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Abstract
COVID-19 has forced many universities to adopt widely technology-enhanced learning 
(TEL), highlighting the role of technostress as a risk factor for detrimental outcomes that 
may be prevented through the assessment with reliable tools. Thus, the present study aimed 
to test the psychometric characteristics of the Italian validation of the technostress scale by 
Wang, Tan, and Li. A self-report online questionnaire was completed by 915 participants 
(aged 18–33 years) attending an online university course during the health emergency. A 
subsample of 301 subjects (MAge = 20.91, SD = 1.93) filled out the same questionnaire after 
a 3-month time interval to evaluate the test–retest reliability. Confirmatory factor analysis 
verified the one-factor structure of the scale, which was confirmed across academic courses 
considered (first-year and senior students). Moreover, the findings showed significant asso-
ciations with the Italian Technostress Creators Scale and the Italian Mental Health Contin-
uum–Short Form, as well as a satisfactory test–retest coefficient value supporting its valid-
ity and reliability. In light of the above, the study provides a useful instrument to evaluate 
technostress related to TEL and indications to implement preventive interventions for this 
type of stress by improving students’ experience with learning technologies.

Keywords  Technostress · Students · Well-being · Technology-enhanced learning · Scale 
validation

Technostress was firstly described by Brod (1984) as an adaptive disease caused by the 
inability to deal with new computer technologies effectively and healthily. More specifi-
cally, technostress can be defined as “any negative effect on human attitudes, thoughts, 
behaviors, or body physiology that is caused directly or indirectly by technology” (Weil 
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& Rosen, 1997, p. 5). Information and communication technologies (ICTs) play a pivotal 
role in technostress development and its manifestations (La Torre et al., 2019), represent-
ing potential sources of apprehension and anxiety or techno-anxiety (Marcoulides, 1989), 
which can result in techno-phobia (Rosen & Maguire, 1990), an aversion to computers 
usage. Furthermore, the relationship with these technologies can manifest in the form of 
extensive and compulsive usage or techno-addition (Tarafdar et al., 2020).

Moreover, technostress has been regarded as a type of stress (Salanova Soria, 2003) 
associated with a negative psychological state due to the usage of ICTs. This state is 
affected by the perception of a mismatch between demands and resources related to ICTs, 
leading to unpleasant psychophysiological activation and negative attitudes toward them.

From the first description of technostress in the 1980s, literature on this disease has 
increased by including the investigation of its association with the usage of different tech-
nologies such as mobile computing devices (Hung et al., 2015), collaborative tools (Jena, 
2015), corporate management systems (Ragu-Nathan et  al., 2008), and recently, social 
media (Brooks & Califf, 2017) by expanding the literature concerning the impact of these 
platforms on individuals’ well-being (Califano et  al., 2022; Caso et  al., 2020; Schettino 
et al., 2022a). In this regard, a large number of studies (Joo et al., 2016; Ragu-Nathan et al., 
2008; Tarafdar et al., 2010) on technostress, across different fields, have documented sev-
eral negative consequences both for individuals and their organizations (González-López 
et al., 2021). In particular, technostress has been identified as a strong predictor of anxiety, 
diminished concentration, irritability, memory loss, sleep disturbances, relationship issues 
with family, and malaise (Arnetz & Wiholm, 1997; Capone et al., 2021; Loh et al., 2021; 
Porter & Kakabadse, 2006; Salo et al., 2019; Schettino et al., 2022b; Thomée et al., 2012). 
At the organizational level, literature has widely recognized the role played by technostress 
as a risk factor for dissatisfaction with job, organizational commitment, decreased produc-
tivity, job burnout, absenteeism, and even intentions to quit the job (La Torre et al., 2020; 
Ragu-Nathan et  al., 2008; Reinke et  al., 2016; Tarafdar et  al., 2007). In the educational 
environment, such modern disease (Brod, 1984) has been identified as a factor leading to 
concerns such as burnout, decreased learning engagement, and reduced performance (Jena, 
2015; Wang et al., 2020). Among students, females and lower-grade individuals are more 
susceptible to experiencing burnout associated with greater technostress levels (Upadhyaya 
& Vrinda, 2021). Furthermore, such pressures among students are not only associated 
with the simple use of technology, but specifically, with a change of requirements in many 
aspects of learning (i.e., design and delivery of content, learning process features, and its 
assessment) resulting from the mentioned usage (Jung et al., 2012).

