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Abstract

While family informatics has been developed for monitoring and
tracking family-centered health data, there remains a gap in under-
standing how family informatics can support families in reflecting
on their social behaviors and emotional dynamics. We address
this gap with SELaD, a system that captures and visualizes social-
emotional data from daily family interactions using audio, video,
and physiological sensors. In a semi-naturalistic study with 17 fam-
ilies (n = 51), we investigated how this data facilitates reflection.
Our findings reveal a process we term relational reflection, where
families collaboratively interpret multimodal data to deepen their
understanding of conversational dynamics and emotional influ-
ences by recalling their shared history and expectation of good
communication. This process was particularly enriched by emo-
tional data from multiple sources that families could cross-reference
and reconcile. This work presents SELaD as a technology probe and
empirically grounds the concept of relational reflection, positioning
it as a foundation for designing future reflective technologies.
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1 Introduction

HCI researchers have increasingly explored family-centered health
tracking, expanding the scope of traditional personal informatics
into the emerging space of family informatics [88]. This concept be-
gan to take shape in the HCI literature with growing interest in how
families collaboratively engage with health and well-being [87, 93].
Although existing family informatics systems have primarily fo-
cused on capturing individual or aggregated health data within
families (e.g., sleep [87], physical activity [68, 93], diabetes symp-
toms [16], and mood [68, 100]), less attention has been given to
how families collectively engage with and interpret their shared
social and emotional experiences. One reason for this gap is that
conducting research on social and emotional experiences requires
multimodal sensing of these states and presenting such data to
families, which has posed technical challenges. This remains an
underexplored area, despite the research communities’ longstand-
ing interest in the role of technology in shaping social dynamics,
collaboration, and mutual support within close-knit groups.

Some recent studies have begun to explore this gap, showing
the feasibility of using sensor-aided family informatics to support
reflection on affective states during shared activities [68]. Social
and emotional data of a family can reveal their unique social dy-
namics, such as ripple effects among family members [88] or the
roles of parents and children [87]. Understanding such family in-
teractions through deep reflection can help discover communal
norms, strengthen family relationships, and foster children’s social-
emotional development [18]. Family interactions provide a critical
context for children’s social-emotional learning [86, 98], offering
opportunities to reflect on social awareness, emotional awareness,
and communication behaviors. Furthermore, given the inherently
reciprocal nature of these interactions (e.g., modeling emotional
regulation, acknowledging their own emotions, and engaging in
shared reflection), parents’ active participation is essential for sup-
porting children’s healthy social-emotional development. However,
to date, sensor-aided family informatics has rarely been applied
to observe everyday family social interaction; most deployments
remain confined to special purposes such as parent-driven instruc-
tional scenarios [48, 51]. Thus, there is limited empirical evidence
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on how sensing can support balanced, symmetric reflection in ordi-
nary family life. At the same time, placing sensing technology in
intimate family settings introduces possible harm, such as privacy
leakage, power asymmetry, and overreliance on data that can erode
trust and exacerbate familial tension.

To explore this tension, we draw on the notion of dialogic re-
flection by Fleck and Fitzpatrick [32], originally defined as “seeing
things from a different perspective and considering alternatives,’
by focusing on its interpersonal dimension as a process of jointly
interpreting shared experiences that leads to significant shifts in
social-emotional understanding. In this work, we prototype SELaD,
a family informatics system designed to capture, quantify, and vi-
sualize social-emotional data from audio, video, and physiological
sensors during everyday interactions (e.g., mealtime conversations)
to facilitate dialogic reflection for social-emotional learning within
families. SELaD thus serves both as a proof-of-concept for extending
multimodal sensing into daily life and as a technology probe [47]
for investigating design tensions that arise when such data are col-
lected and presented within the family. With SELaD, we set out the
following research questions to investigate how families leverage
multimodal sensor data of their social-emotional interactions and
how the system supports families’ sensemaking of the data:

RQ1) How do families reflect on the family conversation by
interpreting multimodal social and emotional data?

RQ2) What insights do families gain through reflection?

RQ3) What factors contribute to deepening the reflection?

To answer these RQs, we collected data through a user study
involving 17 families (n = 51) in a semi-naturalistic home setting
to examine reflective processes, evaluate usability, and conduct
interviews.

