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ABSTRACT KEYWORDS
In research on human-robot interaction (HRI), the Media are Social Actors (MASA) Human-machine communi-
paradigm has received increasing attention. However, MASA is less explicit about lon- cation; Child-robot

interaction; perceived
companionship; social
presence; longitudinal
research

gitudinal developments in social responses to media agents. MASA posits that social
signals predict social responses to media agents. We examined specifically the longitu-
dinal relationship between perceived companionship, as a social signal, and social
presence toward a social robot, as a social response. Data from five waves of a panel
study among 400 children aged 8 to 9 years were used. A consistent longitudinal rela-
tionship was not found. A cross-lagged panel model showed that, over time, per-
ceived companionship positively predicted social presence about half of the time.
Social presence, generally, did not predict greater perceived companionship over
time. A random-intercept cross-lagged panel model with its separation of within- and
between-subject processes demonstrated no consistent over-time relations. Over-time
consistency of predictions of MASA may need further research.

1. Introduction

With advancements in technology, media agents, such as social robots, voice assistants, and chatbots,
have been transformed into communication partners that elicit social responses (Grabe & Kleemann,
2023). This has led to a significant increase in communication between humans and machines (Grabe
& Kleemann, 2023). A key theoretical framework to understand human-machine communication
(HMC) is the Computers-Are-Social-Actors (CASA) framework (Nass et al., 1994). CASA proposes
that people perceive computers that provide social cues as social actors and mindlessly apply social
scripts from human-human communication while interacting with them (Nass et al, 1994; Nass &
Moon, 2000). The same idea has also been applied to media agents (e.g., Schneider, 2020; Srinivasan &
Takayama, 2016; Tay et al., 2013). However, since CASA has been developed in the 1990s, media agents
have become considerably more social (Gambino et al., 2020; Grabe & Kleemann, 2023; Heyselaar,
2023). As our relationship and interactions with media agents have changed, scholars have consequently
started to question the applicability of CASA to communication with current media agents (Gambino
et al., 2020; Lombard & Xu, 2021).

Partly in response to the criticism of the CASA framework, Lombard and Xu (2021) have recently
proposed the Media are Social Actors (MASA) framework as an extension of CASA. MASA posits that
media agents present primary (e.g., facial expressions, eye gaze, language use) and secondary cues (e.g.,
intonation, proximity, motion) that elicit social responses from users. One such social response is the
medium-as-social-actor presence, which refers to the idea that media that present social cues may be
perceived as independent social entities (Lombard & Ditton, 2006). In addition, MASA maintains that
primary and secondary cues are meaningfully interpreted by users and consequently, perceived as
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specific social signals from the media agent (e.g., personalities, emotions, attention, companionship).
These social signals subsequently influence users’ experience of medium-as-social-actor presence as well
as social responses more generally.

MASA presents an important step toward a more encompassing, carefully explicated, and logically
structured approach to the basic ideas of the CASA framework. However, both CASA and MASA lack
an explicitly formulated temporal perspective. Neither CASA nor MASA sufficiently specify how social
responses develop over time when users repeatedly interact with media agents. In this context,
Gambino et al. (2020) have pointed out that, over time, people may develop new or modify old scripts
for interacting with media agents. Consequently, Gambino et al. (2020) have called for more longitu-
dinal research on social responses to media agents. This issue may be particularly important for
research on social responses to social robots, the latter can be defined as physically embodied agents
that can use a variety of verbal and non-verbal social cues to engage in social interactions with humans
(Sarrica et al., 2019). Since the majority of studies in this field is cross-sectional (e.g., Baxter et al.,
2016; De Jong, Peter et al, 2019; Van Straten et al., 2020), our understanding of social responses to
social robots may be biased by potential novelty effects in one-time interactions with robots (e.g.,
Baxter et al., 2016; Peter et al., 2019).

In response to these issues, the aim of this study is to investigate the longitudinal relationship
between a particular social signal (i.e., perceived companionship), and social presence in human-robot
interaction (HRI). We focus on the relationship between a social signal and social presence to remain
as close as possible to the predictions of MASA (notably see Figure 2 in Lombard & Xu, 2021, p. 44).
In studying this relation in an over-time perspective, we thus bring a longitudinal approach to both
MASA and HRI and additionally, aim to improve our understanding of how this specific relationship
evolves over time.

Apart from this goal, our study has a second objective. Longitudinal research in the developmental
sciences has recently advanced our thinking about over-time relations by emphasizing the need for a
within-subject perspective next to a between-subject perspective (e.g., Hamaker, 2012; Keijsers & Van
Roekel, 2018). Essentially, when focusing on how relations develop within a person over time, we may
avoid fallacious conclusions that may arise when not distinguishing between processes at a within-
person level and processes at a between-person level (Hamaker, 2012; Hamaker et al., 2015; Keijsers &
Van Roekel, 2018). A within-subject perspective thus presents a more adequate approach to the longitu-
dinal study of relations. Unlike in experimental research with a pre-/post-test within-subject design
(e.g., Wigdor et al., 2016; Zhou et al., 2021), this perspective has not been used frequently in longitu-
dinal, typically survey-based research in HRI. We believe that the field may benefit from incorporating
this perspective more strongly than it has currently.

In this study, we draw on existing longitudinal data that have been collected among 8- to 9-year old
children (De Jong et al., 2024; Kithne et al., 2024). These data are suitable for our purposes because in
addition to having no prior experience with advanced social robots, children’s social responses toward
robots vary over time (Coninx et al,, 2015; De Jong et al., 2024; Kanda et al., 2004; Komatsubara et al.,
2014). Moreover, children can form natural (parasocial) relations with non-human entities (e.g., dolls,
television characters, “smart toys,” Epley et al., 2007; Marsh, 2019; Tukachinsky, 2014; Yamaguchi &
Moriguchi, 2022). Finally, understanding how children form social relationships with robots can help
us understand how this new category of relationships could influence children’s social development
(Borenstein & Pearson, 2013; Van Straten, 2021), and by extension, increase our understanding of the
broader effect of HRI on interpersonal relationships.

