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Figure 1: Toward Family-Robot Interactions: The proposed family-centered framework bridges child-robot interaction practices 
with family systems theories. The framework includes three systems: Family system (e.g., family members and characteristics), 
robot system (e.g., its technical and interactive attributes), and the broader contextual system (e.g., the physical environment). 

ABSTRACT 

As robotic products become more integrated into daily life, there 
is a greater need to understand authentic and real-world human-
robot interactions to inform product design. Across many domestic, 
educational, and public settings, robots interact with not only indi-
viduals and groups of users, but also families, including children, 
parents, relatives, and even pets. However, products developed to 
date and research in human-robot and child-robot interactions have 
focused on the interaction with their primary users, neglecting the 
complex and multifaceted interactions between family members 
and with the robot. There is a signifcant gap in knowledge, methods, 
and theories for how to design robots to support these interactions. 
To inform the design of robots that can support and enhance family 
life, this paper provides (1) a narrative review exemplifying the 
research gap and opportunities for family-robot interactions and (2) 
an actionable family-centered framework for research and practices 
in human-robot and child-robot interaction. 

CCS CONCEPTS 

• Human-centered computing → Interaction design theory, 
concepts and paradigms; HCI theory, concepts and models. 
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1 INTRODUCTION 

Families and their surrounding care-ecosystems (e.g., relatives, 
friends, or their neighborhood and school) are important parts 
of children’s development, embodying a rich space of shared expe-
riences, values, and emotions. Research has shown that children and 
families’ joint engagement with media and technology can support 
learning [35], entertainment [19], building routines [51], and achiev-
ing common daily tasks and goals [10]. Introducing social robots 
into the broader context of families can potentially lead to similar 
positive outcomes. However, despite the feld’s movement toward 
more realistic, in-the-wild HRI, a family-centered approach remains 
largely understudied in both theoretical and practical domains. 
So far, design paradigms for research in child-robot interaction 
often sideline the multi-layered relationships and diferential expec-
tations between children and family members (e.g., child-parent, 
child-sibling, grandparent-grandchild), typically focusing on chil-
dren’s individual interactions with robots (e.g., for therapy [48] 
or learning [9]). Family members are rarely active participants in 
interactions with robots, and typically serve as providers of consent 
or feedback. In recognition of this potential, a small but growing 
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number of studies focus on robots designed with both the children 
and parents in mind (e.g., parent-child co-learning [2], parent-child 
storytelling [20], or parent-child goal-oriented play [43]). Still, un-
derstanding human-robot interaction within a broader family con-
text is challenging, due to the limited applications of current robot 
technologies to autonomously maintain multi-party and long-term 
interactions in domestic settings. Overall, there is limited repre-
sentation for any theoretical application that captures the broader 
domain of family needs, preferences, and interactions with robots. 

Given this gap, we aim to highlight the importance of exploring 
the theoretical foundations necessary to construct a robust family-
centered design framework. In this work, we frst review the small 
but emerging body of work in the HRI literature that considers 
children and families, we then bridge knowledge from family the-
ories, and provide a theoretically motivated framework toward a 
family-centered approach in HRI. Sampling from domains including 
healthcare, education, and emotional well-being, we synthesize the 
literature and demonstrate how interactions with robots can posi-
tively impact family life (e.g., fostering family connections, bonding, 
co-learning, and dynamics) as well as how family members’ charac-
teristics may inform robot design (e.g., robot perceptions, long-term 
adoption, and acceptance). We present a family-centered framework 
consisting of three components: the family system (characteristics 
of and relationships between the family members involved); the 
robot system (the robot’s technical and interactive attributes); and 
the contextual system (e.g., the physical environment in which in-
teractions takes place). We illustrate the relationship between these 
systems and discuss how they are bounded by dimensions including 
time (e.g., changes that happen over time) as well as the roles, goals, 
and processes executed by each family member and robot. 

By acknowledging the multi-layered relationships between fam-
ily members, this framework seeks to enable the design of social 
robots that not only serve as functional aids for the individual but 
also integrate into the complex aspects of family life. Although 
we take a lens of domestic robots for families with children, we 
encourage researchers to extend this framework to other family 
structures and contexts that may be signifcant for family-robot 
interactions. Our contribution to this work is two-fold: 

• A narrative review exemplifying the limitations and gaps in 
the current state of family-robot interactions, 

• An actionable theoretical framework for HRI researchers to 
consider when following a family-centered approach. 

2 BACKGROUND 

The theoretical background of this work lies in the intersection of 
child-robot interaction, family theories, and ecological theories. 

