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With the rapid development of artificial intelligence, the Internet of Things, and 
related technologies, human-smart object relationships have become increasingly 
diversified. As smart object become deeply embedded in human society, this 
has given rise to emerging ethical issues—particularly human-smart object 
attachment—whose characteristics and influencing pathways remain unclear. This 
study focuses on the context of wearable smart devices and adopts a two-stage 
mixed-methods approach: First, based on assemblage theory and existing literature, 
we construct a three-phase theoretical framework encompassing human-smart 
object assemblage formation, experience, and attachment. Subsequently, using 
grounded theory, we conduct in-depth interviews with users of wearable smart 
objects and employ a three-tier coding process to clarify the conceptualization, 
typology, and formation pathways of human-smart object attachment. The findings 
reveal that human-smart object attachment is essentially a psychological bond 
formed through “self-extension” and “self-expansion,” facilitated by human-
smart object capability synergy. It encompasses cognitive, affective, and conative 
dimensions and is influenced by three key factors: the user, the smart object, and 
the interaction process. Furthermore, the study explores the impact of human-smart 
object attachment on user attitudes and behaviors. As a unique phenomenon, the 
complexity of human-smart object attachment calls for HCI scholars to adopt 
multidisciplinary perspectives to investigate its mechanisms and effects. Such 
insights can assist enterprises and communities in developing technology products 
that better align with user needs.
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1 Introduction

With the rapid advancement of artificial intelligence, the Internet of Things, and related 
technologies, human-smart object relationships have become increasingly diversified as 
intelligent objects deeply integrate into various social domains, raising new ethical concerns. 
The widespread adoption of smart objects may result in fragmented sociotechnical landscapes, 
as users form varied bonds such as attachment, dependency, or even addiction. We also 
identified two key individual-level concerns. First, the datafication of the self results from 
quantifying users’ behaviors and emotions through extensive interaction with smart devices, 
which may restrict personal autonomy (Kristensen and Ruckenstein, 2018). Second, trust 
vulnerability arises when persuasive and anthropomorphic designs manipulate users’ 
emotional trust in systems whose intentions and limitations remain opaque (Hermann, 2022; 
Bamicha and Drigas, 2024). Investigating human-smart object relationships not only helps 
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optimize user experience, innovate interaction paradigms, ensure data 
security, and clarify smart object moral responsibility, but also 
provides theoretical support for establishing social ethical norms. 
From a marketing perspective, this research holds dual value. At the 
practical level, it can guide enterprises in improving customer 
experience, enhancing personalized services, and achieving precision 
marketing. At the strategic level, it facilitates brand loyalty cultivation, 
promotes marketing innovation, and strengthens corporate market 
adaptability and social responsibility fulfillment.

Currently, human-smart object relationships have evolved from 
initial technology adoption to deep collaboration, and in some 
domains, even surpassed traditional human-dominant paradigms. 
This increasing complexity has given rise to phenomena such as user 
dependence, addiction, and human-smart object attachment toward 
intelligent devices. Existing literature indicates that human-smart 
object attachment, as a complex phenomenon in the field of human-
computer interaction (HCI), involves emotional bonds between users 
and smart objects/technologies.

Although attachment theory has seen preliminary applications in 
HCI research in recent years, related explorations remain insufficient. 
As AI technologies increasingly demonstrate social attributes, their 
intelligent interaction capabilities have been shown to evoke users’ 
emotional expression and self-identity, presenting new theoretical 
opportunities for human-smart object attachment research. However, 
given current limitations in smart object intelligence, human-smart 
object relationships exhibit both similarities to and differences from 
interpersonal relationships. Academic research on core issues of 
human-smart object attachment—including conceptual definitions, 
constituent dimensions, influencing factors, and operational 
mechanisms—currently remains in its nascent stage.

Therefore, this study focuses on two key questions: (1) How to 
define the construct of human-smart object attachment? (2) How does 
human-smart object assemblage experience affect human-smart 
object attachment? The research adopts a qualitative paradigm. First, 
we integrate assemblage experience theory and attachment theory to 
build an analytical framework. Second, we collect content from social 
platforms and design/adjust interview protocols based on research 
questions to conduct in-depth interviews with wearable smart device 
users for primary data. Then we apply grounded theory to code the 
materials. Based on coding results, we  first clarify the conceptual 
definition, categories, and developmental stages of human-smart 
object attachment. Next, we  summarize the mechanisms through 
which human-smart object assemblage experience affects attachment, 
clarifying the internal processes and influencing factors. Finally, 
we  identify potential consequent variables of human-smart object 
attachment in marketing contexts.

2 Literature review and research 
framework

2.1 Assemblage experience theory

The concept of “assemblage” was first proposed by French 
philosophers Deleuze and Guattari from the speculative realism 
school of philosophy (Gilman et al., 1989). Originally, it referred to a 
multiplicity formed by different terms that transcend essential 
boundaries and interconnect. Building upon this foundation, 

marketing scholars have reconceptualized assemblage theory. 
Hoffman, Novak, and others introduced it into consumer experience 
research, proposing the notion of “consumer-object experience 
assemblage” (Hoffman and Novak, 2015, 2018). An assemblage 
consists of heterogeneous components that continuously interact with 
each other and with other entities, ultimately forming a whole with 
new properties, capabilities, or tendencies.

2.1.1 Key component of assemblage theory
Components are the basic units that constitute an assemblage. 

They can be human or non-human, material or immaterial, organic 
or inorganic. The components exhibit heterogeneity while maintaining 
autonomy and independent identities within the assemblage. This 
means that the constituent parts can exist across assemblages or 
independently separate from the current assemblage. The relationships 
between components are dynamically evolving, potentially 
undergoing changes, substitutions, or reorganizations, thereby shaping 
different assemblages.

Properties represent the observable characteristics of an 
assemblage that can be enumerated to a limited extent (DeLanda, 
2016). In product design, attributes include both surface-level 
elements (e.g., packaging, components, dimensions) and deeper-level 
characteristics that shape user experience. The properties of 
components directly influence the realization of an assemblage’s 
capabilities, which are divided into material capability and expressive 
capability. Material capability/role enables consumers or producers to 
physically interact with products in specific ways, such as a bridge 
supporting vehicles or shapewear altering body contours (Hargadon 
and Douglas, 2001; Martin and Schouten, 2014). Material capability 
significantly impacts consumers’ willingness to adopt new 
technologies, as it typically requires actual interaction between 
consumers and products. Expressive capability/role refers to an 
object’s ability to link with specific symbolic meanings within an 
assemblage. Components express certain meanings through their 
particular roles in the assemblage (Gilman et al., 1989). Expressive 
capability and material capability are not mutually exclusive; under 
certain conditions, they can transform into each other or coexist. For 
example, the color of bird feathers may initially serve functional 
purposes but can also acquire expressive significance when used to 
distinguish between different bird species.

Interactivity is the core of assemblage theory. The properties, 
capabilities, and developmental tendencies of components are 
manifested through capability matching during interaction processes. 
Without interaction, the assemblage would cease to exist. In addition 
to interactions between components, components can also interact 
with the entire assemblage, and interactions can occur between 
different assemblages (Martin and Schouten, 2014).

2.1.2 The relationship between consumers and 
smart objects in assemblage experience

Hoffman and Novak drew upon Pincus and Ansell’ s interpersonal 
circumplex model (Pincus and Ansell, 2003) to propose a consumer-
object relationship circumplex model (Hoffman and Novak, 2018). 
This model categorizes interaction patterns between consumers and 
objects into four types based on two dimensions: agentic role and 
communal role: complementary master-servant relationship, 
non-corresponding master-servant relationship, partnership, and 
unstable relationship (Novak and Hoffman, 2019). These types reflect 
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the degree of complementarity in expressive capability between 
consumers and objects, elucidating the interaction patterns between 
consumers and objects. With the rise of digital connectivity and 
ubiquitous computing, smart objects are increasingly conceptualized 
not as fixed or discrete entities, but as fluid and adaptive assemblages 
shaped by context and interaction (Redström and Wiltse, 2019). Thus, 
the consumer-object relationship is dynamic, evolving within the 
structure of the relationship circumplex model.