2. Theoretical framework
2.1. Perceived companionship and social presence

MASA focuses on the causal predictors of medium-as-social-actor presence (Lombard & Xu, 2021).
Based on Lombard and Ditton (2006), Lombard and Xu (2021, p. 30) define medium-as-social-actor
presence as referring “to the idea that when a medium itself presents social cues, individuals perceive it
(with or without conscious awareness) not as a medium but as an independent social entity.” This
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emphasis on the perception of media as independent actors is also reflected in, for example, Lee’s
(2004, p. 45) explication of presence, in which social presence is defined as “a psychological state in
which virtual (para-authentic or artificial) social actors are experienced as actual social actors in either
sensory or nonsensory ways.” Even beyond MASA, social presence is a widely researched variable given
that it is indicative of the quality of interaction with the media agent (e.g., C. S. Oh et al, 2018).
Specifically, MASA posits (in proposition 2, Lombard & Xu, 2021, p. 42) that social presence (the term
we prefer here for brevity reasons) is affected by, amongst other things, the social signals of media
agents. Social signals, in turn, are elicited by combinations of one or more primary and secondary cues
of media agents (for elaboration, see Figure 2 in Lombard & Xu, 2021). Specifically, social signals refer
to how users interpret these cues and which abstract human characteristics they attribute to media
agents. These human characteristics include, for example, personal, identity-related, or social features
(Lombard & Xu, 2021).

An important social signal is a media agent’s perceived companionship. According to MASA, a “sense
of social connection” is at the core of media agents as companions, providing the same social closeness
as people and animals (Lombard & Xu, 2021, p. 35). In the context of robots as media agents, compan-
ionship has recently been defined as “the phenomenon of having someone or something as a friend or
companion in different times and situations, creating a sense of fellowship in the process” (Ahmed et al,,
2024, p. 1811). If, as outlined before, social signals affect social presence and if perceived companionship
is a social signal, then perceived companionship can be expected to be related to social presence.

Aligning partially with this proposition of MASA, some cross-sectional studies indicate a relationship
between perceived companionship and social presence. As HRI research on the relation between per-
ceived companionship and social presence was rather limited and as MASA does not distinguish
between media agents, we included, in what follows, all forms of media agents. One study found, for
example, that a robot’s responsiveness (in terms of non-verbal behaviors like listening, breathing move-
ments, swaying, etc.) improved participants’ perception of its social presence and companionship dur-
ing stressful events (Birnbaum et al., 2016). Another investigation indicated an interrelation between
perceived companionship and social presence during naturalistic, speech-based interaction with a robot
(Grigore et al., 2016). In addition, even when interacting with non-humanoid robots, participants expe-
rienced social presence without obvious (humanlike) social cues, which alleviated loneliness and led to
feelings of companionship (Zuckerman et al., 2020). Overall, these findings suggest that greater per-
ceived companionship may be associated with more social presence.

In positing that various predictors, notably perceived companionship, influence social presence,
MASA assumes a unidirectional causal relation between perceived companionship and social presence.
However, the broader human-machine communication literature (e.g., Grigore et al., 2016; Zuckerman
et al., 2020), suggests that social presence may also affect what MASA conceptualizes as a predictor of
social presence (i.e., perceived companionship). While research on the bidirectional relationship
between these variables in the context of social robots is limited, insights from research with other
media agents may be informative. For instance, a study on virtual brand chatbots found that adding
social presence to a chatbot’s communication strategy (e.g., through involving the user, asking ques-
tions, and demonstrating appreciation) influenced parasocial interactions (e.g., perceiving the chatbot as
an old friend and feeling comfortable and friendly with the chatbot) with the user (Tsai et al.,, 2021).
Similarly, social presence facilitated greater perceived usefulness of a virtual AI companion for lonely
individuals (Merrill et al., 2022). As individuals felt less lonely after interacting with the AI companion,
they formed some type of connection and companionship with the AI companion. More recently, H. J.
Oh et al. (2023) found that social presence, the number of friends participants had in the metaverse,
and the amount of supportive interactions exchanged (e.g., showing empathy, validating thoughts, being
invited to an event) were interrelated. Altogether, the literature indicates that social presence and per-
ceived companionship are generally related for media agents.

Based on the existing empirical literature it thus seems possible that perceived companionship influ-
ences social presence, as posited by MASA. At the same time, there is also empirical evidence that
social presence may affect perceived companionship (which MASA conceptualizes as a predictor for
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social presence). As a starting point for our expectations about the relationship between perceived com-
panionship and social presence, we therefore assumed that the two are positively correlated.

2.2. The longitudinal relationship between perceived companionship and social presence

As mentioned at the outset, MASA devotes little systematic attention to long-term, repeated interac-
tions with media agents. However, interactions with media agents today are typically repeated and
stretch over a longer period of time, fulfilling both utilitarian and social needs (De Graaf et al., 2015;
Gambino et al., 2020). Importantly, long-term ongoing interactions allow people to develop relations
with media agents, which may change social responses toward them (Gambino et al., 2020). As to social
presence, some longitudinal HRI research suggests that, over time, people perceive more social presence
and emotional states in a robot (Fiore et al, 2013) and robotic characters (Kasap & Magnenat-
Thalmann, 2012). Other research, in contrast, has observed an overall decline in social presence in
long-term HRI (Leite et al., 2009). Similarly, children’s social responses to robots have been found to
decrease over time (Serholt & Barendregt, 2016). Although these findings are inconsistent, they point
to a change in how users experience the social presence of robots over time.

Although not explicitly specified by MASA (Lombard & Xu, 2021), it seems reasonable to generalize
its propositions and assume a relationship between perceptions of companionship and social presence
also in longitudinal HRI. Accordingly, studies have shown that people experience more social presence
while interacting with a developing robot (i.e., one that is responsive and can adapt its social cues to
the user in real-time) rather than a non-developing robot (e.g., Lee et al., 2005; Leite et al., 2014). One
reason for this may be that the responsiveness of the robot (in terms of the social cues displayed) pro-
motes feelings of social presence. Feelings of social presence, together with the adaptive social cues,
may be perceived by users as the development of elements of a relationship, including friendliness and
perceived companionship. Similarly, a longitudinal study with a humanoid robot found that children
who experienced “human-like presence” (i.e., social presence) while interacting with the robot were
more likely to perceive the robot as a friend and continued interacting with the robot longer (two
months) than those who did not experience human-like presence (approximately 6 weeks, Kanda et al,,
2004). Two other longitudinal studies suggest similar patterns: Participants who experienced more
social presence were more likely to perceive a robot as friendlier and warmer (Laban et al., 2024).
Additionally, children who perceived higher social presence developed a stronger rapport with the robot
over time (Chen et al., 2023).