Universities are among the major educational organizations where ICTs related to edu-
cation — or technology-enhanced learning (TEL) — are used widely to increase productiv-
ity and knowledge acquisition (Ragu-Nathan et al., 2008). In particular, technology helps 
enhance various processes within higher education institutions as well as the teaching and 
learning process (Bianchi & Caso, 2021).

The health emergency has significantly boosted technology adoption in most academic 
contexts. TEL has passed from being complementary to a mandatory educational method-
ology (Gaebel et al., 2021; Longmuir et al., 2021). Indeed, there has been a sudden adop-
tion of distance learning by most universities worldwide, even in countries with low imple-
mentation rates of TEL in pre-pandemic times, such as Italy (European Commission, 2020; 
Eurostat, 2020). This country has been the second-worst affected country by Coronavirus 
after China during the initial spread of the virus, meaning that Italy was among the first 
countries in Europe to experience remote learning for all schools and universities in March 
2020 (Sebastiani & Palù, 2020).
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This switch from face-to-face to distance learning has allowed schools and universities 
to continue their educational programs. Nevertheless, at the same time, such a teaching 
mode has triggered the technostress process (Estrada-Muñoz et  al., 2021; Galvin et  al., 
2022).

Indeed, undergraduates have experienced increased technostress which, in turn, has 
been identified as a risk factor for exhaustion (Alvarez-Risco et  al., 2021), anxiety and 
depressive symptoms (Galvin et al., 2022), poorer academic performances (Upadhyaya & 
Vrinda, 2021), negative experiences regarding family life (González-López et al., 2021), 
and decreased mental well-being (Schettino et al., 2022b). This sort of chain reaction may 
be explained by taking into account the more demands — in terms of time, knowledge, 
skills, and psychological pressures — of TEL than the traditional learning mode (Com-
modari & La Rosa, 2021). In this regard, Penado Abilleira et  al. (2021) recognized the 
person-environment (P-E) fit theory as an explanatory model of technostress among aca-
demic students. The scholars, using a sample of students from Spanish universities, have 
adapted a 20-item technostress scale from Chinese teachers to Spanish students following 
the P-E fit theory assumptions in order to provide a measure able to assess the prevalence 
of the disease in the considered population.

With the same aim, Wang and colleagues (2020) have developed and validated a more 
agile technostress measure consisting of 8 items specifically designed to assess university 
students’ technostress in TEL. They tested the psychometric properties of their tool with a 
sample of Chinese students from two public universities in China, demonstrating its valid-
ity as well as the fundamental contribution of P-E fit theory in understanding the develop-
ment and outcomes of stress in various contexts.

The core of the P-E fit theory was identified by Edwards (1996, p. 292) in “the premise 
that attitudes, behaviors and other individual-level outcomes result not from the person or 
environment separately, but rather from the relationship between the two.”

Consequently, a good fit can promote well-being and increase job satisfaction and per-
formance (Edwards & Rothbard, 1999; Gander et al., 2020; Gilbreath, 2004; Redelinghuys 
& Botha, 2016).

If the relationships between individuals and their environments are unbalanced, ten-
sions could be generated, resulting in poor fits (Ayyagari et al., 2011; Edwards & Rothbard, 
1999). Hence, stress occurs when there is no adjustment between the person and the envi-
ronment or, in other words, between the resources of the person and the demands of the 
environment (Edwards et al., 1998). On the one hand, demands related to technostress can 
be defined as quantitative and qualitative requirements of technology-enhanced learning 
for individuals’ skills. On the other hand, supplies are different resources and opportunities 
that TEL can offer to meet the needs of individuals.

Consistent with the P-E fit theory, in Wang et  al.’s (2020) scale, the person factor 
refers to university students, and the environment factor to technology-enhanced learning, 
its requirements, courses, and tasks. In the development process of Wang et  al.’s (2020) 
instrument, the first-order 1-factor technostress scale with eight items was found to be psy-
chometrically robust, demonstrating high internal consistency, validity, unidimensionality, 
and measurement invariance across participants of different demographics in China. Rapid 
assessments are regarded as efficient methods for collecting information quickly and when 
it is impossible to implement classical research methodologies as suggested in a pandemic. 
Therefore, in light of the studies mentioned above, the aim of this research was two-fold:

–	 Validating the technostress questionnaire by Wang et al. (2020) among Italian univer-
sity students and corroborating its psychometric properties.
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–	 Determining whether the theoretical perspective of the P-E fit theory was suitable to 
explain the prevalence of technostress and its association with well-being among Italian 
university students.

