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Abstract

Smart home technologies have become common in family homes,
making even young children inevitable users of these technolo-
gies. However, these systems are typically designed for individual
adults, creating family tensions and conflicts over children’s access,
safety, and appropriate smart home use. To investigate children’s
and parents’ individual and joint smart home needs and dynam-
ics, we conducted an in-home study with nine families (children
aged 6-11). We identify four key parent-child tensions with smart
home technologies, including struggles over parental protection ver-
sus children’s autonomy, differing views on technology’s purpose,
disagreements over technology-enforced routines, and children’s
vulnerability to embedded commercialism. Our work reconceptu-
alizes parental mediation as a process of “tension management”
rather than the application of static rules. This research challenges
the dominant individual-centric choice architecture in smart home
design, calling for a family-centered approach that acknowledges
and adapts to the fluid, complex, and negotiated reality of modern
family life.
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1 Introduction

Growing HCI research has identified that families use various types
of smart home technologies [21, 23, 26, 57, 73, 74], such as smart
speakers [5, 40], monitoring cameras [29, 30], smart locks [75,
76], and smart lights [9, 11] for different purposes such as con-
venience [68, 69], learning [18, 34], security [41, 48, 53], and en-
tertainment [32, 33]. While these studies have provided valuable
insights into how families integrate smart devices into everyday
life, they primarily feature adult perspectives, offering a limited
understanding of the children who live with and actively use these
systems.

The few studies that have focused on children and teens have
typically examined individual smart home devices, such as smart
speakers for communication [4, 5, 25], toys for play [22], or cam-
eras for monitoring [65], rather than interconnected smart home
systems. This device-specific lens leaves open questions about how
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children experience and navigate multi-device interactions, and
how parent-child dynamics are shaped by smart home technologies
that are embedded in routines and relationships. Addressing this
gap requires a child-centered and holistic view of smart homes that
considers the interplay of multiple devices and the tensions they
create within families [55, 61].

Our study focuses specifically on middle childhood children
(6-11 years old), a period when they actively use smart home tech-
nologies [59], are more likely to own their own devices, and begin
developing basic digital literacy [38, 60]. Children in this age group
tend to follow clearly explained rules but may not have a clear un-
derstanding of the risks associated with their digital behaviors that
are less direct or obvious [38, 46]. This makes them an important
group to study to understand how smart home design supports or
affects children’s growing needs and family relationships.

With this premise, we examine children’s lived experiences
alongside parents’ roles in supporting children’s smart home use.
As the smart home is a shared space where lives intertwine, we
view it not as a collection of individual users, but as a shared family
concept [27, 42]. We examine two central questions:

e RQ1: What needs and tensions arise for children and parents
regarding children’s smart home use?

e RQ2: How could smart home technologies be designed to
better support parent-child shared participation while bal-
ancing child safety and agency?

To answer these questions, we used an adapted Mosaic method
to piece together children’s perspectives [16, 28]. We combined
interviews, child-led home tours, and a self-paced design workbook
inspired by existing smart home design research [19-21, 30, 72].
This multi-faceted approach allowed us to capture the rich, contex-
tual experiences of both children and parents.

Our study involved nine families (children aged 6-11) who use
smart home technologies. From this work, we make three key con-
tributions:

First, we extend prior device-specific research by offering a deep-
ened and nuanced understanding of parent-child tensions in inte-
grated smart home environments in four aspects: (1) monitoring
as care vs. surveillance, where parental protection needs con-
flicted with children’s developing autonomy; (2) utility vs. play,
showing conflicting views on the technologies’ purpose and their
engagement-driven design; (3) convenience vs. rigidity, arising
from disagreements over technology-enforced rules and routines;
and (4) education vs. persuasion, regarding family struggles in
responding to devices’ embedded commercial agendas.

Second, by revealing these tensions and examining how par-
ents manage and mediate children’s smart home access and use,
we reconceptualize parental mediation as a dynamic process of
tension management rather than the application of static rules.