These findings indicate that, also in long-term interactions, a positive relationship between perceived
companionship and social presence may exist. However, unlike MASA, empirical evidence seems to
suggest that social presence may, over time, also influence perceptions of companionship, which is in
line with the aforementioned results from cross-sectional research. As it is plausible that both perceived
companionship and social presence predict each other, we hypothesized a reciprocal relationship:

Hypothesis 1 (H1): Over time, perceived companionship will positively predict future social presence
while, in the same time interval, social presence will positively predict future perceived companionship.

2.3. Mapping the longitudinal relationship

As frameworks such as MASA have not sufficiently specified the long-term development of the rela-
tionship between social signals (like perceived companionship) and social presence, it is also difficult to
specify whether the strength of the relationship between perceived companionship and social presence
will change over time. In the absence of theoretical frameworks from HRI research, we use, as a start-
ing point, the hedonic adaptation model (S. E. Baumgartner, 2025, see also, for repeated media expos-
ure effects, Valkenburg et al., 2016; Valkenburg & Peter, 2013). Hedonic adaptation is a form of
habituation during which repeated exposure to the same stimuli leads to an initial increase (or
decrease) in the behavioral response followed by an adaptation to the stimuli resulting in the response
stabilizing.



9154 N. N. SHARAN ET AL.

Against this background, HRI research has shown that people’s attention toward robots became
weaker over time (Leite et al., 2009) after initially, a novelty effect was observed (Reimann et al., 2024).
Similarly, in child-robot interaction (CRI), perceived companionship seemed to show high levels ini-
tially and declined steeply over time (Ligthart et al., 2022). Moreover, related research with chatbots
has demonstrated that relation formation decreased over time (e.g., Croes & Antheunis, 2021). These
findings align broadly with the hedonic adaption model, which would specify with respect to our focus
that, after a spike during initial interactions, users’ experience of the robot’s social presence decreases
as they adapt to the robot. The accompanying likely decrease in variance in social presence would con-
sequently impact the development of the relation between perceived companionship and social presence
in that it would, overall, diminish over time.

The development of the relationship between perceived companionship and social presence can also
more generally be conceptualized as longitudinal change in terms of growth and decay patterns (e.g.,
Brinberg & Lydon-Staley, 2023). In this perspective, the relationship between perceived companionship
and social presence can adopt linear or non-linear pathways of directional change. Simply put, in this
perspective an overall increase (growth) or decrease (decay) is described, regardless of in-between tra-
jectory changes in the variables. Unlike the hedonic adaptation model, the more general growth/decay
perspective starts higher or lower than it ends, with any in-between trajectory changes (or lack thereof)
being irrelevant to the growth/decay perspective.

In line with previously mentioned longitudinal research in HRI (e.g., Leite et al., 2009, 2014; Serholt
& Barendregt, 2016), the relationship between perceived companionship and social presence cannot be
predicted with the same certainty, as this was not the focus of these studies. Moreover, some previously
outlined literature (Chen et al., 2023; Laban et al., 2024) seems to indicate a positive over-time relation-
ship between perceived companionship and social presence, suggesting that continued interaction may
have a positive effect on both variables over time. This deviates from both the hedonic adaptation and
the growth/decay perspective. Finally, it may also be possible that the relationship between perceived
companionship and social presence does not change over time. To reflect this possibility and the ambi-
guity in the expectations from both theoretical and empirical work, we posed a research question:

Research Question 1 (RQ1): To what extent does the relationship between perceived companionship
and social presence vary over time?

The limited amount of longitudinal HRI research has hardly distinguished between within-subject
(or intrapersonal) and between-subject (or interpersonal) levels of processes in the relationship between
perceived companionship and social presence. Such issues are particularly likely when statistical techni-
ques for analyzing longitudinal data, such as traditional cross-lagged panel models, do not allow for a
separation of between- and within-subject processes (e.g., Hamaker et al., 2015; Keijsers, 2016; Keijsers
& Van Roekel, 2018). In the context of the present study, this means that the relationships found in
the literature may be a mixture of within-subject and between-subject effects (Keijsers, 2016; Keijsers &
Van Roekel, 2018). In such cases, the results of these analyses may not match the level of inference that
is typically targeted when processes or effects are studied, that is, the level of the individual. However,
if the level of inference is the individual, it is necessary to focus on a within-subject level of analysis
(e.g., Berry & Willoughby, 2017; Hamaker, 2012; Keijsers, 2016; Keijsers & Van Roekel, 2018). If the
correspondence between level of inference and level of analysis is ignored and, for example, within-
subject processes are inferred from analyses that do not distinguish between within- and between-
levels, (ecological) fallacies or, more generally, wrong conclusions may arise (e.g., Hendry & Kloep,
2019; Keijsers, 2016; Keijsers & Van Roekel, 2018; Kievit et al., 2013). In such a case, potentially signifi-
cant relationships may not hold at the within-subject level; relationships may not be found although
they do exist at the within-subject level; or the sign of a found relationship may be reversed at the
within-subject level (Hamaker et al., 2015; Keijsers, 2016).

The distinction between within-subject and between-subject processes has been advanced primarily
in the developmental psychology, both conceptually and methodologically (Hamaker, 2012; Hamaker
et al., 2015; Kievit et al., 2013) and has recently gained popularity in other disciplines, such as commu-
nication science (e.g., Beyens et al., 2024; Huang et al., 2024; Inauen et al., 2016; Masur, 2019; Navarro
et al., 2022; Valkenburg et al., 2021). To the best of our knowledge, however, the separation of within-
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subjects relationships from between-subjects relationships is not common practice in HRI. This can be
problematic because it may obfuscate a better understanding of the effects of HRI over time. At the
most basic level, individuals interact with robots differently (e.g., one individual may interact with a
robot more frequently than another). However, interactions may also differ within individuals (e.g., an
individual may interact with a robot more intensely during the first interaction than the third inter-
action). As a result, it stands to reason that the relationships between perceived companionship and
social presence occur within the user: user A’s perception of companionship influences user A’s social
presence, and vice-versa. Therefore, to truly understand this relationship within users, also within-
subjects processes need to be studied.

