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Abstract
Many adolescents feel confident about using infdimnaand communication technology
(ICT) and believe that it can help them to leard anhieve. However, recent research also
shows that some adolescents are reporting phygis@mfort from using ICT such as sore
eyes and pain in neck and shoulders. This papdomesgphow primary school students
perceive the negative consequences of using I€T discomfort and distraction) in relation
to the use of ICT for school and leisure purposesr self-beliefs, and the perceived
usefulness of ICT. Using the data obtained fromrgd sample of Norwegian seventh-graders
(N = 1,640, between 12-13 years old), we performedstral equation modelling to test our
assumptions on the role of students’ discomfornfiesing ICT. We hypothesized an indirect
effects model, in which the use of ICT and studdrasefs are indirectly associated via
perceived discomfort. Our findings are two-foldrgEj discomfort from using ICT was
negatively related to students’ use of ICT foruegs yet neither to self-efficacy in using ICT
nor perceived usefulness. In contrast, perceiveladition by ICT was negatively related to
perceived usefulness, yet positively associated W@T use in lessons. Second, the direct and
positive relations among the use of ICT, percewsefulness, and self-efficacy were
statistically significant. These findings uncovieattithe potentially negative consequences of

distraction relate to the extent to which studgeiseive ICT as useful.

Keywords:Discomfort from using ICT; distraction; ICT selffieacy; ICT use; perceived

usefulness
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“Sore eyes and distracted” or “excited and comfitte— The role of perceived negative

consequences of using ICT for perceived usefulaedsself-efficacy

Introduction
The relevance of information and communication medbgy (ICT) has permeated
adolescents’ lives in many ways. In fact, theywsiag ICT not only for leisure activities
outside of school (e.g., social networking, gamiiggening to music, or watching movies)
but also for school-related activities (e.g., wagtitexts, making a presentation, or submitting
an assignment). Recent international researchateichat, on average across OECD
countries, students use ICT at least an hour eaghathd recognizes that frequent Internet use
may have negative effects on educational outcomes a&s school achievement (OECD,
2015). Of course, the frequencies of using ICTcehé and in school differ largely with more
hours per week spent on ICT at home (e.g., Eury@@#&l; Wastiau, Blamire, Kearney, &
Quittre, 2014). Consequently, researchers haverbegexplore the effects of frequent ICT
use on school-related outcomes and students’ h@agh Bowers & Berland, 2013; Cheung
& Slavin, 2013; Nuutinen et al., 2014).

Coleman, Straker, and Ciccarelli (2009) examinedetktent to which children
experienced discomfort due to daily activities sasttcomputer use, watching TV, gaming,
reading, and physical activities and found thatalisfort was most often considered to be a
result of using electronic media extensively. Moo Coleman et al. (2009) identified
students’ beliefs about potential causes and swisitio the experienced discomfort and
showed that they developed beliefs that are basextientific knowledge of the potential
risks of extensive activities. Palmer, Cicareljiaer, and Parsons (2014) further reported
results from a survey with adolescents and uncowvigra most students had experienced sore
eyes, neck pain, or pain in their shoulders fromg#CT. However, the authors did not find

any statistically significant correlation betweargeived discomfort and the use of ICT. This
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observation might indicate that either discomfemot widespread or a relatively new
phenomenon and that the awareness of studentsndisd from using ICT is limited.
Nevertheless, with increased use of computersartidssroom, physical ailments become a
growing problem in schools (Zlamanski & Ciccared12). Dockrell et al. (2010) points out
that there is still very limited research in thisa and further studies about the potentially
negativeexperiences from using ICT are needed.

Traditionally, there have been many studies orptistive results from ICT use, e.g.,
positive relations to mathematics achievements-t2KCheung & Slavin, 2013), to
academic achievements in several subjects in KZh2r(g, Warschauer, Lin, & Chang,
2016), and that ICT has a medium effect on thenlagroutcomes in elementary school
(Chauhan, 2017). However, at the same time, thigpeetive on the results of ICT use is
rather narrow and needs to be balanced by consglbdth positive and negative results from
ICT use. Two of the most prominent concepts desgithe negative consequences of ICT
use refer to students’ discomfort and distractidihereas discomfort includes physical pain
and psychological imbalance that are caused byshef ICT (Palmer et al., 2014),
distraction describes a state in which ICT prevetidents from focusing on other relevant
tasks (Campbell & Henning, 2010).

Perceived usefulness and ICT self-efficacy are eptsclooking at the students’ beliefs
about the perceived benefits from using ICT. Se\sttalies are taking these perspectives,
ICT self-efficacy (Krumsvik, 2011; Rohatgi, Scher&rHatlevik, 2016) and perceived
usefulness of ICT (Edmunds, Thorpe, & Conole, 2@E2; & Yuen, 2014) when
investigating students’ use of ICT. However, untilv few studies have attempted to nuance
the picture, combing the measure of perceived Usefa and ICT self-efficacy to students’
perceived distraction and experienced discomforhfusing ICT. The present study

consequently examines perceived negative consegsi@haising ICT (i.e., discomfort and
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distraction) in relation to their (a) use of ICb) perceived usefulness of ICT, and (c) ICT

self-efficacy.