Our findings show that families engaged in relational reflection
when interpreting multimodal social-emotional data with SELaD.
They recalled a shared family history and shared expectation of
good communication, and collaboratively interpreted the meanings
of data, which deepened their understanding of the conversational
pattern and emotional influence (Section 6.1.) We also identified
factors that facilitate this relational reflection, and observed that
the nature of emotional data and how the family engaged in the
reflection could shape relational reflection (Section 6.2).

Collectively, the key contributions of our study are as follows:

e We designed and implemented SELaD, a family informatics
prototype that integrates audio, video, and physiological
data streams from the mealtime conversation of the family
into video playback, data chart, and question-type prompts
that can scaffold users to reflect on their behaviors.

e We conducted a user study of 17 families (n = 51) and per-
formed an in-depth qualitative analysis that identified the
co-constructed insights about family dynamics that families
gained from relational reflection, and how reflection could
be facilitated by the emotional data.

o We frame relational reflection with the study results and dis-
cuss its design implications around (i) technologies leverag-
ing multimodal social-emotional data, (ii) prompts to scaffold
the data reflection of families, (iii) strategies to mitigate the
ethical concerns.
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2 Background and Related Work

2.1 From Personal Informatics to Family
Informatics

Since health and well-being are inherently socially interconnected,
it has been argued that future research should consider various in-
terpersonal contexts [90]. However, prior work in HCI has primarily
focused on social use of personal data and personal informatics (e.g.,
within significant others [70, 71], through social media [29, 108])
to drive behavior change, rather than examining data that is co-
constructed or collected within interpersonal contexts.

The concept of family informatics extends the framework of
personal informatics, which traditionally supports individuals in
collecting and reflecting on self-tracked data, such as physical, emo-
tional, and social metrics, to derive insights for well-being [88].
Unlike personal informatics, which centers on individual experi-
ences, family informatics views families as interconnected networks
where members share routines, behaviors, and health-related deci-
sions [10, 20, 75]. From this perspective, family members exhibit
collective responses to health outcomes [107, 109], meaning that
their shared behavior patterns and coping strategies can positively
and negatively influence well-being.

Family informatics leverages family-generated data collected
through sensor-rich tracking tools to assess behavioral domains
such as sleep [87], diet [94], and physical activity [93]. Moreover,
existing family tracking systems center data related to specific
health conditions of the child, such as blood glucose levels [105],
mood data [100], symptoms and medications [16], which have been
shown to support self-regulation and self-care of children. However,
most studies focus on tracking and visualizing data rather than
fostering active discussions that enable family members to gain
self-knowledge and understand each other’s experiences [33].

The process of engaging in meaningful discussions around shared
data—termed co-reflection—is a key component of family informat-
ics. Co-reflection refers to a collaborative data reflection process
in which family members assess their behaviors at both individ-
ual and collective levels through discussion [68]. A core benefit of
co-reflection is that it allows family members to develop a deeper un-
derstanding of themselves by engaging with each other’s reflections,
aligning with the broader notion of shared reflection [40]. Collabo-
ratively reflecting on shared experiences can also help strengthen
children’s agency and critical thinking skills since it moves beyond
one-way, parent-to-child instruction toward more reciprocal and
dialogic interaction.

Lee et al. [68] demonstrated the feasibility of using passive sens-
ing to support family co-reflection, showing data visualization on
affective and behavioral states during family interactions can foster
deeper self- and mutual understanding. However, existing family
informatics research has primarily focused on capturing individual
or aggregated health data within families, with less emphasis on
designing systems that effectively guide families to interpret, reflect
on, and assess their social and emotional interactions. Our work
expands this line of research by investigating how richer forms
of interaction data (e.g., conversational dynamics, emotional syn-
chrony) captured through multimodal sensing shape the family
reflection and also promote social and emotional learning.
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2.2 Observation of Social-Emotional Behaviors
in Family Conversations

2.2.1 Conventional approaches for family conversation assessment.
Analyzing family conversations has supported the assessment and
improvement of social and emotional competencies, particularly
children’s self-awareness, emotion regulation, and communication
skills. Several therapeutic approaches have been designed for this
purpose, such as psychological counseling [91, 97].

One widely used approach involves families visiting counseling
centers for a professional evaluation. A child or a whole family
follows a structured protocol, and experts observe their behavior or
review video recordings of their interactions to assess various social
and emotional behaviors [91]. Common procedures include the
Conversation Probe (CP) for evaluating conversational abilities [79]
and the Social Performance Rating Scale (SPRS) for assessing social
behavior across different situations [35].