A within-subject approach may also help to address some inconsistencies in existing longitudinal
studies. These studies have been unable to clearly determine the relationship between perceived com-
panionship and social presence (e.g., Leite et al.,, 2014; Serholt & Barendregt, 2016). This could be due
to patterns appearing at the within-subjects level that are not completely discernible when analytically
within-subject variance and between-subject variance are not distinguished. As the relationship between
perceived companionship and social presence can be assumed to occur within an individual, we thus
expected that this relationship would show at the within-subjects level rather than the between subject-
level (for a similar reasoning, see Beyens et al., 2020).

3. Method

The longitudinal data in this study stem from a six-wave online panel study on children’s acceptance of
a social robot, conducted between July and December 2019. As the first wave of the original investiga-
tion (i.e., Tp) only collected baseline data but did not include interaction with a social robot, the pre-
sent study only includes data from waves 1 to 5 (i.e., T; to T5). The data have been used in previous
publications that focus on different research questions and variables (De Jong et al., 2022, 2024; Kithne
et al., 2024). These earlier publications also provide more detailed information on the design and data
collection procedures of the panel study. The Ethics Review Board of the Faculty of Social and
Behavioral Sciences at the University of Amsterdam had approved the study before it started (2019-
YME-10929).

3.1. Sample

The primary participants of this study were 8- to 9-year old children who were first-time users of
Cozmo. Participants were recruited by Kantar Netherlands, a panel company, which also managed the
data collection process. Data were collected from children and their families. Families were only eligible
to participate if they had one child aged 8- or 9-years. Families with multiple children in that age range
were excluded to ensure that the same child participated in each wave of the study. Furthermore, fami-
lies could only participate if the children did not have any cognitive, emotional, and/or physical impair-
ments that would prevent them from completing the survey and interacting with the robot, and if the
family did not own a Cozmo robot.

Of the eligible 1,574 families, 570 child-parent dyads participated at T,. Of the families that agreed
to participate, 385 child-parent dyads were randomly invited to participate in the panel study (i.e.,
waves T; to Ts). Some of the invited dyads had, however, not completed the survey at T,. To compen-
sate for this missing data, an additional 25 child-parent dyads were invited to participate. In total, 400
child-parent dyads participated in the panel study at least once in waves T; to Ts (for more detailed
information on the sample and sampling procedure, see De Jong et al., 2024; Kiihne et al., 2024). We
use the data from these 400 dyads for our analyses. The panel is representative of the Dutch population
in terms of sex, age groups, geographical distribution, and household size.

3.2. Procedure and robot interaction

Each participating family received a Cozmo robot (see Figure 1) and tablet briefly before the first
wave (T;). They were also given information on how to set up Cozmo (for more information on
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Figure 1. Cozmo robot.

the study set-up, see De Jong et al, 2024; Kiihne et al, 2024). Cozmo is a desktop social robot
with a front-facing digital display that depicts different facial expressions through two blue boxes
on a black screen that simulate gaze and facial expressions through its eyes. Cozmo is shaped like
a bulldozer. Before participating, parents were informed about the study procedures, including
recruiting and data collection procedures, and their rights and their children’s rights. To participate,
parents consented for themselves and their child to complete the surveys both at T, and through
the panel study (T; to Ts). Informed consent was also obtained from children. Parents were
instructed not to tell their children about Cozmo until they had completed the T, survey. At the
start of each of the questionnaires for both parents and children, they were reminded about the
procedure and their rights.

In each wave, the survey had two parts - first, for the parent, which was about 5 min long, followed
by the second, for the child, which was about 30 min long. At T, parents answered, among other this,
questions related to their child’s personality and digital technology usage in the household, while chil-
dren answered, among other things, questions about their exposure to robots, whether they had previ-
ously seen fictional and non-fictional robots (in response to specific images), and their familiarity with
different types of robots. In each wave from T, to Ts, children responded to measures related to per-
ceived companionship, and additionally, to measures related to social presence in waves from T; to Ts.
Children were instructed to fill in their questionnaire separately from their parents. Parents were
allowed to help their child, but they were informed that they should not influence their child. Children
could also take a break while completing their questionnaire. Most measures in the questionnaire used
5-point Likert scales and children were explained on how to fill these in (for further information, see
De Jong et al., 2024).

Before completing the questionnaire at T, children were instructed to interact with Cozmo for
30 min to develop a first impression. Following the T;, children could interact with Cozmo in any
way and whenever they wanted to and were not prompted by the researchers to interact with
Cozmo. There was a time interval of 2weeks between each of the subsequent four waves, resulting
in a data collection period of 8weeks altogether. At the end of the study, families were allowed to
keep Cozmo. Participating parents were also compensated with reward points from the research
company. Both parents and children were debriefed about the goals of the research. Additionally,
children also received information about how robots work, and how robots differ from humans
(more detailed information on procedure and data collection can be found in De Jong et al., 2024;
Kihne et al., 2024).
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4. Measures

A pilot study determined that the measures used in this survey study were reliable and intelligible (for
more information, see De Jong et al., 2022). Unless mentioned otherwise, the scales for the variables
outlined below were created for the purposes of the panel survey (De Jong et al., 2022, 2024).

4.1. Perceived companionship

Perceptions of companionship are inferred through the proxy measure of social gratifications. The
Uses-and-Gratifications literature has established that interaction with media is driven by our specific
needs (e.g., Krcmar & Greene, 2000). Importantly, relationships with media can provide a sense of
social gratification. For instance, Uses-and-Gratifications research has suggested that people’s ritualized
television use was associated with an affinity toward the television itself rather than the content (Rubin,
1983). This may be indicative of the fact that users form relations with a medium itself. Thus, we con-
clude that obtained social gratifications may be an informative proxy measure for perceived compan-
ionship, notably when today’s more socially oriented media agents are concerned. While much of the
original Uses-and-Gratifications literature was conducted with traditional media, media agents have
emerged that allow for more interactivity and social connection. As such, the findings concerning tradi-
tional media can be expected to also hold for these media agents.

