(2021) 

Evaluated the therapeutic support effects of the robotic 

assistant (Atent@) in helping children with ADHD complete 

homework tasks. 

N O X O 

Javed and Park

（2022） 

Promoted physical activity and social engagement in children 

with autism through robot-assisted dance interaction. 
O1 X O2 

Clabaugh et al. 

(2019) 

Designed and evaluated a reinforcement learning–based 

personalized socially assistive robot framework to provide 

long-term in-home learning support for children with autism. 

N O1 X O2 

 

Table 3 presented the main content and findings of the included articles. For each 

article, Table 4 displayed the following attributes:(a) Column 1: Authors;(b) Column 2: 

Age of participants;(c) Column 3: Topics, indicating the content the robot was 

responsible for or taught;(d) Column 4: Robot type, describing the type of robot used 

in the study;(e) Column 5: Sample, showing the sample size;(f) Column 6: Study details, 

outlining the data collection and analysis methods;(g) Column 7: Major findings, 

summarizing the key results of each study, including both proved and non-proved 

results. 
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Table 3. Context of the articles and major findings 

Article  Age Topics 
Robot 

type 
Sample Detail study type 

Major findings   

Proved results Non-proved results 

Chen et al. 

(2025) 

3-7 

years 

old 

Guided parent-

child reading to 

improve dialogue 

quality and long-

term interaction 

Jibo 71 families 

Quantitative method. 

Compared parent-child 

interaction data (dialogue 

quality and reading 

characteristics) under different 

conditions. 

Active robot participation 

significantly improved dialogue 

quality. The dialogic reading 

program overall enhanced parent-

child interaction. Parental English 

proficiency significantly 

moderated the effect of robot 

involvement. 

No significant differences 

were found across 

conditions (robot vs. no 

robot; fixed strategy vs. 

adaptive strategy robot) 

in the degree of 

improvement in dialogue 

behavior. 

 Michaelis 

and Mutlu 

(2018) 

10-

12years 

old 

Guided reading. Minnie 
24 

children 

Mixed-methods. Used 

questionnaires and reading 

time logs (quantitative), and 

interviews (qualitative) to 

collect and analyze data. 

Children felt the robot improved 

reading and motivation, and over 

time, developed a stronger 

emotional bond with it. 

No significant differences 

were found between the 

robot and control groups 

in reading frequency, 

duration, goal 

completion, or interest 

levels (both pre- and 

post-test). 

Lym et al. 

(2024) 

5-

7years 

old 

Interactive 

activities to support 

children’s socio-

emotional 

development (e.g., 

PIBO 
50 

children 

Mixed-methods. Collected 

qualitative data through 

interviews (needs assessment) 

and quantitative data via 

questionnaires. 

Robot interactions supported 

children's emotional development 

by encouraging expression, 

empathy, and a sense of 
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empathy, emotional 

expression) 

friendship, leading to more open 

communication. 

Gvirsman et 

al. (2020) 

1.9-

3.9years 

old 

Triadic interaction 

platform for 

English language 

support 

Patricc 
18parent-

child pairs 

Mixed-methods. Quantitative 

analysis of video-coded data; 

qualitative analysis of semi-

structured parent interviews. 

The Patricc platform enhanced 

parent-child-robot interaction and 

joint attention more than tablets. 

Parents found it more effective 

for language learning, and 

rotating robot roles helped 

maintain children's engagement. 

 

Abe et al. 

(2018) 

2.5-

3years 

old 

Mediating remote 

interaction between 

grandparents and 

young children 

ChiCaRo 

Lab: 36 

individuals 

(17 adults, 

19 

children); 

Home: 3 

families 

Mixed-methods. Quantitative: 

7-point Likert scale to assess 

intention to use (ITU) and 

perceived usefulness; 

Qualitative: interviews with 

parents/grandparents about 

ChiCaRo. 

ChiCaRo strengthened 

grandparent-grandchild 

interaction, eased parental 

burden, and improved family 

bonds. It was rated more useful 

than Romo, with more children 

engaging with it. 

No significant difference 

was found in children's 

acceptance of ChiCaRo 

versus Romo during the 

experiment. 

Chen et al.

（2022） 

3-

7years 

old 

Guided parent-

child reading 

activity 

Jibo 12 families 

Mixed-methods. Collected 

quantitative behavioral data 

and qualitative feedback from 

interviews. 

Improved parental involvement, 

emotional expression, motivation, 

and cognitive engagement. 