Not only for the assessment, but to provide feedback to families,
their recorded conversations were leveraged. Family members are
having a daily conversation while being recorded, and trained ex-
perts later select specific video segments during therapy sessions to
examine affective communication in shared playful moments [31].
This practice systematically analyzes interactions among the father,
mother, and child to identify behaviors such as affective sharing, ex-
clusion, interference, and withdrawal. These moments are reviewed
in short episodes under the therapist’s guidance.

Video-based approaches have been used for decades [91] to iden-
tify verbal, nonverbal, and multimodal behaviors in family inter-
actions and to support the development of social and emotional
skills. It has been researched that video feedback could effectively
enhance parenting practices and child outcomes [34]. However,
they rely on professionals with specialized training and on tools
for detailed behavioral coding, creating barriers for families who
lack access to such resources.

2.2.2 Sensing technology for parent-child conversation. HCI re-
searchers have also explored how technology can support family
communication through sensing technology. These efforts reflect
the broader view that daily conversations are central to children’s
social development and serve as a key setting for sharing experi-
ences, coordinating routines, and learning norms [18].

Context-specific sensing of the family conversation has been
used to provide a quantitative assessment and feedback. TalkBetter
provides real-time meta-linguistic feedback to parents interact-
ing with children with language delays, supporting goals defined
by speech-language pathologists [48]. SpecialTime assists Parent-
Child Interaction Therapy by automatically detecting dialogue acts
and offering immediate feedback aligned with therapists’ coding
practices [46]. You et al. emphasized empathetic reflection dur-
ing conflicts by visualizing how parents’ nonverbal cues might be
perceived by the child [110]. MAMAS monitors parent-child meal-
time interactions and helps parents reflect on eating behaviors and
communication patterns [51].

Yet, these sensor-based approaches have largely been confined
to providing one-way instruction, where children are primarily
monitored while parents take on the role of instructors. This asym-
metry in participation has been noted as a potential concern in prior
research, particularly regarding its impact on children’s autonomy
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and privacy [83, 84]. Moreover, family conversation content re-
mains underexplored, with more focus on eating habits or eating
behaviors of family members.

Given the importance of daily family interactions and the poten-
tial of sensing family activities, family informatics tools present a
promising approach, as their equal accessibility to all family mem-
bers can shift the focus from passively following guidance to ac-
tively engaging in reflective learning of their social and emotional
behaviors.

2.3 Sensor-driven Reflection on Social and
Emotional Data

There has been growing interest in leveraging data-driven ap-
proaches to capture and reflect on individuals’ social and emotional
behaviors. Advances in sensing technologies (e.g., video, audio, and
physiological data) have enabled data-driven reflection by quan-
tifying social behaviors and visualizing patterns of interaction by
detecting emotional states, such as stress.

The quantification of social behaviors provides insights into
how they are perceived by others when they are interacting with
them [7, 95]. Moreover, this ability to capture social aspects makes
it possible to provide automated, instant feedback. Consequently,
sensing has been applied to enhance social-emotional competen-
cies, such as self-awareness, social awareness, and relationship
skills [55, 56, 59]. Some systems assisted with oral presentation [14,
106], executive coaching [5], and job interview practice [44] by
analyzing speech quality (e.g., pitch variety and speaking rate) and
facial expression through camera sensor and providing coaching or
visual/haptic feedback as users engaged in simulated presentations
or mock interviews with the system. Therefore, passive sensing
for social behaviors has been applied across various contexts tar-
geting diverse populations, including interventions for individuals
on the autism spectrum [42, 59, 61, 66], classroom environments
to promote effective instruction [3], and family settings to analyze
and support parent-child social interactions [19, 63]. Such behav-
ioral sensing has been conducted not only in individual use cases
but also in co-located settings, where attempts have been made to
capture the dynamics of multi-person interactions such as conver-
sations. For example, conversational dynamics (e.g., participation,
current turn of conversation) were visualized to enhance group
collaboration [9, 17, 24, 62] and encourage self-regulation of par-
ticipation [1, 102]. However, in these co-located settings, relatively
few studies have focused on capturing more internal states (e.g.,
emotions) beyond the behavioral level.