Aims and Hypotheses

The current research aimed to evaluate the validity of the Italian Technostress Scale for 
University Students in TEL (IT-TSUS) by investigating the psychometric properties (fac-
tor structure, reliability, convergent validity, and discriminant validity) and its invariance 
across the courses of study (first year, students who had been enrolled at university for 
less than a year; third year, students who had almost finished the first round of the course). 
A further aim was to expand the evidence about the tool by examining the relationships 
between IT-TSUS and some criterion variables such as emotional, social, and psychologi-
cal well-being.

Consequently, we formulated the following hypotheses.

Hypothesis 1a (H1a). We expected to confirm the one-factor structure of IT-TSUS as 
found in Wang and colleagues’ tool.
Hypothesis 1b (H1b). We hypothesized that the IT-TSUS had high internal reliability, 
similar to earlier findings in the Chinese sample.
Hypothesis 2a (H2a). We hypothesized that our study confirmed the convergent validity 
of the IT-TSUS correlating positively with corresponding measures. Thus, we expected 
the IT-TSUS to correlate positively with technostress at work.
Hypothesis 2b (H2b). Considering divergent validity, we expected that IT-TSUS cor-
related negatively with mental well-being.
Hypothesis 3 (H3a). We expected an adequate test–retest reliability of the IT-TSUS.
Hypothesis 4 (H4). Referring to group invariance, we hypothesized that the functioning 
of the IT-TSUS items did not differ across academic courses (first-year students of psy-
chology course and senior group, in the third year of psychology course).

Material and Methods

Translation Process

The IT-TSUS was back-translated to ensure translation equivalency. Psychometric testing 
of the P-E fit scale of technostress for university students in technology-enhanced learning 
with an Italian sample was then conducted. Two bilingual Ph.D. researchers participated in 
the translation process. One of the researchers, who translated the original tool into Italian, 
had gotten a Ph.D. in Health Psychology in Italy. The second translator had been educated 
in the United States and had a Ph.D. in Psychology. He translated the Italian TSUS back to 
English without discussion with the first researcher. Subsequently, adjustments were per-
formed in order to ensure understandability, psychological equivalence, and the accuracy 
of the translation from English into Italian. As a result, the original and back-translated 
English versions did not differ significantly, as posited by the translators. Lastly, on the 
basis of feedback from six university students, the wording and clarity of the description of 
the scale items were improved.
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Procedure and Statistical Analyses

We used a cross-sectional design to validate the IT-TSUS. Participants were recruited 
among psychology students attending an online course at the University of Naples Fed-
erico II in March 2021. They were invited to complete an online self-report question-
naire about their experience with technology-enhanced learning. Research participation 
was voluntary, and respondents received no reward. Moreover, it was subjected to the 
privacy information and consent to process personal data following the applicable law. 
No outliers were identified, and no missing values were found since all the answers 
were mandatory.

Bartlett’s test of sphericity and the Kaiser–Meyer–Olkin (KMO) measure of sampling 
adequacy were used to test whether the dataset was suitable for factor analysis. In order to 
analyze the reliability of the scale, we computed the internal consistency using Cronbach’s 
alpha. Furthermore, for the analysis of the scale internal consistency, the corrected correla-
tions between the score of the items and the IT-TSUS, as well as test-rest reliability, were 
analyzed.

As recommended by researchers in the field (Byrne et  al., 1989), the following steps 
were taken to test factor invariance. Preliminary confirmatory factor analysis (CFA) 
was performed using the maximum likelihood estimation method to analyze the under-
lying structure of items. To evaluate the solution, we took into account the goodness of 
fit indexes. Thus, the chi-square (χ2) was computed to examine the difference between 
observed and expected covariance matrices by testing the null hypothesis of ideal model 
fit where the residual covariance equals zero. We also considered adequate comparative fit 
index (CFI) and the Tucker–Lewis’s index (TLI) values above 0.90 (Bentler, 2006; Byrne 
et al., 1989), root-mean-square error of approximation (RMSEA) values below or equal to 
0.06, and root-mean-square residual (RMSR) values equal to or below 0.09 (Hu & Bentler, 
1999). Furthermore, the Pearson product-moment correlations were computed to exam-
ine the relations between the measures. Statistical significance was set at p-value < 0.05. 
This CFA was performed separately for the first-year and senior students groups to assess 
whether the model fitted the data well in each group. Then, multi-group CFA was con-
ducted in order to test configural (Thurstone, 1947) and metric invariance (Millsap & Oli-
vera-Aguilar, 2015).