The operationalization of perceived companionship was inspired by De Jong, Kiihne, et al.’s (2019)
measure of obtained social gratifications after a single interaction with the Nao robot and adapted for
the purposes of a study with Cozmo and unlimited interactions. It was measured with the following
three items, which were preceded by the phrase, “I use Cozmo at home because...” (1) “... Cozmo is
nice;” (2) “...it is companiable [Dutch: gezellig] together with Cozmo;” (3) “... Cozmo can become a
friend.” In line with conceptualizations of companionship (Ahmed et al., 2024; Lombard & Xu, 2021),
these items capture central aspects of companionship, such as social connection and potential friend-
ship with an entity that is experienced as pleasant. Participants rated these items on a five-point Likert
scale from 1 (completely disagree) to 5 (completely agree). Items were averaged to form a scale for the
purposes of the panel survey. Please refer to Table 1 for descriptive information about this scale.

4.2. Social presence

The measure relied largely on De Jong et al. (2020) operationalization, which itself adapted two items
from a scale used by Heerink et al. (2010). Perceptions of social presence were measured through the
following items, preceded by the phrase, “When I was with Cozmo,...” (1) “...it felt like Cozmo was
a real human being;” (2) “...it felt like I was dealing with a human being;” (3) “...it seemed like
Cozmo was like a real human being;” (4) “...it felt like I was with a human being.” The measure has
been successfully used among children of the same age group (De Jong et al., 2020). Reflecting the con-
ceptual definitions of social presence mentioned above (Lee, 2004; Lombard & Xu, 2021), the items
capture the experience of Cozmo as an actual, independent social entity. The items focus on Cozmo
being experienced as a human being rather than a social entity more generally because the latter may
be difficult for children to grasp. These items were measured with a five-point Likert scale from 1
(completely disagree) to 5 (completely agree). Table 1 presents descriptive information about this scale.

4.3. Control variables

We included real-life experience with robots, previous mediated robot exposure, familiarity with robot
morphologies, frequency of robot use, digital technology use, gender, and conscientiousness as control
variables. All control variables except frequency of use were measured only at T,,.

Real-life experience with robots, previous mediated robot exposure, and familiarity with different
robot morphologies were all included because these variables influence children’s expectations of robots,
and thus, may also affect their perceptions of the robot (e.g., Bishop et al., 2019; Roselli et al., 2023;
Vlachos et al.,, 2016). Furthermore, the children had no experience with Cozmo before the start of the
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Table 1. Descriptive statistics for all five waves.

Variable Mean Standard deviation Alpha Skewness Kurtosis
T, Perceived Companionship 436 0.71 0.83 -1.13 1.13
T, Perceived Companionship 4.09 0.88 0.90 —1.05 1.08
T3 Perceived Companionship 3.86 0.97 0.89 -0.91 0.71
T, Perceived Companionship 3.72 1.06 0.92 —0.75 0.12
Ts Perceived Companionship 3.71 1.05 0.93 -0.74 0.16
T, Social Presence 2.74 1.21 0.94 0.26 —0.85
T, Social Presence 2.63 1.28 0.98 0.45 —0.88
T; Social Presence 2.50 1.30 0.98 0.52 —0.84
T4 Social Presence 2.58 135 0.99 0.49 —0.98
Ts Social Presence 2.65 1.31 0.98 0.41 —0.96
T, Frequency of Use 2.83 0.98 N/A 0.36 -1.07
T; Frequency of Use 2.20 0.89 N/A 0.93 0.49
T4 Frequency of Use 1.93 0.89 N/A 1.14 1.38
Ts Frequency of Use 1.79 0.80 N/A 1.33 2.51

Note: Alpha values are not applicable (N/A) for frequency of use because it is a one-item variable.

study, so the frequency of their actual use of Cozmo is likely to impact their assessment of Cozmo’s
companionship and its social presence. In addition, since research has shown that technology use
within a household affects adoption of a new technology (Rompaey et al., 2002), it can be assumed that
digital technology use may also influence perceptions of companionship and social presence. Given
gender differences in emotional development of children (e.g., Chaplin & Aldao, 2013), it is reasonable
to expect corresponding differences in social responses to robots. As such, in line with established find-
ings on gendered differences in attitudes toward robots even among children (e.g., Tung, 2016;
Westlund et al., 2018), for instance, girls perceive a robot’s socialness more than boys, we choose to
include gender as a control variable. Finally, personality characteristics, such as conscientiousness, have
emerged as an influential factor in HRI and users’ perception and social responses toward robots; gen-
erally, higher conscientiousness seems to be linked with several social responses to robots, for example
less likability toward social robots and more stressfulness in interactions (e.g., Kabacinska et al., 2025),
greater responsiveness to robot instructions and subsequent faster task completion (Cruz-Maya &
Tapus, 2016), and stronger perceptions of robots as being able to adapt to their needs (Conti et al.,
2017).

4.3.1. Real-life experience with robots

Participants indicated the number of times (0, 1, 2, 3, more than 3) they had seen a robot in real life
outside their home (M =2.33, SD=0.08). Skewness and kurtosis for experience were 0.90 and —0.64,
respectively.

4.3.2. Previous mediated robot exposure

To assess whether children had encountered robots in a mediated way, they were shown pictures of
robots that do and do not exist in real life (e.g., Nao or Wall-E). They rated, on a five-point Likert scale
from 1 (never) to 5 (very often), how often they had seen each of the types of robots on television, in
books, on the internet, in videogames, and in magazines. Nine items («=0.81) were averaged to form
a single scale rating (M =2.20, SD =0.68). Skewness and kurtosis for experience were 0.68 and 0.36,
respectively.

4.3.3. Familiarity with robot morphologies

Finally, to assess familiarity with different robot morphologies, participants were shown pictures of dif-
ferent robots (zoomorphic, anthropomorphic, caricatured, functional; Fong et al., 2003) and they indi-
cated whether (yes/no) they have seen them before. Four items (o =0.42) were averaged to form a
single scale rating (M =1.33, SD=0.28). Skewness and kurtosis for experience were 0.51 and —0.65,
respectively.