The application of combined social-emotional data from inter-
personal contexts to facilitate Technology-Supported Reflection thus
remains in its preliminary stage. While existing systems providing
interventions tend to focus on improving behaviors for well-defined
task goals through nudging or persuasion, Technology-Supported Re-
flection supports learning by helping individuals revisit past social
interactions and derive insights for change [41]. Considering emo-
tional as well as social cues enriches reflection, as social interaction
depends on both external signals and internal states (e.g., emotions).
As an example, group-based sensing of mood and stress in work-
place settings [2, 37, 77, 111] have been developed and studied to
support well-being and workplace learning by improving stress
awareness. In such cases, collective reflective practice leverages not
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only the rich social context collected from advanced sensing tech- ~ We sought to validate these data type selections as summarized
nologies (e.g., conversational dynamics, emotional synchrony) but in Table 1, through expert interviews, which we describe in the
also the human ability to interpret nuanced information from the  following subsection.
context. Leveraging the concept of human-as-sens86& 99, sens-
ing technology has the potential to complement human memory
and further facilitate the understanding of interpersonal contexts.
While prior work on group sensing in workplaces has focused
on loosely connected individuals, close relationships (e.g., fami-
lies, friends, and couples) o er richer opportunities for emotional
insight due to shared experiences and deeply entangled social dy-
namics B9. However, the application of sensor-aided systems in
intimate contexts remains limited. Building on this gap, our system
adapts social-emotional sensing in the family context, demonstrat-
ing sensor-aided family informatics using social and emotional data
of their family interactions.

3.1.2 Expert Intervievio gather information on the feasibility of
the system and its expected utility, we conducted expert interviews
(= = 4). The participants were researchers and practitioners spe-
cializing in family and children's social-emotional development,
including a professor and a Ph.D. candidate from a child develop-
ment and family studies department, a family therapy expert, and a
child counselor working with our target age group. All participants
were based in Korea. This composition was intended to comprehen-
sively cover both academic and applied perspectives. Each semi-
structured remote interview lasted approximately one hour. The
guestions were broadly categorized into tw®) What family inter-
actions should we focus on to capture their social-emotional data and
provide re ection on, (2) Feedback and design suggestions for SELaD
3 System Design The prototype depicted in Fig. 1 was provided to the experts as a
visual aid to envision and suggest potential design improvements.
Participants received compensation of 80,000 KRW (55 USD), and
the study was conducted with IRB approval. Researchers performed
thematic coding L3 and derived themes from the interview re-
sponse transcriptions for each question category. Common themes
mentioned by interviewees are summarized as follows:

As an answer to the rst question, 3 out of 4 interviewees men-
tioned that family mealtime conversation is one of the most fun-

3.1 Design Process Based on a Formative Study damental contexts for family interactions and, therefore, needs to

Th Lof the f . d identify the d h be examined. They highlighted that social-emotional aspects are
e goal of the formative study was to identify the data types that - 5. jated through interactions involving language. Given that

can capture social-emotional behaviors during family conversations family mealtime conversations are often used in research to natu-
and develop the interface of family informatics. To achieve this, we rally assess children's social and emotional competendies(
conducted a Ilter{:\ture review to select the data type (Section 3.1.1) we planned to conduct our study in a mealtime setting as well.
and expert interviews on both the data types and the early system After reviewing our selected data types and the early prototype

design (Section 3.1.2). (right of Fig. 1), experts suggested incorporating additional forms
of emotional data. They recommended identifying emotions (e.g.,
3.1.1 Data Type Selectidfe conducted a literature review of ex-  happiness, anger) from conversation content, noting that the ability
isting conversation assessment methodologies. Based on this review, to choose emotion-aligned words during dialogue is an important
we selected the Conversation Probe (CP) framewadt® B0, 89 as indicator of children's social development. They also noted that
the foundational architecture for the SELaD system. The behavior physiological data (e.g., stress signals, muscle tension, brainwaves)
indicators of CP are broadly categorized into four composite groups: can o er families meaningful insights to help them become more
appropriate content, paralinguistic behaviors, interactive behaviorsaware of feelings not openly expressed in words or facial expres-
and nonverbal behavioas shown in Table 1. Each category com- sions during conversations. However, experts also highlighted that
prises a set of coded behaviors, such as the level of involvement” interpreting physiological data can be ambiguous (e.g., whether
and the level of asks questions for the Interactive Behaviors sec- emotional arousal stems from joy or anger) and literacy can vary
tion. In SELaD, we mapped the sensor data types with these coded among people, requiring additional explanation in the experiment.
behaviors, such as number of questions for asks questions. Re ecting this feedback, and informed by prior work in a ective
We chose CP over other scales for several reasons. First, CPcomputing that highlights the value of a comprehensive under-
provides low-level behavior indicators that can be measured using standing of a ective states104, we expanded our data types ac-
audio and video analysis and social sighal processing technologies. cordingly.
For instance, CP's item asks questions can be easily captured
via sensors, unlike Social Performance Rating Scale (SB¥S) [ 3.2 SELaD Design