Participants

The sample consisted of 915 Italian students (83.9% women) aged 18–33 years (M = 20.81; 
SD = 1.98). Of the respondents, 40% (N = 366) attended the first year of a psychology 
degree, whereas 60% (N = 549) attended the last year of the course. The most were unem-
ployed (83.6%; N = 765), 485 (53%) were single, and 430 (47%) were engaged. About par-
ticipants’ experience with TEL, 83.7% (N = 766) had a place in their houses only for it, and 
most (41.2%; N = 377) reported there was one other person besides them who used TEL 
or worked in smart mode in their houses, 189 (20.7%) answered two people, 167 (18.2%) 
declared more than two people using online learning or working, while 182 (19.9%) 
respondents indicated they were the only ones in their families. Lastly, in order to assess 
the test–retest validity, a subsample consisting of 301 students (MAge = 20.91, SD = 1.93; 
84% female) completed the questionnaire again after three months. Ethical approval for the 
current study had been obtained from the Department of Humanities Ethical Committee of 
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Psychological Research prior to the commencement of this project. All participants pro-
vided informed consent.

Measures

The Italian version of TSUS (IT-TSUS): The tool consists of 8 closed questions (e.g., “I 
feel stressed to adapt to technology-enhanced learning”) assessing university students’ 
technostress. Response alternatives are provided on a 5-point Likert-type scale from 0 
(“strongly disagree”) to 4 (“strongly agree”). In this study, α = 0.95.

Measure for convergent validity. The technostress creators scale (TCS; Molino et  al., 
2020; Ragu-Nathan et al., 2008) is an 11-item Likert scale that measures workers’ technos-
tress. The instrument consists of three factors: techno-overload (4 items, e.g., “I am forced 
by technology to work much faster”; α = 0.82), techno-invasion (3 items, e.g., “I spend less 
time with my family due to technology”; α = 0.71), and techno-complexity (4 items, e.g., “I 
do not know enough about technology to handle my job satisfactorily”; α = 0.89). Answers 
are ranged on a 5-point Likert scale from “strongly disagree” (1) to “strongly agree” (5). 
Cronbach’s alpha for The Technostress Creators scale was 0.85.

Measures for divergent validity. The Italian Mental Health Continuum Short Form 
(MHC-SF; Petrillo et  al., 2015) consists of 14 statements measuring psychosocial well-
being as described in Keyes’ model (Keyes, 2002). It is a scale assessing emotional (e.g., 
“During the past month, how often did you feel satisfied with life”; α = 0.86), social 
(e.g., “During the past month, how often did you feel that you belonged to community”; 
α = 0.79), and psychological well-being (e.g., “During the past month, how often did you 
feel that you have experiences that challenge you to grow and become a better person”; 
α = 0.85). The MHC–SF asks individuals how much of the time they functioned in a spe-
cific manner, from 0 (“none of the time”) to 5 (“all of the time”). MHC-SF reported a 
Cronbach’s alpha of 0.91.

Demographic data. Participants were asked to specify their age, gender, nationality, 
marital status, and employment status.

Results

Descriptive Statistics and Confirmatory Factor Analysis

Descriptive analyses, Pearson’s correlation, and computation of Cronbach’s alpha coeffi-
cients were performed using SPSS 27 statistical software (IBM Corp., Armonk, NY, USA). 
In addition, confirmatory factor analysis (CFA) was carried out through the support of 
Mplus 8.6 (Muthén & Muthén, Los Angeles, CA, USA). Descriptive statistics for the IT-
TSUS and the other psychological variables assessed are presented in Tables 1 and 2.

Analysis of the IT-TSUS individual items indicated that item scores were not skewed, 
with none of them showing extreme means and close to zero variances. The average score 
obtained in the IT-TSUS was 2.36, SD = 1.06 (Table 3). In order to test the internal con-
sistency of the IT-TSUS, each item score was correlated with the total score of the scale. 
Statistically significant part-whole correlations were reported. The coefficient range was 
between 0.79 and 0.86 (Fig.  1). Since they were greater than 0.30, the internal consist-
ency of the IT-TSUS can be considered good (Nunnally, 1994). Furthermore, CFA was 
performed to ascertain the factor structure of the scale.