Third, building on families” design ideas and responding to these
tensions, we further identified six recommendations for creating
domestic IoT technologies that support shared participation and ne-
gotiation within families: (i) shifting from individual-user models to
systems that support shared experiences; (ii) providing mechanisms
to address tensions, negotiation and compromise; (iii) offering con-
trols that adapt to children’s development to support responsibility
and self-regulation; (iv) avoiding over-engagement and distracting
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designs; (v) incorporating playful features that facilitate connec-
tion; and (vi) involving diverse families in the smart home design
process as both ethically necessary and a sign of quality. By cen-
tering children’s perspectives and introducing holistic smart home
design recommendations, we contribute to HCI's broader agenda
of creating technologies that support relational dynamics in family
life.

2 Background and Related Work

We contextualize our work by engaging with three areas of HCI
and childhood studies: existing literature on parent-child tensions
about smart home technologies, parental mediation of children’s
digital technology use, and participatory methods for researching
children’s lived experiences that have informed our study design.

2.1 Parent-Child Interactions and Tensions
Around Smart Home Technologies

Modern family life is intertwined with technologies, influencing
children’s living [61, 65], learning [24], and play [5], especially
when these technologies were not originally designed with children
in mind [59]. At the same time, the home environment plays a
critical role in children’s development of autonomy and competence,
fostering a sense of security and trust while facilitating both privacy
and social interactions [67].

While early research on domestic IoT focused on functional ben-
efits like convenience and energy saving [31, 58, 69], growing HCI
work has recognized the smart home as a site of social interac-
tions [19, 57, 61], negotiations [4, 5], and sometimes a “battlefield”
for domestic life [42]. However, much of this existing inquiry has
examined these tensions through the lens of individual devices. Re-
search on smart speakers, for instance, has extensively documented
how voice interfaces disrupt family communication. Beneteau et
al. [4, 5] and others [3, 25, 64] revealed how these devices create
new forms of conflict, such as children interrupting parents or sib-
lings fighting over command control. Similarly, research on home
monitoring systems has highlighted the tensions between protec-
tion and privacy. Ur et al. [65] and others [29, 30, 72] demonstrated
how smart locks and monitoring cameras can unintentionally cre-
ate trust issues among families, turning the home into a space of
surveillance.

Additionally, while recent work has begun to address multi-
user needs like child-friendly interfaces and controls [11, 23, 26],
these efforts remain primarily focused on adult users’ perspectives.
This leaves a gap in understanding children’s lived experiences in
smart homes and how they navigate integrated smart home systems
in which cameras, speakers, lights, and other smart devices are
interconnected and operate simultaneously. Our work expands on
adult-centered, device-specific findings from prior work by shifting
to a child-centered and holistic perspective. This approach enables
us to explore design considerations that mediate family tensions,
contributing to HCI’s broader discourse on designing technologies
for shared domestic spaces [21, 30, 52, 57].



From Parent-Child Tensions to Family-Centered Design in the Smart Homes

2.2 Parental Management and Mediation of
Children's Use of Technologies

Parental mediation theory has been the guiding framework for
understanding how parents manage their children's media engage-
ment. Originally developed in the context of children's TV watch-
ing, early strategies included active (discussion), restrictive (rule-
setting), and co-viewing44. Over time, the theory expanded as
children's media use evolved from using passive screens to more
interactive digital modalities to describe how parents manage chil-
dren's use of technologies concerning online safe#[70, pri-
vacy [47,56, and device usagel, 39. Clark argued that the digital
age required moving beyond simple restriction towapdrticipa-
tory learning where parents and children interact together through
digital media to foster agencyl[7]. Meanwhile, the rise of per-
sonal mobile devices led to authoritative mediation styles, where
parents managed the device's portability through strategies like
temporary access, time-limiting and parental control software, or
digital grounding [8]. However, these evolved strategies still rely
on the a ordances of personal, screen-based digital technologies
owned by individual users.