2.1 Child-Robot Interaction 

Research in child-robot interaction has demonstrated that robots 
engaging with children at home can positively infuence their so-
cial and cognitive development. Robots can motivate children to 
undertake household chores, such as tidying their rooms [30], en-
courage reading habits [45], and aid in emotion regulation [36, 50]. 
Interactive agents can facilitate children’s engagement in social 
play and foster positive bonds with robots through games and en-
tertainment [8]. In such interactions, social robots may assume 

diverse roles, including as home assistants [23, 28], socially assis-
tive agents for autism interventions [49], and educational inter-
ventions [9]. Children and adolescents attribute roles like coaches, 
assistants, companions, and confdants to social robots [3, 16, 44]. 
Social robots can even encourage family playtime and participa-
tion [38]. However, children and parents may have conficting needs 
and expectations from in-home social robots [16] as also seen in 
family interactions with smart home devices [10, 11, 52]. Such con-
ficts may contribute to challenges that hinder sustaining long-term 
engagement with social robots and user acceptance [18, 25, 26]. 
Overall, child-robot interaction research has shown that robots in 
the home can positively impact children’s social and cognitive de-
velopment, motivate them in various tasks, support reading habits, 
help with emotional regulation, and serve as companions, assis-
tants, and educational aids. However, there is little evidence on how 
robots can be used in the broader family context. 

2.2 Family Theories 

Early applications of family theories draw from family clinical 
practices, e.g., Bowen’s Family Systems Theory (FST) [12]. FST ar-
gues that families form intricate social systems, wherein members 
continually infuence each other’s actions. Similar to biological 
systems [22], family systems are argued to be more than the sum 
of its parts, capturing complex dynamics and capable of adaptive 
self-stabilization and self-organization in response to changes in the 
broader system [22]. Families consist of smaller subsystems which 
may capture interactions between parents, spouses, siblings, etc., as 
well as part of larger systems such as a neighborhood or community. 
From this perspective, a social robot residing in a household ar-
guably becomes a member of the family system. It can form diverse 
connections and relationships with other members, exert infuence 
over their behaviors, and, conversely, be infuenced by their ac-
tions. The application of a family-systems approach in child-robot 
interaction research allows us to explore how robots can facilitate 
connections between parents and children, siblings, or across gen-
erations through shared social interactions [21]. A family-systems 
approach can also enable us to understand parental expectations, 
concerns, and acceptance of social robots within the home con-
text [41]. By integrating family-systems theories into the study of 
child-robot interactions (e.g., [17]), we can better inform the design 
of social robots to support the well-being of families. 

2.3 Ecological Theories 

Ecological theories provide holistic views for understanding how 
people interact with technology. The łProduct Service Ecologyž 
model proposed by Forlizzi [31] adapts the łSocial Ecologicalž model, 
providing designers with a holistic perspective for understanding 
the contextual factors infuencing product design and usage. For-
lizzi and DiSalvo [32] applies an ecological model to investigate 
how autonomous service robots, such as Roomba vacuum cleaners, 
integrate into family homes through ethnographic observations. 
Similarly, Sung et al. [53] presents the łDomestic Robot Ecologyž 
model to foster a comprehensive understanding of complex in-home 
settings and the acceptance of autonomous service robots for long-
term use. Moreover, an łEcology of Agingž approach explores how 
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robots can be designed to assist the elderly at home [33]. These ap-
plications mainly focus on domestic service robots, such as robotic 
cleaners, as opposed to social companion robots. Bronfenbrenner’s 
bioecological theory [13ś15] describes four layers that shape an 
individual’s development: individual’s immediate relationships (mi-
crosystem); interactions between or within levels (mesosystem); 
relationships with indirect environments (exosystem); and societal 
or belief-level infuences (macrosystem). These systems are infu-
enced by processes (interactions with objects or people), personal 
attributes (interests, appearances), contexts (home, school, com-
munity), and time (historical changes and duration of processes). 
Family Ecological Model (FEM) [5] is an adaptation of this bioeco-
logical theory, that similarly argues that family interactions, such 
as parenting, are shaped by the context in which the families are 
situated [24]. Recognizing the signifcance of ecological theories, 
we aim to extend the application of these models to the design and 
development of a framework for family-robot interactions. 

3 SOCIAL ROBOTS FOR FAMILIES: REVIEW 

We conducted a literature review to investigate the current state of 
family-centered approaches within human-robot interaction. We 
specifcally prioritized applications of social robots, within real-
world settings, for families with children. We focus on these three 
areas because they pose a particularly challenging context for robot 
design where actionable frameworks can be useful. Unlike service 
robots, social robots are capable of fostering emotional connections, 
rich interactions, and perceived as a member within a family setting, 
making them more relevant for exploring the impact of technology 
on family dynamics and relationships. Acknowledging that łfamily-
robot interactionsž is not yet a widely established term within HRI, 
we grounded our review within child-robot interactions as our 
primary keyword, hence focusing on łsocial robots for families 
with children.ž From this, we expanded our search to explore the 
participation of broader family structures and real-world contexts 
in this evolving feld. 

3.1 Research Questions 

We asked the following research questions: 
RQ1. Which family members are typically involved in CRI 

research? (e.g., Siblings, mothers, fathers, grandparents, relatives) 
RQ2. What are the roles of families in CRI research? 

(e.g., Active participant, observer, informant, translator, non-participant) 
RQ3. What context are social robots used for children and 

families? (e.g., Education, healthcare, therapy, in-home, museum) 

3.2 Search Method and Review Criteria 

We conducted a semi-structured narrative literature review to iden-
tify relevant studies and scholarly works in the intersection of 
family-centered human-robot interaction. We searched from the 
ACM Digital Library and Scopus databases. Since our review is 
contextualized around łfamilies with childrenž our initial querying 
approach focused on keywords surrounding social robots, families, 
and children or teens: TITLE OR ABSTRACT OR KEYWORDS (so-
cial AND robot*) AND (family OR families) AND (teen* OR child*). 
However, the search results yielded limited entries (ACM DL: 23, 
Scopus: 97). We then broadened the term łfamilyž in our search to: 
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Figure 2: Search method and criteria for the review process. 