1521International Journal of Mental Health and Addiction (2024) 22:1515–1529	

1 3

Ta
bl

e 
1  

D
es

cr
ip

tiv
e 

st
at

ist
ic

s o
f i

te
m

s o
f I

T-
TS

U
S 

(N
 =

 91
5)

. I
n 

br
ac

ke
ts

, t
he

 o
rig

in
al

 E
ng

lis
h 

ite
m

s a
re

 re
po

rte
d

It
em

M
ea

n
SD

Sk
ew

ne
ss

K
ur

to
sis

IT
EM

 1
Ad

at
ta

rm
i a

lla
 d

id
at

tic
a 

a 
di

st
an

za
 m

i f
a 

se
nt

ire
 so

tto
 p

re
ss

io
ne

 [I
 fe

el
 st

re
ss

ed
 to

 a
da

pt
 to

 te
ch

no
lo

gy
-

en
ha

nc
ed

 le
ar

ni
ng

]
2.

45
1.

26
.0

5
 −

 .6
7

IT
EM

 2
H

o 
di

ffi
co

ltà
 a

 se
gu

ire
 in

 m
an

ie
ra

 e
ffi

ca
ce

 la
 d

id
at

tic
a 

a 
di

st
an

za
 p

er
ch

é 
ho

 p
oc

o 
te

m
po

 e
 ri

so
rs

e 
[I

 fi
nd

 it
 d

if-
fic

ul
t t

o 
eff

ec
tiv

el
y 

us
e 

te
ch

no
lo

gy
-e

nh
an

ce
d 

le
ar

ni
ng

 d
ue

 to
 m

y 
lim

ite
d 

in
ve

stm
en

t o
f t

im
e 

an
d 

eff
or

t]
2.

17
1.

24
.2

9
 −

 .5
5

IT
EM

 3
M

i s
en

to
 st

re
ss

at
o/

a 
da

lle
 e

le
va

te
 ri

ch
ie

ste
 d

el
la

 d
id

at
tic

a 
a 

di
st

an
za

 a
lle

 q
ua

li 
no

n 
ri

es
co

 a
 fa

r f
ro

nt
e 

co
n 

le
 

m
ie

 a
ttu

al
i c

ap
ac

ità
 [I

 fe
el

 st
re

ss
ed

 to
 c

op
e 

w
ith

 th
e 

hi
gh

 d
em

an
ds

 o
f t

ec
hn

ol
og

y-
en

ha
nc

ed
 le

ar
ni

ng
 w

ith
 

m
y 

cu
rr

en
t c

ap
ab

ili
ty

]

2.
32

1.
24

.2
2

 −
 .6

3

IT
EM

 4
M

i v
ed

o 
co

st
re

tto
/a

 c
am

bi
ar

e 
le

 m
ie

 a
bi

tu
di

ni
 e

 sc
el

te
 d

i a
pp

re
nd

im
en

to
 p

er
 a

de
gu

ar
m

i a
lle

 ri
ch

ie
ste

 d
el

la
 

di
da

tti
ca

 a
 d

is
ta

nz
a 

[I
 a

m
 p

re
ss

ur
ed

 to
 c

ha
ng

e 
m

y 
cu

rr
en

t l
ea

rn
in

g 
ha

bi
t a

nd
 p

re
fe

re
nc

e 
to

 m
ee

t t
he

 re
qu

ire
-

m
en

ts
 o

f t
ec

hn
ol

og
y-

en
ha

nc
ed

 le
ar

ni
ng

]

2.
74

1.
22

 −
 .3

0
 −

 .5
0

IT
EM

 5
La

 d
id

at
tic

a 
a 

di
st

an
za

 in
va

de
 d

iff
us

am
en

te
 o

gn
i a

sp
et

to
 d

el
la

 m
ia

 fo
rm

az
io

ne
, c

re
an

do
m

i d
is

ag
io

 [I
 a

m
 n

ot
 

co
m

fo
rta

bl
e 

w
ith

 th
e 

pe
rv

as
iv

e 
in

va
si

on
 o

f t
ec

hn
ol

og
y-

en
ha

nc
ed

 le
ar

ni
ng

 in
 a

ll 
as

pe
ct

s o
f m

y 
stu

dy
]