The emergence of smart home technologies poses di erent chal-
lenges as the interactions extend beyond screens. Unlike a tablet
that can be con scated, smart home technologies are ambient, voice-
activated, and embedded in the shared home environméy87, 59,
blurring the boundaries between shared and private spaces. As Sun
et al. found, this shift introduces new categories of unanticipated
combinations of physical and digital risk, such as a child unlock-
ing a smart lock or purchasing items via voice command@d][
Relatedly, in the integrated smart home environment, traditional
strategies are di cult to apply when technologies operate across
multiple devices and spaces. For instance, a parent cannot restrict a
smart light, which children may treat as a toy, without potentially
impacting other family members, nor can they easily monitor every
single voice command.

This creates a theoretical disconnect. Parents face what Wis-
niewski et al. call an impossible middle ground as they are forced
to choose between overly passive approaches that expose children
to risks or overly restrictive measures that undermine trust and limit
children's participation [/ 1. Sun et al. attribute this problem at least
partially to the all or nothing approach in current smart home ac-
cess control design, noting that parents lack the resources to apply
exible mediation across a system of connected devidgg.[In this
context, we argue that the smart home represents a unique chal-
lenge for parental mediation, as it requires moving from mediating
atechnology to managing an environment. Our work addresses this
gap by proposing tension management, as a concept that moves
beyond binary rules (allow/block) to capture the dynamic, real-time
negotiations required to live in a shared, connected home. This
reconceptualization extends parental mediation theory and informs
HCI's broader discourse on family informatics and child-computer
interaction.

2.3 Conducting Research with Children At
Home

Research in childhood studies has explored listening to, consult-
ing with, and researching with young children through various
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approaches and activitied P, 13 2§. One notable example is the
Mosaic approachl€, a multi-method framework developed based
on the view that children are experts in their own livek.combines
observation and interviews with participatory tools such as child-
led home tours, photographs, and drawings to create a composite
picture of children's experiences.

Child-led tours o er rich contextual insights by revealing phys-
ical settings and objects while enabling children to share their
thoughts, feelings, and experience&q. Visual methods (e.g., draw-
ings and photos) allow children to express ideas beyond spoken
words [15 16, and these visuals often serve as prompts for deeper
discussion and re ectionq. Through these activities, children
articulate their understanding of living spaces, gain con dence, and
experience pride in being heard by adults. This process empow-
ers them to explore the ways in which they perceive the world and
communicate their ideas in a way that is meaningful to thgss].

While numerous methods exist for studying children in their
spaces, researchers must remain sensitive to children's diverse
backgrounds and contexts, inviting creative approaches that re-
spect these di erencesl4 2§. As Green emphasizes, understand-
ing children's perspectives is not only practical but also essential
for shaping a vision for the future. When these young minds are
empowered to believe their ideas matter, the impact can be pro-
found [2§. Both the research focus on children's perspectives and
the methods described by GreeRd re ect an intention to honor
children and uphold their participatory right of expression for the
betterment of our world both today and tomorrow.

Recognizing the importance of situating smart home research
in the actual home context, our study adapts Mosaic-inspired ap-
proaches for this domain. While child-led tours and visual prompts
remain central, we incorporated technology-focused activities (e.g.,
exploring device interactions, design workbooks) to capture how
children experience and imagine smart home technologies embed-
ded in family life. Our approach addresses the unique challenges
of studying ambient, integrated smart home systems where inter-
actions are distributed across spaces and intertwined with family
routines, ensuring that children's voices inform both empirical
insights and design implications.

3 Study Design

Inspired by the Mosaic approachL§, our study engaged nine
families with children aged 6 11 years using multiple methods to
capture their perspectives in the home. We conducted child-led
home tours, interviewed parents about their children's smart home
experiences, and created a design workbook inspired by existing
smart home research), 77 to engage child-parent interactions
and re ections. Families completed the workbook at their own pace
and shared their insights during an exit interview. Our adapted,
four-step process is detailed in Figure 1. This study was approved
by our university's Institutional Review Board (IRB).

