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Abstract
The perception of stress in technology use is a widespread phenomenon with potentially
detrimental subsequent effects on health, especially in psychopathology. Together with the
continuously increase of technology use, the identification of antecedents of Perceived Stress (PS) is
pivotal to make inferences for possible preventive actions. One highly relevant field of technology use
is Computer-Mediated Learning (CML). In this work, constructs derived out of four aspects that are
crucial for CML use and PS are combined and tested in a path model: the amount of engagement in
CML in general (CML Use), the attitude towards using CML (CML Acceptance), cognitive processing
demands (Mental Effort and Perceived Information Overload (PIO)) and trait characteristics (Trait
Rumination). Two studies were conducted. The main study included 177 subjects between 18 to 53
years of age that reported about their general use of CML, the cooccurring extent of PS and the other
mentioned constructs through questionnaires. Study 2 included 103 subjects, that were between 17 to
71 years old. There, a reduced part of the path model, including CML Use, Mental Effort, PIO and PS
was tested after the subjects were using a specific e-learning software. The results of the main study
show that CML Acceptance has a weakening effect and Trait Rumination a reinforcing effect on PS in
CML use, although these findings need further investigation due to methodological limitations. Mental
Effort and PIO did not have substantial effects on PS in both studies. These results suggest that it is
especially important to take aspects of acceptance and trait characteristics (Trait Rumination) of CML
users into account when considering the implementation of preventive actions regarding the design of
CML software and work environments to reduce PS.