4.3.4. Frequency of use
Starting at T,, in each questionnaire, participants were also asked how many days participants played
with Cozmo since the last questionnaire (none, some, half, most, all). As the duration between two
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waves was typically two weeks, participants assessed the frequency with which they had played with
Cozmo in the period preceding the questionnaire. The response categories are child-appropriate and
allow for comparability between waves as not all respondents were able to fill in the questionnaire in
each wave at exactly the same day (De Jong et al., 2024). Table 1 outlines the descriptive statistics for
each of the waves. In T1, participants were instructed to engage with Cozmo for at least 30 min before
filling in the questionnaire. From T, onwards, the frequency with which participants used Cozmo was
used as filter variable to obtain meaningful assessments of perceived companionship and social pres-
ence. Thus, participants were only presented with - and were able to respond to - the measures for
both perceptions of companionship and perceptions of social presence if they reported playing with
Cozmo at all in the interval preceding a survey wave.

4.3.5. Digital technology use

This measure was inspired by Rompaey et al. (2002). Parents indicated how often their children used
different technologies if these technologies were present in the household (computer/laptop, tablet,
smartphone, gaming console, robot toys, and voice assistant). Again, the variable was measured on a
five-point Likert scale 1 (never) to 5 (very often). Six items (a=0.46) were averaged to form a single
scale rating (M =227, SD=0.79). Skewness and kurtosis for experience were —0.44 and 0.99,
respectively.

4.3.6. Gender
For gender, participants chose between (1) boy (47.5%) and (2) girl (49.3%). The remainder of cases
were missing.

4.3.7. Conscientiousness

This scale was based upon the Big Five Questionnaire for Children (Barbaranelli et al., 2003, Dutch
translation: Muris et al., 2005) and related personality literature (Rammstedt & John, 2007). Parents
rated the extent to which the following statements applied to their children: (1) When my child com-
pletes an assignment, they check again to make sure they did everything right; and (2) My child does
their work neatly and attentively. Participants rated the statement on a five-point Likert scale, with the
anchors being 1 (completely disagree) to 5 (completely agree). The two items (rspearman-Brown = 0.75)
were averaged to form a single scale rating (M =3.24, SD =0.86). Skewness and kurtosis for conscien-
tiousness were —0.32 and —0.23, respectively.

5. Analysis

We estimated a cross-lagged panel model (CLPM) in SPSS Amos (version 29). Since CLPMs are unable
to differentiate between between-subjects and within-subjects processes (Berry & Willoughby, 2017;
Beyens et al., 2020; Hamaker et al., 2015), we also tested the hypothesized effects through a random-
intercept cross-lagged panel model (RI-CLPM, Hamaker et al., 2015; Mulder & Hamaker, 2021). The
RI-CLPM allows us to differentiate the between-subjects and within-subjects sources of variance in the
relationship between children’s perceived companionship and social presence while interacting with
Cozmo, thereby allowing for an investigation of within-subjects effects. All models were estimated using
full information maximum likelihood (FIML) estimation. All control variables were modeled as
observed variables.

As the model included multiple indicators for each of the latent variables in each wave, we adopted
an extension of the RI-CLPM (Hamaker et al., 2015) as proposed by Mulder and Hamaker (2021, see
Figure 3b). In this extension, each observed indicator (with the measurement error) for perceived com-
panionship and social presence were regressed onto its own latent variable, resulting in ten latent varia-
bles. Autoregressive and cross-lagged paths between these latent factors were specified. Further, wave 1
correlations and correlated measurement error for waves 2, 3, 4, and 5 were specified. A random inter-
cept was included for each indicator with each loading constrained to one, and these random intercepts
were allowed to correlate with each other. In our case, there were three intercepts for perceived com-
panionship and four for social presence corresponding to the indicators for the two variables. The
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control variables were modeled such that they influenced only the ten latent factors; they were corre-
lated with wave 1 variables and regressive paths with variables in waves 2, 3, 4, and 5 were specified.
All control variables were allowed to correlate with each other.

The estimated model must have at least weak factorial invariance (H. Baumgartner & Steenkamp,
1998; Mulder & Hamaker, 2021; Steenkamp & Baumgartner, 1998). Establishing at least weak factorial
invariance implies that the multiple factors are not interpreted differently over time, and thus, can be
meaningfully compared between the different occasions. As we did not find weak factorial invariance,
we tried to determine if a specific observed indicator significantly deviated from the other observed
indicators with which it was constrained to be equal. As such, we built five alternative models (Kiihne,
2013; Steenkamp & Baumgartner, 1998) setting each of the paths to be equal to each other (e.g., the
path for the first factor of perceived companionship for each of the five waves is set equal to the other
while the others are freely estimated) and compared it to the standard model (i.e., all paths freely esti-
mated). The invariance of each indicator was individually tested by constraining it over time.

Two indicators proved significantly different across waves — the second and fourth items of social
presence (“When I was with Cozmo, it felt like I was dealing with a human being” and “When I was
with Cozmo, I felt like I was with a human being”) - suggesting that these items do not capture social
presence in the same manner over time. In such cases, researchers (Mulder & Hamaker, 2021;
Steenkamp & Baumgartner, 1998) propose that these particular factor loadings be freely estimated while
the other factor loadings are set equal to each other, resulting in a model with partial measurement
invariance. In other words, our final model accounts for the measurement difference for the second
and fourth factors of social presence while retaining weak measurement invariance for the remaining
factors.

6. Results

As the descriptive statistics in Table 1 show, the means for perceived companionship steadily declined
over time while the means for social presence remained relatively stable over time. To explore the rela-
tionship between the variables, we analyzed them using cross-lagged panel models.