TITLE OR ABSTRACT OR KEYWORDS (social AND robot*) AND 
(family OR families OR parent* OR mother* OR father* OR sibling*) 
AND (teen* OR child*). In total, this search returned 315 papers 
(ACM DL: 54, Scopus: 261). After excluding duplicates, non-English 
papers, and non-papers (e.g., proceeding reports) there were 248 
remaining potential sources (See Figure 2). This fnal query indexed 
all articles until April 16, 2023. Two authors participated in the re-
view process and screened the potential 248 papers in three-steps: 

3.2.1 Initial Screening. The frst author conducted the initial paper 
screening. We included papers focusing on children’s robot use 
with an emphasis on family involvement. Papers were excluded if 
they were not related to the HRI feld and research questions (e.g., 
surgical robots in pediatrics). 50 papers were excluded. 

3.2.2 Secondary Screening. For the remaining 198 papers, the au-
thors created a codebook and identifed six categories for secondary 
screening: the domain of the study (e.g., healthcare, learning, telep-
resence); type of study (e.g., review, user study, position paper); 
contextual location of the study (e.g., lab, in-home, school, hospital); 
the role of the robot in the study (e.g., social companion, assistant, 
mediator); the type of robot used (e.g., Nao, Pepper, Cozmo etc.); 
which family members were included (e.g., parents, siblings); and 
the role of family members in the study (e.g., informer, observer, 
participant). The frst author coded the 198 entries based on the 
codebook and revised the coded entries with the second author. 
Through iterative discussions, the entries were organized into the-
matic categories, allowing for the identifcation of common trends, 
patterns, and gaps in the literature. 

3.2.3 Sampled Papers for Framework Development. After the sec-
ondary screening of 198 papers, the frst author conducted a rele-
vance scoring to determine the extent to which each paper aligned 
with the focus on family-robot interaction. Papers were scored 
high, mid, or low within the following categories: (1) Family: Pa-
pers that directly involved family members OR those that explored 
family-oriented contexts; (2) Robot: Papers that addressed the ro-
bot’s ability to engage in social interactions within the family OR 
the perceived infuence of the robot on family dynamics; and (3) Set-
ting: Papers capturing naturalistic real-world settings OR long-term 
interactions. Papers that showed evidence in these categories were 

78



HRI ’24, March 11–14, 2024, Boulder, CO, USA Bengisu Cagiltay and Bilge Mutlu 

labeled high due to their relevance to understanding interactions 
in authentic family environments. At this step, 65 out of 198 papers 
were ranked high or mid in one or more of these three categories. 
Notably, in this work, we sampled a smaller subset of 12 papers 
that include studies where children and family members were in-
volved as participants in interactions with a social robot in real 
world settings. We further synthesize these papers that showcase 
actionable and novel contributions which served as a feasible frst 
step towards structuring our proposed framework1. 

3.3 Descriptive Insights From Screened Papers 

To answer our three research questions, we provide a descriptive 
overview of the 198 papers within our search scope. 

Over half of the screened papers (54%) included robot use in 
healthcare settings for children. Applications included interven-
tions for Autism Spectrum Disorder (ASD), chronic illnesses, sen-
sory impairments, ER visits, and hospitalization. Notably, 68 of 
105 papers in this category focused on the use of robots to sup-
port children with disabilities and special needs. These studies 
typically took place in hospitals and labs. Approximately 16% of 
the papers explored robot use in social interactions and compan-

ionship, including topics such as parenting support, collaborative 
play, connection-building, diary keeping, storytelling, and sleep 
hygiene. These studies occur in settings such as homes, labs, mu-
seums, and shopping malls. Nearly 13% of the papers focused on 
robots use in educational roles, such as reading, language learning, 
math, tutoring, and speech therapy. These studies took place in 
settings like classrooms, labs, or science and technology clubs. Nine 
percent of the papers examined topics within psychology, including 
developmental robotics, joint attention, synchrony, attribution of 
intelligence, and culture. These studies took place in controlled 
laboratory studies. Five percent of the papers addressed robot use 
for emotional wellbeing within activities for pain and anxiety man-
agement, music therapy, loneliness reduction, stress bufering, and 
painting. These interventions occur in playrooms, homes, and labs. 

Among the 198 papers, the most widely used methods are user 
studies (44%), which included feld studies and long-term studies. 
This was followed by clinical or lab interventions and trials (28%), 
new robot designs or prototypes (15%), or review and survey papers 
(13%). Notable family-centered robot prototypes include Arpi [47], 
Emobie [7], Buddy [37], Edu [54], and Pabi [29]. For example, 
Edu [54], is designed as a companion for children in protective 
isolation units to connect and play with family. 