Keywords: Information and Communication Technology, Computer-Mediated Learning,
Stress, Information Overload, Cognitive Load, Mental Effort, Acceptance, Rumination
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Introduction
Information and Communication Technology (ICT) use has massively increased in the past
years (e.g., Vorderer & Kohring, 2013), and will most likely continue so in the future, since digital
transformation has long become a top priority in economics and politics (Selwyn, Gorard, & Furlong,
2006). This increase in ICT use is strengthened through a social context with corresponding
motivational factors affecting the individual (Wang & Chen, 2012). Examples of this motivational factors
are the Need for Relatedness, Competence and Autonomy (e.g., Reinecke, Vorderer, & Knop, 2014)
as described as the basic human needs by the Self-Determination Theory (Ryan & Deci, 2000). Further,
also the attempt of increasing Social Capital (Ellison, Vitak, Gray, & Lampe, 2014) and the Fear of
Missing Out (an aspect of social pressure; Przybylski, Murayama, DeHaan, & Gladwell, 2013). Criticism
of this trend of increasing ICT use arise for example from the accompanied imperatives emanating from
digital conformism, that include the proclamation of the lack of alternatives of using technology and
subsequent processes of conformity in form of occupational and social pressure (Seppmann, 2017).
This progression, with more or less subtle dictates, raises increasing quantities of questions on
psychological aspects of ICT use, as it is more and more unrealistic to not be obligated in some way to
use ICT, at least in an occupational environment and in learning (de Sousa, 2019). Therefore, it is
important to find ways to improve the interaction with ICT by minimizing potential harm to its users.
Beside benefits (including the satisfaction of needs derived from motivational factors), there are several
risks of harm caused by ICT use. Apart from physical risks coming from the domain of ergonomics (see
e.g., Harris & Straker, 2000), psychological risks, especially the perception of stress, also termed as
Perceived Stress (PS; Cohen, Kamarck, & Mermelstein, 1983), must be considered. It has been shown
that PS in ICT use is related to anxiety (e.g., Reinecke et al., 2018), depression (e.g., Thomée, Eklöf,
Gustafsson, Nilsson, & Hagberg, 2007) and burnout (Reinecke et al., 2017). There are a variety of
additional terms that are used to describe technology-induced PS, for example the term Digital Stress,
that is defined as “stress reactions elicited by environmental demands originating from ICT use”
(Reinecke et al., 2017, p. 3), which is quite similar to the definition of the older and widely used term
Technostress: “Stress caused by an inability to cope with the demands of organizational computer
usage” (Tarafdar, Tu, & Ragu-Nathan, 2010, p. 304). The notion in the definition of the Digital Stress
concept implies certain environmental demands that lead to stress in ICT use. Reinecke et al. (2017)
further identified and tested the two constructs Communication Load (e.g. the number of sent and
received social media messages or private e-mails) and Internet Multitasking (the concurrency of ICT
use and other activities). Their results showed that these constructs increase stress and are moderated
by age. The present work intends to identify further potential constructs that influence the relation
between ICT use and stress (here defined as PS) by testing a proposed research model, to get a more
comprehensive insight in the relations between ICT use and PS. Four potential constructs derived from
related theories are considered: (1) Information Overload, (2) Cognitive Load, (3) Acceptance (of ICT)
and (4) Rumination. An overview of all constructs with corresponding theories is displayed in Table 4.
The corresponding considerations of the inclusion of these constructs are as follows: As visible in the
definition of Technostress, coping with demands while using ICT may be a crucial factor in the forming
of stress. To account for this, the constructs (1) Information Overload (Lipowski, 1975) and (2) Cognitive
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Load (Sweller, 1988) were added to the model, since both are useful to characterize certain types of
(cognitive) demands in the interaction with ICT for the user. While Information Overload considers
information loss occurring due to sensory memory strain (too much information to process), Cognitive
Load (or Overload) refers to an aggravated exchange between prior existing knowledge and new
information in the long-term memory (Chen, Pedersen, & Murphy, 2011). Furthermore, a central
concept of influential stress models is that of Coping, considered in the present study with the
Transactional Model of Stress and Coping (TMSC; Folkman & Lazarus, 1984), is also explicitly stated
in the definition of Technostress (Tarafdar et al., 2010). According to the TMSC, coping relates to an
evaluation of the demands provided through the environment as being harmful (or beneficial).
Depending on this perception, PS is shaped (Lazarus & Folkman, 1987). To take into account and
integrate this aspect of PS, the two constructs of (3) Acceptance (of ICT) and (4) Rumination are
additionally included in the research model. Acceptance (of ICT) may also affect PS through coping
evaluation processes. Rumination, as defined in the Goal Progress Theory (GPT; Martin & Tesser,
1996) and as used in the present work, depicts a trait, that describes an individuals’ predisposition to
response to failures regarding satisfactory progress towards goals (Smith & Alloy, 2009). This in turn is
a potential candidate to influence the PS reaction when environmental demands challenge goal
attainment and further coping (Martin & Tesser, 1996).
In sum, the main goal of the present study is to contribute to the identification of constructs
involved in the relation between ICT use and PS. Therefore, these constructs are combined and tested
in a path analysis. This form of analysis is designed to test theoretically derivated models of causal
relations between variables or constructs (Denis & Legerski, 2006) and is therefore well suited for the
purpose of this research. The proposed path model is referred to as the research model.
As ICT is a not accurately defined and a vastly general term, accordingly also ICT use, the
research model is tested in a learning context. As mentioned before, learning is identified as an
important field where ICT use is pushed wieldy, especially in schools and universities, where students
(have to) adapt to this progression (Tiernan, 2015). Investigating the potential harm originating from PS
in a learning context is considered as highly relevant. To account for this learning context, the denotation
of ICT use for learning is adapted to that of Computer-Mediated Learning (CML; e.g. used in Whiteman,
2002).
The research model is defined through theoretical deliberations; thus, a focus of this work is
set on reviewing the involved constructs and their underlying theories.
Theoretical Framework
In this theoretical framework, the constructs that are included in the research model are
presented. First, the terms ICT and CML will be discussed in detail, before their use and acceptance
are described. As acceptance of technology is closely related to attitude research, the most important
theories in this field are reviewed. Afterwards, PS, Cognitive Load, Information Overload, Rumination
and their underlying theories are presented in greater depth.
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ICT, CML, its use and acceptance
To clearly define the context of the present work, the terms ICT and CML are elaborated and
deliberations about their usage are introduced, followed by theories about attitudes and acceptance of
technology.
ICT and CML definitions
As the focus is set on the use of technology in the field of computer-based education, the term
Computer-Mediated Learning (CML) is used in the following described studies. But first, a step back for
approaching the field of technology is needed. When talking about technology, an approach to specify
and categorize the use of it arises from the concept of Information- and Communication Technology
(ICT), which is used in a large variety of contexts. ICT includes a derivation of the broader term
Information Technology, aspects of describing economic development, personal and business use and
education. In an attempt to illustrate this broad field of ICT, Zuppo (2012) proposed a hierarchy, which
is shown in Figure 1.