2.
15

1.
22

.3
2

 −
 .4

9

IT
EM

 6
So

no
 in

fa
st

id
ito

/a
 d

al
le

 v
ar

ie
 fo

rm
e 

de
lla

 d
id

at
tic

a 
a 

di
st

an
za

 [I
 a

m
 ir

rit
at

ed
 b

y 
th

e 
va

st 
va

rie
ty

 o
f t

ec
hn

ol
og

y-
en

ha
nc

ed
 le

ar
ni

ng
]

2.
17

1.
22

.2
2

 −
 .5

7

IT
EM

 7
M

i s
tre

ss
an

o 
le

 v
ar

ie
 fo

rm
e 

di
 d

id
at

tic
a 

a 
di

st
an

za
, p

er
ch

é 
re

nd
on

o 
pi

ù 
di

ffi
ci

le
 il

 m
io

 st
ud

io
 [I

 fe
el

 st
re

ss
ed

 a
s 

th
e 

va
rio

us
 fo

rm
s o

f t
ec

hn
ol

og
y-

en
ha

nc
ed

 le
ar

ni
ng

 c
om

pl
ic

at
e 

m
y 

stu
dy

]
2.

32
1.

26
.1

6
 −

 .6
8

IT
EM

 8
M

i s
en

to
 st

re
ss

at
o/

a 
pe

rc
hé

 la
 d

iff
us

io
ne

 d
el

la
 d

id
at

tic
a 

a 
di

st
an

za
 h

a 
po

rt
at

o 
di

so
rd

in
e 

ne
lle

 m
ie

 a
bi

tu
di

ni
 

di
 st

ud
io

 [I
 fe

el
 st

re
ss

ed
 a

s t
he

 h
ea

vy
 re

lia
nc

e 
on

 te
ch

no
lo

gy
-e

nh
an

ce
d 

le
ar

ni
ng

 in
 m

y 
sc

ho
ol

 d
is

ru
pt

s m
y 

no
rm

al
 st

ud
y 

pa
tte

rn
]

2.
52

1.
30

 −
 .0

3
 −

 .7
4



1522	 International Journal of Mental Health and Addiction (2024) 22:1515–1529

1 3

Ta
bl

e 
2  

B
iv

ar
ia

te
 c

or
re

la
tio

ns
 w

ith
 v

al
id

at
io

n 
m

ea
su

re
s (

N
 =

 91
5)

N
ot

e.
 *

p <
 .0

5;
 *

*p
 <

 .0
1

M
 (S

D
)

IT
-T

SU
S

1
2

3
4

5
6

7

IT
-T

SU
S

2,
35

5 
(1

.0
58

)
1.

 M
H

C
-S

F
2,

37
9 

(.8
84

)
 −

 .1
84

**

2.
 M

H
C

-S
F—

Em
ot

io
na

l w
el

l-b
ei

ng
2.

64
6 

(1
.0

99
)

 −
 .2

16
**

.8
43

**

3.
 M

H
C

-S
F—

So
ci

al
 w

el
l-b

ei
ng

1.
58

5 
(.9

56
)

 −
 .0

95
**

.8
34

**
.5

91
**

4.
 M

H
C

-S
F—

Ps
yc

ho
lo

gi
ca

l w
el

l-b
ei

ng
2.

90
8 

(1
.0

28
)

 −
 .1

79
**

.9
09

**
.6

98
**

.5
81

**

5.
 T

C
S

2.
12

9 
(.8

72
)

.6
38

**
 −

 .1
70

**
 −

 .1
75

**
 −

 .0
91

**
 −

 .1
77

**

6.
 T

C
S—

Te
ch

no
-o

ve
rlo

ad
3.

05
1 

(.8
67

)
.5

75
**

 −
 .1

41
**

 −
 .1

38
**

 −
 .0

87
**

 −
 .1

41
**

.8
04

**

7.
 T

C
S—

Te
ch

no
-in

va
si

on
3.