3.1 Parental Interviews

We started with an hour-long parental interview, conducted via
Zoom, aimed at contextualizing children's smart home experiences
from the parents' perspectives (RQ1). This included introductions,
parents' descriptions of their children, the parent-child relationship,
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Figure 1: An overview of the four study steps: Step 1: A parental interview to inquire about children's smart home use and
parent-child relationships. Step 2: A home visit including a child-led tour to observe and interview children to understand
their smart home experiences and needs. Step 3: The use of a design workbook as a probe to facilitate the creative process for
generating ideas and concepts with families. Step 4: An exit interview with both the parent and the child to learn about their

experiences and input on the design workbook.

the role of smart home technologies in family relationships and

probes to spark dialogue and support creative processes. Building

routines, parents' perspectives on children's smart home access and on these ideas, we aimed to create a workbook that engaged both

participation, related issues and bene ts, and descriptions of expe-
rienced parent-child con icts due to di erent smart home needs
and how they respond to such con icts. Parents' answers helped
us establish a baseline understanding of their smart home setup
and provide a point of comparison to children's smart home expe-
riences described during the child-led home tour. See the parental
interview protocol in Appendix A.

3.2 Child-led Home Tour

Recognizing the importance of situating smart home research within
the actual home context, and drawing on established methods from
childhood studies (e.qg., child-led tours)Z 13 2§, we incorporated
in-person home visits into our study. Each home visit generally
lasted 1.5 2 hours, including a child-led tour of the family's smart
home setup and an interview. These home visits allowed us to
observe children's interactions with and access to smart home tech-
nologies, and hear children's explanations of related parental rules,
their likes, dislikes, and experiences of speci ¢ devices (RQ1). Child

children and parents in shared re ection and ideation through
illustrations that resonated with their lived experiences. To achieve
this, the research team spent eight months iteratively developing
the design workbook:

First, we reviewed literature on the use of smart home technolo-
gies by families $1, 55 57, 59 to identify popular device types (e.g.,
smart speakers, smart monitoring cameras, and smart thermostats)
and use cases (e.g., supporting routines, monitoring children). We
then created storyboards and scenarios about how families use
di erent devices in diverse ways. Next, we developed activities and
prompts, such as the parent-child comparison table (see Figure
2 D), temperature detective (see Figure 2 E), and smart home
safari (see Figure 2 F), to engage families' re ections and ideations.
To create a cohesive storyline, we also introduced a main charac-
ter (see Figure 2 B) to accompany families on their smart home
adventure to discover seven types of smart home technologies in
the Techie Town (see Figure 2 C). This narrative depicts the in-
teractions, needs, and sometimes con icts between children and

assent was obtained before each session, and parents were alsdlarents.

welcomed to join the tour. Parents mostly chose to stay nearby to

In our study, at the end of each home visit, we ended the session

observe and provide exp|anations as needed. We audio-recorded by introducing families the design workbook activities and prOVided

the tours and photographed the devices (no photos of children were
taken). See the child-led tour protocol in Appendix B.

3.3 Design Workbook

While the rsttwo steps contextualized children's lived smart home
experiences from both parents' and children's perspectives, the
third step using a design workbook aimed to provoke discussions
and insights between child and parent participants that would guide
families in generating shared designs about smart home futures
(RQ2). Our workbook design was inspired by Desjardins et al's
Bespoke workbook for non-conventional home&J and Wong et
al's comic-style workbook illustrating tensions around monitoring
cameras TJ. Both prior approaches used illustrated scenarios as

them with a packet of drawing supplies (see Figure 2 A).

3.4 Exit Interview

Each family was given two to three months to complete the work-
book. Upon completion of the workbook, we conducted in-person
exit interviews (see the full script in Appendix C) with families to
discuss the workbook content, their answers to the prompts, design
ideas and feedback about the design workbook method itself. We
chose in-person interviews to directly hear children's workbook
responses and re ections, and photographed the contents of their

1The workbook is available in full in our OSF repository: https://osf.io/z9k5p/overview?
view_only=3351a53418e64083af05821630b6dal9
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