2.1.3 Outcomes of assemblage experience
According to assemblage theory, interactions occur through the 

mutual influence of capability matching between components, as well 
as between components and the whole. The components and whole 
involved in these interactions then generate new properties and 
capabilities. Hoffman suggests that these new capabilities may produce 
either positive impacts or negative outcomes, thus classifying 
experiences into enabling experience and constraining experience. 
Since consumers and objects may assume different expressive roles 
(either agentic or communal) during interactions, Hoffman integrates 
existing concepts to identify four types of consumer experiences: self-
extension, self-expansion, self-restriction, and self-reduction 
(Hoffman and Novak, 2018), as shown in Figure 1.

Self-extension originally refers to how individuals project their 
identity onto meaningful objects, extending themselves to possessions 
and others (Belk, 1988). The realization paths include: first, consumers 
perceive and feel control over objects; second, consumers become 
accustomed to the objects’ presence and establish intimate 
relationships, incorporating the objects’ resources and capabilities into 
their self-concept. Therefore, the self-extension experience refers to 
consumers occupying an agentic role that enables the assemblage 
(Belk, 2013). Self-expansion stems from people’s tendency to expand 
their goal-achieving capabilities through close relationships (Aron and 
Aron, 1986). Thus, the self-expansion experience refers to consumers 
being empowered by the assemblage through a communal role. Self-
restriction occurs when consumers assume an agentic position during 
interaction and have the capability to constrain the entire consumer-
object assemblage, such as by removing components or terminating 
interactions, thereby weakening the assemblage’s capabilities. 

Self-reduction means consumers not only exhibit a communal role but 
are also constrained by the assemblage. Examples of these four types 
of human-smart object interaction assemblage experiences are 
presented in Table 1.

2.2 Differentiation of human-smart object 
attachment from related constructs and 
theories

2.2.1 Distinguishing nostalgia and human-smart 
object attachment

Attachment and nostalgia share both similarities and differences as 
psychological constructs. Their commonalities are reflected in two 
aspects: First, both involve emotional experiences—nostalgia represents 
emotional reminiscence of the past, while human-smart object 
attachment (hereinafter refers to HSOA) relates to emotional and other 
bonds formed through interactions with smart devices or robots. Second, 
both can serve as coping mechanisms for real-life stress—nostalgia 
provides comfort by recalling positive past experiences, while HSOA 
offers emotional support through human-smart object interaction.

Although nostalgia and HSOA may appear to share similarities in 
certain aspects, prior research indicates that nostalgia is a form of 
memory recognized as a key determinant of product attachment 
(Mugge et  al., 2005). This suggests that nostalgia influences 
attachment, indicating a connection between the two concepts, 
however, there are fundamental distinctions between them in terms 
of temporal focus and interaction mechanisms.

Specifically, nostalgia is typically evoked by past-oriented 
reflection and is directed toward people, places, or moments from a 
former life stage. It serves to reinforce self-continuity and provide 
emotional comfort through memory recall (Muehling and Sprott, 
2004; Mugge et al., 2005). In contrast, HSOA emerges from real-time, 
ongoing interactions with smart objects that possess embedded 
intelligence and agency (Novak and Hoffman, 2019). It is forward-
facing and functional, shaped through dynamic user-object 
engagement, and reflects a user’s desire for immediate emotional 
support, enhanced capabilities, and personalized responsiveness (Hu 

FIGURE 1

Typology of consumer assemblage experiences.
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et al., 2025). While nostalgia is largely passive and unidirectional in 
nature, HSOA is actively co-constructed through continuous, 
reciprocal interaction between the user and the smart object.

2.2.2 Distinguishing attachment, dependence and 
addiction

Attachment, dependence, and addiction all involve individuals’ 
repeated engagement with certain behaviors or substances, but they 
differ fundamentally. Addiction refers to persistent seeking and use of 
substances or behaviors despite negative consequences, where behavior 
shifts from purposeful instrumental use to uncontrolled habitual 
patterns (Chen, 2019). In human-smart technology interactions, the 
line between appropriate and problematic use often blurs, as smart 
device usage may evolve from efficiency/social enhancement to 
automated, uncontrollable addictive behaviors (Coffey, 2018). 
Dependence primarily reflects users’ trust in smart object performance 
and reliability assessments, emphasizing functionality and efficiency 
(Ainsworth, 1969). Attachment constitutes an emotion-based, enduring 
bond between users and smart devices/robots (Chen, 2019), arising 
from anthropomorphic perceptions, emotional involvement, and social 
interaction. In summary: attachment represents healthy emotional 
connections; dependence indicates over-reliance; addiction reflects 
uncontrollable cravings (Insel, 2003). Clarifying these distinctions helps 
address technology-related issues. While concepts like internet gaming 
disorder and smartphone addiction have emerged, AI-era smart objects 
with multiple properties exhibit complexities surpassing simple 
dependence/addiction frameworks (as shown in Figure 2).

2.3 The relationship between human-smart 
object experience and human-smart object 
attachment

Smart objects and users form interactive assemblages through 
their interactions, generating consumer/user experiences. These 

experiences differentiate based on actor properties and interaction 
modes, ultimately influencing various human-smart object 
relationships including HSOA. The rapid development of the Internet 
has laid the foundation for the intelligence of ordinary objects and the 
Internet of Things, giving rise to smart objects with enhanced 
interactivity and agency. Therefore, human-smart object interaction 
experiences should not be limited to traditional user-centered models. 
According to Hoffman’s assemblage theory (2018), the formation of 
HSOA involves at least two stages. The first stage consists of user-
smart object interactions, where smart objects simulate human-like 
communication patterns through interactive interfaces and intelligent 
algorithms. Due to differences in users’ role perceptions and capability 
characteristics, the user experiences exhibit relative, dynamic and fluid 
properties. The second stage of human-smart object interaction may 
produce two distinct outcomes: enabling experiences (such as self-
extension and self-expansion) that promote relationship deepening, 
while constraining experiences (such as self-restriction and self-
reduction) may hinder attachment formation (as shown in Figure 3).

Notably, studies that demonstrate both stages and yield positive 
outcomes are particularly prominent in the fields of therapeutic care 
and health management. Research has shown that, compared with 
non-autistic individuals, wearable smart objects can alleviate stress 
perception, anxiety, and physiological arousal in individuals with 
autism. Through a meta-analysis, Pergantis et al. (2025) found that 
such devices help autistic individuals concretize abstract concepts, 
supporting their sequence memory, time management, and language 
comprehension. This assists users in developing self-awareness and 
expanding their self-concept, which has been associated with 
significantly reducing anxiety and alleviating stress responses.

In a similar vein, Torrado et al. (2017) embedded sensor systems 
into smartwatches to infer emotional fluctuations from physiological 
signals and movement patterns, employing personalized feedback 
strategies to enhance emotional self-regulation in autistic users. This 
not only improved emotional bonding but also strengthened their 
willingness to engage with the devices. Reeder and David (2016), in a 
systematic review of health and behavioral monitoring via 
smartwatches, highlighted the advantages of these devices in self-
monitoring, real-time feedback, and bidirectional communication 
between users, families, and healthcare providers. Such capabilities 
contribute to the construction of a “quantified self,” rendering the self-
concept more dynamic and contextualized, and facilitating 
self-extension.