6.1. Cross-lagged panel model

Relying on parent-child dyads that had at least filled in one questionnaire of the five waves, our dataset
contained missing data, with 168 fully complete cases for all 5 waves. As the zero-order correlations
(Table 2) show, perceived companionship and social presence are significantly and positively correlated.
H1 predicted that perceived companionship and social presence would be reciprocally related, such that
positively would positively predict future social presence and social presence would simultaneously pre-
dict perceived companionship. A CLPM (Figure 2) yielded a good fit (CFI = 0.96; RMSEA = 0.05,
90% CI = [.04, 0.05], *(821, N=400) = 1509.47, p<0.001, y*/df = 1.84). However, as can be seen in
Figure 1, we found no significant reciprocal (cross-lagged) relationships between perceived companion-
ship and social presence. Perceived companionship at T; and T, positively predicted social presence at
T, and Tjs respectively. Social presence at T3 was positively associated with perceived companionship at
T,. H1 was thus largely unsupported.

RQ1 asked to what extent the relationship between perceived companionship and social presence
would vary over time. To test this, we constrained all over time paths between perceived companion-
ship and social presence (perceived companionship at T; to social presence at T,, perceived compan-
ionship at T, to social presence at Ts, etc.) and compared this with a model in which these paths were
not constrained. No significant differences were found between the models (Ar*(3) = 1.66, p=0.65,
N=400). Because, over time, the relationship between the two variables may also run from social pres-
ence to perceived companionship, we also constrained all over time paths between social presence and
perceived companionship (social presence at T; to perceived companionship at T,, social presence at
T, to perceived companionship at Ts, etc.). We found no differences (Ay*(3) = 2.68, p=0.44, N=400)
when comparing it to the model in which these paths were not constrained. The relationship between
perceived companionship and social presence did thus not vary over time.
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Table 2. Zero order correlations for all variables.
Measure 1 2 3 4 5 6 7 8 9 10

. T, Perceived Companionship -

. T, Perceived Companionship  0.608*** -
. T3 Perceived Companionship  0.506***  0.709*** -
. T4 Perceived Companionship  0.465***  0.616*** 0.725%** -
. T5 Perceived Companionship  0.416***  0.595%** 0,672*** (.720%** -
. T, Social Presence 0.448***  (0,353*** (355%** (316%*F* (.204%** - - - - -
. T, Social Presence 0.387***  0.457***  0.446F**  (0.449%F*  (.394*%F* (,638%** -
. T3 Social Presence 0.300%**  0.322%**  0.402%FF  0414%¥*%* 0382%** 0603*** 0.674%F* - - -
. T4 Social Presence 0.253***  0.255%**  0369*** 0451%FF (0.389%** (.542%** (0.652%FF (0.759%** - -
10. Ts Social Presence 0.336%**  0.302%**  0.345%FF  0.438%**  0.443%**  0617FFF  0.613%FF  0.701*¥*¥*  0.749%**

Note: *p < 0.05. ¥*p < 0.01. ***p < 0.001.
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Figure 2. Cross-lagged panel model for the relationship between perceived companionship and social presence. Note:
Path coefficients are presented in standardized forms. *p < 0.05. **p < 0.01. ***p < 0.001. Measurement models, con-
trol variables as well as their relations in the model, and the covariances between the focal variables (modeled as error
terms between T, and Ts) are not shown for clarity purposes.

6.2. Random-intercept cross-lagged panel model

We expected that the relationship between perceived companionship and social presence should show
more clearly at the within-subjects level than the between-subjects level. The RI-CLPM (Figure 3),
which distinguishes between within- and between-level variance, yielded a good fit (CFI = 0.98;
RMSEA = 0.04, 90% CI = [.03, 0.04], £2(805, N=400) = 1204.71, p < 0.001, 3*/df = 1.50). As to HI,
we found no significant within-subjects reciprocal effects between perceived companionship on future
social presence, except for between T; and T,. Perceived companionship at T; positively predicted
social presence at T, and social presence at T; positively predicted perceived companionship at T, H1
was thus only supported between T; and Tj.

Similar to the between-subjects model, in response to RQI, we constrained all longitudinal paths
between perceived companionship and social presence (Ay*(9) = 9.88, p=0.36, N=400), and vice-
versa between social presence and perceived companionship (Ay*(9) = 8.75, p=0.46, N=400), and
compared this with our within-subjects model. Again, we found no significant differences between any
of the models.

7. Discussion

Both the influential CASA framework and its recent extension, the MASA framework, do not explicitly
specify how social responses to media agents develop over time and scholars have accordingly called
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Figure 3. Random-intercept cross lagged panel model for the relationship between perceived companionship and social
presence. Note: Path coefficients are presented in standardized forms. *p <0.05. **p <0.01. ***p <0.001.
Measurement models, control variables as well as their relations in the model, and the covariances between the focal
variables (modeled as error terms between T, and Ts) are not shown for clarity purposes. To capture within-subject
processes, the model was specified per Figure 3b in Mulder and Hamaker (2021), which is also not visualized here.

for more longitudinal research (Gambino et al., 2020). On a cross-sectional level, MASA proposes that
social signals (like perceived companionship) would predict social presence. Additionally, research on
HRI and CRI has paid little attention to more recent rigorous ways of analyzing longitudinal data, not-
ably a within-subjects perspective that helps to understand change processes better (Hamaker, 2012;
Hamaker et al., 2015; Keijsers, 2016). In trying to address these two shortcomings, the study focused
on the longitudinal relationship between perceived companionship and social presence among young
children who interacted with Cozmo over an extended period of time.

7.1. Perceptions of companionship and presence in longitudinal HRI

Contrary to our expectations, the cross-lagged panel model (CLPM) showed that the relations between
perceived companionship and social presence were not reciprocal. Cross-lagged effects were found only
in three out of eight over-time relations: Perceived companionship positively predicted social presence
over time as often as it did not. Greater social presence, in contrast, did more often not predict greater
perceived companionship over time than it did. The Random-Intercept Cross-Lagged Panel Model (RI-
CLPM) with its separation of within- and between-subject processes demonstrated no consistent over-
time relations between perceived companionship and social presence at the within-subject level, except
for one time period (T3 to T,). Neither the classic CLPM nor the RI-CLPM with its explicit within-
subject perspective thus provided a clear longitudinal pattern on how children’s perceived companion-
ship with a social robot is related to their experience of its social presence. Moreover, neither CLPM
nor RI-CLPM demonstrated that the relationship between perceived companionship and social presence
varied over time. These findings have both empirical and theoretical implications.

Theoretically, our findings have implications for MASA, the hedonic-adaptation approach, and the
growth/decay perspective. MASA specifies, for example, that social signals (e.g., perceived companion-
ship) elicit social responses (e.g., social presence). Although perceived companionship and social pres-
ence were correlated both cross-sectionally and longitudinally at the level of zero-order correlations,
our more rigorous longitudinal analyses demonstrated that predictions of MASA may not emerge con-
sistently over time. Increased perceptions of companionship did not consistently predict greater social
presence in the future, neither when analyzed traditionally nor when explicitly taking into account, in
the RI-CLPM, the within-subject level of analysis.
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It is difficult to explain why the effects of perceived companionship on social presence occurred at
different time intervals in the traditional CLPM and the more sophisticated RI-CLPM with its focus on
within-subject processes. However, it seems safe to say that our results do not support the notion that
the predictions of CASA and, more specifically, MASA hold consistently when studied over time.
Moreover, our evidence of some effect of social presence (i.e., a social response) on perceptions of com-
panionship (i.e., a social signal) tentatively suggest that the relations as posited in CASA and MASA
may not be unidirectional, but more complex. It may be that, at least partly, the findings that support
the basic notions of CASA may result from the cross-sectional character of the studies, while longitu-
dinal approaches may elicit different results. Finally, our lack of findings align with recent studies that
also failed to support CASA (e.g., Heyselaar, 2023; Lang et al., 2013; Liu et al., 2023). Researchers have
suggested that users today approach technology differently than users did during the original CASA
studies done in the 1990s (Fox & Gambino, 2021; Gambino et al., 2020; Heyselaar, 2023). Although
our study cannot test this idea rigorously, it does suggest that CASA and MASA should take techno-
logical developments into account more strongly.

Our findings are also not in line with the hedonic adaptation approach (S. E. Baumgartner, 2025)
nor with a more general growth/decay perspective of longitudinal relationships (Brinberg & Lydon-
Staley, 2023). According to the hedonic adaptation approach, the relationship between perceived com-
panionship and social presence would initially increase (or decrease) followed by stabilization over
time. An initial increase followed by stabilization would have suggested a novelty effect (Reimann et al,,
2024). On the other hand, an initial decrease would have suggested that it simply takes time for the
relationship between the variables to materialize. The growth/decay perspective generally allows for an
increase or decrease in the relation between perceived companionship and social presence over time.
Our findings did not fully align with any of these patterns. A reason for the misalignment of our find-
ings with these approaches may be that they focus on classic media effects based on more traditional
forms of media consumption and the notion of mediated human-human communication. Our study
dealt with HRI in which the roles of medium and communicator differ from those in mediated
human-human communication (Fox & Gambino, 2021; Lombard & Xu, 2021; Peter & Kiihne, 2018)
and this conceptual difference may have contributed to the difference between the tenets of hedonic
adaption and growth/decay approach and our findings.

Beyond the theoretical implications, this study also makes a tentative methodological contribution to
HRI research by trying to separate between-subjects and within-subjects relationships in HRI research.
Previous longitudinal findings did not make this distinction (e.g., Leite et al., 2009, 2014; Ligthart et al.,
2022; Serholt & Barendregt, 2016), largely because the analytical techniques were not available or suffi-
ciently popular when the studies were conducted. Most notably, our results show a reciprocal relation-
ship between perceived companionship and social presence only on a within-subjects level (i.e.,
between T3 and T,), but not on a between-subjects level, illustrating that we cannot generalize from
more traditional analysis techniques such as the CLPM to within-subject processes.

Although the hypothesized reciprocal character of the relationship between perceived companionship
and social presence occurred in only one of the four time intervals, it is telling that it shows up at the
within- rather than the between-subjects level. Our understanding of relationships typically operates on
a within-subject level (e.g., Beyens et al, 2020): When a child perceives higher companionship in
Cozmo, this child may subsequently experience more social presence, and vice versa. Our results sug-
gest that it may be worth pursuing this within-subject perspective in longitudinal survey-based research
further when we try to understand how users respond to social robots, or media agents more generally,
as this perspective, along with the analytical techniques, captures the underlying processes more
adequately than traditional perspectives and techniques.

7.2. Limitations and future research

Our study has at least four limitations. First, experimental control in this research was lower than
experimental control in laboratory-based studies, as this research was conducted in-the-wild (Reimann
et al., 2024) and participants interacted with Cozmo in their homes. While there are several advantages
to this methodological approach, one noteworthy limitation is that there may have been external
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influences that were not controlled, potentially resulting in all participants having different experiences
during the study, which may limit the generalizability. Secondly, Cozmo is limited in the social cues it
can present and so, may not have been the appropriate robot for studying perceived companionship
and social presence over time. Although literature shows that users can form relationships with media
agents with fewer social cues (e.g., Janeczko & Foster, 2022), future research with other types of robots
(e.g., humanoid robots like Nao) with varying capabilities to present social cues could help assess the
extent to which people form longitudinal relationships with robots.

A third limitation refers to the operationalization of perceived companionship. As we relied on
already existing data, we were only able to use a proxy measure for perceived companionship. In line
with conceptualizations of companionship in the literature, our operationalization does capture
important aspects of companionship, such as social connection and potential friendship. Still, a more
validated, direct measure of perceived companionship may be preferable in future research. Fourth
and finally, despite 400 participants in total, there were only 168 complete cases across all waves.
Given the complexity of the analyses, specifically for the within-subjects analyses (Hamaker, 2012;
Hamaker et al., 2015), the number of assessments (i.e., five) and the number of participants may not
have been enough to observe accurate effects and effect sizes. Further studies should employ within-
subjects analytic techniques with larger datasets and more measurement points to evaluate our
findings.

To conclude, our analyses did not provide a clear longitudinal pattern between perceived compan-
ionship and social presence in child-robot interaction. Our findings thereby do not completely align
with any of the proposed theoretical approaches. This calls for more longitudinal research to validate
and contextualize our findings but also for more attention to over-time processes in our theorizing, as
well as a more explicit temporal perspective in our theories. The reciprocal effects observed between
these variables in waves 3 and 4 at the within-subjects level further underscore the need to separate the
between- and within-subjects effects. This research therefore encourages the adoption of more complex,
longitudinal methods in future HRI research.
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