Roles of Families in Child-Robot Interaction Research. The screened 
papers typically mentioned insights only from children, or reported 
fndings from children accompanied by: a parent; a sibling; a parent 
and other stakeholders such as classmates, educators, teachers, clin-
icians, nurses, or therapists. Rarely, papers included infant-mother 
pairs, adolescents, or child-grandparent pairs. We identifed roles 
of family members categorized as: informer; feedback provider; in-
terpreter; consent provider; survey fller; diary keeper; reporter; 
passive observer; active participant. We captured that, family mem-
bers, typically parents, functioned as łsurvey fllersž on behalf of 
their children and selves. In longitudinal studies, they have acted as 

1The full list of selected papers can be found in this embedded repository link. 

łdiary keepersž or łreporters,ž responsible of tracking interactions 
and metrics for behavioral insights. Most often, family members 
were either łconsent providersž or łpassive observersž quietly ob-
serving interactions between their child and robot without actively 
infuencing them. Family members were rarely łactive participantsž 
that partake in the interaction with the robot and child. 

3.4 Identifying the Research Gap 

We identifed several gaps that limit a family-centered approach in 
human-robot interaction research. First, the context predominantly 
includes robots for healthcare applications and social interventions 
for children with neuro-developmental disorders. Within these child-
robot interaction studies, there are limited investigation on family 
dynamics and social robot interactions in diferent contexts. Second, 
family members in child-robot interaction studies mostly involve 
parents, and specifcally mothers. Siblings, grandparents, or other 
diverse forms of family structures are underrepresented. Third, 
there is limited research examining design needs for how robots can 
support long-term interactions in continuously evolving family roles 
and dynamics. The evolution of roles over time are not captured in 
these studies. In fact, family members often take an indirect role in 
research and have passive involvement with the robot. 

4 SYNTHESIS OF SAMPLED PAPERS 

We provide an in-depth review of the 12 selected papers synthesized 
in two categories: robot interactions that support family life; and 
family characteristics that inform robot design (See Table 1). 

4.1 Robot Interactions That Impact Family Life 

Robot interactions in contexts such as education, companionship, 
storytelling, and social assistance can support family connections, 
family dynamics, child development, and learning. 

4.1.1 Robots for Eliciting Family Connections. Chen et al. [20] stud-
ied the design of a robot-assisted storytelling interaction with 12 
families of 3-7-year-old children in the context of parent-child-robot 
interaction. Robots were deployed in family homes for 3-6 weeks 
and remotely teleoperated for six 25-minute sessions of parent-
child-robot story reading. The fndings show that social robots can 
improve parent-child interactions. Particularly, the robot’s partic-
ipation in parent-child-robot interactions fostered togetherness, 
łthree of usž feeling, and a sense of belonging during long-term 
storytelling. This suggests that the robot’s storytelling facilitated 
parent-child bonding and created a unique sense of shared experi-
ences and unity in this triadic setting. This study shows the poten-
tial of robots that can foster family bonding and lasting memories 
through collaborative activities. 

Abe et al. [1] investigated a remote-operated mobile telepresence 
robot for supporting interactions between toddlers and their non-
co-located families. In a playroom feld trial, researchers tested the 
system’s acceptance and usefulness. The study included 36 partici-
pants, including 19 toddlers (aged 0 to 3) and adult family members 
(parents or grandparents). Eight toddlers refused to play with the 
robot in the playroom, while eleven toddlers interacted with the 
robot. The remote teleoperated system increased opportunities for 
grandparent-grandchild interactions and promoted the sharing of 
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Table 1: Categories of the sampled papers used to construct an initial family-centered framework 

Robot Interactions That Impact Family Life Family Characteristics That Inform Robot Design 

Family Connections [1, 20]; At Home Special Education and Family Robot Perceptions [43]; Robot Adoption in Long-Term [4, 34, 40]; 
Bonding [6]; Family Co-Learning [2]; Family Dynamics [46] Robot Acceptance [27, 39, 42] 

daily life. Motivated by these interactions, grandparents paid spe-
cial attention to their appearance during video interactions. This 
phenomenon highlights the potential of utilizing robotic telepres-
ence to strengthen toddler-grandparent relationships and foster 
meaningful connections. 

4.1.2 Robots for Special Education and Family Bonding. In a three-
month autoethnographic study [6], a parent of a 10-year-old child 
with autism describes their long-term interactions and experiences 
with an in-home socially assistive robot. The robot’s engagement 
in simple social interactions, such as greetings, fostered direct and 
indirect bonding between the parent and child and supported im-
provement in the child’s social skills. Notably, the child exhibited 
knowledge transfer from the robot after fve weeks of sustained 
engagement. To support this period, the parent and a speech pathol-
ogist created a customized curriculum to maximize the robot’s ed-
ucational potential. During the study, the child showed the robot 
afection, noted as a personal milestone for the parent. After two 
months of interaction, the child could express łlovež by recipro-
cating the phrase “I love you” to their mother through the robot. 
These interactions show how therapeutic robot interventions can 
facilitate parent-child communication and emotional expressions. 