items that assess vocal quality, such as Participant demonstrates v now illustrate the overall system architecture and detailed in-
no warmth, enthusiasm, orinterestin verbal expressi@%, which terface design of SELaD, providing both a high-level overview of

require more complex interpretation of nuanced social situations. a4 sections and a detailed explanation of data section interface
Moreover, CP has the advantage of not being limited to verbal design.

content, compared to alternative interaction assessment systems

that are applicable for passive sensingdf. Therefore, CP allows 3.2.1 Overview of Multimodal Data SectidiLaD was designed
our system to capture a broader range of skills than verbal content, as depicted in Fig. 2 based on the ndings of the formative study. For
such as recognizing one's own emotions. each conversational topic, the interface displaystart-aligned

To observe how families re ect on their interpersonal behaviors, we
designed an early-stage system, SEL&Bc{al Emotional Learning

by multimodalData) using video, audio, and physiological sensors.
In Section 3.1, we rst outline the overall design process of SELaD
based on our formative study. Section 3.2 then describes the SELaD
system design in more detail.
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Figure 1: Early prototypes of SELaD, designed based on the selected features from the literature review. The left prototype
represents an individual view that provides a summarized report intended to help users understand whether they performed
well or poorly, thereby promoting a learning e ect. However, due to di culties in constructing objective assessment criteria,

the design process shifted toward a more transparent presentation of raw multimodal data, as illustrated in the right-side
prototype. The right prototype was subsequently used during expert interviews.

video view (S1), along with foumultimodal data sections S2)

Conversation Summary, S3) Conversation Behaviors, S4) In-

teraction Behaviors, and S5) Physiological Responses. In Fig.

2, di erent sources of data are distinguished by color (i.e., S2, S3

audio: green, S4 video: orange, S5 physiological data: purple).
Chart-Aligned Video. (S1)in Fig. 2 is the original video source

Conversation Summary. (S2) in Fig. 2 focuses on the ver-
bal content of the conversation. To support re ection on whether
their conversation aligned with the given topic, this section dis-
plays the topic of the session and highlights keywords spoken
by each family member. Three representative keywords per par-
ticipant are extracted and visualized. The proportion of positive

alongside the conversation analysis data. It was placed on top of the words used is also shown as a percentage, providing insight into

screen to provide rich contextual information on family activities,
used as video feedbacR7). This was designed to re ect experts'
opinions that videos paired with data can facilitate re ection by
revisiting memories and emotions from that moment. Additionally,
to help family users easily navigate and correlate information from
di erent sources, we synchronized the video with other multimodal
data such as conversation behaviors, interaction behaviors, and
physiological responses using the same timeline.

the emotional tone of the conversation. By providing these data
types, Conversation Summary helps participants re ect on their
social communication skills and emotional tone.

Conversation Behaviors. (S3)in Fig. 2 presents data capturing
paralinguistic and interactive behaviors during the conversation
using audio data. For paralinguistic aspects, a conversation time-
line shows who is speaking over time, and a speaking initiation
count indicates how often each member spoke. These visualizations
help users assess individual and group conversational dynamics.

Table 1: Selected data types for SELaD mapped with Conversation Probe (CP)

Selected Behavior Indicators in CP |

Selected Data Types for SELaD

Category | Behavior | Data Type | Section
Appropriate Content Verbal Content Keyy\{ords . Conversation Summary
Positive words proportion
Clarity Speaking speed
L . Fluency
Paralinguistic Behaviors . - —
. Conversation visualization . .
Meshing — Conversation Behaviors
Speaking initiation
. . Involvement Conversation proportion
Interactive Behaviors - -
Asks questions Number of questions
Gaze Eye contact
Nonverbal Behaviors Flat a ect Emotional expression Interaction Behaviors
Appropriate a ect Emotion synchrony

- Stress

Emotional arousal

Physiological Responses
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