Figure 1: Categorization of Information- and Communication Technology,
derived from Zuppo (2012). The relevant Education segment is marked in
bold.
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The above illustration suggests that it is important to specify the term ICT to avoid any possibilities of
confusion by its usage. Here, because of its central importance to this work, solely the Education
category is covered in the meaning of ICT, including the sub-categories:
!

Devices and Tools: The actual usage of information processing devices, including desktop
computers, laptops, tablets and smartphones.

!

Skills and Competencies: The specific amount of skills and competencies that are required to
use ICT in a proper way, or the lack of them.

!

Pedagogies: ICT methodologies in educational pedagogies and teaching (e.g., e-Learning).

At this point, it is important to mention, that the “C” in ICT, which stands for Communication, is not
necessarily included in all applications that refer to the term (Zuppo, 2012). ICT is used in many
publications and corresponding studies this work refers to, without an adjustment to the context, for
example in learning. To the authors opinion, this may potentially lead to confusion of study subjects that
are confronted with the term. Other terms such as ICT-based learning (e.g. used in Selwyn et al., 2006)
fit better to the context of the present work, whereas it may also be difficult to understand. As a further
alternative, the term CML was identified and finally chosen to be used, as it facilitates a clearer
understanding for the investigated study issue of the research model. The term CML has also already
been used in a wide range of studies (e.g., Whiteman, 2002). When referring to CML here, the ICT
education sub-categories (Figure 1) are covered. This term includes also the concept of ComputerSupported Collaborative Learning (CSCL), which sets its emphasis on the social interaction while using
technology (computers) for learning purposes. CSCL is relevant in one of the conducted studies in the
present research (see methods section of study 2). CML is used as an umbrella term, which includes
the aspects of CSCL and is circumscribed by the context of ICT in education.

ICT/CML use
As stated before, the use of ICT/CML is constantly rising, which gives health related questions
a growing relevance. Consequences on health, for example symptoms of depression and sleep
disturbances (Thomée et al., 2007), are of particular interest, since the usage and dissemination of
technology in the daily live takes such a prominent role in the society. As this work is written, the 2020
SARS-Cov-2 (Severe acute respiratory syndrome coronavirus 2) pandemic outbreak and resulting
public lockdowns around the globe are taking place (World Health Organization, 2020). In the course
of this event, subsequent provisions to deal with spreading control or prevention regarding similar
events in the future are wieldy discussed (Basilaia & Kvavadze, 2020). Through this event, it is likely
that ICT/CML use will be fostered even more. As for example, many world regions closed schools and
home schooling with CML technologies gaining a central role in the attempts to diminish the
shortcomings of these closings, as it was also observed during the 2003 SARS pandemic in Hong Kong
(Wong, 2004). It is reasonable to believe that this development will have lasting effects of learning
practices also after the crisis, at least in countries with sufficient available ICT resources (compare with
Zuppo, 2012). Moreover, when taking considerations about voluntariness of ICT/CML use aside, there
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are identified demographic mediators that influence ICT use, which are age, experience, gender and
educational levels (Helsper & Eynon, 2010). Also, demographic characteristics influence motivational
factors of ICT use (for age see Reinecke et al., 2017).
After the relevance of ICT/CML use research has been shown, the next step is to discuss its
acceptance, which is assumed to play a key role in the relation to PS.