4.1.3 Robots for Supporting Family Co-Learning. In a one-month 
in-home study with eight families (sixteen parents and sixteen chil-
dren aged 6-15 years old) in Finland, Ahtinen et al. [2] explored how 
family members collaboratively learn about social robots at their 
homes. Family members interacted with a robot collaboratively by 
completing many open-ended, hands-on tasks to learn about social 
robots, their potential roles and tasks, programming, and design. 
Study methods included online family interviews and diaries, where 
parents and children flled the diaries together. Notably, the authors 
emphasize parents’ access to data throughout the study. For exam-
ple, researcher communications with children occurred through the 
supervision of parents, and families were provided transparency 
in privacy-preserving options for the robot. Families perceived the 
co-learning as a positive experience, where the fndings suggest 
that the co-learning experience created the feeling of collaboration 
and łtogethernessž between family members. 

4.1.4 Robot Roles in Family Dynamics. A one-week in-home study 
by Pelikan [46] examined how families react to non-lexical sounds 
from a Cozmo robot and explored how families with at least one 
8-14-year-old child interacted with the robot. The preliminary fnd-
ings show that families simplifed their sentences to mimic the 
robot’s sounds. This adaptation suggests that the robot’s commu-
nication style infuenced family members’ language. Additionally, 
some families portrayed the robot diferently, with parents calling 
it a łstubborn-childž and children calling it a łbuddy.ž These dual 
characterizations demonstrate potential in the robot’s multifaceted 

role within the family dynamic, ranging from a challenging yet 
endearing agent to a friendly fgure. 

4.2 Family Characteristics That Inform Robot 
Design 

Family members’ characteristics, beliefs, values, or conficts may 
impact their perceptions, interactions, and attitudes toward robots. 

4.2.1 Family Characteristics on Robot Perceptions. McHugh et al. 
[43] examined how family characteristics afect children’s percep-
tions of robots through a goal-oriented play study in a museum. 
The study fndings identifed a connection between parents’ char-
acteristics and children’s perceptions toward robots. Specifcally, 
the results showed that children whose parents had STEM back-
grounds were more likely to attribute higher animacy to the robot. 
The study also found a link between parent-child communication 
and children’s perceptions. Specifcally, the amount that parents 
communicated about the robot directly infuenced a child’s per-
ception of robot animacy. For the children of parents with STEM 
backgrounds, children gave commands to the robot assuming the 
robot had advanced perceptual and cognitive abilities. These fnd-
ings suggest that family characteristics, communication dynamics, 
and children’s perceptions are interconnected factors that afect 
human-robot interaction. 

4.2.2 Family Characteristics on Long-Term Robot Adoption. In a 
study of hospitalized children using a telepresence robot for two 
weeks or more, Henry et al. [34] explored the robot’s role in helping 
children maintain connections with their parents and siblings and 
retain their sense of belonging within the family structure. This 
exploratory study interviewed 17 onco-hematology patients (ages 
7-25) and their parents about their home telepresence robot experi-
ences. The robot enabled family members to remotely communicate 
with the hospitalized child, supporting patients and families. Pa-
tients primarily valued the robot’s ability to bridge connections 
with siblings, “assume their role at home”, and “continue to have 
a life that is as normal as possible.” However, this robot connec-
tion became less efective for some families as their daily lives 
became more complicated. When the hospitalized child was sick or 
tired, they sometimes avoided robot contact with the family. This, 
in turn, led to feelings of sadness among the siblings, who were 
unable to connect during such moments. The changes in these dy-
namics demonstrate the complex relationship between technology, 
family relationships, and family members’ emotional well-being, 
emphasizing the need for nuanced approaches to family-centered 
human-robot interactions in healthcare. 

A 21-day multi-session robot-assisted autism therapy (RAAT) 
study by Amirova et al. [4] included 16 children aged 5-12 and their 
parents in a Kazakhstan hospital therapy center. The study exam-
ined whether parental involvement during autism interventions 
afected the efcacy of RAAT interventions. Findings suggest that, 
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parental presence may encourage exploratory and playful behaviors 
for non-verbal children with severe autism, but may decrease verbal 
children’s compliance and increase aggression. Proposed guidelines 
for RAAT suggest that researchers should consult with parents 
before therapy, defne their roles, and allow their presence in initial 
sessions, especially for severe cases of autism. Parent-involved data 
collection measures may include questionnaires, parent-child rela-
tionship assessments, skill benchmarks, and pre- and post-tests to 
ensure efective therapy and long-term progress monitoring. This 
study shows how parental presence, children’s characteristics, and 
child-parent relationships afect RAAT outcomes and can inform 
robot design for long-term parent-involved therapy sessions. 

In a two-week study by Levinson et al. [40], seven families with 
children aged 6-13 shared their experiences and concerns about liv-
ing with a social robot. Children engaged in entertaining activities 
with the robot, such as storytelling and word-guessing games. The 
activities encouraged collaborative play and turn-taking between 
siblings, however children faced challenges in sustaining long-term 
engagement, which also created a burden on parents. The results 
suggest that contextual factors such as changes in family routines 
during summer vacation, may hinder long-term engagement. 