In the context of social robotics, Bamicha and Drigas (2024) 
found that intelligent robots equipped with theory of mind 
capabilities can accurately perceive and respond to users’ intentions 
and emotions. Users often perceive the robot’s cognitive abilities as 
an extension of their own, experiencing the robot as an “internal 
assistant.” According to Belk (2013), this experience can blur the 
boundary between self and other. Moreover, the metacognitive 
feedback provided by these robots—such as prompting reflection 
on blind spots and offering strategic suggestions—allows users to 
internalize the robot into their decision-making process. This 
integration positions the robot not only as a tool of self-extension 
but also as a component of the user’s metacognition. Over time, 
users adopt new self-monitoring and self-regulation strategies 
through these interactions, expanding their cognitive and 
emotional capabilities. These findings underscore how 
anthropomorphic communication design in smart objects can 

TABLE 1  Examples of human-smart object interaction assemblage 
experiences.

Self-Extension Self-Expansion

In Huawei smart watches, users can 

activate the backlight function by 

shaking their wrist—a design that 

reinvents conventional usage habits. 

This interaction mode creates an 

embodied experience where the watch 

becomes an extension of the user’s 

body, enabling control through natural 

physical gestures.

Smartwatches integrate communication 

functions like calls and WeChat, 

enabling users to receive and send 

messages anytime, maintaining social 

connections. This integration of 

communication features makes 

smartwatches an extension of users’ 

social networks, expanding their social 

capabilities.

Self-Restriction Self-Reduction

Most elderly users fail to fully utilize 

smart devices’ functionalities due to 

limited technical understanding and 

self-efficacy constraints, reflecting 

cognitive barriers in human-machine 

interaction.

Users experience diminished perceived 

agency during smart object interactions. 

For instance, when using smart 

speakers, they must adhere to 

predefined command phrases, and any 

errors in the device’s listening/execution 

processes intensify feelings of self-

reduction.
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enhance empathy and trust in human-machine relationships via 
both self-expansion and self-extension, ultimately improving 
user experience.

Attachment theory posits that individuals develop internal 
working models concerning the self, the attachment object, and their 
relationship. In human-smart object relationships, people form 
internal working models based on their interactive experiences with 
smart objects, which influence their expectations and behaviors in 
subsequent human-smart object interactions. Interactive experiences 
facilitate the formation of various human-smart object relationships, 
among which HSOA is one notable example. This emerging form of 
attachment in the new era context further impacts users’ in-depth 
usage experiences and consumption behaviors.

2.4 Wearable smart object

To explore human–smart object interactions, this study adopts 
wearable smart objects as a representative case, guided by three 
main rationales.

First, wearable smart objects have wide-ranging applications and 
strong practical relevance. Currently, wearable devices are most 
prominently used in the fields of healthcare, fitness, and entertainment. 
In smart healthcare, wearable technologies play a crucial enabling role 
by leveraging intelligent terminals, mobile communication, and cloud 
computing to provide remote health services (Dias and Cunha, 2018; 
Islam et al., 2015). In the fitness domain, wearable devices equipped 
with motion and biosensors—such as smartwatches and fitness 
trackers—can monitor physical activity, caloric consumption, heart 
rate, and sleep quality in real time, making them highly suitable for 
goal tracking and health management (Piwek et al., 2016; Patel et al., 
2012). These devices are the most widely adopted forms of wearable 
smart technology and have been applied in various contexts, including 
posture correction, muscle training, exercise data collection, risk 
assessment, and performance optimization.

Second, wearable smart objects exhibit relatively high consistency 
in their technological architecture. As Gao et al. (2015) noted, most 
devices incorporate three core capabilities: environmental sensing, 
data processing, and responsive feedback. These functions are typically 
supported by standardized components such as multi-modal sensor 

FIGURE 2

Distinguishing attachment, dependence and addiction.

FIGURE 3

The mechanism of human-computer interaction experience affecting human-smart object attachment.
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arrays, short-range wireless protocols (e.g., Bluetooth, NFC), and 
cloud-based analytics infrastructures (Lee et  al., 2015). This 
architectural uniformity not only facilitates seamless user experiences 
but also enables systematic theoretical modeling and empirically 
grounded analysis.

Third, their hybrid physical–digital nature creates distinctive 
conditions for emotional attachment formation. In addition to 
functional affordances such as interactivity and personalization, 
wearable smart objects embody physical characteristics—such as 
aesthetic design, wearability, and tactile comfort—that deepen user 
engagement (Kalantari, 2017). Empirical research confirms that visual 
appeal significantly influences perceived value and user satisfaction 
(Yang et  al., 2016), while habitual usage patterns are positively 
associated with attachment strength (Sung et al., 2007; Huber et al., 
2016). Given their persistent bodily proximity and high interaction 
frequency, wearable smart objects provide an ideal context for 
exploring the formation and evolution of human–smart object 
attachment (HSOA).

Based on these considerations, wearable smart objects provide 
both theoretical significance and empirical richness, making them an 
analytically tractable and conceptually meaningful focus for exploring 
the formation and mechanisms of HSOA.

3 Research design

3.1 Methodology

This study adopts grounded theory to explore the formation 
pathways of HSOA and its antecedents and consequences. Grounded 
theory systematically induces theories from empirical data through 
standardized procedures. The adoption of this method is based on 
three considerations: (1) The concept of HSOA lacks consensus and 
mostly remains superficial (Gillath et al., 2021), making grounded 
theory more suitable for revealing its essence and impacts; (2) 
Grounded theory excels at analyzing influencing processes 
(Eisenhardt, 1989), facilitating the examination of the evolutionary 
process of attachment between users and smart objects, and clarifying 
the experiences and factors affecting attachment formation, as 
demonstrated by Murmann who used grounded theory to discuss the 
co-evolutionary process between industries and environmental factors 
and their influencing elements (Murmann, 2013); (3) Grounded 
theory can effectively handle multivariate relationships in complex 
dynamic social phenomena, uncovering the intrinsic mechanisms of 
human-smart object relationships (Yin, 2016). Given this study’s need 
to develop conceptual understanding and address related issues, 
we employ the qualitative analysis method of grounded theory, which 
includes core processes of data collection and coding.

Through in-depth interviews, primary data is collected. The 
interview content is then coded with reference to relevant literature to 
extract the meaning, dimensions, process elements, developmental 
stages, and antecedents and consequences of HSOA.

3.2 Theoretical sampling

This study employs theoretical sampling with four primary 
criteria: accessibility, suitability, typicality, and sample size. Young 

adults who frequently use smart devices in their daily lives were 
selected as participants. There are no fixed standards for sample size 
in theoretical sampling; sampling ceased when new data no longer 
yielded novel insights or categories. Ultimately, 27 participants from 
various industries, all with experience using wearable smart devices 
(either past or current), were selected for semi-structured interviews. 
All interviewees used wearable smart devices for more than 1 h daily, 
with a balanced gender ratio (44.44% female). The majority held 
bachelor’s degrees or higher. The devices used included smartwatches, 
fitness trackers, smart glasses, smart earphones, and VR/AR headsets.

The researchers continuously adjusted the interview guide and 
theoretical framework based on the interview results until theoretical 
saturation was achieved. The specific procedures were as follows: First, 
participants who had used smart objects were recruited and screened, 
and discussions were conducted focusing on “human-smart object 
attachment relationships,” including the participants’ personal 
information and overview of smart object usage. Ultimately, a total of 
27 interview transcripts were collected. The duration of individual 
interviews ranged from 10 to 90 min, with an average interview time 
of approximately 25 min. The total interview duration was 12.8 h, and 
the transcribed text amounted to approximately 280,000 characters. 
Table  2 provides detailed information about the respondents’ 
basic characteristics.

3.3 Data collection

3.3.1 Semi-structured interviews
The interview outline aims to collect data on HSOA through semi-

structured interviews, focusing on smart device usage experiences and 
emotional connections. The interview content ranges from collecting 
basic information to in-depth exploration of attachment feelings and 
influencing factors.

To ensure sample diversity, interviewees include users of different 
smart devices, those at different usage stages, those who have lost or 
replaced smart objects, and those who have recovered lost devices. 
Specific interview questions include: understanding respondents’ 
smart object usage profiles (including device types, frequently used 
devices, ownership status and duration of use); exploring respondents’ 
perceptions of smart objects (including characteristics, differences 
from ordinary objects, and usage experiences); understanding 
respondents’ views on HSOA (including differences between 
attachment and other concepts, manifestations of attachment, and 
influencing factors); discussing post-attachment dynamics (such as 
the impact of separation, loss, replacement, technological upgrades, 
etc. on attachment); and examining smart object agency and its 
influence on HSOA. The influence of factors such as interaction 
distance, interaction methods, and brand effects on attachment are 
also considered.

After the interviews, recordings are transcribed into text, with 
content differentiated between interviewer and interviewee. The 
distinction between main questions and follow-up questions is also 
considered, analyzing their impact on the results.

3.3.2 Online materials
This study analyzes “human-machine attachment” discourse from 

three Chinese social platforms: Douban, Weibo, and Zhihu. For 
example, the Media Development Research Center of Wuhan 
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University noted that members of the “Human-smart object Romance” 
group on Douban share interaction experiences, seek help, and 
exchange insights.

Additionally, relevant literature was obtained from academic 
databases, along with news articles and research reports, to understand 
both public and expert perspectives on this phenomenon.

3.4 Data coding and analysis

This study adopted a tri-level iterative coding analysis: (1) data 
cleaning and organization; (2) analysis and expression; (3) conclusion 
verification and model revision, until theoretical saturation 
was achieved.

The research utilized NVivo 11 Plus for three-level node coding, 
with multiple reviewers involved to reduce coding bias. The specific 
procedure was as follows: (1) Basic coding: extracting information 
sentence-by-sentence from 27 interviews to form third-level nodes; (2) 
Node induction: consolidating third-level nodes into second-level 

nodes; (3) Category integration: refining second-level nodes into first-
level nodes to construct a complete coding system (Table 3). The first-
level nodes primarily covered four dimensions: conceptual connotation 
of HSOA, influencing pathways, outcome effects, and 
influencing factors.

3.4.1 Open coding
This study conducted detailed textual analysis using NVivo 11 

Plus (Zamawe, 2015), initially identifying 166 concepts related to 
human-smart object emotional dependence. Due to issues of 
repetition and dispersion among these initial concepts, the research 
team decided to retain only those concepts that appeared three 
times or more during the process of theoretical sampling and 
coding. When eliminating redundant concepts, a team cross-
validation mechanism was employed, where coding consensus was 
reached through discussion before proceeding to the next stage of 
analysis. Ultimately, 31 open codes that met the requirements of 
typicality, accuracy, and relevance were formed, as shown in 
Table 4.

TABLE 2  Basic information of respondents.

Number Smart object Identity Gender Interview duration 
(min)

Code

1 Smartwatch Undergraduate Male 59 A1

2 Smartwatch Undergraduate Male 32 A2

3 Smartwatch Undergraduate Male 37 A3

4 Smartwatch Undergraduate Female 52 A4

5 Smartwatch Undergraduate Male 26 A5

6 Smartwatch Undergraduate Female 78 A6

7 Smartwatch Undergraduate Male 44 A7

8 Smartwatch Undergraduate Female 46 A8

9 Smartwatch Master’s Candidate Male 26 A9

10 Smartwatch Master’s Candidate Female 37 A10

11 Smartwatch PhD Candidate Male 38 A11

12 Smartwatch College Diploma Female 37 A12

13 Smartwatch Teacher Male 36 A13

14 Smartwatch Real Estate Agent Female 30 A14

15 Smartwatch Self-employed Male 50 A15

16 Smartwatch State Grid Employee Female 31 A16

17 Smartwatch Operation Specialist Female 40 A17

18 Smart Wristband Undergraduate Female 33 A18

19 Smart Wristband Master’s Candidate Male 31 A19

20 Smart Wristband Master’s Candidate Male 29 A20

21 Smart Wristband Teacher Female 31 A21

22 Smart Wristband E-commerce Sales Female 30 A22

23 Smart Earphones Master’s Candidate Male 42 A23

24 Smart Running Shoes Master’s Candidate Male 38 A24

25 VR/AR Headset Technical Engineer Male 40 A25

26 Smartwatch Undergraduate Female 35 A26

27 Smart Glasses Undergraduate Male 33 A27
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3.4.2 Axial coding
Axial coding is an analytical process that involves screening, 

summarizing, and categorizing concepts based on open coding. The 
research team conducted in-depth induction and organization of the 
31 concepts obtained through open coding, integrating these concepts 
with existing research findings on HSOA. Through this process, three 
subcategories closely related to the concept of “human-smart object 
attachment” were ultimately refined, including functional cognition, 
event maintenance, human-smart object independence, experiential 
memory, happiness and liking, emotional connection, separation 
anxiety, user involvement, and proximity maintenance. These 
subcategories possess higher representativeness and can integrate and 
extract initial concepts. Furthermore, six additional subcategories 
involve variables that influence human-smart object relationship 
experiences, such as human factors, wearable smart device factors, 
and human-smart object interaction factors, as well as potential 
outcome variables that may arise from HSOA.

3.4.3 Selective coding
Through comprehensive comparison and analysis of open coding 

and axial coding results, along with referencing existing research on 
attachment in the field of artificial intelligence (Gillath et al., 2021; 
Hertlein and Twist, 2018), this study ultimately constructed the 
structural dimensions of HSOA with “cognitive attachment,” 
“emotional attachment,” and “conative attachment” as the core. The 
interaction assemblage between smart objects and users forms the 

starting point of the relationship. The experiences (constraining/
enabling) generated through their interactions promote attachment 
formation via mechanisms of self-expansion (agentic) or self-
extension (communal).

Selective coding revealed that HSOA primarily forms through 
enabling experiences (self-extension and self-expansion) rather than 
constraining experiences (e.g., self-reduction and self-restriction), 
with its core lying in the exertion of user agency. Enabling experiences 
strengthen self-cognition and extend user perception by enhancing 
user capabilities (e.g., smart tools improving efficiency) and expanding 
identity roles. In contrast, constraining experiences hinder the 
establishment of HSOA by undermining user autonomy (e.g., forced 
operational processes) or reducing perceived competence (e.g., 
overreliance leading to skill degradation). Enabling experiences 
directly foster attachment by enhancing “user agency,” while 
constraining experiences lack such connections. The study 
systematically elucidates the definition, types, dimensions, 
developmental stages, and outcomes of attachment, highlighting that 
this process is moderated by three factors: smart object characteristics, 
user traits, and interaction contexts (as illustrated in Figure 4).

3.4.4 Saturation test
This study verified theoretical saturation through three 

approaches: supplementary interviews, literature comparison, and 
expert consultation. The results showed that no new categories or 
relationships were identified regarding the concept of HSOA, 

TABLE 3  Examples of open coding.

Interview data Phenomenon 
identification

Conceptualization Open coding

I feel attached to it because, firstly, I believe it would lose half its 

brilliance without my control.

Yet if I were to leave it, I too would lose half my radiance—this is 

mutual fulfillment. I enable it to fulfill its intended functions, while 

it in turn enhances my capabilities. (A09-10)

Users and wearable smart devices 

achieve mutual fulfillment through 

functional recognition.

Symbiotic complementarity; 

mutual actualization

Functional cognition

Certainly, a tangible connection exists. On a functional level, it 

directly monitors my physiological status—this establishes what I’d 

consider an external bond. At a deeper, more personal level, I’ve 

developed a profound emotional symbiosis with this watch. At this 

point, discarding it is inconceivable. Through sustained use, an 

authentic affection has gradually emerged—we have cultivated 

what I can only describe as an internalized emotional attachment. 

(A10-16)

Certain events may indeed serve as connection points. For 

instance, when I see this watch, it invariably triggers memories of 

specific experiences. (A05-09)

Take workouts for example—whenever I prepare to exercise, 

I instinctively think of it. (A19-12)

Wearable smart objects physically 

interact with users, who develop 

emotional connections through task-

oriented engagements.

Event linking

Somatic-affective bonding;

Context-aware utility

Event maintenance

Certain functions I genuinely enjoy and find beneficial, yet would 

not call it dependence. For instance, I could manage without it—

like with sleep tracking, I can sleep perfectly fine without it. But 

having it does provide awareness of my sleep patterns. (A14-11)

Realistically speaking, even at its peak usefulness, it’s not like 

I could not survive without it. It would be more accurate to say this 

product makes my life considerably more convenient. (A09-16)

Users acknowledge the functional 

enhancement from wearable smart 

devices without developing 

overreliance that disrupts normal life.

Auxiliary non-essential;

Non-essential convenience

Human-smart object 

autonomy
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TABLE 4  Axial coding.

Axial coding Subsidiary 
category

Reference 
point

Open coding Coding connotation

Human-smart object 

attachment

Cognitive 

attachment

18 Functional cognition Users’ perception of smart objects’ functionalities and their evaluation of 

functional efficacy

9 Event maintenance The degree to which users associate smart objects when (planning) to 

perform certain tasks.

5 Human-smart object 

autonomy

Emphasis on personal autonomy, maintaining undisturbed norms in 

human-machine relationships

3 Experiential memory Memories formed through interactions with smart objects

Emotional 

attachment

15 Experiential memory Positive emotions evoked by viewing or using smart objects

14 Emotional bonding Affective states experienced during user-smart object interactions

16 Separation anxiety Persistent and excessive worry about actual or anticipated detachment 

from significant attachment figures

Intentions 9 User involvement Wholehearted dedication to a specific purpose, involving time, financial, 

and cognitive resources

13 Proximity maintenance Users’ tendency to keep smart objects within immediate reach for constant 

accessibility

Experience Self-expansion 5 Affective expansion Smart objects as channels enhancing emotional communication and socio-

emotional cognition

9 Capability expansion Knowledge acquisition, skill development, and personalized growth 

enabled by smart objects

11 Identity affirmation Smart objects reinforcing self-concept through personalized services

Self-extension 10 Sensory extension Smart objects overcoming biological sensory limitations by enhancing 

visual/auditory/tactile precision

6 Capability extension Wearables amplifying physical capabilities, data processing, and life 

efficiency, creating expanded self-perception

Determinants Process factors 18 Interaction relationship Master-servant, friendship, mentor-student, agency relationships

10 Interaction context Health monitoring, education, daily use, smart home, social interaction

17 Interaction context Interaction duration and frequency

4 Interaction modality Touchscreen, voice recognition, gesture control, physical controllers

User factors 8 User characteristics Age, gender, occupation, income, ethnicity

10 Psychological factors Attachment style, lifestyle, personality, purchase motivation, attitudes

Smart object 

factors

6 Peripheral factors Brand, aesthetic design

20 Core factors Agency, autonomy, authorization

User outcomes Attitudes 11 Human-smart object 

attitudes

Human-machine coexistence attitudes, disposition toward smart objects

7 Brand attitudes Brand affinity toward smart object manufacturers

10 New tech adoption Technology adoption propensity

Behavioral 

intentions

15 Technology dependence Hardware/software dependence

20 UX improvement 

initiatives

Strategies enhancing product/service satisfaction and usability through 

comprehensive analysis, issue identification, and targeted improvements

14 Irreplaceability Substitutability of smart objects

18 Maintenance & 

cherishing

Device maintenance and cherishing behaviors

12 Anthropomorphism Attribution of human characteristics, motivations, or mental states to 

non-human entities

6 Possession & exclusivity Ownership aspiration stemming from utilitarian value, emotional 

significance, or status symbolism
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indicating the theoretical model had reached saturation. The finalized 
three-dimensional structure of HSOA consists of: cognitive 
attachment, emotional attachment, and conative attachment. 
Consequently, this paper defines “human-smart object attachment” as 
a relationship between users and wearable smart objects that 
transcends purely functional use, forming long-term emotional bonds 
and corresponding behavioral tendencies. To visually present the 
research findings, a word cloud of HSOA was generated based on 
high-frequency keywords (as shown in Figure 5).

4 Mechanism of human-smart object 
assemblage experience on 
human-smart object attachment

4.1 Components and internal relationship 
of human-smart object attachment

HSOA refers to the emotional bond formed between users and 
smart devices, which is particularly significant in the context of 
wearable smart devices. HSOA comprises three dimensions: human-
smart object cognitive attachment, human-smart object emotional 
attachment, and human-smart object conative attachment. These 
three dimensions and their constituent elements are illustrated in 
Figure 6.

4.1.1 Human-smart object cognitive attachment
Human-smart object cognitive attachment, as the foundational 

dimension of HSOA, contains four core elements: functional 
cognition, event maintenance, experiential memory, and human-
smart object independence. Specifically: functional cognition reflects 

users’ recognition of a device’s functional value, such as how a 
smartwatch’s health monitoring features improve quality of life (A22-
09); event maintenance manifests when devices become deeply 
integrated into users’ daily affairs, such as smart devices establishing 
psychological connections through functions like schedule reminders 
(A5-09); experiential memory refers to emotional memories 
accumulated during use, such as fitness trackers preserving users’ 
achievement experiences (A24-14); human-smart object 
independence emphasizes users maintaining autonomy while 
enjoying device convenience, such as users retaining traditional 
information acquisition methods while using smart glasses (A27-15). 
These elements together constitute users’ cognitive evaluation system 
for smart devices.

4.1.2 Human-smart object emotional attachment
Human-smart object emotional attachment refers to the 

emotional connection and dependence that users develop toward 
smart devices, representing the core of establishing HSOA. It 
manifests through three key elements: First is happiness and 
liking, which refers to users’ affection and pleasure derived from 
a device’s appearance design, functional performance, and usage 
experience. For example, both the fashionable design and accurate 
health monitoring features of a smartwatch can evoke users’ 
positive emotions (A16-11). Second is emotional bonding 
(Thomson et al., 2005), referring to users’ emotional fluctuations 
triggered during device interactions. When devices provide 
positive feedback, users feel satisfied, whereas functional failures 
may cause anxiety, indicating that the human-smart object 
relationship has transcended purely functional use. Finally, 
separation anxiety (Manicavasagar et al., 2003) describes users’ 
unease when separated from highly personalized wearable devices, 

FIGURE 4

Path model of human-smart object assemblage experience affects human-smart object attachment.
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a reaction that confirms the device has become an indispensable 
part of users’ lives (A11-14).

4.1.3 Human-smart object conative attachment
Human-smart object conative attachment reflects the behavioral 

interaction patterns between users and smart devices, containing two 
key behavioral characteristics: First is proximity maintenance, 
manifested by users’ tendency to wear devices closely or keep them 
within easy reach (Lei and Wu, 2007), where this spatial proximity 
need reflects attachment tendencies at the behavioral level, with 
typical cases including users promptly recharging drained fitness 
trackers to ensure continuous device availability; Second is user 
involvement, referring to the time and effort users actively devote to 
optimize usage experiences (Michaelidou and Dibb, 2008), where such 

involvement behaviors are reflected both in functional exploration, 
such as participating in fitness challenges and sharing data (A18-07), 
and in attention to appearance and performance, with the degree of 
involvement directly mapping the intensity of users’ attachment. These 
two behavioral dimensions together constitute observable external 
manifestations in human-smart object relationships.

4.2 Internal relationships of human-smart 
object attachment

In the context of wearable smart devices, the three dimensions 
of HSOA demonstrate dynamic interconstructive relationships. 
First, human-smart object cognitive attachment serves as the 

FIGURE 5

Word cloud of human-smart object attachment interview coding.

FIGURE 6

Dimensions and components of human-smart object attachment.
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foundation for emotional and conative attachment, where users’ 
cognitive evaluations of devices directly influence their emotional 
and behavioral attachments. For example, when users perceive 
smart devices as having positive impacts on their lives, they are 
more likely to develop affection and pleasure toward the devices 
(A22-10). Second, emotional attachment represents the core, as 
users’ emotional connections with smart objects reinforce both 
cognitive and conative attachments. When users establish strong 
emotional bonds with smart devices, they tend to maintain closer 
proximity and invest more time and effort in exploring device 
functionalities (A03-21). Finally, human-smart object conative 
attachment provides feedback to cognitive and emotional 
attachments. Users’ behavioral tendencies and involvement levels 
reciprocally influence their cognitive perceptions and emotional 
bonds with devices. For instance, frequent device usage and 
dedicated involvement can enhance users’ cognitive recognition 
and dependence on devices (A09-18).

In wearable smart device contexts, HSOA constitutes a complex, 
multidimensional concept. By thoroughly understanding its 
connotations, dimensions, and internal relationships, we can better 
comprehend human-smart device interactions. While human–smart 
object attachment (HSOA) is commonly linked to pleasure, emotional 
satisfaction, and subjective well-being (Desmet and Pohlmeyer, 2013; 
Hassenzahl, 2010), recent studies emphasize additional mechanisms 
such as symbolic identification and relational maintenance. 
Anthropomorphic features can foster empathy and social 
connectedness (Purington et al., 2017), whereas, personalization and 
self-representative interfaces facilitate identity projection (Belk, 2013). 
Furthermore, ritualized interactions (Forlizzi, 2007) and trust-
enhancing system behaviors (Luger and Sellen, 2016) further 
contribute to attachment by supporting symbolic continuity and 
relational stability. Collectively, this evidence suggests that HSOA is a 
multi-dimensional phenomenon. Taken together, these findings 
underscore the multidimensional nature of HSOA and offer valuable 
insights for the design and development of smart devices. Specifically, 
the internal relationship encourages a holistic approach that integrates 
functional cognition, emotional bonding, and behavioral patterns into 
both software and hardware design. These findings suggest that 
considering users’ higher-level needs through systematic design can 
effectively form HSOA.

In wearable smart device environments, the three dimensions of 
HSOA interact synergistically to form a complete attachment 
relationship. Therefore, this study defines “human-smart object 
attachment” as: Within human-smart object interactive assemblages, 
users’ cognitive perceptions of smart objects transcend purely 
functional use, forming long-term emotional attachments while 
demonstrating behavioral intentions to maintain proximity with and 
invest in the smart objects.

4.3 Mechanism of human-smart object 
assemblage’s influence on attachment

According to assemblage experience theory, the key factors in 
human-smart object interaction assemblages are user roles and 
capabilities. First, user roles are determined by the locus of agency 
(Kang and Kim, 2020a). The locus of agency originates from “locus 

of control,” reflecting an individual’s tendency to attribute 
responsibility to themselves or external factors. In HCI, the locus of 
agency specifically refers to the attribution of behavioral initiation 
and control rights during interaction. When users master the locus 
of agency, it means they control the interaction process and play an 
agentic role; conversely, if the locus of agency transfers to smart 
objects, it means smart objects dominate the interaction, and users 
correspondingly transform into communal roles. In short, the locus 
of agency reveals the key influence of user agency and sense of 
control on interaction experience. Second, capabilities in human-
smart object interaction are presented through the relative 
relationship between the two. Don Ihde’s classification of relationships 
among humans, smart objects and environment mainly includes 
embodiment relations and hermeneutic relations (Martin and 
Schouten, 2014). Embodiment relations refer to smart objects 
integrating into user experience and becoming tools for perceiving 
the world. Hermeneutic relations emphasize technology’s role in 
understanding the world, where technology is not only a tool but also 
a medium helping users perceive and understand the world through 
limited perception.

4.3.1 Human-smart object assemblage 
interaction affects human-smart object 
attachment through self-extension

In human-smart object interaction, when the human-smart object 
relationship is an embodiment relation, self-extension experience 
becomes an important pathway for forming HSOA As shown in 
Figure 7, in embodiment relations, users’ senses interact with the 
environment through technology, making technology an extension of 
the body (Feenberg and Philosophy Documentation Center, 2003). 
Wearable smart objects extend users’ perceptual capabilities through 
vision, touch, hearing, etc. For example, smart glasses extend visual 
capabilities (A27-10), smart headphones enhance auditory perception 
(A23-08), and smart gloves improve tactile sensitivity.

When users master the locus of agency, they can actively control 
smart devices, making them natural extensions of bodily functions. 
Users can customize device functions according to personal needs 
(such as adjusting headphone noise cancelation modes), personalize 
device appearance (such as changing smartwatch straps), and enhance 
bodily perception and self-confidence through technologies like VR 
devices or exoskeleton robots.

Based on the above reasoning, wearable smart objects promote 
HSOA through embodiment relations. First, the convenience brought 
by sensory extension forms the foundation of cognitive attachment; 
second, anxiety caused by device damage or loss strengthens 
emotional attachment; finally, the sense of achievement from devices 
helping users achieve goals enhances willingness to use, manifesting 
as clear conative attachment tendencies.

In summary, in embodiment relations, when the locus of agency 
lies with users (Kang and Kim, 2020b), wearable smart objects expand 
users’ perception and action capabilities through self-extension 
experiences, thereby promoting the formation of HSOA.

Inference 1: Human-smart object interaction assemblages 
influence the formation of HSOA through self-extension. Specifically, 
through two pathways—sensory extension and capability extension—
they, respectively, strengthen the three dimensions of cognitive 
attachment, emotional attachment, and conative attachment.
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4.3.2 Human-smart object assemblage 
interaction affects attachment through 
self-expansion

Unlike “self-extension,” “self-expansion” focuses more on 
individuals expanding their self-concept through external resources 
(such as others or new experiences), typically not directly involving 
embodiment relations (Stenseng et al., 2012), but more related to 
hermeneutic relations. When the human-smart object relationship is 
hermeneutic, users tend to explore and understand the world through 
smart objects rather than merely extending capabilities (Ihde, 1999). 
This process helps users establish cognitive and emotional 
connections with smart objects, promoting self-expansion 
experiences. Individuals view themselves as part of a “user-smart 
object” community, where the self-concept transcends physiological 
and psychological boundaries, extending to systems composed of 
smart objects and other related elements. In the communal role, 
human-smart object relationships tend toward cooperation rather 
than control, with users incorporating smart objects into their self-
concept based on shared experiences and understanding, thereby 
achieving deep attachment.

Through interactions with smart objects, users acquire new 
knowledge, gain new perspectives, and expand their self-concept 
(Chen et  al., 2024), facilitating HSOA. For instance, smart health 
assistants can foster capability expansion by helping users build 
knowledge and confidence in self-management (Bickmore et  al., 
2005). Emotionally responsive AI agents such as smart speakers 
promote emotional expansion by simulating companionship and 
empathy in user interactions (Purington et al., 2017). Additionally, 
wearable technologies that support social comparison and community 
participation contribute to identity expansion, encouraging users to 
adopt and internalize new social roles (Kristensen and Ruckenstein, 
2018). In terms of emotional attachment, users achieve emotional 

resonance by incorporating smart objects into self-actualization; 
regarding cognitive attachment, users enhance self-efficacy through 
collaborative task completion; for conative attachment, users expand 
their self-concept through smart health devices and online 
communities, further identifying with community members to 
achieve deeper self-expansion.

In summary, in HCI, when the locus of agency lies within the 
communal role, interactions between users and smart objects are 
based on shared experiences, forming self-expansion experiences 
rather than self-extension. Self-expansion emphasizes expanding self-
cognition and emotion through smart objects, while self-extension 
focuses more on user control and utilization of smart objects, as 
shown in Figure 8.

Inference 2: Human-smart object interaction assemblages 
influence HSOA through self-expansion. Specifically, this manifests 
through three pathways of self-expansion—emotional expansion, 
capability expansion, and identity identification—which, respectively, 
strengthen cognitive attachment, emotional attachment, and 
conative attachment.

4.3.3 Parallel path of user self-extension and 
self-expansion in human-smart object 
attachment

Human-smart object interaction assemblages influence HSOA 
through two parallel mediators—self-expansion and self-extension—
which also interact with each other, as shown in Figure 9.

Wearable smart devices provide users with rich functionalities 
and experiences through diversified human-computer interaction 
methods, thereby promoting users’ self-expansion and self-extension. 
For instance, smart fitness monitors collect exercise data through 
sensors (human-smart object interaction assemblage) to help users 
understand their physical condition and set fitness goals, thereby 

FIGURE 7

Human-smart object assemblages and attachment: the mediating role of self-extension.
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enhancing health management capabilities (self-expansion). During 
prolonged use, users gradually regard the fitness monitor as an 
indispensable part of their exercise routine, developing a sense of 
bodily extension (self-extension). This dual experience ultimately 
leads users to develop emotional dependence on the device, forming 
stable HSOA. Another example is smart headphones that enhance 
auditory experience through audio processing technology (self-
expansion), which users may come to perceive as part of their auditory 
system after long-term use (self-extension), thereby developing strong 
emotional attachment (A23-16).

Moreover, self-expansion and self-extension mutually reinforce 
each other during user-device interactions (Belk, 2024). For example, 
smart glasses with augmented reality (AR) functionality help users 
obtain work information (self-expansion), while users gradually 
perceive them as extensions of their visual and cognitive systems 
(self-extension) (A25-12). As dependence deepens, users further 
explore device functions to achieve continuous capability expansion 
(A27-12).

In summary, in the context of wearable smart devices, human-
smart object interaction assemblages influence the formation of 
HSOA through two parallel mediating pathways—self-expansion and 
self-extension. These processes represent both direct outcomes of 
user-device interaction and continuously deepen attachment through 
mutual reinforcement, providing important foundations for product 
design and user experience optimization.

Inference 3: In the mechanism through which human-smart 
object interaction assemblages affect HSOA, self-extension and self-
expansion can form parallel pathways that jointly influence the 
formation and development of HSOA (Hu et al., 2025).

4.3.4 Moderating factors in the relationship 
between human-smart object assemblage 
experience and attachment

First, user factors influence human-smart object interaction 
assemblages and HSOA relationships, primarily including 
demographic characteristics and psychological factors. From 

FIGURE 9

Impact of human-smart object assemblages on attachment: a parallel paths model.

FIGURE 8

Human-smart object assemblage and attachment: the mediating role of self-expansion.
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demographic characteristics, users of different ages, genders, incomes, 
and lifestyles have varying needs and expectations for human-smart 
object interaction. Regarding psychological factors, users’ 
interpersonal attachment styles, self-efficacy, and technology 
acceptance levels determine how and to what extent they interact with 
smart objects (Rane et  al., 2024). Specifically, younger users with 
higher acceptance of new technologies prefer fashionable and 
innovative interaction methods, while older adults focus more on 
health monitoring functions (age); consumers’ lifestyles (e.g., exercise 
habits, work nature) also affect the frequency of wearable device usage, 
with fitness enthusiasts using exercise monitoring functions more 
frequently and office workers tending to use notification and 
management functions (A13-15); users’ attachment styles and self-
efficacy also influence their acceptance and dependence on wearable 
devices, with existing research showing that customers with anxious 
attachment styles respond more positively to frontline service robots; 
consumers with high self-efficacy may more readily accept new 
technologies and develop stronger attachment.

Second, smart object factors moderate the relationship between 
human-smart object interaction assemblages and HSOA. Smart object 
factors include peripheral factors and core factors (Knop et al., 2022). 
The former encompasses anthropomorphic appearance, design 
aesthetics, and brand, which can attract users. Anthropomorphic 
appearances increase closeness, exquisite designs draw attention, and 
fashionable designs enhance wearing willingness. Devices from well-
known brands typically gain user trust, thereby increasing loyalty and 
attachment intensity. Core factors such as internal anthropomorphism, 
intelligence, autonomy, and interaction style directly affect users’ long-
term experiences. Interaction designs that simulate human behavior 
and emotions make users feel the device has a “mind” (Hermann, 
2022). When devices meet users’ interaction expectations, trust 
develops and attachment gradually forms. Meanwhile, devices’ 
autonomous capabilities actively solve user problems, further 
deepening dependence (A26-14). Simple and easy-to-operate 

interaction methods improve experience fluency, influencing users’ 
attachment feelings. Peripheral and core factors work together by 
affecting users’ emotional and cognitive responses, thereby 
influencing HSOA.

Finally, human-smart object interaction factors significantly 
moderate the relationship between human-smart object interaction 
assemblages and HSOA. Human-smart object interaction factors 
include interaction relationships, interaction contexts, interaction 
methods, and interaction time. Friendly interaction relationships, 
appropriate interaction contexts, convenient interaction methods, and 
reasonable interaction time all affect user experiences (Ahsanullah 
et al., 2006). For example, smartwatches influence the device’s capture 
of user information through touch operations and voice interactions, 
thereby affecting users’ attachment intensity (A16-17); in sports 
contexts, smart running shoes (e.g., HOVR Sonic 1.0) record metrics 
like pace and step count, helping users achieve self-expansion, making 
attachment more likely to form (A24-19).

Inference 4: In the pathway through which human-smart object 
interaction assemblages affect human-smart object interaction, the 
process is moderated by three factors: user factors, smart object 
factors, and human-smart object interaction factors.

4.3.5 Outcomes of human-smart object 
attachment

HSOA subsequently influences users’ attitudes, intentions, and 
behaviors. User attitudes include brand attitude, new technology 
acceptance, and human-smart object collaboration attitude (as 
shown in Figure 10). When users develop HSOA, they typically 
form favorable impressions of the brand and establish psychological 
connections with it (Yim et al., 2024). For example, Apple Watch 
users who develop affection and dependence on the product often 
exhibit higher brand loyalty and more positive attitudes toward the 
brand’s new technologies (A14-25). Additionally, HSOA can 
enhance users’ attitudes toward human-smart object collaboration 

FIGURE 10

Moderators and outcomes of human-smart object attachment.
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(Read et al., 2011). When respondents are attached to their smart 
bands, they actively configure and use new features while paying 
attention to how this collaboration affects their health. Even when 
encountering issues, they persist in usage due to trust and 
attachment (A01-16).

HSOA also affects user intentions and behaviors, such as 
participating in experience improvement programs, cherishing smart 
objects, technology dependence, and anthropomorphism (Gillath 
et al., 2021; Read et al., 2011). Users with attachment are more willing 
to engage in feedback and testing activities to help continuously 
improve products and enhance user experience (A02-14). 
Furthermore, attachment makes users more attentive to the condition 
of smart objects, proactively maintaining their appearance and 
functionality to preserve the intimate relationship (Hernandez-Ortega 
and Ferreira, 2021). For instance, users attached to their smart glasses 
will take special care of the product (A27-18), such as regularly 
cleaning and protecting the glasses. Attachment also leads to 
technology dependence, where users gradually view the device as an 
indispensable part of daily life. Ultimately, attachment makes users 
more likely to anthropomorphize smart objects, perceiving them as 
“social beings” with emotions and thoughts, thereby deepening 
emotional bonds (Ahsanullah et al., 2006) (A01-23).

Inference 5: The outcomes of HSOA on users include user 
attitudes, user intentions, and behaviors.

5 Conclusion

5.1 Theoretical implications

This study offers a systematic and integrative conceptualization 
of human–smart object attachment (HSOA) by building upon and 
extending prior single-perspective research (Gillath et  al., 2021; 
Hertlein and Twist, 2018). Employing grounded theory, it 
comprehensively explores the concept and multidimensional 
structure of HSOA. The research delineates HSOA into three distinct 
dimensions: human-smart object cognitive attachment, human-
smart object emotional attachment, and human-smart object 
conative attachment. HSOA is defined as a phenomenon where, 
during human-smart object interaction, users’ perception of smart 
objects transcends mere functionality, forming long-term emotional 
bonds that motivate users to maintain proximity with smart objects 
and exhibit proactive engagement behaviors. This multidimensional 
classification provides novel perspectives for understanding the 
complexity of HSOA and enriches the theoretical framework in 
human-computer interaction research.

This study systematically explores the mechanism of how human-
smart object interaction assemblages influence HSOA through 
grounded theory qualitative analysis. The research finds that human-
smart object interaction assemblages cultivate HSOA by forming self-
extension and self-expansion, and elaborates in detail the operational 
processes of self-extension and self-expansion (Hoffman and Novak, 
2018). Simultaneously, self-extension and self-expansion can not only 
independently affect HSOA but also form parallel mediating 
influences on HSOA. Furthermore, by integrating assemblage theory 
with self-expansion and self-extension theories, this study further 
refines self-extension as smart objects’ extension of users’ senses and 
capabilities, and self-expansion as extension of users’ emotions, 

capabilities and identity recognition. This mechanism provides 
theoretical support for understanding the dynamic evolution of 
HSOA and offers new perspectives for smart device design, 
emphasizing the importance of user experience in technological 
products and enriching theories in the field of human-
computer interaction.

This paper integrates assemblage theory with attachment theory 
to construct an interdisciplinary theoretical analysis framework. 
This integrated perspective provides a new theoretical foundation 
for researching the impact of HSOA on consumer behavior and 
social relationships in fields such as marketing and social 
psychology. Moreover, this study establishes a HSOA influence 
pathway model that explains how user factors, smart object factors 
and interaction factors regulate the formation of HSOA, providing 
an operable theoretical basis for future research, especially in 
exploring differences in HSOA across different contexts.

5.2 Practical implications

First, the research results of this paper provide important 
references for the design of smart devices. By understanding the 
composition and mechanisms of HSOA, product designers can 
better focus on the attachment relationship between users and 
smart objects, considering functional cognition, emotional 
maintenance and behavioral tendencies in both hardware and 
software design. At the hardware level, attention should be paid to 
the combination of functional practicality and sensory experience, 
such as improving health monitoring accuracy through biosensors 
while optimizing device wearing comfort (cognitive attachment); at 
the software level, personalized settings and emotional interaction 
design should be  strengthened (emotional attachment), such as 
developing customizable watch faces and intelligent reminder 
functions. The study specifically points out that anthropomorphic 
design of devices (such as emotional voice interaction) can 
significantly enhance user attachment. Beyond designing for 
emotional pleasure and well-being, designers should also consider 
mechanisms that promote sustained attachment. Anthropomorphic 
elements—such as human-like voice or behavior—can foster 
relational closeness (Hernandez-Ortega and Ferreira, 2021). 
Identity-based personalization, daily use rituals, and transparent 
system behaviors (Luger and Sellen, 2016) help reinforce trust and 
symbolic continuity. These strategies deepen engagement by 
embedding smart objects into users’ routines, roles, and self-
concepts. The research inspires enterprises to design products with 
greater interactivity and attachment potential based on the 
attributes of users and smart objects, thereby meeting user needs, 
enhancing HSOA, and improving market competitiveness and 
user satisfaction.

Second, the findings of this study offer important ethical 
insights into human–smart object interactions. By clarifying the 
mechanisms of self-extension and self-expansion, this research 
explains how HSOA facilitates the internalization of smart objects 
into users’ self-concept—a process that may give rise to ethical 
concerns such as datafication, trust vulnerability, and emotional 
overreliance (Kristensen and Ruckenstein, 2018). The distinction 
between attachment, dependence, and addiction (Insel, 2003; Chen, 
2019) further contributes to ethical design evaluation and user 
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protection. Practically, the three-dimensional model of HSOA 
facilitates the development of responsible smart technologies by 
guiding interface design, detecting unhealthy use patterns, and 
fostering user awareness—aligning with the goals of human-
centered and ethically aligned AI (Read et al., 2011; Hermann, 2022).

Third, this paper provides new ideas for enterprises’ marketing 
strategies of smart objects. The research shows that HSOA 
significantly affects users’ brand attitudes and consumption 
behaviors, providing a basis for enterprises to formulate precise 
marketing strategies. Enterprises can emphasize the emotional 
connection between products and users’ lives through brand 
storytelling, such as Apple’s “Close Your Rings” marketing 
campaign; secondly, build user communities to promote experience 
sharing, such as the social functions of Xiaomi’s fitness app; finally, 
develop personalized services to enhance stickiness, such as 
providing health suggestions based on user data, promoting word-
of-mouth communication and purchase recommendations, and 
creating greater commercial value.

Finally, based on the research of moderating factors, this paper 
discusses the influence of various factors such as users, smart objects 
and human-smart object interaction on HSOA, and provides specific 
suggestions for optimizing user experience. At the user level, develop 
differentiated functions to meet the needs of different groups, such as 
designing simplified operation interfaces for the elderly; at the device 
level, balance intelligence and controllability to ensure the 
transparency and interpretability of AI suggestions; at the interaction 
level, optimize the fluency of multimodal interaction, such as 
improving the accuracy of voice recognition. At the same time, the 
research also pays attention to the potential negative effects of HSOA, 
suggesting that users develop rational usage habits to prevent over-
dependence and establish healthy human-smart object relationships. 
Therefore, by improving the agency, autonomy and interaction style 
of devices, as well as optimizing appearance design and brand 
building, the formation of attachment can be effectively promoted and 
the user experience can be improved.

5.3 Limitations and future research

Firstly, a key limitation of this study lies in the scope of the 
empirical sample. Most of our interview data were drawn from users 
of wearable smart devices, which are characterized by continuous 
bodily proximity, high personalization, and physical integration. 
While wearable devices are theoretically salient for studying human-
smart object attachment (HSOA), the restricted empirical focus may 
raise concerns about the persuasiveness of the findings. Specifically, 
the attachment dynamics observed in this study may differ from those 
associated with non-wearable smart objects, such as smart home 
systems or autonomous robots. Therefore, caution is warranted when 
attempting to generalize the results across the broader landscape of 
smart technologies. Future research should extend the investigation 
of HSOA to other domains, including smart environments, social 
robotics, and embedded AI systems. Such efforts will be essential for 
validating the conceptual framework of HSOA and for exploring how 
varying affordances—such as mobility, interactivity, and 
anthropomorphism—shape attachment formation across different 
contexts. In addition, the current study is based on samples primarily 

consisting of young users, and does not cover individuals of all ages, 
occupations, and cultural backgrounds, which inevitably limits the 
generalizability and representativeness of the results. Future research 
could address this limitation by employing more diverse 
sampling strategies.

Secondly, although this paper employs qualitative methods, the 
quantitative component remains relatively weak, lacking quantitative 
measurement and validation of various dimensions of HSOA, which 
may impact the objectivity and operability of the conclusions. 
Follow-up studies should develop and validate scientific scales, conduct 
large-sample empirical analyses, and construct quantitative tools such 
as structural equation models to systematically explore the relationships 
between dimensions and their effects on user attitudes and behaviors, 
thereby enhancing theoretical depth and practical value.

Finally, this paper primarily examines the formation mechanisms 
of HSOA, with limited exploration of its long-term effects and 
evolutionary trends. Given the dynamic nature of HSOA, future 
research should focus on its evolutionary pathways and potential 
impacts alongside societal and technological developments. This 
includes investigating its effects on users’ mental health and social 
relationships, emphasizing privacy protection and ethical boundaries 
in human-smart object relationships, and promoting the formulation 
of relevant norms and policies to ensure healthy and sustainable 
human-smart object interactions.
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