ICT/CML Acceptance and attitude research
From a psychological point of view, a central role for the establishment of ICT/CML use is its
acceptance by individuals (Davis, 1985). A significant impact in acceptance is attributed to the Mere
Exposure Effect, which describes that more familiarity through frequent exposure to something (e.g.
CML) leads to an increased general preference for it (Zajonc, 1968). While the influence of the Mere
Exposure Effect is incorporated in attitude and acceptance theories (see below), there are more
complex and differentiated approaches to the mechanisms of acceptance originating from attitude
research, which is reviewed hereafter. Attitude is inherent in the generalized psychological definition of
acceptance, that is “a favorable attitude toward an idea, situation, person, or group” (VandenBos, 2007,
p. 6). However, this definition needs further investigation to fully understand its coherences and how it
is used in the present research model.
In this section, in-depth inspections of selected attitude and acceptance theories are presented
to give an overview of the corresponding models and their progressions, with the goal of highlight their
importance and further to elaborate how the term acceptance is used in this work in detail. Taking the
before clarified progression of ICT/CML use into account, its acceptance by users has gained particular
interest by researchers and has become a mature research area in the field of Information Systems
(Venkatesh, Morris, Davis, & Davis, 2003). As a result of this development, various theories have been
established to explain how acceptance is manifested in technology use. The theories have either been
directly developed to ICT Acceptance (e.g., Davis, 1985) or are of a more general kind coming from
research on attitudes, intentions and their interplay with behavior (e.g., Fishbein, 1967). Especially
mentionable in the field of Human-Computer Interaction (HCI) is the Technology Acceptance Model
(TAM; Davis, 1985). The gain of this model was to find variables that mediate between the actual use
of computer-based systems and the system characteristics, to examine how these variables are related,
and how they can be measured prior to their implementation in organizations (Davis, 1985). Before
getting into details about TAM, it is crucial to mention that TAM uses theoretical foundations originating
by the work of Martin Fishbein and Icek Ajzen on attitudes and the prediction of behavior (Fishbein,
1967) that resulted in the Theory of Reasoned Action (TRA; Fishbein & Ajzen, 1975). TRA has been
later on refined to the Theory of Planned Behavior (TPB; Icek Ajzen, 1991), which was developed after
the TAM. The theories are presented in the following order: (1) TRA, (2) TPB, (3) TAM and (4) further
developed TAM theories.
Starting with TRA, Figure 2 shows the corresponding schematic diagram. For explanations of
the single components, see Table 1. TRA aims to explain and predict overt behavior of individuals,
which is determined by intention. Intention in turn is formed by an Attitude Toward a Behavior (ATB) as
well as from Subjective Norms. The respective degree of influence of ATB and Subjective Norms on
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intentions is guided by their relative importance (Fishbein, 1967). Things like demographics and
personality traits are not considered directly in the model, but as external variables. This is also the
case for the so-called Attitude Toward an Object (ATO; also called attitudes toward targets; Kan &
Fabrigar, 2017). The distinction between ATB and ATO is of particular importance and is looked at
following the presentations of the theories.

Figure 2: Schematic diagram of the Theory of Reasoned Action (TRA; H.
Ajzen & Fishbein, 1980). Adapted from Kan and Fabrigar (2017, p. 2).

As mentioned, the TRA, has then been further developed to the TPB. The difference to TRA lies in the
addition of the construct Perceived Behavioral Control (see Table 1), that represents a third determinant
(beside ATB and Subjective Norms) crucial for the formation of intention and behavior. The inclusion of
this additional construct to the TPB, results from critique about the TRA, suggesting that it only focuses
on behavior that is formed under high level of volitional control (Kan & Fabrigar, 2017). The authors
recognized that this level of control can differ/be absent across behaviors and thus revised their theory
accordingly (Icek Ajzen, 1985). Beside this additional construct, the structure and the other components
proposed by the TRA also applies to TPB. For the schematic diagram of TPB, see Figure 3.

Figure 3: Schematic diagram of the Theory of Planned Behavior (TPB;
Icek Ajzen, 1991). Adapted from Kan and Fabrigar (2017, p. 4).

ANTECEDENTS OF PERCEIVED STRESS IN TECHNOLOGY USE

9

Theory of Reasoned Action (TRA) and Theory of Planned Behavior (TPB)
Component

Definition

Implications

Attitude Toward a
Behavior (ATB)

The evaluation by the individual to
perform an action or set of actions.
Aggregate of beliefs that the behavior
leads to a certain outcome
(likelihood) and the evaluation
(positive/negative) of that outcome.

- Attitude is aimed toward the
behavior, not the object associated
with the behavior
- Determined by Behavioral Beliefs

The perception of the individual that
most people who are important to
him/her think he/she should or should
not perform the behavior in question.