Per spectives

Langford, Narayan and von Glahn (2016) point oat thgital technology in schools and
classrooms is a controversial topic. This introducpart shows how important it is to
consider the research on students’ experienceroéped negative consequences of ICT and
the more positive outcomes of ICT. We start byeemng research about discomfort form
using ICT.
Discomfort from using ICT

Discomfort from using ICT can be defined as stuglesmtperiences of physical pain or
psychological imbalance related to their use oitdigechnologies such as computer, laptop
or tablets (Palmer et al., 2014). Ciccarelli, Podsth, Harris, and Jacobs (2012) present
recent research from workplaces that shows thdtsadiport discomfort from using ICT.
Discomfort at work can be attributed to frequerd arolonged exposure in front of screens
and awkward sitting positions due to poor furnitanel how the workplace is organized
(Ciccarelli et al., 2012). Palm et al. (2007) fouhdt headaches, neck pain, or pain in the
shoulders are common among Swedish 16-18-yearstldents. They reported higher levels
of discomfort among the high frequent ICT users parad with the less frequent ICT users.
This finding has been supported by a study fromtigmhouw, Crous, and Grimmer-Somers
(2009) for a South-African sample. The authors destrated a significant connection
between headaches and neck pain and the numbeuisf $pent in front of a computer.
Furthermore, Dockrell et al. (2010) studied physabnents using computers in primary
school and consequently concluded that researalidshe more concerned about the

negative physical effects that affect children ggiomputer in school.
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Another approach describing the negative conse@seniciCT is the recent research
on distraction from using ICT in education (Langfat al., 2016).

Perceived distraction by ICT

As mentioned above, the concept of perceived distrafocuses on the more
negativeaspects of ICT (Campbell & Henning, 2010). Gour(@8x14) states that there is
limited research about distraction of ICT, but tilsign approach that can capture the students’
beliefs about ICT as an obstacle for obtainingiéaening or performance goals (Ozer &
Killic, 2015). The use of digital technology can déistraction “that negatively impacts
students’ classroom performance” (Langford et24l16, p. 2).

One example of distraction is that students trgdanore things simultaneously
(Langford et al., 2016). Multitasking seems to haveegative impact on our concentration
because students do not get enough time and guaetjuaint themselves with the subject
matter. The use of ICT could lead to less crittbatking (Greenfiled, 2009), lower levels of
academic achievementiufco & Cotton, 200)2and makes learners disconnect from culture
and history (Bauerlein, 2008). Research has showarl levels of GPA among students’
using social media (Kirschner & Karpinski, 2010faamong students reporting high
frequency of social media use (Junco, 2012). Bow@déa1l) finds that technology enhanced
classrooms could lead to more isolation, lower liyyand weaker social connection
compared with classrooms without technology.

Langford et al. (2016) discuss if distractions frasing ICT arise in educational
settings when students are bored or when studamtsdifficulties with following the lectures
or tasks. It is therefore possible that distractibom using ICT can be prevented through
training, adaptive instruction or by rules abounhgdCT. However, further research is

required on this topic.
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There are theories underpinning the importancebanefits of using ICT in
education. For example, perceived usefulness ofd€rives from a tradition building on
more positive beliefs about ICT. The concepts ot@wed distraction and perceived
usefulness of ICT are not mutually exclusive, beeagtudents can hold both positive and
negative beliefs about using ICT at the same tikaleling both concepts in a study broadens
the perspective on students’ beliefs about ICT.

Per ceived usefulness of ICT

The concept of perceived usefulness of ICT ref@retognizing the value of digital
technology for example for solving a problem ormdpa task and originated from the theory
of planned behaviour and the technology acceptaromel (TAM). Davis and colleagues
introduced the TAM toéxplain the intentions of using a technologicalanatior’ (Sumak,
Hericko, & Pusnik, 2011, p. 2067). TAM can thereftwe used togredict the likelihood of a
new technology being adoptgdurner et al., 2010, p. 464). There is an asdionghat the
acceptance and use of the technology can be erdlaybeliefs, attitude and intentions, in
addition to prior factors (King & He, 2006).

Using technology can be understood as both a depéadd independent variable in
the TAM (Alharbi & Drew, 2014). First, prior use T is an independent variable
providing information about the extent to whichdstats have gained experience with a
system or specific software. Second, the use ofi$GIdependent variable when it comes to
estimate how likely it is for an individual to adapgiven technology. For example, Alharbi
and Drew (2014) defined experience from using enilag management system as a
dependent variable and the intention to use ailggmanagement system an independent
variable.

Perceived usefulness of ICT concerns studentsetsainat the use of ICT is beneficial

and that ICT can be helpful for achieving goals\iBaBagozzi & Warshaw, 1989; Cho,
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Cheng, & Lai, 2009). Recent research (Cheung & V& 3; Liaw & Huang, 2012)
indicates the both the prior usage of ICT and tiention to use ICT are correlated with
perceived usefulness of ICT. In the present stuaytherefore consider perceived usefulness
to be variable that is related to students’ uskCat

As mentioned above, perceived usefulness focusésedmenefits of ICT; corresponding
assessments of the construct are therefore foretufaisitively, such that higher levels of
perceived usefulness indicate positive perceptdi€T. Another key issue related to
positive outcomes of ICT is the students’ selfazftly about their own capabilities (Chai, Fan,
& Due, 2016; Rohatgi, Scherer, & Hatlevik, 2016).

ICT self-efficacy

Self-efficacy derives from the area of motivatioredearch and students’ self-beliefs
(Bandura, 1997). The objective of studying selfegity is primarily to understand peoples’
expectations about their ability to achieve a gsalye a problem, or complete a predefined
activity (Yang & Cheng, 2009). Schunk, Meece, aimdrieh (2014) showed that self-efficacy
is an important variable to understand people&stafoices, their effort, and achievement. In
general, self-efficacy is related with higher levef achievement (Schunk et al., 2014;
Valentine, DuBois, & Cooper, 2004). However, sdffeacy reflects on self-beliefs, and
research shows that some students are overconfibent their abilities; others
underestimate their abilities, whereas some stsdsnte more a more realistic understanding
of their own abilities (Moores & Chang, 2009).

Bandura (1997) argues that the strongest preditteelf-efficacy is probably the
previous personal experience from a task or anigctiWhen students participate in an
activity, they may find that they can master trektan their own or together with others.
These mastery experiences and the ways in whidests interpret their capabilities

contribute to weakening or strengthening their-sgiince and self-efficacy (Usher &
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Pajares, 2008). Research has shown prior succesgfatience with digital technologies can
lead to higher levels of ICT self-efficacy (Cass&l¥achus, 2002). However, this depends
on how the students perceive and attribute th&rafi$CT (Joo, Bong, & Choi, 2000).

Bandura (1997) emphasized the existence of donpeEoHec self-efficacy beliefs. In
other words, individuals’ perceptions of their chiiies and expectations about their
performance within a specific domain such as ICYy dffer from their perceptions in a
domain outside of the ICT context. ICT self-effigas therefore related to the students’
beliefs about their own ICT literacy (Temte & Haile 2011; Hatlevik, Ottestad, &
Throndsen, 2015).

Recent research shows that students’ access tann@their experience using ICT are
positively related to ICT self-efficacy (Tondeuradt, 2011). Moreover, the intensity of
students’ leisure use of computers outside of dasqaositively correlated with their ICT
self-efficacy (Meelissen & Drent, 2008). On thearthand, perceived distraction of ICT
means having negative experiences with ICT (Pa&nal., 2014). Hence, experiencing the
obstacles of ICT use such as distraction could ledolwer levels of ICT self-efficacy.
Context

Since 2006 the capability to use ICT has beengddahte Norwegian curriculum. ICT
literacy has been defined as a basic skill in tirei@ulum meaning, which is considered
transversal and fundamental for all subjects (Ngrae Directorate for Education and
Training, 2012). Despite this importance, ICT i$ aspecific subject in the curriculum.
However, the use of ICT is operationalized withibjects, and targets grade-specific
competence aims. These competence aims are expedtedeached durind® 4", and #'
grade in primary school and at the end of 10th gjindower secondary school. After th& 7
grade, the students leave primary school and éar secondary school — this transition is

critical and oftentimes psychologically demandingNorwegian students, as it provides
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them with novel learning environments. In the fateequired adaptation, students oftentimes
compensate these demands by distracting themgélaéss & Lauzon, 2010), for instance,
with digital technologies.
The present study

One conclusion from the recent research and litezgiresented above is that more
research is required when it comes to scrutiniaimg) understanding the negative
consequences students perceive from using ICT.dRgséndings underline the importance
of varied use of ICT in school and that long haargont of the computer screen should be
avoided (Palm et al., 2007). Coleman et al. (2@@wed that using digital devices could
explain variation in perceived discomfort. More gfieally, Coleman et al.’s findings
suggested that students’ identified their exposureedia and digital technology as the main
reason for their discomfort, followed by bad postand engaging in specific activities for an
extended time as further reasons. Consequentlgxpect ICT use at school and for leisure
purposes to be associated with perceived discorntort using ICT (Hypotheses H1 and H3;
see Table 1). Langford et al. (2016) emphasizediming ICT could be correlated with
perceived distractions by explaining that techngidgh problems pose high demands on
students, such as the demand to perform multiglestat the same time. These demands are
related to students’ working memory capacity ang heve detrimental effects on their
academic performance in the long run (Bowman, LewNaite, & Gendron, 2010; Colom et
al., 2010; Johnson et al., 2007). Goundar (2014jqth a slightly different line of thinking
and argued that students are also distracted byli€ihg lectures, especially when they use
digital devices for non-academic purposes. Themslof argumentation provide the
background for hypotheses H2 and H4.

Albeit the large body of literature on the negatremsequences of using ICT

excessively, there is also a large body of litestun the positive consequences of using ICT,
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for instance, to enhance teaching and learninggss®s inside or outside of schools (Tamim,
Bernard, Borokhovski, Abrami, & Schmid, 2011). ledeembedding ICT as useful tools to
solve complex problems or to make use of interaatiodes of representation might facilitate
the development of conceptual understanding anblgmmo-solving skills (e.g., Cheung &
Slavin, 2013; Donnelly, Linn, & Ludvigsen, 2014g8¢nson, Hartmeyer, & Bentsen, 2017,
Sung, Chang, & Yang, 2015). Accounting for the taett ICT use might have positive effects
in certain contexts, we extend hypotheses H1-Htebing the assumption that an “optimal
level” of ICT use for perceived negative conseqeasrexists. In other words, we test the
quadratic relations between ICT use for leisurearsthool, and perceived distraction and
discomfort. Testing whether a curvilinear relatlmetween ICT use and perceived negative
consequences of ICT use exists is based on a séespirical findings: Focusing on adults
at work,Duranova and Ohly (2016) identified a curviliness@sation between ICT-related
work demands and employees’ well-being. Simila8ligimazu et al. (2016) found that work-
related ICT use and mental health follow an invéfsshape—again, evidence for a
curvilinear relation. Focusing on 15-years-old stuig around the globe, the OECD
Programme for International Student Achievemeng/)lexamined the extent to which ICT
use and students’ well-being are correlated (OEZIR/). For most countries, excessive ICT
use (i.e., more than 6 hours per day) was neggtasdociated with life satisfaction,
perceived loneliness, and bullying. However, theféects varied across different levels of
ICT use—a finding that point into the directionab€urvilinear relation between ICT use and
the perceived, negative consequences. One maprietéehis relation as follows (OECD,
2015, 2017): On the one hand, the use of ICT magmee life satisfaction, as it provides
students with opportunities for entertainment aasilg accessible tools for socializing. On

the other hand, excessive ICT use comes alongthgthisk of undermining motivation to
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learn and concentration, compromising achievemeditsanse of belonging, and isolating
students socially.