20
7 

(.9
43

)
.5

33
**

 −
 .1

02
**

 −
 .1

18
**

 −
 .0

75
*

 −
 .0

83
*

.7
81

**
.5

48
**

8.
 T

C
S—

Te
ch

no
-c

om
pl

ex
ity

2.
12

9 
(.8

72
)

.3
71

**
 −

 .1
43

**
 −

 .1
44

**
 −

 .0
47

 −
 .1

74
**

.7
22

**
.2

93
**

.3
27

**



1523International Journal of Mental Health and Addiction (2024) 22:1515–1529	

1 3

Bartlett’s sphericity test was equal to χ2 (df = 28, N = 915) = 6077.632 (p < 0.001), and 
the KMO index was 0.94, indicating an adequate correlation matrix. The computation of 
skewness and kurtosis indices (Table 1) showed the normality of the distribution. Kurtosis 
ranged between − 0.74 (item 8) and − 0.49 (item 5); skewness ranged between − 0.30 (item 
4) and 0.29 (item 2). Similar to the findings reported by Wang, Tang, and Li (2020), who 
identified a one-factor structure, one factor with eigenvalues greater than one emerged in 
our study.

The one-factor model fitted the data best. The fit statistics for the model were as fol-
lows: χ2 = 59.699 (33, N = 915), exact p = 0.02; CFI = 0.96; TLI = 0.094; RMSEA = 0.081; 
90% confidence interval for RMSEA = 0.049, 0.08; SRMR was 0.025. Standardized factor 
loadings of items ranged from 0.79 to 0.86 (see the Appendix). The single factor explained 
72.23% of the variance. All residual correlations were lower than |.1|. Finally, the scale 
reported good internal reliability. The Cronbach’s alpha of the Italian TSUS was 0.94.

Convergent and Divergent Validity

A significant positive correlation between IT-TSUS scores and those on the technostress 
creators scale (r = 0.64, p < 0.01) confirmed the convergent validity of the scale. More 
specifically, a high and positive correlation was reported with the overload dimension 
(r = 0.58, p < 0.01) and invasion dimension (r = 0.53, p < 0.01) of the TCS. In addition, the 
IT-TSUS correlated negatively with the MHC-SF (r =  − 0.18, p < 0.01) and its dimensions.

Crossover Path Analysis (Test–Retest)

To examine the stability of the scale, we performed a crossover path analysis of the IT-
TSUS later in time, considering a reduced sample (N = 301). We correlated the time points 
March 2021 (t0) and June 2021 (t1). Findings demonstrated that the initial results predicted 
those at the follow-up (r = 0.71; p = 0.01). Besides, the intraclass correlation coefficient 

Fig. 1   Structure of IT-TSUS. Standardized coefficients
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(ICC) for IT-TSUS was 0.64 (p < 0.0), suggesting good reliability of the scale (Shrout & 
Fleiss, 1979).

Testing for Factor Invariance

Some procedures were accomplished to test the factorial invariance of the 8-item ver-
sion of the IT-TSUS. Firstly, we performed a preliminary confirmatory factor analy-
sis, in which the single factor was posited separately for first-year students and senior 
groups. The model taken into account fitted the data well in each group: first-year stu-
dents: χ2 = 91.114 (39), p < 0.001; CFI = 0.95; TLI = 0.93; RMSEA = 0.07 (0.062 0.088); 
SRMR = 0.025; senior: χ2 = 77.516 (39), p < 0.001; CFI = 0.95; TLI = 0.93; RMSEA = 0.07 
(0.056 0.075); SRMR = 0.034. Multigroup CFA was subsequently conducted to examine 
configural invariance (Thurstone, 1947). The model fitted the data well: χ2 = 210.470 (86), 
0.000; CFI = 0.943; TLI = 0.932; RMSEA = 0.07 (0.72 0.85); SRMR = 0.048. Standardized 
factor loadings of items were all significant. Coefficients ranged from 0.75 to 0.90 in the 
first-year group and from 0.71 to 0.91 in the senior group. Finally, we investigated metric 
invariance and found this model to be tenable: χ2 = 210.589 (130), p < 0.001; CFI = 0.932; 
TLI = 0.930, RMSEA = 0.07 (0.075 0.089); SRMR = 0.040. Thus, we compared Model 
0 with a model that was the same, except all latent means were fixed to be equal across 
groups. A non-significant drop in model fit was observed, indicating that latent mean dif-
ferences did not exist between gender groups (Δ CFI =  − 0.001, p = 0.40).

Discussion

The COVID-19 pandemic has disrupted any aspect of our lives. In an effort to control the 
spread of the virus, worldwide governments have imposed restrictive measures. Luck-
ily, the negative consequences of this pandemic have been partially reduced by technol-
ogy which has allowed individuals to shift from offline to online several human activities 
such as meeting, entertaining, working, and learning. In the high school sector, universi-
ties have continued their activities through TEL. This challenge has been difficult to deal 
with, particularly for those countries unprepared for online learning, such as Italy (Euro-
pean Commission, 2020; Preply, 2021). Due to the health emergency, Italian students have 
been among the first to face a sudden shift from face-to-face learning to distance learning 
(Sebastiani & Palù, 2020). In such a situation, the risk of suffering from technostress is 
high. Therefore, it is evident that context-sensitive tools should be used for adequate iden-
tification of TEL psychological indicators. Following this line of reasoning, the present 
study aimed to validate the Italian version of the technostress scale for university students 
in TEL (Wang et al., 2020) in order to develop a brief and valid assessment measure of 
technostress.

The findings were very satisfactory, supporting all hypotheses made. Indeed, the 
IT-TSUS showed psychometric properties similar to the original Chinese version. The 
CFA highlighted the one-factor dimension (H1a) similarly to the measure of Wang 
and colleagues (2020). Moreover, the scale reported good reliability (H1b), conver-
gent validity (H2a), discriminant validity (H2b), and stability over time (H3). Fur-
thermore, the invariance calculation suggests that the scale could be used both among 
university students at the beginning of their academic careers and students about 
to graduate (H4). Starting from above, the IT-TSUS can be regarded as a suitable 



1525International Journal of Mental Health and Addiction (2024) 22:1515–1529	

1 3

and agile instrument for evaluating students’ stress related to TEL. In addition, the 
results highlighted above-average levels of technostress among the university stu-
dents enrolled in the research. Given their age (Mage = 20.81), they can be regarded 
as Digital Natives (Prensky, 2001; Rothman, 2016) because they have been growing 
up through immersion in digital technology (Thompson, 2013). As a result, they are 
habituated to quick and autonomous access to information, multitasking, nonlinear 
learning, and dynamic graphics (Brooks & Davis, 2018, Thompson, 2013). How-
ever, these digital skills have not protected them from technostress related to distance 
learning. Specifically, our findings suggest that technostress may have been a risk fac-
tor for these Italian Digital Natives’ well-being during the COVID-19 pandemic. The 
participants who reported higher stress about remote learning were those who expe-
rienced decreased mental well-being. The P-E fit theory (Edwards, 1996) could offer 
a possible explanation for this result, suggesting that such students have felt unable 
to deal with changes related to the quick adoption of distance learning, perceiving a 
stress condition. Moreover, the theoretical framework indicates that determinants of 
this perception should be found in both students and their universities. Thus, it seems 
they did not have adequate individual resources for this challenge, and their university 
did not make a proper valuation of the student’s capability to cope effectively with 
TEL.

The findings of this study should be interpreted cautiously and considered in the 
context of some limitations which can be addressed in future research. More in detail, 
the study was conducted during a pandemic crisis, so its results could be influenced 
by factors associated with a period of special stress among students and academic 
organizations (Galvin et  al., 2022; Procentese et  al., 2020), unprepared to deal with 
the unprecedented situation. Besides, participants were recruited from the first and 
third years of a specific degree, making it difficult to generalize the results obtained 
to the more general academic population. Finally, since we adopted a self-report ques-
tionnaire, it is possible that data could be affected by the common method invariance 
issue. Therefore, future studies should take a longitudinal approach to test the scale 
reliably over time. In particular, the tool should be tested once the health emergency 
situation will have been overcome.

Despite the limitations mentioned above, the good psychometric properties of 
the scale suggest a wide use of the instrument for timely identification of students 
at higher risk of developing technostress and negative consequences related to this 
modern disease. Moreover, the study supports the P-E fit theory ability to investi-
gate students’ technostress. As far as we know, our research is the first one to adopt 
such a theoretical framework in the Italian context to examine university students’ 
technostress caused by distance learning adoption. Based on the strong psychomet-
ric properties of the scale, we recommend extensive use of the IT-TSUS in research 
with students and health interventions. Furthermore, the scale should also be tested 
and validated in languages other than Italian for usage across cultures. Universities 
and public organizations around the globe should pay closer attention to the role of 
technostress at the individual level in more effectively managing policies and inter-
ventions. For this purpose, we believe the IT-SUS proved to be a tool able to provide 
useful information in designing online learning contexts which can improve students’ 
well-being. Specifically, such interventions should enhance students’ resources, for 
example, their technological skills, to make them more effective in coping with TEL-
related demands and preserving their mental health.
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