- Determined by Normative Beliefs
and the motivation to comply with
specific referents
- The activation of normative
information from memory influences
the perception of an attitude
object/event

The likelihood to actually perform a
behavior as perceived by the
individual.

- Most proximal determinant of
behavior
- All other predictors are mediated
by intention
- Behavior is seen as always
deliberate, due to the mediation by
intentions
- If determinants (Subjective Norms
or ATB) are in disagreement, the
determinant of intention with the
greater weight will be more
influential on intention

Subjective Norms

Intention

Only in TPB:
Perceived
Behavioral
Control (PBC)

Behavior

The perception by Individuals about
the ease or difficulty of performing
the behavior of interest.

Individuals overt action or set of
actions. Construed of action, target,
context and time.

- Exists beside one’s Actual
Behavioral Control (ABC; the ability
to perform a behavior determined by
external factors). But when PBC is
an accurate indication for ABC, it
directly influences the actual
behavior
- Determined by Control Beliefs,
which are the presence or absence
of factors that facilitate or hinder
performance of a behavior
- Distinction between behavior and
outcome important

Table 1: Definitions of TRA and TPB constructs. Adapted from Kan and Fabrigar (2017) & Icek Ajzen and Fishbein
(1973).

Beside strong support provided by meta-analyses (e.g., Armitage & Conner, 2001), various
kinds of criticism has been formulated for both TRA and TPB (Kan & Fabrigar, 2017). One critique
gained much attention and is a good example of the underlying central problem of TRA/TPB: The
absence of the influence of past behavior and habits on intention and behavior, for which evidence was
found (e.g., Ouellette & Wood, 1998), and that is also proposed in the Mere Exposure Effect (Zajonc,
1968). Although there is strong evidence for the predictive power of the three proposed determinants
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of intention (ATB, Subjective Norms and Perceived Behavioral Control), the exclusion of e.g. influences
of past behavior led to the conclusion that further determinates may exist that are as strong or even
stronger predictors of behavior (Kan & Fabrigar, 2017).
After this introduction to TRA/TPB, it is crucial to set a connection to the research field of ICT
acceptance, that developed their own specific models in the context of attitude-behavior relations. The
most widespread model in the technology sector and a derivate from the TRA (Taherdoost, 2018) is
the Technology Acceptance Model (TAM; Davis, 1985). TPB was developed after TAM. Its structure is
shown in Figure 4 and definitions of the individual components are explained in Table 2.

Figure 4: Technology Acceptance Model (TAM). Adapted from Davis, Bagozzi, and Warshaw (1989, p. 985).

Technology Acceptance Model (TAM)
Component

Definition

Implications

Perceived Ease of
Use

The degree of which the user
excepts the target system to be free
of effort

- Is influenced by design
features/external variables

Perceived
Usefulness

User’s subjective probability that
using a specific application system
will increase his or her job
performance within an organizational
context

- Is influenced by design
features/external variables

Attitude Toward
Using

User's evaluation of the desirability of
his/her using the system

Is equivalent to ATB in TRA/TPB

Behavioral
Intention to Use

Equivalent to Intention in TRA/TPB

Actual System
Use

Equivalent to Behavior in TRA/TPB
Table 2: Definitions of TAM constructs. Adapted from Davis (1989)