4.2.3 Family Characteristics on Robot Acceptance. A study by de Jong 
et al. [27] examined children’s views on robots and their acceptance 
or rejection of them. 87 children (7ś11-year-olds) interacted with a 
social robot during class and completed a questionnaire about their 
experiences. The fndings show that three types of beliefs infuenced 
children’s decision-making. Utilitarian beliefs, such as the robot’s 
ability to help with homework, chores, and teach jokes, contributed 
to fostering acceptance. Hedonic beliefs śthe desire for companion-
ship, emotional support, and play when no one else was availableś 
were identifed as strong motivators for acceptance. Social beliefs, 
such as children who view robots as łcoolž and łuniquež were more 
likely to accept them in their homes. In contrast, normative beliefs 
about family members’ disapproval or fear of siblings were iden-
tifed as reasons for rejection. This study shows how family and 
surroundings infuence children’s normative beliefs about robots 
in the home. This nuanced understanding of children’s beliefs re-
fects the multifaceted nature of their decision-making processes 
for accepting robots in home. 

In a qualitative design fction study, Lin et al. [42] explored 
predictors for parents’ acceptance of storytelling robots in their 
families, including 14 mothers and 4 fathers with children aged 2-5. 
The context of use afected the perceived appropriateness of intro-
ducing such a robot into their family. Parents’ acceptance also was 
reliant on the robot’s perceived agency and intelligence. Notably, 
parents were ambivalent about the robot’s emotional expression, 
which may hinder adoption. Although this work did not include 
insights directly from children, it demonstrates the factors that par-
ents consider when deciding whether to incorporate storytelling 
robots into their family interactions. 

Lee et al. [39] surveyed working parents regarding their expec-
tations and preferences for social robots’ in childcare functions, 
such as socialization, education, entertainment, and consultation. 
The survey included dual-income mothers (� = 351) and fathers 
(� = 273) with single or multiple children (early childhood, aged 3-
7, � = 204; middle childhood, aged 8-12, � = 210). Parents favored 

robots for childcare functions like socialization, entertainment, and 
consultation, but not education. Additionally, working parents’ 
parenting styles (e.g., family-oriented, work-oriented, noninterven-
tional, dominant) infuenced their expectations regarding social 
robots. Children’s characteristics also infuenced parents’ prefer-
ences for a social robot, such that families with younger children 
were more likely to prefer social robots with counseling functions. 
However, parents of older children were more positive towards an 
entertainment robot. These fndings illustrate how child and parent 
characteristics infuence acceptance of robots at the home. 

5 TOWARD A FAMILY-CENTERED 
FRAMEWORK IN HRI 

We employed a deductive approach to guide the framework develop-
ment grounded by (1) the ecological theories described in Section 
2.2, (2) the gaps noted in Section 3.4, and (3) the synthesis of the 
sampled 12 papers in Section 4. 

First, by incorporating family-systems theories, specifcally Bowen’s 
Family Systems Theory (FST), into our theoretical framework, we 
aim to capture the dynamics of family interactions with robots. 
FST’s perspective on families as complex social systems provides 
insights into the potential role of social robots as integral members 
of these systems. This lens enables the exploration of diverse inter-
actions and relationships formed between social robots and family 
members. Through FST, we identifed three systems for the proposed 
framework: Family System, Robot System, and Contextual System. 

Second, we translated practical insights grounded in the theo-
retical background, research gaps, and paper synthesis, to identify 
the multifaceted roles of social robots within family systems. The 
synthesis served as a guide for developing the proposed frame-
work that represents the complexities of family-robot interactions. 
From robots fostering togetherness through storytelling to robots 
strengthening family bonds via telepresence, these studies ofered 
tangible examples of social robot characteristics that might con-
tribute positively to family dynamics. The system components aim 
to inform the design and deployment of social robots, ensuring their 
meaningful integration into diverse family structures and sustained 
interactions over time. We describe these systems below. 

5.1 Family-Robot Interaction Systems 

At a high level, family-robot interactions consist of three systems: 
the family system, robot system, and contextual system (See Fig 3). 

5.1.1 Family System. The family system includes all members in-
volved in the family and the relationships between each member. It 
considers the unique characteristics, beliefs, values, and conficts 
within the family that infuence their perceptions and interactions 
with robots. These members may be co-located or located in dif-
ferent contextual systems. The family system is dynamic and may 
evolve over time, impacting the long-term nature of robot inter-
actions. For example, new members may join or leave the family 
system for various reasons (short-term changes: work, vacation, 
school; long-term changes: birth, death, marriage, divorce). From the 
literature review, we identifed that several family members’ char-
acteristics play a signifcant role in shaping how family members 
perceive and engage with robots, these include: family routines [40]; 
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parents’ STEM backgrounds [43]; dual parent employment and par-
enting styles [39]; family resilience towards changes in children’s 
health conditions [34]; the spectrum of children’s diagnosis and 
parents physical presence [4]; children’s hedonic, social, and util-
itarian beliefs [27]; and parents’ perceptions towards the agency, 
intelligence, and expressivity of robots [42]. 

5.1.2 Robot System. The robot system considers the technical and 
interactive attributes of the robot itself, including its design, capa-
bilities, and functions. We identifed varying use cases of robots 
that have distinct impacts on family life, such as those designed for 
storytelling [20, 42], play [1, 40, 43], learning [2, 27], therapy [4, 6], 
communication [34, 46], and childcare [39]. Several robot charac-
teristics may support interactions between family members, for ex-
ample, robot’s ability to convey emotion [6], hold multi-party inter-
actions [20], assist with homework, chores [27], entertainment [40], 
help maintain long-distance connections [34], as well as its com-
munication style [46], perceived intelligence and agency [42]. 