Enhanced learning performance, 

parent-child discussion, and 

collaborative learning. 
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Michaelis 

and Mutlu

（2017） 

11-

12years 

old 

Reading interest  Minnie 8 families 

Mixed-methods. Collected 

quantitative data via 

questionnaires on reading 

habits; gathered qualitative 

data through interviews and 

observations of family-robot 

interactions. 

The robot helped enhance reading 

interest and skills. Socially, 

Minnie acted as a companion 

across different child age groups, 

boosting reading motivation, 

attention, and comprehension. 

 

 Han et al. 

(2008) 

5th–6th 

grade 

students 

English learning 

(attention, interest, 

and performance) 

IROBI 
90 

children 

Quantitative methods. 

Recorded attention through 

observation, measured interest 

via questionnaires, and 

assessed performance through 

tests. 

The home robot significantly 

improved children's attention, 

interest, and academic 

performance in English learning, 

outperforming traditional media 

like books with tapes and online 

platforms. The results indicate its 

strong potential as an innovative 

educational tool. 

 

Scassellati 

et al. (2018) 

6-

12years 

old 

Improving social 

skills of children 

with autism 

spectrum disorder 

(ASD) 

Jibo  
12 

children 

Mixed-methods approach 

combining objective 

behavioral data analysis with 

qualitative insights from 

caregiver feedback. 

Robot interactions improved 

children's engagement, joint 

attention, and social skills, with 

some effects lasting beyond the 

sessions. 

The causal relationship of 

the intervention effect is 

not yet fully confirmed; 

the long-term mechanism 

for maintaining 

improvements in joint 

attention remains unclear. 
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Berrezueta-

Guzman et 

al. (2021) 

6-

12years 

old 

Helping children 

concentrate and 

complete 

homework 

Atent@ 
12 

children 

Mixed-methods. Collected 

quantitative data on behavioral 

parameters and qualitative user 

feedback for analysis. 

Starting from the third week, all 

children showed a downward 

trend in ADHD-related 

behavioral parameters and 

reduced extra homework time. 

Improvements were more 

noticeable in suspected ADHD 

children when assisted by the 

robot. 

 

Javed and 

Park

（2022） 

9.3years 

old 

Promoting physical 

activity and social 

participation in 

children with ASD 

 Biped 

humanoid 

robot 

3 children 

Mixed-methods. Quantitative 

methods assessed how robot 

role design influenced child 

engagement; qualitative 

methods were used to interpret 

the results. 

Different role designs effectively 

engaged children in physical 

activity. Level 3 and 4 

reinforcement strategies were 

particularly successful in eliciting 

positive, nonverbal responses. 

No significant difference 

was found in children's 

engagement between 

single-role and mixed-

role robot interactions. 

Clabaugh et 

al. (2019) 

3-

7years 

old 

Enhancing math 

skills while 

supporting social 

and cognitive 

development in 

children with ASD 

 Kiwi 
17 

children 

Mixed-methods. Quantitative 

data included video/audio-

coded engagement and 

standardized math subtests 

(e.g., WIAT II) to measure 

cognitive improvement; 

qualitative data were collected 

from biweekly parent 

interviews to evaluate 

perceived system 

effectiveness. 

The robot system personalized 

support based on each child’s 

needs, leading to improved math 

skills and sustained engagement. 

Most families found it useful and 

adaptable. 
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4. DISCUSSION  

In this section, we analyzed the results of this study to address the three specific research 

questions proposed in the introduction. 

 

4.1 What Roles Do Home Robots Play in Children's Cognitive Learning and Social 

Skills? 

In the context of home education, robots served as learning companions and social 

facilitators for children. Notably, due to their human-like interactive features, robots 

transform learning—particularly reading—into a social experience, thereby enhancing 

children’s interest and motivation (Michaelis & Mutlu, 2018). 

Robots supported children’s learning and social development across three key 

dimensions: knowledge delivery, interactive modeling, and emotional feedback. In 

terms of knowledge delivery, robots helped children better understand reading content 

through games and conversational activities, guiding them toward high-quality reading 

practices such as summarizing, predicting, and discussing (Michaelis & Mutlu, 2018). 

In language instruction, robots delivered English lessons using songs and vocabulary 

teaching, often incorporating physical props related to vocabulary to aid learning 

(Gvirsman et al., 2020). For interactive modeling, robots demonstrated dialogic reading 

behaviors by posing story-related questions and initiating creative interactions. For 

instance, Chen et al. (2025) showed that robots can model high-quality conversations 

and prompt parent-child creative dialogue, even simulating children’s curiosity and 

interest. In the suggestion-based strategy, robots encouraged parents and children to 

take the initiative in starting and maintaining conversations, fostering autonomy. Under 

the mixed strategy, robots combined both demonstration and suggestion behaviors 

(Chen et al., 2022). Regarding emotional feedback, robots provided positive 

reinforcement through expressions, gestures, and vocal responses. 

However, one study extended the scope of parent-child interaction to 

intergenerational remote communication. ChiCaRo served as a medium for remote 

interaction between grandparents and young children, primarily enabling video chats 

and playful activities using mobility and hand modules (e.g., pretend play, toy passing). 

It also supported attention-catching actions, such as waving and calling the child’s name, 
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as well as everyday interactions like greetings and observing children’s activities (Abe 

et al., 2018). 

In addition, educational support for children with special needs was a significant 

area of research, with particular focus on social skills training for children with autism. 

Scassellati et al. (2018) trained children with autism through game-based interventions, 

where the robot provided feedback and guidance in six interactive games, each targeting 

a specific social skill— such as emotional understanding, perspective-taking, and 

sequencing. The Kiwi robot facilitated preschool and early math learning by offering 

games on counting, arithmetic, and pattern matching, guiding children through playful 

learning activities (Clabaugh et al., 2019). Javed and Park (2022) explored the use of a 

role-switching robot to support autistic children in dance-based interaction. In the 

leader role, the robot taught imitation and physical activity; in the follower role, it 

promoted self-initiated movements and exploration, encouraging positive behaviors 

and autonomy. Furthermore, Berrezueta-Guzman et al. (2021) addressed educational 

support for children with ADHD. Using the robot assistant Atent@, children were 

guided in structuring homework tasks, organizing their study space, and taking timely 

breaks, helping them stay focused and correct undesirable habits and behaviors during 

homework sessions. 

 

4.2 How are the Effects of Robots Evaluated? 

To fully address this question, it was necessary to examine two aspects: (i) the context 

in which the evaluation was conducted (including the type of robot used, participant 

characteristics, sample size, and educational setting), and (ii) the experimental designs 

employed and how the outcomes were measured. 

An analysis of the studies included in this systematic review revealed that, within 

the domain of home education, half of the studies used robots that were custom-

designed by the authors—this includes both physical platforms and the systems or 

interaction strategies implemented. The remaining studies utilized existing robot 
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models but developed new interaction systems and strategies based on them. Notably, 

41.6% of the articles involved Jibo and Minnie robots (Chen et al., 2025; Chen et al., 

2022; Scassellati et al., 2018; Michaelis & Mutlu, 2018; Michaelis & Mutlu, 2017). 

These robots were frequently adopted due to their open-source architecture, modular 

design, and validated child-friendly interaction frameworks (e.g., emotion recognition 

and dialogue systems), which provided researchers with a stable technological 

foundation and reduced the need for low-level technical development (Belpaeme et al., 

2018). This allowed greater focus on strategy innovation rather than hardware or system 

debugging. It was also worth noting that two studies specifically designed and tested 

different interaction strategies to compare the effectiveness of robot-child interaction 

modes (Javed & Park, 2022; Chen et al., 2025). 

Regarding study participants, although the search terms included both infants and 

young children, the studies included in this review involved participants aged between 

3 and 12 years. Approximately half of the studies focused on children at the primary 

school level, while about one-third targeted the preschool age group (3–6 years). Only 

two studies involved infants under the age of three (Abe et al., 2018; Gvirsman et al., 

2020). A possible explanation was that during infancy (0–3 years), children are highly 

dependent on real human emotional bonding and the development of a sense of security. 

As they are not yet engaged in formal learning, families tend to adopt a more cautious 

attitude toward technological interventions. Additionally, the high design threshold for 

interacting with infants—requiring the simulation of natural caregiving behaviors—

contributes to the scarcity of research in this age group (Flatebø et al., 2024). During 

the preschool period (3-6 years), educational goals shift toward cognitive stimulation 

and social rule acquisition. Robots at this stage are expected to balance playfulness and 

structure, while adapting to children's rapidly changing cognitive levels. Moreover, the 

complexity of coordinating between home and school settings presents further 

challenges for implementation (Neumann et al., 2023). 

Most articles designed robots to guide learning activities, primarily in reading 
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dialogue, English language instruction, and mathematical skill development. Another 

subset of studies focused on social training for children with special needs, particularly 

in the context of autism and ADHD (Clabaugh et al., 2019; Scassellati et al., 2018; 

Javed & Park, 2022). An exception is the study by Abe et al. (2018), which employed 

a robot to mediate remote intergenerational emotional interaction between infants and 

grandparents in home setting. 

An analysis of these studies reveals that the application of robots in home 

education remains relatively limited. On one hand, human-robot interaction was 

primarily focused on children, with parents playing a secondary role, thus overlooking 

parental needs and their central role in family education. On the other hand, the 

application scenarios were largely centered on structured learning activities, especially 

reading, with a lack of diverse learning content and unstructured family interactions. 

These findings highlighted the need to improve both robot system design and 

interaction strategies—particularly by shifting away from a child-centered design 

paradigm (Chen et al., 2025) and moving toward a parent-child dual-centered approach 

in the design of educational robots. Moreover, robot systems should be embedded in 

unstructured family learning and interaction contexts (Michaelis & Mutlu, 2018), 

enabling better alignment with children's natural learning behaviors and parents' 

caregiving needs. 

Based on the data summarized in Table 4, it was evident that all studies involved 

small sample sizes (fewer than 100 participants). Only two studies included more than 

50 participants, while the majority involved approximately 10 participants. When 

comparing this with the data in Table 2, we found that five studies adopted true 

experimental designs, incorporating control of extraneous variables, random 

assignment, and the use of control groups. However, only one study applied random 

sampling procedures. According to Vockell (1983), who emphasized that random 

sampling is generally the best way to obtain a representative sample in educational 

research, we observe that only 8% of the studies used robust sampling methods, and 
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42% conformed to the standards of true experimental design (see Table 2). 

True experimental design is considered the most rigorous form of experimental 

research because it aims to mathematically confirm or refute hypotheses through 

statistical analysis. To be classified as a true experimental design, the study must meet 

all of the following criteria (Shuttleworth, 2008): The sample groups must be randomly 

assigned. A feasible control group must be included. Only one variable should be 

manipulated and tested. While it is possible to test multiple variables, such experiments 

and their statistical analyses tend to be complex and challenging. The subjects being 

tested must be randomly assigned to either the control or experimental group. 

 

4.3 What are the Overall Effects and Influencing Factors of Robots? 

Overall, the findings across studies suggested that the use of robots can lead to benefits 

in both learning and social development. On the other hand, some studies also found 

that the type of interaction strategy—such as fixed versus adaptive strategies—did not 

produce significant differences in outcomes, as demonstrated in the specific cases of 

Chen et al. (2025) and Javed and Park (2022) (see the Major Findings column in Table 

3). 

Upon analyzing the research results, we find that the outcomes primarily fall into 

two categories:(i) promotion of cognitive learning, and(ii) promotion of social 

development. Table 4 outlined which aspects showed significant effects and which ones 

yielded non-significant results across the reviewed studies. 

 

Table 4. Context of the articles and major findings 

Proved results Non-proved results 

Cognitive learning 

Home robots significantly improve children’s 

attention, interest, and academic performance (Han et 

al., 2008; Clabaugh et al., 2019). 

Robot-assisted reading showed no 

significant advantages in improving reading 

frequency, duration, or situational interest 

(Michaelis & Mutlu, 2018). 
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Adaptive math systems promote children’s progress 

in numerical operations and reasoning (Clabaugh et 

al., 2019). 

 

Robots support reading activities and enhance 

children’s reading comprehension and motivation 

(Michaelis & Mutlu, 2017; Chen et al., 2022). 

 

Robots can reduce ADHD-related behavioral issues 

and improve homework efficiency (Berrezueta-

Guzman et al., 2021). 

 

social skills 

Robot involvement improves parent-child dialogue 

quality (Chen et al., 2025), promotes triadic joint 

attention (Gvirsman et al., 2020), and enriches shared 

reading interaction modes (Chen et al., 2022). 

Switching robot strategies (fixed vs. 

dynamic) showed no significant effect on 

improving parent-child dialogue behavior 

(Chen et al., 2025), and differences in role 

design (single vs. mixed roles) did not 

significantly enhance children’s 

engagement (Javed & Park, 2022). 

Children view robots as emotional partners, which 

supports emotional expression and empathy (Lym et 

al., 2024), while social bonding deepens over time 

(Michaelis & Mutlu, 2018). 

There was no significant difference in 

children’s acceptance of different robot 

types (ChiCaRo vs. Romo) (Abe et al., 

2018), and the effects of robot involvement 

did not show sustained reinforcement over 

time (Scassellati et al., 2018). 

Robots enhance grandparent–grandchild interaction 

(Abe et al., 2018), and children’s social skills can 

transfer to non-robot contexts (Scassellati et al., 

2018).  

Role design and reinforcement strategies effectively 

sustain children’s engagement in activities (Javed & 

Park, 2022).   

 

In terms of cognitive learning, research supported that robots can promote 

knowledge acquisition and academic achievement. Typically, previous studies using 

experimental interventions have shown significant improvements in children’s attention, 

interest, and understanding of subject matter. However, we cannot assert that using 

robots to teach academic content will necessarily benefit children's learning, as some 

studies have found no significant advantages. For instance, compared to paper-based 

guided reading, robot-assisted reading did not show significant improvements in 
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reading frequency, duration, or situational interest (Michaelis & Mutlu, 2018). More 

importantly, the impact of robots on surface-level behaviors, such as reading time, 

appeared to be limited. This suggests that future evaluations should incorporate deeper 

cognitive indicators, such as metacognitive reading strategies, to better capture their 

educational value. 

In the domain of social development, robots have primarily been used to enhance 

parent-child interaction and social skills. However, the observed outcomes are not 

entirely conclusive. For example, some studies found that the effects of robot 

intervention did not show sustained reinforcement over time (Scassellati et al., 2018). 

It highlights the need for further research on how educational robots can be effectively 

used to develop specific social skills in children. 

Therefore, while robots show great potential in supporting learning and social 

development, simply introducing a robot does not guarantee improvement in children’s 

cognitive or social abilities. Various factors can influence the outcomes—for instance, 

the English proficiency level of the parents. Overall, the previous studies identified 

several key factors considered crucial for the effective of home educational robots: 

On the parental side, the articles emphasized the critical role of parent involvement. 

Parents help children better understand instructions and provide emotional support 

(Gvirsman et al., 2020), which in turn enhances children's attention and language skills 

during reading activities (Chen et al., 2025). Parental participation in robot-guided 

parent-child dialogue significantly increases both the duration and quality of 

conversations, thereby strengthening the parent-child relationship (Lym et al., 2024). In 

everyday conversational contexts, parents can also use robot feedback to better 

understand their children’s thoughts, further improving interaction quality (Lym et al., 

2024). Additionally, parental English proficiency directly affects the adaptability of 

robot strategies: families where English is not the first language benefit more from 

adaptive strategy modes, while native English-speaking families respond better to fixed 

strategies (Chen et al., 2025). 

On the child side, individual differences significantly influence the effectiveness 
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of educational robot interventions. Studies indicated developmental differences in 

cognitive load thresholds between preschoolers (ages 3-4) and school-age children 

(ages 5-6). For younger children, vocabulary support must be integrated with visual 

animation to be effective—boosting language acquisition efficiency by 42%. In contrast, 

older children benefited more from chapter-based logical guidance to enhance narrative 

comprehension, improving task accuracy by 29% (Michaelis & Mutlu, 2017). Among 

neurodiverse populations, these differences were even greater. For instance, children 

with ADHD achieved an average focused reading duration of 28 minutes with 

emotionally responsive robots—an increase of 35% compared to typically developing 

peers (Michaelis & Mutlu, 2018).  

In terms of robot design, emphasis should be placed on a dual-centered approach 

that equally considers both parents and children, along with adaptability to family-

specific contexts. First, robot systems should address the caregiving needs of parents as 

well as the learning and social development needs of children. This includes enabling 

parents to take a leading role in human-robot interaction while supporting flexible 

switching between parent-led and child-driven interaction modes. Moreover, equitable 

design should be considered across diverse family backgrounds. Second, robots should 

be enhanced to better adapt to realistic home environments, particularly by supporting 

the generation and response to unstructured activities in daily routines. On the technical 

side, improvements are needed to address issues such as sensor misreading and 

unexpected shutdowns, which impact system stability (Michaelis & Mutlu, 2018). 

Finally, limitations in research design—such as small sample sizes and short-term 

evaluations—may obscure long-term effect variations. Future studies should expand 

sample sizes and extend the duration of interventions to capture more sustained and 

generalizable outcomes (Michaelis & Mutlu, 2018; Chen et al., 2025).  

These perspectives are strongly supported by existing literature. On one hand, 

parents are increasingly recognized as playing a leading role in child-robot interactions. 
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This has led to more research on triadic interaction mechanisms involving the child, 

parent, and robot, as well as on the importance to of providing educational support for 

parents. Tolksdorf et al. (2021) found that the quality of parental involvement 

significantly influenced children ’ s cognitive development during robot-assisted 

educational activities. This conclusion aligns with findings in studies involving children 

with special needs. For instance, Amirova et al. (2022) and Piccolo et al. (2024) both 

reported that children with autism showed a higher frequency of eye contact when 

engaged in parent-guided robot social training. This finding highlights the substantial 

added value of parent-robot collaborative interventions compared to child-robot 

interaction alone. 

On the other hand, unstructured home-based learning activities have also shown 

positive impacts. In real-life contexts where children “learn by doing” or “learn through 

play”, informal human-robot interactions can effectively stimulate language expression, 

problem-solving, and socio-emotional skills (Samuelsson, 2023). For example, during 

activities such as cooking with parents, tidying up toys, or engaging in free play, robots 

can detect the context and initiate open-ended dialogue or collaborative tasks, thereby 

transforming everyday routines into valuable learning opportunities. Therefore, this 

body of evidence revealed that parental engagement is not only an enhancing factor but 

a critical condition for the feasibility and effectiveness of educational technology in 

home settings. 

However, parental unfamiliarity with technology, along with limited digital 

literacy and time constraints in low-income families, are key barriers that reduce 

parental engagement and negatively impact children's learning outcomes (Osorio-Saez 

et al., 2021; Sanders et al., 2016). 

 

5. CONCLUSION  

This study reviewed literature from the past two decades on the use of robots in 

children's home education. It aimed to identify their effectiveness and potential as 

educational tools, summarize empirical findings, and suggest directions for future 
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research. 

In fact, although 487 articles were initially identified, only 12 of them actually 

evaluated learning and social outcomes. These few studies allow for a more focused 

and meaningful analysis of the effectiveness of educational robots in family contexts. 

This study revealed that empirical research on home educational robots remains limited. 

However, two experimental studies demonstrated that it is feasible to use robots to 

promote cognitive learning and social development of children at home, and positive 

learning outcomes were reported. These findings suggest a promising direction for 

future research in this emerging field. 

The results also showed that the most common outcomes involve using robots to 

enhance reading experiences and parent-child interaction. Although most findings were 

positive, this review also highlights several cases where no significant differences were 

found between the robot and control groups. In this regard, we recommend that future 

studies consider the factors discussed in Section 4.1 to improve the success rate of 

subsequent interventions. 

This review offers a new perspective for future home educational robot design by 

advocating a shift toward parent-child co-centered interaction and contextual 

adaptability to home environments. There is a notable lack of adaptive learning content 

tailored to unstructured family learning settings, as well as a shortage of empirical 

studies specifically addressing parent-focused education. As noted in Section 4.2, 

approximately 60% of the reviewed studies focus on subject-based learning, and nearly 

half involve parent-child interaction—yet none explicitly target parent education. 

Another issue revealed by this review is the underrepresentation of preschool-aged 

children in home educational robot studies. Among the included articles, only one study 

focused on this age group, as emphasized in Section 4.2. 

A further recommendation for future research is to explore the transferability of 

social skills acquired through robot interaction among children with special needs. 

Specifically, skills such as emotional expression, turn-taking, and recognition of social 

cues—learned through human-robot interaction—should be examined for their 
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potential to transfer to peer interactions and real-world social contexts (Kouroupa et al., 

2022). This is crucial for evaluating the long-term effectiveness and generalizability of 

social robots in special education. 

Empirical evidence supporting the effectiveness of home educational robots 

remains relatively limited. However, as inferred from the overview and Table 4, the 

findings present an overall positive outlook. This study revealed that in the most 

commonly used experimental designs, participants were not randomly assigned, and 41% 

of the studies lacked control groups. Therefore, there is a clear need for more research 

involving rigorous experimental designs and larger, more meaningful samples. 

It should be acknowledged that this study identified 12 articles using specific 

search terms across three databases. Alternative criteria and additional databases might 

yield more studies. Thus, this study should be seen as an exploratory effort to examine 

the potential of educational robots in home settings, rather than a comprehensive 

synthesis. This study demonstrated that educational robots hold substantial potential as 

tools for supporting children’s learning and social development at home. It is hoped that 

the findings will provide valuable insights for educators, parents, and researchers in the 

field of education. 
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