Considering the existing research with studentsaahudts, we assume that students’ use
of ICT at school and for leisure purposes can ptquirceived usefulness of ICT and ICT
self-efficacy. Following Bandura’s argumentationtbe explanatory character of positive
experiences of ICT use in self-efficacy, we exp€dt use at school and for leisure purposes
to be positively related to ICT self-efficacy. Tlisggumentation once again assumes that
mastery experiences are an important source adti@miand development in self-efficacy
(Rohatgi et al., 2016; Usher & Pajares, 2008). Muvee, given the extensive body of
literature on technology acceptance, studentstpise of ICT could explain the variance in
perceived usefulness of ICT (Lai, Wang, & Wei, 203idiq, Scherer, & Tondeur, 2016).
These expectations provided the background for Hhgses H5-H8 (see Table 1). For these
hypotheses, we will also consider curvilinear ocorenspecifically, quadratic relations
between the use of ICT and self-efficacy, becauseerftequent use might not directly
translate into higher self-efficacy or vice versat-yan optimal level of ICT use might exist
which is beneficial for students’ ICT self-efficaffesaert & van Braak, 2014). PISA 2009
substantiated the proposed, curvilinear relatidween ICT use and self-efficacy for most of
the participating countries (OECD, 2011). We consaedy explore the extent to which
quadratic relations between ICT use and self-affieaist in addition to the hypothesized
linear relations.

Our overarching research goal was to clarify the ob perceived discomfort and
distraction for students’ self-efficacy and peresiwsefulness of ICT in relation to their ICT
use. We assume that perceived negative consequan€sE use predict students’ beliefs
about their ICT capabilities and the perceived uisefss of ICT. This assumption is based on

the finding that negative experiences associatéa MiT use — for instance, manifested by
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physiological issues (Antoine, 2011) — form sour@esomputer anxiety, which in turn,
challenges students’ beliefs about the usefulneESToand their own abilities in using it
(Celik & Yesilyurt, 2013; Simsek, 2011). Saadé & (2007) even showed that the use of
ICT — and the experiences associated with it —net@ted to students’ perceptions of the
usefulness of ICT via anxiety. This finding prouidground for hypothesizing a link between

perceived negative consequences of using ICT alnef$eelated outcomes, namely ICT self-

efficacy and perceived usefulness (Hypotheses HB-Bde Table 1).

Figure 1 illustrates our hypotheses about theioglatamong use of ICT, perceived

negative consequences of ICT use (i.e., discorafuttdistraction), and beliefs-related

outcomes. The model postulates that students’ uk&To(leisure use and during lessons)

positively relates both to perceived negative cqueaces of ICT and to beliefs-related

outcomes. Further, our assumption is that studeintsexperience discomfort from using ICT

and distraction by using ICT are more likely toogdower levels of perceived usefulness of

ICT and ICT self-efficacy. The hypotheses are fdated in Table 1.

H6
v
ICTuse g Discomfort ___':I_l_z___ Perceived H8
lessons fromICT use \\ Y, usefulness
N ’
HZ H11 \\\ /Il
\\/
/(\
VY
H3 H10/ \
’ \
ICT use Distraction Lo A ICT self- HE
leisure Ha by ICT H9 efficacy
r Y
H7
Use of ICT Perceived negative Positive beliefs

(Opportunities to
experience ICT)

consequences of ICT
use for health and
attention

(Outcome variables)
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Figure 1. Hypothesized structural equation moddlthe corresponding paths

Note.The solid lines illustrate a positive relationshipd the dotted lines postulate a positive
relationship.

Method
Sample and procedure

The present study is a cross-sectional study wiétinadified sample that has been drawn
in two steps. First, based on the geographicatilmtaschool size, and school type, 250
schools with students from 7th grade were rand@®lgcted. Second, the principals were
asked to randomly choose one class of seventhigrémlearticipate in the study. Later, the
principal or a person appointed by the principakreed an email with information about how
the students could participate in the study anevanthe questions at school. The schools
were then asked to set aside time and let the stsig@rticipate in the study during lesson
hours. There have been two main reasons for chgssirlents in'? grade: First, in Norway,
students leave primary school and enter lower stargrschool at the end of frade, such
that this grade level represents a key transitantgpetween educational levels. Second, to
our best knowledge, only few studies targeted 1-3€l8-old students, that is, a group of
students’ computer science programs are espetaatjgted at (Kaleliglu, 2015; Sanne et al.,
2016).

In total,N = 1,640 students from 105 schools completed tlestgpnnaire (age: 12-13
years old); the data from two students were exdudan the analysis, because they started
the survey but did not complete any question. BHspaonse rate was approximately 37% at
the school level. The Norwegian Data Protectionhauty was notified about the study in
advance, and the data collection was carried dutrat to their guidelines.

M easures
Students worked on an online questionnaire thataooed item about use of ICT,

discomfort using ICT, perceived usefulness of I@iiraction by ICT, and ICT self-efficacy.
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Table 2 consist information about descriptive stats, medians, skewness, kurtosis, and the
standardized factor loadings that were obtainech funidimensional latent variable models
for each of the corresponding scales. Twenty-ootfdoadings were equal to or higher than
0.50 (see Table 2); the remaining factor loading atdl sufficiently highA = 0.48 (Crocker
& Algina, 2006). It was therefore possible to efitkblatent variables as representations of
the above-mentioned constructs.

Use of ICT in lesson3.he students were asked about the frequency nfl@iE use in
five mandatory subjects (5 items): English, MatheosaNorwegian, Science, and Social
Science. The corresponding response categories Wereever, 2 = monthly, 3 = at least
weekly and4 = daily. This scale was adapted from a Norwegian monigasurvey of ICT
use in schools (Erstad, Klgvstad, Kristiansen, &y52005).

Leisure use of ICTThe students were asked about the frequency woflésure use of
ICT for chatting, watching films, individual andltaborative gaming. The corresponding
response categories wellex never, 2 = monthly, 3 = at least weekiynd4 = daily. Adapted
from the PISA 2006 study (OECD, 2009; Tegmte & Hake2011).

Discomfort from using ICTThe students were asked about the frequency of
discomfort (sore eyes, pain in neck, and pain oukters; 3 items) from using ICT (Palm et
al., 2007). The corresponding response categoies:tv= never, 2 = monthly, 3 = at least
weekly and4 = daily. The items and the response categories wereettiipin Palm et al.
(2007).

ICT Self-efficacyStudents were asked to respond to five statenadoist their own
capabilities in using ICT successfully (e.g., te asspreadsheet to make a graph, to download
a program; see Hatlevik et al., 2015). These statésrwere adapted from the PISA 2006
study (OECD, 2009; Tegmte & Hatlevik, 2011). Theresponding response categories were:

1 = No, 2 = Yeswith help from others, angl= Yes alone. Unlike alternative ICT self-
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efficacy measures, three response categories wetkin this study to avoid ceiling effects
that are often observed in responses on competefated items (Fraillon, Schulz, Friedman,
Ainley, & Gebhardt, 2015).

Perceived usefulness of ICHerceived usefulness was assessed by four itemus a
the benefits from using ICT (e.qg., it makes me raigd and it helps me learn). The
corresponding response categories weredisagree, 2 = partly disagree, 3 = partly agree
and4 = agree This scale was adopted from Sgrebg, Halvari,i@ot Kristiansen (2009).

Perceived distraction of ICTThe students were asked to indicate their agreetoe
three statements about the obstacles from usinde@T, it makes me loose time and it leads
me of-topic). The corresponding response categwrégs:1 = disagree, 2 = partly disagree,
3 = partly agree and4 = agree The questions and categories were inspired bglfyaat al.
(2009).

Data analysis

Structural equation modelling (SEM) was used tbttes model and the assumed
relations between the variables. SEM provides dauetiogical approach to analyse both the
measurement models of the constructs and, at the s8me, the structural relations between
(latent) variables (Kline, 2016). Moreover, SEM klea researchers to evaluate the fit of a
hypothesized model and therefore obtain informagioout the extent to which the data
represent the theory-driven hypotheses (Brown, 006

In order to test our hypothesized model (Figuren®) used the following fit indices: the
Comparative Fit Index (CFl), the Tucker-Lewis Ind&x.l), the Root Mean Square Error of
Approximation (RMSEA), and the Weighted Root Meaju&e Residual (WRMR). Values
of the CFl and TLI close to or above 0.95 are aders®d acceptable, whereas an RMSEA
below 0.08 indicates an acceptable fit (Brown, 2006 & Bentler, 1999; Kline, 2016).

WRMR values less or equal than 1.0 are suggestisegood model fit (Yu, 2002). It must
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however be noted that these cut-off criteria atembe used as strict guidelines or “golden
rules”, as Marsh, Hau, and Wen (2004) suggestei@dcin some of them are sensitive to the
number of items that form a scale and the distidloubf item responses (Cook, Kallen, &
Amtmann, 2009). Given that item responses weredbaséd.ikert scales and scales that
comprised only three response categories (i.e. oHET self-efficacy), we treated these
responses categorically and performed mean- ananea-adjusted weighted least squares
(WLSMV) estimation (Kline, 2016). This estimationogedure produces reliable parameter
estimates for categorical item responses withtless four response categories (e.g.,
Rhemtulla, Brosseau-Liard, & Savalei, 2012). Tookhthe robustness of the parameter
estimates against different treatments of itemameses, we also specified the hypothesized
structural equation model using robust maximumliliked (MLR) estimation and
continuously treated responses. Overall, the redartodel parameters could be replicated —
as we will present the model parameters. Missirg fita single items ranged between 1.8 %
and 9.3 % and were handled by the pairwise delatiethod under the assumption that they
occurred randomly (Asparouhov & Muthén, 2010).

To test for potential quadratic relations betwe€m Lise and self-efficacy, and other
constructs relevant to our research model, we detgthe model by the quadratic latent
variables of ICT use in lessons and ICT use faules. These quadratic latent variables were
created using the orthogonalization approach utheeMLR estimation (for details on this
procedure, please refer to Marsh, Hau, Wen, Naggngaviorin, 2013 and Lin, Wen,

Marsh, & Lin, 2010). In this approach, residualgevebtained from regression models that
contained the squared responses on ICT use itemdeg®endent and the raw item responses
as dependent variables (Little, Bovaird, & Widam2006). These residuals are then used as

manifest indicators of the quadratic latent ICT uggables.
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Results

First, structural equation modelling was perforrbaded on WLSMV estimation to
examine the model and the expected relations (EigjurAs expected, discomfort and
distraction from using ICT was negatively relatedhe two beliefs-related outcomes, ICT
self-efficacy and perceived usefulness of ICT.h& same time, discomfort and distraction
were positively correlated, indicating that stugéperceptions of these two negative
consequences from using ICT go together. Alongséimee lines, ICT self-efficacy and
perceived usefulness correlated positively, suahdtudents who perceive their ICT-related
competencies as high are likely to perceive ICUseful, and vice versa. Considerably low
correlations occurred between the use of ICT, tepladiscomfort and distraction; in contrast,
the relations among ICT use and the two beliefatedl outcomes were higher. Based on
these correlations, the overall model, as showkigare 2, fitted the data well,
¥? (237) = 725.3p < .001; CFl = .978, TLI = .974, RMSEA = .035, 9@%[.033, .038],
WRMR = 1.36. This model explained 24.4 % of theatson in ICT self-efficacy and 26.1 %
of the variation in perceived usefulness. Howetlex,model explained only 1.7 % of the
variation in discomfort from using ICT and 0.8 %tbé variation in distraction from using
ICT. This finding already indicates that indiretfieets of ICT use on ICT-related beliefs via

perceived distraction and discomfort, if existenight be rather weak.
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lessons fromICT use usefulness )
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Figure 2. Results from testing the model about#hetionship between use of ICT,
discomfort from using ICT, perceived usefulnes$G¥, perceived distraction by ICT, and
ICT self-efficacy using the WLSMV estimator andexatrically treated item responses

Note.* p< .05, *p<.01.

Five out of 15 hypotheses were supported by thiyses (see Figure 2). Distraction by
ICT and ICT use during school lessons were posytiradated p = .09,p < .01), thus
supporting hypothesis 2. However, discomfort frasing ICT had a negative relation to the
leisure use of ICT(=-.13,p <.01), contrasting hypothesis 3. ICT self-effichad a
positive relation to the leisure use of Ig¥< .43,p < .01) and the use of ICT in lessons
(B =.11,p < .01). Furthermore, perceived usefulness hadsdip® relation to ICT leisure use
(B =.32,p<.01) and the use of ICT in lessofis<(.07,p < .05). These results provide
evidence supporting hypotheses 5, 6, 7, and 8lI¥;iperceived usefulness of ICT was
negatively related to perceived distraction frormgdCT (3 = -.35,p <.01), as expected in
hypothesis 10.

To test the robustness of our findings, we re-henstructural equation model again, this

time using robust maximum likelihood estimationwéontinuously treated indicators.
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Moreover, MLR estimation was applied to furtheresd the research model by quadratic

latent variables. Figure 3 shows the resultant rnpalemeters.

.07*
ICT use 04 Discomfort -01 Perceived 36+*
lessons fromICT use usefulness )
.09* -.06
16** 63%% .04
-13%** -.32%*
ICT use Distraction ICT self- 10%*
leisure .01 by ICT .07 efficacy '
r
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Figure 3. Results from testing the model aboutéhetionship between use of ICT,
discomfort from using ICT, perceived usefulnes$G¥, perceived distraction by ICT, and
ICT self-efficacy using the MLR estimator and conbusly treated item responses

Note.* p< .05, *p<.01.

Overall, the model fitted the data weff,(235) = 526.2p < .001; CFI = .967,

TLI =.962, RMSEA = .027, 90% CI [.024, .031], SRMR031. Deviations of the structural
parameters and correlations from those obtained fhe WLSMV estimation were only
marginal, thus pointing to the robustness of oudifigs against the two estimation and
response treatment approaches.

Finally, the model depicted in Figure 3 was extehloe quadratic terms of the ICT use
latent variables, as shown in Figure 4. The modeh&d an acceptable overall fit,(455) =
971.4,p<.001; CFl =.956, TLI =.949, RMSEA = .026, 9@k[.024, .029], SRMR = .035.
Neither perceived usefulness (ICT use lessprs:01,p = .86; ICT use leisurgd = -.04,

p = .33) nor self-efficacy (ICT use lessofiss -.01,p = .86; ICT use leisurd} = -.03,

p = .58) showed significant quadratic relationsh® ICT use variables. Along the same lines,
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neither perceived discomfort (ICT use less@s:-.05,p = .14; ICT use leisurdd = .05,

p = .22) nor perceived distraction (ICT use less@ns.05,p = .30; ICT use leisurg = .01,
p = .78) showed significant quadratic relationsh®e ICT use variables. Consequently, the
expectation to uncover potential curvilinear relas to the use of ICT was not met for the

current sample of students.
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Figure 4. Results from testing the model aboutétationship between use of ICT,
discomfort from using ICT, perceived usefulnes$a¥, perceived distraction by ICT, and
ICT self-efficacy using the MLR estimator and conbusly treated item responses and
guadratic latent variables of ICT use

Note.Dashed lines highlight the relations between thedgatic ICT use variables with all
other variables. p < .05, **p < .01.

Discussion
This paper addressed the perceived negative comsegsi of using ICT at school
(Dockrell et al., 2010; Langford et al., 2016). $heonsequences were operationalized by
two dimensions, discomfort from using ICT (Palmakt 2007) and distractions by using ICT

(Karsenti & Fievez, 2013). Whereas the former reféto students getting sore eyes, neck
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pain, or pain in their shoulders when using ICTiifia et al., 2014), the latter describes the
extent to which students may not be able to focua specific task due to distractions from
ICT (Goundar, 2014). Based on a hypothesized straicinodel, we studied the relations
among these perceptions, students’ ICT use foradaletated and leisure purposes, their ICT
self-efficacy, and perceived usefulness of ICT. Mizgothesized could be confirmed partly.
This study set out with four hypotheses about #haionship between the use of ICT
and the perceived negative consequences of ICTkfplbet al., 2010; Goundar, 2014). Only
one out of the four hypotheses were supported (&8),it proved to be a weak relationship
between ICT use during lessons and distractiorCdy(H2). Our findings contrast the
assumption that frequent use of ICT go togethehn stiidents reporting discomfort and
distraction from using ICT (Dockrell et al., 201®mith et al, 2009). It may be worthwhile to
question why there is not a clear correlation betwie use of ICT and the perceived
negative consequences of ICT (Langford et al., 20Q6e reason could be that in our study a
minority proportion of students reported discomfooin ICT use and distraction by ICT. It
appears that although students reported a highdrexy of ICT use, this may not have any
negative consequences with respect to perceivedrdi®rt and distraction, for example, as
previous showed by Palmer et al. (2014). An alti&ra@xplanation may be that students
reported discomfort and distractions for reasohgmthan barely the use of ICT, for example
classroom design (Barrett, Davis, Zhang & Bargditl 5), lighting conditions (Winterbottom
& Wilkins, 2009), and ergometric properties of sehiurniture (Brewer, Davis, Dunning,
Succop, 2009; Castellucci, Arezes, Molenbroek, derB& Viviani, 2017). One advice for
further studies is to assess students’ perceptibdscomfort and distractions related to
activities with ICT and without ICT. However, reselaindicates that students can have
suboptimal response strategies when reporting éx@erience with ICT (Fang, Wen &

Prybutok, 2014; Ravizza, Hamrick & Fenn, 2014).d&énis’ reports might be prone to social
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desirability (Dodou & de Winter, 2014) and undepading actual perceptions of negative
consequences associated with the use of ICT (rig.to the fear of potential restrictions on
the ICT use from teachers or parents). Moreovdic@dhat the current study targeted
students’ perceptions of the negative consequeassExiated with the use of ICT, yet not the
actual consequences measured by objective, phggalaassessments.

Furthermore, students of this age group might lzasensiderable high threshold of
reporting negative consequences; this thresholthnbig overshadowed by their motivation to
use computers and to achieve using ICT (HatleviBH&istophersen, 2013; Senkbeil & Ihme,
2017). To further clarify as to whether these reasapply, we encourage more in-depth
investigations of response bias for the administsiales.

Four hypotheses dealt with the relations betweeroti$CT and positive beliefs as
outcomes. Two of these relationships were fouraetaveak (H5 and H6), but two of the
relationships are moderate (H8) and strong (H#stHeisure ICT use had a strong
relationship with ICT self-efficacy. Leisure ICTaisan be understood as students’ prior ICT
use and it can provide information about the exgrexes students have with ICT. This strong
relationship between leisure use of ICT and the $€li-efficacy is in line with the theoretical
assumptions provided by Bandura (1997) who argo@ddrevious personal experience with
an activity, for example ICT, can be a very strongdictor of self-efficacy. When students
gain leisure experience with ICT this can help therdevelop confidence in their capabilities
(Rohatgi et al., 2016). Second, leisure ICT usedawderate relationship with perceived
usefulness (H8). One possible explanation forrgletionship is that the experiences made
through use are a necessary condition for recagitie value of a given digital technology
(Alharbi & Drew, 2014; Scherer, Siddiq, & Teo, 201Besignated usage pattern is an
important prerequisite to make a realistic assessofevhat benefit technology can have and

the perceived usefulness of ICT (King & He, 2006).
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There are also four hypotheses about the relatipitstween perceived negative
consequences of ICT and the positive beliefs. Gpethesis is supported by the study
(H10). Perceived distraction by ICT was signifidgmelated to perceived usefulness (H10).
Students who experience ICT is a distraction iatieh to learning and focus on learning
material, are also reporting less benefits from I€Their own learning. It is important that
schools and teachers prevent that the use of I@fribates to distraction, and instead that
schools work to ensure that ICT is used to streargthe development of use in subjects and
to facilitate learning and understanding.

The findings contrast our assumptions that higéeels of discomfort and distraction
go together with lower levels of ICT self-efficadds mentioned above, experiencing
negative consequences from using ICT could be uregented, or students might have
difficulties using ICT for the purposes presentedhie items. The latter might lead to lower
self-efficacy beliefs (Moos & Azevedo, 2009). Andiicbnal explanation could be that
experiences of physical pain and psychological iarii@e play less role for ICT self-efficacy
compared with how students’ personal experienceaastery or observing how their peers
can master activities within a specific domain,égample ICT. Considering Bandura’s
(1997) argumentation, these experiences of masterg develop and sustain subject-domain
self-efficacy; in our case, ICT self-efficacy.

It is worth noting that none of our hypothesestmndurvilinear relations among
constructs could be confirmed. Albeit the existoogly of research on, for instance, the
association between ICT use and self-efficacy dr i€e and perceived negative
consequences thereof suggests that an “optimad! E#MCT use might exist (OECD, 2011,
2015), there was no evidence in our study substamgi this finding. Generally, the
curvilinear effects of ICT use on well-being or hkeaelated variables are weak, and it is

therefore challenging to identify these effecttatent interaction models (Marsh et al., 2013).
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Furthermore, it is currently unclear whether theects are generalizable across student
samples of, for example, different grade levelage# groups. As noted earlier, students in our
sample were relatively young such that the curedmneffects might not yet exist.

Overall, this study has some limitations worth namng: First, given the cross-
sectional, non-experimental design of the study pitoposed model cannot be interpreted
causally; the structural relations among constrdotaot represent causal mechanisms.
Instead, our study provided a glimpse into potémtiechanisms in a relatively young
research arena, that is, the relations among healthbeliefs-related constructs in the context
of using ICT. These relations are subject to furtbsting, particularly in longitudinal designs
to strengthen the order and causality of effecs tfight explain variation in discomfort and
perceived distraction, as well as ICT self-efficary perceived usefulness. Second, it might
well be that the relations identified in our stuahe different for other student samples (e.g., in
different grade levels), other nationalities, atidraative measures of the relevant constructs.
We therefore encourage research comparing the hgpiaed relations across different
student samples.

Conclusion

Our research presents perspective on the use ofhi@Tontrasts the potential
benefits that might come along with it. In otherrd& there are a few students who reported
that they get sore eyes, pain in neck and shouldees using ICT. This group is also more
likely to report that digital technology distrackem and make them get off-topic during
lessons. This perspective on the effects of ICTEims of distraction complements the
concept of perceived usefulness of ICT.

Overall, the findings indicate both positive andjaiieve experiences with ICT. Yet,
one may not conclude that the use of ICT has migeddantages than advantages,

particularly when used in schools. The centralagsithat school leaders and teachers should
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think about and plan how ICT can be used in a wagupport learning and, at the same time,
to prevent that students experience discomfortdastdaction, for instance, by tracking the
time spent and the activities performed on ICT miyitessons. But clearly, there is a need to

adjust individual students and this is also in kvith descriptions in the national curriculum.
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Table 1

Hypothesized relations between students’ use of p€teived negative consequences of ICT use étthand attention), and beliefs (ICT self-
efficacy and perceived usefulness)

Hypothesis 1 (H1) The use of ICT during lessonzossitively related to perceived discomfort fronTlGse.
Hypothesis 2 (H2) The use of ICT during lessonzossitively related to perceived distraction by ICT
Hypothesis 3 (H3) Leisure use of ICT is positivediated to perceived discomfort from ICT use.
Hypothesis 4 (H4) Leisure use of ICT is positivedlated to perceived distraction by ICT.
Hypothesis 5 (H5) The use of ICT during lessoroisitively related to ICT self-efficacy.

Hypothesis 6 (H6) The use of ICT during lessorositively related to perceived usefulness of ICT.
Hypothesis 7 (H7) Leisure use of ICT is positivediated to ICT self-efficacy.

Hypothesis 8 (H8) Leisure use of ICT is positivediated to perceived usefulness of ICT.
Hypothesis 9 (H9) Perceived distraction by ICTégatively related to ICT self-efficacy.

Hypothesis 10 (H10) Perceived distraction by I€hégatively related to perceived usefulness.
Hypothesis 11 (H11) Perceived discomfort by ICThagatively related to ICT self-efficacy.

Hypothesis 12 (H12) Perceived discomfort by IChagatively related to perceived usefulness.




Table 2

Means, standard deviations, medians, skewnessdas;tand factor loadings for all items of the adstered scales

Scale Items M (SD) Mdn Skewness Kurtosis Standardized factor
loadings 6B
Use of ICT in lessons (Cronbachis= 0.83)
English 2.36 (0.76) 2 0.36 -0.16 .64 (.02)**
Mathematics 2.05 (0.68) 2 0.51 0.22 .60 (.01)**
Norwegian 2.60 (0.73) 3 0.11 -0.37 .68 (.02)**
Science 2.38 (0.76) 2 0.29 -0.22 .79 (.01)**
Social science 2.23 (0.74) 2 0.51 0.22 .78 (.01)**
Leisure use of ICT (Cronbachis= 0.65)
Chat 3.37 (0.91) 4 -1.01 -0.03 .50 (.03)**
Watch movies 2.81(0.82) 3 -0.04 -0.80 .53 (.03)**
Play alone 2.71 (1.11) 3 -0.22 -1.13 71 (.02)**
Play with others 2.48 (1.09) 2 0.01 -1.28 .86 )02
Discomfort from using ICT (Cronbachés= 0.83)
Sore eyes 1.52 (0.84) 1 1.46 1.53 .89 (.01)**
Headache 1.48 (0.81) 1 1.56 1.42 .90 (.01)**
Pain in arms and shoulders 1.49 (0.83) 1 1.53 1.12 .79 (.02)**
Perceived distraction by ICT (Cronbackh’s 0.77)
Steal time 1.96 (0.97) 2 0.57 -0.84 .67 (.02)**
Disturb 1.82 (0.96) 1 0.83 -0.49 .86 (.01)**
Use time on off-curriculum activities 1.86 (0.94) 2 0.74 -0.56 .61 (.03)**
Perceived usefulness of ICT (Cronbaah's 0.89)
Help me understand the topic 3.21 (0.83) 3 -0.89 220 .81 (.01)**
Makes me want to learn 3.25 (0.87) 3 -1.00 0.21 4 (.@L)**
Is useful to learn subjects 3.26 (0.78) 3 -0.89 390. .86 (.01)**
Makes it easier to learn 3.22 (0.82) 3 -0.82 0.05 .92 (.01)**
ICT self-efficacy (Cronbach’s = 0.69)
Download programs 2.66 (0.55) 3 -1.34 0.82 .78)¢0
Spreadsheet 2.34 (0.71) 2 -0.60 -0.87 .59 (.03)**
Edit photos 2.60 (0.63) 3 -1.30 0.54 .66 (.03)**
Create a database 1.72 (0.76) 2 0.52 -1.08 .88t.0
Make a presentation 2.57 (0.63) 3 -1.15 0.21 AB)(*

Note.Standardized factor loadings are based on the W 8Mimator. **p < .01



Table 3

Correlation matrix for all constructs

Variables 1. 2. 3. 4. 5.
1. ICT use in lessons 1.00
2. Leisure use of ICT A4 1.00
3. Discomfort from using ICT .02 - 12%* 1.00
4. Distraction by using ICT .08* -.02 .68** 1.00
5. Perceived usefulness of ICT .08* 34** -.32%* -.38* 1.00
6. ICT self-efficacy A7 A46** - 19** - 11%* .30**
Note.Correlations are based on WLSMV estimatiop.< .05, **p <.01



Highlights

» Discomfort and distraction are perceived negative consequences of ICT.

= Perceived usefulness and ICT self-efficacy are positive outcomes of ICT.

= Perceived discomfort and distraction by ICT go together.

= [CT distraction is related to less positive perceptions of the usefulness of ICT.