5.1.3 Contextual System. The contextual system captures the phys-
ical environments in which HRI takes place, such as homes, muse-
ums, libraries, or any other relevant setting. This system sets the 
stage for HRI interactions and shapes the nature of robot use within 
specifc environments. Examples from our review include: robots 
in the home [2, 6, 20, 40, 46] or surveys for in-home use [39, 42]; 
museums [43]; hospital [4]; or robots used in multiple contexts, 
between a playroom and non-co-located family members [1], a 
hospital and home [34], or classroom and home [27]. 

5.2 Infuences on Family-Robot Systems 

All three of these systems are bounded by four dimensions: roles 
assumed within a system; goals set within a system; processes 
followed within and between systems; and the changes in time. 

5.2.1 Roles. The roles of family members in child-robot interactions 
span across varying levels of involvement such as: direct partic-
ipants ([1, 2, 4, 6, 20, 34, 40, 43, 46]), for example in parent-child 
co-learning and co-diary keeping [2], parent-child storytelling [20], 
or parent-child goal-oriented play [43]; or indirect infuences on chil-
dren’s perceptions towards robots (e.g., [27]), including roles such as 
an informer, feedback provider, interpreter, consent provider, survey 
fller (e.g., [39, 42]), diary keeper, reporter, passive observer. Robots 
can assume various roles within the family, such as a companion 
for the child or an assistant for the parents [16]. In the reviewed 
work, robot roles span across storytelling companions [20, 42], play-
mates [1, 40, 43, 46], learning companions [2, 4, 6, 27], childcare 
assistant [39], and telepresence agent [34]. 

5.2.2 Goals. The goals set by individual family members, for exam-
ple, parents’ desires for childcare support [39] or children’s need for 
companionship [27], may infuence the broader family acceptance 
and engagement with robots. As robots become more prevalent 
among family homes, conficts and tensions regarding the use of 
these technologies will likely emerge due to the family members’ 
multi-faceted needs (e.g., as seen in family interactions with smart 
home devices [10, 11, 52]). The goals of robots are inherently shaped 
by its use cases (e.g., storytelling, play, education) and may include 

The physical environments in which HRI takes place. 

Home [2, 6, 20 , 40 , 46, 39 , 42]; 
Museum [43]; 
Hospital [4]
Across multiple contexts: 
Playroom and remote location [1], 
Hospital and home [34], 
Classroom and home [27]

Contextual System

Informs  
Design

Supports
Interactions

Family routines [40];
Parents’ STEM backgrounds [43]; 
Parent employment and parenting styles [39]; 
Changes in children’s health conditions [34]; 
Children’s diagnosis and parents’ presence [4]; 
Children’s hedonic, social, and utilitarian beliefs [27]; 
Parents’ perceptions towards robots [42].

Members involved in the family and the 
relationships between each member. 

Family System

Technical and interactive attributes of the robot itself, 
including its design, capabilities, and functions.

Robot System

Ability to convey emotion [6], hold multi-party interaction [20] 
Ability to assist with homework, chores [27], entertainment [40]
Ability to help maintain long-distance connections [34],
Robot’s communication style [46], intelligence and agency [42].
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Figure 3: Systems for Family-Robot Interaction 

goals such as sustaining long-term engagement, facilitating child-
parent co-play, or a medium to connect distant family members. 

5.2.3 Processes. The processes represent the actions that occur 
between systems or within a system. Take the example of a sto-
rytelling robot (robot system) placed in a library (contextual sys-
tem) interacting with children and grandparents (family system). 
The processes between systems may include the direct interactions 
between the child-grandparent-robot and library staf (e.g., turn-
taking), as well as the indirect interactions between the library 
context and robot (e.g., the library’s noise level impacting the ro-
bot’s ability for speech recognition). The processes within a system 
may capture the direct actions between the child and grandparent, 
or indirect actions such as the robot’s connection to a cloud server. 
Inherently, the processes capture beyond a single dimension, and 
are shaped by the roles, goals, and afordances of all three systems. 

5.2.4 Time. The factor of time is crucial for a holistic understand-
ing of family-centered HRI. It accounts for changes that happen 
over time and refects the importance of long-term interactions. 
Our review included several examples that captured families’ long-
term interactions with robots, which typically ranged between one 
week to one month [2, 4, 20, 34, 40, 46] and in one case up to three 
months [6]. The time dimension cuts across all three systems. The 
indirect impact of time on the family system becomes visible in 
long-term interactions with robots, for example, uncovering im-
provements in family connections, changes in child development 
and learning, and shifts in family dynamics. Similarly, this dimen-
sion can capture the evolution of the robot’s role and capabilities 
within the family over extended periods. For example, a robot’s 
role may initially be an assistant for the family and, over time, may 
evolve into a companion for an older adult in the household. On 
the contrary, families may become less attached to the robot over 
time and have decreased engagement due to changes in the family 
system. In response, this may call for proposing novel and adaptive 
robot behaviors. Nonetheless, contextual changes that happen over 
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time may inevitably impact the robot and family system. For exam-
ple, it may be easier for families to maintain routines with robots 
during the school year compared to the summer vacation. 

6 DISCUSSION 

In this work, we introduced a theoretically motivated framework 
as a step toward family-robot interactions. We propose that, a 
family-robot interaction involves three systems: family system, 
robot system, and contextual system. Within this framework, it 
is necessary to explore, identify, and defne the roles, goals, and 
processes between members involved in each system to understand 
the holistic nature of family-robot interactions. This framework 
was constructed given insights drawn from reviewed literature in 
child-robot interaction and insights from family theories. In our 
narrative review, we explored the current space of child-robot in-
teractions that expand to broader family involvement. We found 
three gaps in the feld: frst, the limited body of work that focuses 
on contexts beyond therapy and healthcare; second, the lack of rep-
resentation of family members involved in child-robot interaction; 
and third, limited exploration of long-term social robot use that can 
adapt to changes in roles and dynamics within the family. 

With further synthesis, we identifed two core themes that cap-
ture the high-level interplay between family members and robots. 
First, robots have the potential to support the needs and preferences 
of children and their surrounding care ecosystems, embodying roles 
that could enhance family connections. They can serve as catalysts 
for family togetherness, create shared experiences, and promote 
lasting memories through collaborative activities. Second, family 
characteristics, such as parents’ STEM backgrounds, employment, 
individual beliefs, values, and communication patterns, play a piv-
otal role in shaping how family members perceive and interact with 
robots, potentially infuencing long-term acceptance and adoption. 
By understanding the diversity among family characteristics and 
the unique needs of individuals within the family, researchers can 
inform design decisions for robot capabilities that are more suitable 
to real-world use-cases. Finally, we translated these insights to con-
struct a family-centered framework for family-robot interactions. 

6.1 Practical Applications of the Framework 

Here, we discuss strategies for validating and applying the family-
centered framework for family-robot interactions and ways in 
which the framework may provide value to its practitioners. First, 
to ensure the holistic understanding of family-robot interactions, 
it becomes imperative to unravel and defne the roles, goals, and 
processes within each system. To validate the framework, we pro-
pose engaging in empirical studies to assess the extent to which the 
framework explains observed family-robot interactions. For exam-
ple, a study may explore how family members’ characteristics and 
perceived trust may infuence turn-taking in family-robot group 
interactions and inform robot design. For validation, one should 
demonstrate the emergence of systems and boundaries as outlined 
in the framework, providing empirical support and enhancing our 
comprehension of family-robot interactions. Once validated, the 
framework aims to propose value as a versatile tool for HRI re-
searchers seeking to take a family-centered lens. This would enable 
applying the framework, which would involve guiding researchers 

in the early stages of their work, aiding them in making informed 
technical design decisions, structuring study designs, formulating 
hypotheses, selecting study sites, and recruiting participants. By in-
tegrating this family-centered perspective into the research process, 
the framework should ideally ensure that the study captures the nu-
anced interplay between family members and robots. For example, 
the framework might serve as a template to create a family-robot 
integration plan, specifying design requirements tailored to fam-
ily needs and robot afordances. Moreover, there is potential for 
customization and extension of the framework based on specifc 
research contexts and new insights. Researchers are encouraged to 
adapt the framework to suit the unique characteristics of their study 
populations and contexts. As insights emerge from varying family 
structures, cultural contexts, and long-term implications, the frame-
work will likely serve as a basis to be customized and expanded to 
align with the evolving landscape of family-robot interactions. 

6.2 Limitations and Future Directions 

We acknowledge several limitations in our work. First, our review 
process for constructing the framework does not constitute as a 
comprehensive examination of existing literature. Thus, our syn-
thesis may exclude some studies, viewpoints, or nuanced fndings. 
The selected papers for synthesis were included as a frst step to-
ward a framework demonstrating how child-robot interaction can 
involve other family members. Future research must prioritize de-
sign, user evaluations, and extensive scoping reviews of relevant 
family-robot interaction phenomena to better understand the land-
scape and expand our framework. Furthermore, it is worth noting 
that many of the discussion points included in this framework are 
already known challenges within HRI research. Long-term inter-
action, adaptation, personalization, cultural diversity, and ethical 
and social implications for children have long been recognized as 
critical areas of exploration. Our framework situates these dimen-
sions in the broader family-robot interaction context. We believe 
that focusing on families as a whole may provide a more holistic 
approach to addressing broader challenges in HRI research. The 
framework aims to increase HRI researchers’ participation in these 
important conversations around robots tailored for families. De-
spite these limitations, we aim for our work to serve as a valuable 
starting point for future research directions toward family-centered 
HRI, fostering innovation and collaboration within the feld. 

7 CONCLUSION 

We presented a theoretically motivated framework informed by 
family theories and the growing literature in HRI focusing on chil-
dren and families. We argue that a family-centered approach in HRI 
should encapsulate the multifaceted interactions between family 
members and robots. We aim that our proposed framework may 
serve as a frst step toward designing for family-robot interactions. 
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