In a very clear fashion, Methieson (1991) compared the TPB and TAM approaches to predict behavior
in the context of ICT-Acceptance (originally referred to as Information System-Acceptance). In his work,
three main differences between TPB and TAM have been identified:
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1. Varying degree of generality:
In contrast to TPB, TAM predefined a set of Behavioral Beliefs, that are identified as crucial for the
context of technology acceptance, according to Davis (1989). Those beliefs are Perceived Usefulness
and Perceived Ease of Use (see Table 2). These two specific types of beliefs are just not predefined in
TPB (and accordingly also not in TRA). But the theory also proposes the influence of not further defined
Behavioral Beliefs (see Figure 3), which means that the two models do not contradict each other, but
only vary in the degree of generality. Contrary to TPB, the TAM model allows no inclusion of additional
beliefs beside Perceived Usefulness and Perceived Ease of Use. In TPB, relevant beliefs have to be
identified in every case before the model can be used with the given issue.
2. Inclusion/Exclusion of social variables:
TAM does not include social variables compared with TPB (Subjective Norms). There are conflicting
opinions on these different approaches. While Davis et al. (1989) postulated that Subjective Norms
have no significant effect on user acceptance, Mathieson (1991) on the other hand noted that the
systematically exclusion of social variables has the flaw to exclude unique variance (that may be
important depending on the context) to behavioral intention.
3. Different models of behavioral control:
Again, the difference in the models concerning generality (see point 1) is reflected in the handling with
behavioral control variables. In the TAM, there is only one such variable that is proposed to have
influence on attitude, which is Perceived Ease of Use, defined as “the match between the respondent's
capabilities and the skills required by the system” (Mathieson, 1991, p. 179). The TPB is more open to
add different kinds of behavioral variables that may be important in specific contexts, which can be
differentiated in external (situation-dependent) and internal (e.g. willpower and skill) factors, while
Perceived Ease of Use only refers to as an internal factor.
Both models explained intention quite well, but TAM seems to have advantages in explaining
ATB of Information Systems. However, Mathiesons’ (1991) conclusion about the comparison of TAM
and TPB highlights advantages on both sides: “TAM provides a quick and inexpensive way to gather
general information about individuals' perceptions of a system. It can be used to measure general levels
of satisfaction across a range of users with diverse interests. TPB delivers more specific information,
giving more insight into why an individual or group might be dissatisfied.” (Mathieson, p. 187). Beside
this generally favorable validation, TAM also faced a lot of criticism (compare e.g., Taherdoost, 2018).
As an result, in 2000, the Technology and Acceptance Model 2 (TAM 2 or Extension of TAM; Venkatesh
& Davis, 2000) has been proposed, with its main change to include Subjective Norms into the model
(see Figure 5). With this step, TAM 2 adjusted itself toward TRA/TPB.
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Figure 5: Technology Acceptance Model 2 (TAM2). Adapted from Venkatesh and Davis (2000, p. 188).

TAM models have been further developed and modified, resulting in The Unified Theory of
Acceptance and Use of Technology (UTAUT) or the Final TAM (see Figure 6; Venkatesh et al., 2003).
This model surprisingly excluded ATB from technology acceptance, based on a survey of literature and
the conclusion, that Perceived Usefulness is more significant towards behavioral intention (Davis et al.,
1989). This can be interpreted as that users have a favorable behavioral intention to use technology if
it is perceived as useful, even though their attitude towards behavior is negative (Davis et al., 1989).
This is conflicting with the observation of ICT Acceptance being also an social phenomenon, where
attitudes play an important and central role (Zhang, Aikman, & Sun, 2008). This conflict could further
be a consequence of an underlying conceptual problem, which is that Information Systems literature is
mixing up the concept of ATB with ATO, as shown by Zhang et al. (2008). This observation is discussed
in detail, as it is crucial for the definition of acceptance in the conducted studies of this work.

Figure 6: The Unified Theory of Acceptance and Use of Technology Model
(UTAUT). Adapted from Venkatesh et al. (2003, p. 447).
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Attitude Toward a Behavior (ATB) vs. Attitude Toward an Object (ATO)
As shown in the section about TRA/TPB, it is of particular importance to distinguish between
Attitude Toward a Behavior (ATB) and Attitude Toward an Object (ATO), as the latter is only seen as
an external variable in the reviewed models, without direct influence on intention and behavior (Kan &
Fabrigar, 2017). ATO is defined as the evaluation of a particular entity, differing in the degree of favor
or disfavor (Crites Jr, Fabrigar, & Petty, 1994). In contrast, ATB is an individual’s evaluative affect
(positive or negative feelings) about performing a certain behavior, not about an object itself (Fishbein
& Ajzen, 1975). To deepen this further, Zhang et al. (2008) showed in their research, that in the context
of ICT Acceptance it is particularly important to make the distinction between ATB and ATO. They were
able to show that ATO’s effect on behavioral intention is fully mediated by ATB. Beside this, ATO may
have some positive influence on ATB. Accordantly, they conclude that ATB is a better predictor of
behavioral Intention than ATO. To further underpin this inference, the results shown by Zhang et al.
(2008) indicate that ATB does not change even when using a new ICT Software in comparison with a
previous similar or an older version of ICT Software, even if ATO changes.
In conclusion, this means that even if an attitude toward an ICT, for example, a particular CML
software, is favorable, the attitude toward using this software still can be different (not favorable) and
this is crucial for the behavioral intention. Derived from this apparent importance of ATB in ICT
Acceptance models, deliberations about its integration in the research model are indicated and
displayed in the next section.
The actual CML Acceptance as Attitude Toward a Behavior (ATB)
Which element or definition represents the actual user acceptance (that is measured) in the
previous described models however, is still unclear, or as mentioned by Sun and Zhang (2006): “(…)
some studies use ATB while others use BI [behavioral intention] or actual usage as the indicator of user
acceptance”. As shown, ATB is immanent in forming behavioral intention in most presented models
(TRA, TPB, and TAM) and the omission of it in further developed TAM models gained considerable
criticism (Zhang et al., 2008). This makes ATB a good candidate to measure actual acceptance, also
because of its inherent focus on behavior (in comparison with ATO). Furthermore, there are strong
reasons to not decide for behavioral intention or the actual behavior to measure the actual acceptance.
Behavioral intention is influenced by Subjective Norms, according to TRA, TPB, TAM2 and UTAUT and
thus, undermine the actual acceptance by the user through a distortion potentially coming from social
pressure. The same applies to the actual behavior, as it is fully or nearly fully mediated by behavioral
intention (compare with model figures). Also, in the context of this work, due to the design of the studies
to test the research model, measuring the actual behavior (actual use) as the actual acceptance is not
reasonable. This is the case, because subjects are either obligated to use an ICT/CML (study 2) or
there is a lack of alternatives in university education, so the behavior is not reflected clearly as
acceptance (see the method section for details). Hence, the author chooses ATB for measuring CML
acceptance in the research model.
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Perceived Stress (PS)
After the insight in definitions concerning ICT/CML, and their use and acceptance, the topic of
stress is introduced, as the overarching issue of this work is the relation between CML use and stress
perception. Scientific research does not provide a consistent definition of stress (Koolhaas et al., 2011).
However, a consensus regarding the meaning of psychological stress was proposed by Steptoe (1991),
who defined stress as a complex of emotional and behavioral reactions to psychosocial stimuli
(stressors) that are perceived as aversive (from aversion; the “physiological or emotional response
indicating dislike for a stimulus. It is usually accompanied by withdrawal from or avoidance of the
objectionable stimulus” (VandenBos, 2007, p. 100). Thus, stress is created through an imbalance
between stimuli and psychosocial resources available to the individual. More general, this imbalance is
also seen as an “unfavorable person-environment relationship” (Lazarus, 1993, p. 8). This may lead to
a feeling of distress and the perception of a threat, resulting in an increase in vigilance (prolonged
alertness), enhanced anxiety and worrying (McEwen & Wingfield, 2003). There are also psychological
concepts, where stress may lead to a positive outcome, if an event is not perceived as aversive
(negative interpretation), but as a challenge (positive interpretation) that may lead to a feeling of
exhilaration (Selye, 1976). In the present work, the focus is laid on the negative notion of stress, as
used for example by Lazarus and Folkman (1987): “Stress, which primarily concerns negative personenvironment relationships, cognitive appraisals, and emotional response states such as fear, anger,
guilt, and shame (…)” (p. 142). As the psychological aspect of stress gives strong emphasis to the
subjective nature of the perception of it, the term Perceived Stress (PS) is used in the present work.
These deliberations about the stress concept also imply that there are specific physiological correlates
to PS. When an event is perceived as stressful, specific physiological reactions automatically occur,
which mainly consist of the activation of the autonomic nervous system (e.g. increasing heart rate and
sweating) and the endocrine system through the hypothalamic–pituitary–adrenal axis (HPA-Axis;
McEwen & Wingfield, 2003; see Figure 8). The HPA-Axis response is ultimately leading to cortisol
release, which for example has effects on the suppression of the immune system (McEwen, Nasca, &
Gray, 2016) and memory retrieval (de Quervain, Roozendaal, & McGaugh, 1998). Exaggerated HPAAxis activity through repeated acute stress is associated with health impairment (e.g.
neurodegenerative, psychiatric, and metabolic diseases), as feedback mechanisms to control cortisol
release is altered (Gianferante et al., 2014).
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Figure 7: The HPA-Axis with its main cascade
of transmitter release in response of stress.
Corticotropin-releasing factor (hormone) from
the hypothalamus initiate corticotropin
(adrenocorticotropic hormone) production and
its release in the bloodstream, leading to
cortisol release from the adrenal cortex and
includes a feedback mechanism (which can be
corrupted in stress-related disorders such as
depression) to regulate further transmitter
release. Adapted from Yehuda (2002, p. 111)

As mentioned above, PS is occurring as an unfavorable person-environment relationship (Lazarus,
1993). In the influential Transactional Model of Stress and Coping (TMSC; Folkman & Lazarus, 1984),
the focus of PS (or more generally also of emotions) is set on this relationship between a person and
properties coming from the environment, and PS only results in the transaction between those two.
Lazarus and Folkman (1987) stated: “in the relationship their independent identities are lost in favour of
a new condition or state” (p. 142), e.g. threat or stress. This notion has important implications to the
research model, as the included constructs influence this person-environment relationship transaction
and may determine PS levels of individuals. While the constructs Information Overload and Cognitive
Load are probably more likely be fueled by environmental demands, ICT/CML Acceptance (ATB
respectively) and Rumination are characteristics of a person (for details see the hypotheses section).
Along with this aspect of the person-environment relationship, TMSC further defines subjective
perception of stress in more detail. PS as defined in the present work refers to these deliberations. The
perception of stress is determined through the process of the so-called Cognitive Appraisal, that is
defined as the evaluation about the significance of perceived information for one’s self (Lazarus &
Folkman, 1987). Cognitive Appraisal is segmented into two parts, Primary Appraisal and Secondary
Appraisal. Primary Appraisal describes the evaluation about an environment demand as harmful (e.g.
threatening) versus beneficial (e.g. challenging). This evaluation tends to an outcome in the direction of
harm if goal achievement (or commitment) by the person is prevented by obstacles coming from the
environment (Lazarus & Folkman, 1987). Secondary Appraisal on the other hand, describes the
subsequent evaluation of capabilities to cope with the given environment demand (improve of the
person-environment relationship) and determines the perceived control over the situation. These
cognitive appraisal processes thus determine PS, including the physiological reactions as described
before (McEwen, 1998). In this work, CML Use represents an environmental demand and Cognitive
Appraisal processes account for PS, while potentially is modified by the other constructs of the research
model, also elucidated in the hypotheses section.
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To this point, the two “poles” of the research model (CML Use and PS) and their underlying
proposed casual flow (as represented in a path model, see Figure 10), were introduced. Also, the first
construct that functions in between them, CML Acceptance was discussed. Next, the constructs that
account for the aspect of cognitive demands are presented: Cognitive Load and Information Overload.
They are also placed between CML Use and PS (and CML acceptance).

Cognitive Load and Mental Effort
The term Cognitive Load originated from the corresponding Cognitive Load Theory (CLT;
Sweller, 1988). CLT has been formulated for the sake of providing guidelines for designing learning
material by improve their quality through the reduction of working memory demands (Sweller, 1988).
Working memory is defined as a “brain system that provides temporary storage and manipulation of the
information necessary for such complex cognitive tasks as language comprehension, learning, and
reasoning” (Baddeley, 1992, p. 556) including the capability to transfer into, and retrieve from long-term
memory (Baddeley, 2006). The assumption of a limited capacity of working memory (or short-term
memory, as this memory concepts are overlapping; Miller, 1956), is one central aspect of the CLT
(Sweller, Van Merrienboer, & Paas, 1998). On the other hand, long-term memory is theoretically
assumed to have unlimited capacity (Paas, Tuovinen, Tabbers, & Van Gerven, 2003). Long-term
memory in the context of CLT functions as a provider of knowledge structures that are used to organize
and guide cognitive processing in learning (Executive Guidance; