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Abstract

The present work aims at developing a scale for the assessment of a construct that we called “physical-digital integration”,
which refers to the tendency of some individuals not to perceive a clear differentiation between feelings and perceptions
that pertain to the physical or digital environment. The construct is articulated in four facets: identity, social relationships,
time—space perception, and sensory perception. Data from a sample of 369 participants were collected to evaluate factor
structure (unidimensional model, bifactor model, correlated four-factor model), internal consistency (Cronbach’s @, McDon-
ald’s w), and correlations of the physical—digital integration scale with other measures. Results showed that the scale is valid
and internally consistent, and that both the total score and the scores at its four subscales are worthy of consideration. The
physical-digital integration scores were found to be differently associated with digital and non-digital behaviors, individuals’
ability to read emotions in the facial expressions of others, and indicators of psychosocial functioning (anxiety, depression,
and satisfaction with social relationships). The paper proposes a new measure whose scores are associated with several vari-
ables that may have relevant consequences at both individual and social levels.

Keywords Physical-digital integration - Bifactor model - Facial emotion recognition - Anxiety - Depression - Satisfaction

with social relationships

1 Introduction

In the last decade, web-based devices and technological
applications have become ubiquitous and indispensable to
carry out even the simplest daily activities, such as com-
municating, socializing, working, buying objects, get-
ting information, and enjoying leisure time (Berman and
Kesterson-Townes 2011; Line et al. 2011). In a few years,
the capabilities and functions of these instruments have sig-
nificantly advanced, particularly in terms of mobility, avail-
ability (i.e., 24/7), and capability to provide highly immer-
sive experiences. Users can access the services offered by
web-based devices at any time and from anywhere, and
this has contributed to enormously increase their usage
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and perceived utility. The Internet of things, virtual reality,
platforms for gaming, solutions for collaborative-working,
and social network sites (SNSs) are only a few examples of
what technology represents for people nowadays. All these
instruments and applications contribute to transforming our
living spaces (e.g., home, public places, offices, schools)
into digitally enriched environments and making technologi-
cal devices actual extensions of our bodies. The neologism
“phygital” has been recently coined to indicate the new con-
cept of space that originates from the growing convergence
between the physical and digital dimensions. In this hybrid
system, objects, tools, and bodies create a new scenario
in which physical and digital data are highly mixed and,
sometimes, not completely distinguishable (Gaggioli 2017).
Digital, mobile and wearable devices, along with artificial
intelligence (AI) applications, create a dynamic relationship
between physical and digital realms. They allow for embed-
ding digital objects and entities in the scene that people sub-
jectively experience, so that individuals can no longer per-
ceive the disconnection between physical and digital aspects
of reality (De Souza and Silva 2006). The new environments
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that originate from the integration of digital and physical
reality are globally referred to as extend reality. It includes
virtual reality, augmented reality, and mixed reality, which
are very common nowadays. Virtual reality defines fully
computerized 3D environments in which users can inter-
act with the scene and objects in a seemingly physical way.
Augmented reality refers to environments that more strongly
integrate the physical and digital realms. These environ-
ments are not characterized by an entirely digital scene, but
they extend and complement physical reality with digital
objects and cues. Mixed reality is a combination of physical
and virtual realms that interact to create a new environment
(Ziker et al. 2021).

Reality is nowadays increasingly represented by a mix
of digital and physical cues, and people often experience
the world not only through their body but also through the
mediation of technological devices that have become essen-
tial instruments to interact with the environment (Dias 2014)
and real “extensions of ourselves” (McLuhan et al. 2011).
It could be supposed that the inclination to be immersed
in this new hybrid system and not to perceive a real dif-
ference between physical and digital cues may depend on
different factors, such as the frequency with which individu-
als use technologies, the attachment to the physical world,
psychological or biological individual differences, or exter-
nal pressures. Likewise, the outcome that may derive from
the immersion into the hybrid reality may involve several
aspects, such as subjective well-being or cognitive and social
performances. Due to their relevant repercussions at social
and individual levels, all these aspects deserve investigation
and scientific attention.

This work aims to develop a scale for the assessment of
a construct that we called physical-digital integration. This
represents an individual difference that refers to the tendency
of some individuals not to perceive a clear differentiation
between data, perceptions, and feelings that pertains to
physical and digital environments.

2 Theoretical background

The present work moves from a detailed review of the litera-
ture that allowed for the identification of the main aspects
that have been used to conceptualize the construct of physi-
cal-digital integration.

2.1 Perceptions and interaction
with the environment

According to recent findings in the literature, the immersion
into a phygital world and the massive use of digital sup-
ports may influence our cognitions and our way to perceive
and interact with the environment. For instance, several
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empirical studies showed that, compared with non-video-
gamers, people who highly use these supports perceive a
greater amount of visual information (Green and Bavelier
2006), have better eye—hand coordination (Li et al. 2019)
and higher processing speed (Greenfield 2009; Schmidt and
Vandewater 2008). Other studies, on the other hand, stressed
that the massive use of digital media, while improving per-
ceptual skills, might weaken higher order functions, such as
critical thinking, reflection, inductive problem solving, cog-
nitive flexibility, inhibitory control and imagination (Aydin
et al. 2020; Greenfield 2009). Another interesting finding
pertains to the positive association between the use of digi-
tal devices and multitasking abilities (Cotten et al. 2014;
Ettinger and Cohen 2020; Lenhart et al. 2015). Multitasking
is taken to be one of the identifying characteristics of the
“digital natives” who, having been born into a “phygital”
world, have acquired the ability to direct their attention to
several different sources of information, both digital and
physical (Rideout 2015; Savina et al. 2017; Tapscott 2008).
Research showed that 30% of young people multitask during
their homework sessions, switching from academic tasks to
digital media every 6 min (Foehr 2006; Rosen et al. 2013).
Moreover, those who have more distracting technologies
available have been found to be more inclined to multitask
(Savina et al. 2017).

2.2 Time and space perceptions

Scholars argued that the massive use of digital instruments
may also influence the concepts of time and space. These two
dimensions represent intrinsic and indispensable elements
of physical reality. However, the penetration of technology
in our lives leads to a reconceptualization of them (Kweon
et al. 2011). Time and space have weakened. Indeed, nowa-
days human activities tend to take place through a series
of acts that are realized in different realms across differ-
ent times and spaces (Couclelis 2000, 2004; Schwanen and
Kwan 2008). The virtual world, in fact, has given rise to new
“electronic spaces” that diminished the relevance of spatial
distances and changed the ways of interacting with the envi-
ronment. In the modern world, we can perceive digital envi-
ronments (e.g., online platforms, networking sites) as famil-
iar as physical ones (e.g., homes, public rooms, offices), and
we have learned to interact with the hybrid spaces around
us using both the body and digital tools, thus giving less
importance to physical distances. In the “global village”,
interacting realistically, quickly, and effectively with any-
one, wherever they are, has become very easy and common.
Interestingly, not only the perception of space but also that
of time has been strongly influenced by the spread of con-
nectivity. Digitalization changed the dynamics of everyday
life, the way in which time is organized, and ultimately our
perceptions of time (Lee and Liebenau 2000; Tsatsou 2009).
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The digital life allows us to experience a different temporal
dimension (also called “internet time”) in which individuals
are always interconnected, and can collaborate, socialize,
work, or buy services and objects even when it is not possi-
ble in physical spaces (e.g., online stores are open 24/7, work
e-mails are accessible at any time). Recent studies demon-
strated that the use of smartphone and media platforms may
have a role in time distortion (Lin et al. 2015; Montag et al.
2015). For instance, it has been found that internet-addicted
teenagers tend to have impaired spatial awareness and poor
ability to be conscious of themselves in time (Katasonova
et al. 2014). Other studies showed that using the Internet
and mobile phone relaxes temporal constraints and enhances
spatial flexibility (Schwanen and Kwan 2008).

2.3 Social and Interpersonal Relationships

Becoming more and more integrated into everyday life,
web-based devices are gaining a central role also in the
management of social relationships (Haythornthwaite and
Wellman 2002; Wellman and Gulia 1999). In fact, people
have been found to use the Internet and other technologi-
cal devices to create new relationships and to maintain the
existing ones. Indeed, digital relationships are incorpo-
rated into the offline social circles (Hampton and Wellman
2002; Mesch and Talmud 2006; Parks and Floyd 1996),
and non-digital relationships and digital networks have a
large degree of overlap (Ellison et al. 2007; Subrahman-
yam et al. 2008). In particular, it has been found that,
generally, digital social relationships supplement rather
than replace non-digital ones (Boyd and Ellison 2007;
Burke and Kraut 2014; Ellison et al. 2007; Haythornth-
waite 2002; Mesch and Talmud 2006). In this scenario,
social and interpersonal relationships start and grow up
relying upon a mixture of interactions that take place inter-
changeably in virtual or physical environments. According
to the literature, the new way of experiencing social and
interpersonal relationships has been found to have some
repercussions on subjective well-being and individual
functioning. For instance, some studies showed that the
large use of SNSs might induce social comparisons and
envy (Verduyn et al. 2017), jealousy in romantic relation-
ships (Elphinston and Noller 2011), and large levels of
depression (Aydin et al. 2020; Seabrook et al. 2016; Tan-
doc et al. 2015), stress (Chen and Lee 2013), and anxiety
(Seabrook et al. 2016; Zaffar et al. 2015). In addition, the
extensive use of social media has been associated with
emotional exhaustion (Sriwilai and Charoensukmongkol
2016) and a reduced ability to accurately recognizing emo-
tions (Unal—Aydm et al. 2020). However, other studies also
showed positive effects, such as reduced feelings of lone-
liness, improved life satisfaction (Deters and Mehl 2013;
Masciantonio et al. 2021; Seabrook et al. 2016), and civic

and political engagement (Valenzuela et al. 2009). The
use of social media has also been found to be related to
subjective well-being and feelings of social connectedness
and support (McKenna and Bargh 2004, 2000; Hu et al.
2017; Shaw and Gant 2004; Verduyn et al. 2017), which in
turn reduce stress and physical illness (Nabi et al. 2013).
Other studies documented that the social contacts deriving
from online chat sessions are associated with a reduction
of loneliness and depression feelings and with improve-
ments in perceived social support and self-esteem (Shaw
and Gant 2004). It has also been found that, for socially
anxious adolescents, Internet can be a valuable instrument
to have intimate communications (Valkenburg and Peter
2007). Moreover, when social distancing measures were in
place during COVID-19 pandemic, Internet use resulted in
lower depression symptoms and higher quality of life for
many people (Wallinheimo and Evans 2021).

2.4 Self-identity

The enlargement of social relationships into the virtual
arena is also associated with the topics of self-concept and
identity development. In the first era of internet research,
many scholars focused on the role of disembodiment and
anonymity as aspects that may influence self-presentation
and identity development (Bargh et al. 2002; McKenna et al.
2002). For instance, anonymity and the limited non-verbal
cues that are typical of online interactions have been found
to reduce social inhibition and anxiety, and to increase the
propensity toward self-disclosure or the development of
alternative-selves (Bargh et al. 2002; Derlega et al. 1993;
Stern 1999). However, in recent years, the shift of SNSs to
lower anonymity (e.g., some SNSs require an institutional
e-mail thus not allowing for anonymity) posed new interest
on the topic of self-presentation in the virtual scene. This
is also due to the fact that SNSs are often used to inter-
act with people belonging to the offline social network and
who are, therefore, relevant in the negotiation of identity.
The lack of anonymity of the new digital environments
and the anticipation of subsequent face-to-face encounters
have been hypothesized to narrow the discrepancy between
“‘actual selves” and ‘‘alternative selves” in people’s online
self-presentation (Ellison et al. 2006). Research seems to
indicate that, despite some ‘‘truth-stretching” activities (e.g.,
posting photoshopped selfies, omitting some information),
the identities developed on Internet are quite ‘‘realistic”,
as users want to avoid unpleasant surprises in subsequent
offline meetings (Ellison et al. 2006). Moreover, research
suggests that users regard their online presentations as an
integral part of their overall identity and, thus, seek to coor-
dinate their online presentations with their offline self (Chen
2016; Zhao et al. 2008).
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3 The physical-digital integration scale
(P-DIS) and the hypotheses concerning its
nomological network

As highlighted by recent literature, the immersion into
a world that is increasingly characterized by both physi-
cal and digital cues may influence our cognition and the
way we perceive and interact with the environment. Draw-
ing upon this evidence, the present work aims to develop
a scale for the assessment of a construct that we called
physical—digital integration. This represents an individual
difference referring to the tendency of some individuals
not to perceive a clear differentiation between data, per-
ceptions, and feelings that pertain to physical and digital
environments. The construct consists of four main facets:
(a) the tendency to live social relationships through the use
of both physical and digital interactions, without the need
for the physical presence of interlocutors (social relation-
ships); (b) The inclination to consider digital profiles and
personal accounts as concrete manifestations of the self
(identity); (c) The tendency not to perceive a clear differ-
entiation between physical or digital aspects of the envi-
ronment, thus considering digital devices as extensions of
one’s senses (sensory perception); and (d) The tendency to
have a distorted perception of time and space that, being
embedded in the digital world, sometimes become exces-
sively expanded or compressed (time—space perception).

Twenty-one items were developed to compose the phys-
ical-digital integration scale (P-DIS) and several analy-
ses were performed to test its psychometric properties. In
addition, different variables were considered to explore the
nomological network of the construct, namely: the number
of digital devices used daily, the time spent per day in
non-digital recreational activities, indicators of psycho-
social functioning (i.e., anxiety, depression, satisfaction
with social relationships), and the ability to read emotions
in the facial expressions of others.

Concerning the nomological network of the P-DIS, the
following hypotheses were developed:

HI1: Higher scores at the P-DIS are associated with
a larger use of digital devices and a shorter time spent
in non-digital recreational activities. This hypothesis is
grounded in the idea that people who are more involved
in digital environments and lower exposed to non-digital
activities should develop a greater tendency to integrate
physical and digital cues.

H2: Higher scores at the P-DIS are associated with
lower scores on the measures of psychosocial well-being.
The literature reported mixed results concerning the effect
of using digital devices and SNSs in influencing psycho-
logical and social outcomes (e.g., Deters and Mehl 2013;
Hu et al. 2017; Seabrook et al. 2016; Tandoc et al. 2015;
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Zaffar et al. 2015). However, we hypothesize that the
tendency not to perceive a clear differentiation between
physical and digital experiences may generate unpleasant
feelings and confusion that may result in a lowering of
psychosocial well-being.

H3: Higher scores at the P-DIS are associated with a
lower ability to properly recognize facial expressions of
emotions. People who highly integrate physical and digital
cues should be inclined to pay attention to different informa-
tion sources, that are not necessarily typical of the physical
world. Thus, we hypothesize that, during social interaction,
these individuals may encounter some difficulties to stay
focused on and being effective in interpreting the facial
expressions of others. These expectations are consistent with
results of recent work that showed a negative association
between SNS addiction and the ability to read emotions in
the eyes of others (Unal-Aydin et al. 2020).

3.1 Generation and Selection of Items

An initial pool of 21 items was developed by the authors of
the present work. Six items were developed for the P-DIS
dimension investigating social relationships, whereas five
items were developed for each of the remaining dimensions
(i.e., identity, sensory perception, and time—space percep-
tions). The authors discussed the 21 items with scholars
experienced in psychological assessment and social psychol-
ogy. The discussion was aimed at evaluating if each item was
clear and applicable to the intended dimension. Attention
was also paid to develop subscales of equal length. Based
on the discussion, 12 items were retained.

4 Method: the psychometric properties
of the P-DIS and its nomological network

4.1 Participants

A total of 369 individuals (Males =108, Females=261;
M,y =32.32, SD=12.15) from different Italian regions were
enrolled through convenience sampling between February
2019 and April 2020. Participants were invited to fill out
an electronic survey that was disseminated via e-mail (fol-
lowing a snowball procedure) and SNSs. Participants did
not receive compensation for their participation in the study
and the only inclusion criterion was being at least 18 years.
Before accessing the online survey, participants were asked
to agree with an electronic informed consent explaining the
aim of the study, the duration of the task, and the possibil-
ity of withholding the consent to participate in the research
at any time. Participation in the study was anonymous and
voluntary. The study was carried out in compliance with the
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ethical principles for research established in the Declaration
of Helsinki.

4.2 Measures and procedure

After having answered a few sociodemographic questions,
all participants were presented with the research question-
naire. It included four main sections, the first including the
P-DIS, the second including three psychosocial measures
(i.e., anxiety, depression, and satisfaction with social rela-
tionships), the third concerning the use of digital devices,
and the last pertaining to facial emotion recognition.

P-DIS includes 12 items, grouped into four subscales
(i.e., identity, social relationships, time—space perception,
and sensory perception) containing three items each. All
items were scored on a five-point Likert scale (from 1 “Com-
pletely disagree” to 5 “Completely agree”). The larger the
score at the P-DIS and its subscales, the larger the level of
integration.

Eight items, developed by the authors, were used to evalu-
ate anxiety (e.g., “I feel tense and nervous”). Participants
were asked to evaluate their habitual tendency to experience
anxious feelings on a four-point scale (from 1 “Not at all”
to 4 “Very much”). In this scale, the larger the score, the
larger the level of anxiety. In the current sample, Cronbach’s
a=0.81.

The Italian version of the Patient Health Questionnaire-9
(PHQ-9; Kroenke et al. 2001; Spitzer et al. 1999) was
administered to evaluate depressive symptoms according to
the nine DSM-IV criteria. The questionnaire comprises nine
items (e.g., “Feeling tired or having little energy”) scored on
a four-point frequency scale (from 0 “Not at all” to 3 “Nearly
every day”) that required respondents to evaluate how often
they experienced depressive symptoms over the last 2 weeks.
In this questionnaire, higher scores indicate higher levels of
depression. This instrument has been found to have satisfac-
tory reliability, sensitivity, and specificity (Kroenke et al.
2010). In the current sample, Cronbach’s a=0.80.

Three items were administered to evaluate satisfaction
with social relationships [e.g., “I feel satisfied with my social
relationships”; see Colledani et al. (2021, 2022)]. The items
were scored on a five-point Likert scale (from 1 “Strongly
disagree” to 5 “Strongly agree”). In this scale, higher scores
indicate higher satisfaction with social relationships. In the
current sample, Cronbach’s a=0.81.

Two items were used to evaluate the amount of time spent
in non-digital recreational activities [‘“Please, indicate how
many hours you generally spend in a day in non-digital rec-
reational activities (e.g., happy hour with friends)”’] and
the number of digital devices used daily [“Please, indicate
how many digital devices do you use daily (e.g., pc, tablet,
smartphone, game console, home automation supports)”].
The first item was scored on a six-point scale from 1 “Less

than one hour” to 6 “More than twelve hours”, the second
item was scored on a six-point scale from 1 “Zero” to 6
“More than twelve”.

Finally, participants were presented with three pictures
drawn from the face test developed by Baron-Cohen et al.
(1997). The three pictures depicted the face of an actress
who expressed three different emotions (i.e., happy, sad,
and admiring). They were selected to represent one posi-
tive, one negative, and one neutral emotion. For all pictures,
participants were asked to indicate the emotion that best
represented the feeling expressed by the woman, choosing
between two alternatives (i.e., disgust vs sad, surprise vs
happy, and admiring vs surprise, for the pictures, where the
actress was sad, happy, and admiring, respectively).

4.3 Analyses

The factor structure of the P-DIS was investigated through
factor analysis. Three models were tested and compared: a
one-factor model, a correlated four-factor model, and a bifac-
tor model. In the first model, all the 12 items of the scale
loaded on a single dimension. In the second model, four
different factors were defined (i.e., identity, social relation-
ships, time—space perception, and sensory perception), each
consisting of three items. The four factors were allowed to
correlate. Finally, a bifactor model was run that included one
general factor (i.e., physical—digital integration) measured
by all the 12 items of the scale, and four domain-specific fac-
tors (i.e., identity, social relationships, time—space percep-
tion, and sensory perception), each measured by three items.
All models were run using Mplus7 (Muthén and Muthén
2012), and the maximum likelihood estimator with adjusted
means and variances [MLM; Muthén and Muthén (2012);
see also Asparouhov and Muthén (2010), Hoyle (2012) and
Satorra and Bentler (1994)], that provides standard errors
and statistical tests that are robust to non-normality. !

The goodness-of-fit of the three models was evaluated
using several fit indices: %, Comparative Fit Index (CFI;
Bentler 1990), Standardized Root Mean Square Resid-
ual (SRMR; Bentler 1995), Root Mean Square Error of
Approximation (RMSEA; Browne and Cudeck 1993), and
Akaike Information Criterion (AIC; Akaike 1974). A non-
significant y* (p > 0.05) suggests adequate fit. However, it is
well-known that 4 is sensitive to sample size. Therefore, the
other fit measures were considered in evaluating the models.
Specifically, CFI above 0.90 (over 0.95 for excellent fit),
SRMR less than 0.08, and RMSEA smaller than 0.08 (0.06

' An a-priori analysis indicated a minimum sample size of N=308

to obtain an adequate power in a model with 5 latent factors and
12 observed indicators (Type-I error a<0.05, effect size=0.30,
power =0.80; see Soper 2020).
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to 0.08 for reasonable fit) are indicative of satisfactory good-
ness-of-fit (Brown 2006; Hu and Bentler 1999; Marsh et al.
2004). Concerning AIC, smaller values are indicative of a
better fit. Relative differences were considered meaningful if
models differed in AIC by 10 or more (Burnham et al. 2011).

The Explained Common Variance (ECV; Sijtsma 2009;
Ten Berge and Socan 2004) is the ratio of the common
variance explained by the general factor to the total com-
mon variance (Reise et al. 2013a, b; Rodriguez et al. 2016).
High values (0.70-0.80) indicate that the factor loadings
obtained from a unidimensional model might approximate
well (i.e., be unbiased) the factor loadings on the general
factor obtained from a bifactor solution, and suggest that
the scale is substantially unidimensional (Rodriguez et al.
2016). For the general factor, McDonald’s (1999) omega
(w) and omega hierarchical (wh) coefficients were also com-
puted. These coefficients are factor-analytic “model-based”
estimates of internal consistency. The former represents the
proportion of variance in the scores that can be attributed
to all sources of variance (i.e., general and domain-specific
factors), whereas the latter quantifies the amount of variance
that is accounted for by the general factor (Reise et al. 2010;
Revelle and Zinbarg 2009; Zinbarg et al. 2005, 2007). Val-
ues of wh larger than 0.75-0.80 indicate that a factor can be
interpreted as the measure of a single construct despite mul-
tidimensionality (Reise et al. 2013a, b). McDonald’s (1999)
® and Cronbach’s a were computed for all scales. For both
indices, values close to or greater than 0.70 denote satisfac-
tory internal consistency (e.g., Kline 1998; Nunnally 1978).

The nomological network of the P-DIS was evaluated by
inspecting the correlations of the total score of the instru-
ment and those of its four subscales with other variables,
such as: the number of digital devices used daily, the time
spent in non-digital recreational activities, the levels of
depression and anxiety, the levels of satisfaction with social
relationships, and the ability in reading emotions in facial
expressions. According with research hypotheses, nega-
tive associations were expected between the P-DIS scores
and the time spent on non-digital recreational activities.
Conversely, positive relationships were expected with the
number of digital devices used daily. The P-DIS was also
expected to have positive associations with depression and
anxiety, and negative associations with the ability to read
emotions in facial expressions and with satisfaction with
social relationships.

5 Results

The descriptive statistics of all the used variables are
reported in Table 1, whereas the results of the fac-
tor analyses are shown in Table 2. The one-factor model
obtained an acceptable fit (;(2(54) =198.573, p<0.001;
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Table 1 Descriptive statistics

Scale N Mean SD

P-DIS—total score 369 3.03 0.90
P-DIS—identity 369 3.11 1.18
P-DIS—social relationships 369 3.01 1.11
P-DIS—-time—space perception 369 3.07 1.04
P-DIS-sensory perception 369 2.95 1.04
Satisfaction with social relationships 369 2.57 1.16
PHQ-9 369 0.80 0.47
Anxiety 369 2.60 0.61
Number of digital devices used daily 369 2.97 1.35
Time spent daily on non-digital recrea- 369 232 1.12

tional activities
Face test 261 2.89 0.34

P-DIS physical-digital integration scale, PHQ-9 patient health ques-
tionnaire-9

RMSEA =0.09 [0.07, 0.10]; CFI=0.90; SRMR =0.06;
AIC =14,182.455) with all items exhibiting high load-
ings on the factor (4s from 0.39 to 0.76, ps <0.001). How-
ever, the other two models obtained a better fit (four-factor
model: y*(36)=140.038, p <0.001; RMSEA =0.07 [0.06,
0.09]; CFI=0.93; SRMR =0.05; AIC =14,127.187; bifactor
model: ¥*(36)=140.038, p <0.001; RMSEA =0.07 [0.06,
0.09]; CFI=0.93; SRMR =0.05; AIC=14,127.187). In the
four-factor model, consistently with theoretical expecta-
tions, all items showed meaningful loadings on the intended
dimensions (4s from 0.40 to 0.83, ps <0.001) and corre-
lations between factors were large (rs=from 0.70 to 0.94,
ps <0.001). With regard to the bifactor model, all items
significantly loaded on the general factor (As=from 0.36
to 0.90, ps <0.001) and on the relative domain-specific fac-
tors (As from 0.15 to 0.64, ps <0.05). Only for the subscale
identity, one item (i.e., Item 2) did not significantly load on
the relative domain-specific factor, even if it loaded on the
general factor.

The inspection of differences in AICs (AAIC) indicates
that the bifactor model was superior compared with the other
two models (AAIC between the one-factor and correlated
four-factor models =55.27; AAIC between the one-factor
and bifactor models =94.81, and AAIC between the cor-
related four-factor and bifactor models =39.54). Moreo-
ver, given the high correlations between the latent factors
in the correlated four-factor model (rs from 0.70 to 0.94,
ps <0.001), the bifactor solution seems to be the most suit-
able option to represent the structure of the scale. Indeed,
in the bifactor model, the four domain-specific factors rep-
resent different facets of a general construct that is captured
by the general factor.

The ECV of the bifactor model provided additional sup-
port to the multidimensionality of the scale. This index
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Table 3 Correlations between P-DIS scales and other measures

P-DIS—total score Identity Social relationships Time-space Sensory perception
perception
PHQ-9 —0.069 -0.052 -0.107" 0.019 —0.083
Anxiety 0.501"" 0.412" 0.449" 0.440" 0.337"
Time spent daily on non-digital recrea- —0.187"" —0.163%* —0.128%* —0.142" —0.181""
tional activities

Number of digital devices used daily 0.135™ 0.116" 0.138" 0.090 0.098
Satisfaction with social relationships —-0.332"" —0.252"" —-0.290"" —0.334"" -0.214""
Face test—total score —-0.183" —0.146" —-0.163" —-0.107 —0.148"
Face test—sad face —-0.159" —0.143" —-0.128" —0.103 -0.116
Face test—happy face 0.021 0.030 —-0.012 0.019 0.026
Face test—admiring face —0.134" —0.093 —0.121 —0.068 —0.132"

P-DIS physical-digital integration scale, PHQ-9 patient health questionnaire-9

*p<0.05, ##p <0.01, **¥p <0.001

reflects the amount of bias in the parameter estimates that
can be observed when multidimensional constructs are
forced into a unidimensional model. When ECV values
are greater than 0.70, a scale can be considered as essen-
tially unidimensional (Rodriguez et al. 2016). The ECV
of the P-DIS was 0.64, indicating that the scale should
be intended as multidimensional. However, the value of
the wh coefficient for the general factor was high (0.79).
This result suggests that, despite multidimensionality, the
general factor is strong enough to be interpreted as the
measure of a single construct (Reise et al. 2013a, b).

With regard to internal consistency, ® and a coefficients
were satisfactory for the P-DIS—total score (@ =0.88,
a=0.87) and acceptable for the subscales (ws=0.66,
0.87, 0.67, 0.66; as =0.63, 0.80, 0.67, 0.63 for identity,
social relationships, sensory perception, and time—space
perception).

On the whole, the correlations between the P-DIS
scores and the other variables were in line with the expec-
tations (see Table 3). The P-DIS—total score and the scores
at subscales identity and relationships were positively
associated with the number of digital devices used daily,
while all P-DIS scales were negatively associated with the
time spent daily on non-digital recreational activities. Pos-
itive correlations were found between all P-DIS scales and
anxiety, whereas a weak negative association was observed
between the subscale relationships and depression. Finally,
negative associations were found between all P-DIS scales
and satisfaction with social relationships and, except for
the subscale time—space perception, also with the ability
to recognize emotions in facial expressions. With regard
to emotion recognition, the negative associations mainly
pertained to the recognition of sad (negative emotion) and
admiring (neutral emotion) expressions.

@ Springer

6 Discussion

In the present work, a scale for the assessment of a con-
struct that has been called physical-digital integration was
developed. The construct refers to the tendency of some
individuals not to perceive a clear differentiation between
feelings and perceptions that pertain to physical and digital
environments. The construct has been articulated in four
facets, namely, identity, social relationships, time—space
perception, and sensory perception.

The scale includes 12 items. The analyses performed
to evaluate the psychometric characteristics of the scale
showed that it is well-represented by a bifactor structure,
with a general factor and four domain-specific factors cor-
responding to the four aforementioned facets. The indices
associated with the bifactor model supported the non-unidi-
mensionality of the scale and, at the same time, showed that
the general factor, despite multidimensionality, has sufficient
strength to be considered a reliable measure of the general
construct. Thus, both the use of the total scale score and
that of the domain-specific scores were supported. Internal
consistency indices (a and w) were acceptable for all scales,
and correlational analyses supported nomological validity.
In particular, according to the hypotheses, negative associa-
tions were found between all physical-digital integration
scales and the time spent daily on non-digital recreational
activities. Conversely, the number of digital devices used
daily was positively associated with the P-DIS—total score
and the scores at the subscales identity and relationships.
These results supported the validity of the scale: the more
people use digital instruments and the less they engage in
non-digital activities, the more they report difficulties in dis-
tinguishing physical and digital experiences.
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Interesting findings also derive from the inspection of the
correlations between the P-DIS scores and the other consid-
ered measures. In particular, according to our expectations,
all P-DIS scores were positively associated with anxiety and
negatively associated with satisfaction with social relation-
ships. Conversely, concerning depression, only a weak yet
significant correlation was observed with the physical-digi-
tal integration subscale that pertains to social relationships.
In contrast to our expectations, the direction of this cor-
relation was negative, thus indicating that, the more peo-
ple have difficulties in distinguishing between physical and
digital relationships, the less depressed they feel. This result
is in contrast with our hypotheses. It should be noted that,
in the literature, there are mixed results on the relationship
between the use of digital technologies and depression, with
some studies finding positive associations (e.g., Cotten et al.
2012; Seabrook et al. 2016; Tandoc et al. 2015) and others
negative associations (e.g., Cotten et al. 2012). Moreover, it
should be noted that, in our sample, PHQ-9 scores were very
low, this indicating that our participants were in general not
depressed. Future research should be devoted to investigat-
ing if a different result is observed in samples with higher
levels of depression. Future research should also explore
potential positive consequences of digital integration of
social relationships on individuals’ well-being.

Interestingly, the P-DIS—total score and the scores at the
subscales showed different patterns of associations with the
other considered measures. This provides support for the
usefulness of considering both the score on the general fac-
tor and those on the domain-specific factors.

Another highly interesting result regards the negative
association that was found between the scores on the P-DIS
(i.e., the P-DIS—total score and the scores at the social rela-
tionships, identity, and sensory perception domain-specific
scales) and the score on the face test. These correlations
suggest that those individuals who do not perceive a clear
differentiation between physical and digital experiences
might be less able to interpret the emotions of their inter-
locutors. A similar result was also observed in a recent
study by Unal-Aydin et al. (2020), who found an associa-
tion between social network addiction and poor abilities in
identifying emotions from eye expressions. According to
our hypotheses, the impaired ability of people who highly
integrate physical and digital cues in recognizing facial emo-
tions may be due to their ways of processing information.
In particular, we hypothesized that, when these individuals
evaluate the emotions of their interlocutors, they are more
inclined than others to pay attention to several sources of
information, which are not necessarily anchored on the phys-
ical world. Thus, people who highly integrate physical and
digital data may be less effective in recognizing the adequate
cues in the faces of others. This explanation is reasonable
also taking into account the findings of a study by Ge et al.

(2017), that showed how internet-addicted individuals adopt
a facial emotion information processing mode that differs
from that adopted by non-addicted people (e.g., longer fixa-
tion durations, lower fixation counts, and uniform extrac-
tion of pictorial information). These findings are worthy of
further research attention, since the ability in recognizing
emotions may have relevant consequences at both individual
and social levels. At the individual level, the difficulty in
recognizing emotions in the face of others could generate
problems in coordinating with them and in creating close
and satisfying relationships. At the social level, this could
lead to an impoverishment of culture, social relationships,
and interpersonal and intergroup solidarity. The massive use
of video conferencing, which in recent years has become
necessary due to the COVID-19 pandemic, could have fur-
ther influenced our way of interpreting emotional cues. In
this scenario, the challenge for the next years is to develop
solutions, applications, and devices that facilitate the emo-
tional exchange between the interlocutors. Al could be the
most valid tool for this purpose. A limitation of the study is
that only self-report scales were used and that two of them
(those used to evaluate satisfaction with social relationships
and anxiety) did not undergo full validation. Moreover, only
some items of the face test were used. Finally, since partici-
pants were recruited only through online procedures, they
may not be representative of the population.

Another limitation of the present work relies on its
cross-sectional nature. The physical-digital integration fac-
ets were found to be associated with depression, anxiety,
and satisfaction with social relationships. However, these
variables could be either antecedents or outcomes of physi-
cal—digital integration. Future studies with a longitudinal
design may help to clarify causal relationships between these
variables. Future studies should investigate the invariance of
the P-DIS across gender, age classes, or culture of respond-
ents (Colledani 2018; Colledani et al. 2018a, b, 2019b), and
might investigate possible latent profiles underlying the
physical—digital integration facets. The latter analysis may
help to obtain a holistic interpretation of physical-digital
integration, and may be useful in applied settings to clearly
understand and describe individual differences in this con-
struct (Colledani et al. 2019a, b; Dal Corso et al. 2020; Fer-
guson and Hull 2018).

7 Conclusion and final remarks

In the last decades, the penetration of technology in our daily
lives has progressively increased, giving raise to environ-
ments that are a mix of digital and physical cues. Some indi-
viduals still tend to perceive a clear differentiation between
the two realms, while others tend to experience a greater
level of fusion between them. This can have both positive

@ Springer



1716

Al & SOCIETY (2024) 39:1707-1719

and negative effects on psychological and social well-being.
Moreover, the tendency to highly integrate physical and digi-
tal cues can impact the ability to correctly recognize facial
emotion expressions. These effects are mainly present in
those individuals who often use technology in their daily
lives.

As a consequence of the COVID-19 pandemic, the health
emergency fueled the adoption of digital solutions as it has
never happened before, creating new opportunities to expand
digital approaches to social, economic, and cultural life
(Hantrais et al. 2021; Motiejanaité-Schulmeister and Cro-
sier 2020). In this condition, it could be expected that the
tendency of some individuals to integrate digital and physi-
cal realms has strengthened. Future research should explore
this, as well as its potential consequences on psychological
and social well-being and attitudes. Research should also
investigate the readiness of different social groups to adapt to
the increased penetration of technology in daily life. Indeed,
socio-economic, gender, age, and ethnic differences could
have influenced the possibilities and inclinations of some
individuals to access and use digital devices and applica-
tions as it is required nowadays (Aissaoui 2021; Allmann
2020; Motiejunaité-Schulmeister and Crosier 2020; Holmes
and Burgess 2020). For example, young people have had
many opportunities to use new solutions for productive and
social life and, consequently, they are expected to be able to
move fluently between the digital and physical realms. In
contrast, due to attitudes, personal motivations, education,
and income, the elderly tend to be more excluded from the
digital life (Song, et al. 2021). While this problem is not
new, it became more relevant during the COVID-19 pan-
demic, because many individuals were unable to use those
digital measures that were put in place to help them (Van
Jaarsveld 2020).

With this in mind, future research should be addressed to
make technology more usable by those classes of individuals
who are currently excluded from its fruition. Moreover, it is
crucial to investigate the impact that the increasing fusion
of digital and physical realms may have on subjective well-
being and social performances. Al applications could be
extremely useful to face both these aspects. Al consists of
several technologies, such as machine learning, robots, ava-
tars, and touchscreen intelligent devices (Balakrishnan and
Dwivedi 2021; Grewal et al. 2020; Huang and Rust 2018;
Pillai et al. 2020; Vimalkumar et al. 2021) that could be
used to improve the integration between physical and digi-
tal realms, also facilitating the inclusion in the digital envi-
ronments of those people who are currently on the fringes
(Hantrais et al. 2021; Vimalkumar et al. 2021). Al should
also be used to develop new solutions aimed to facilitate the
emotional exchange among technology users.

Human beings are helped in their social interactions
by emotions, which represent a universal language able to

@ Springer

overcome cultural diversities. Indeed, facial expressions are
responsible for transmitting valuable information, which was
difficult to communicate otherwise. Emotions express the
mental state of individuals, and this is directly related to
their intentions, conditions, and feelings. Missing emotional
information represents a relevant loss in communication.
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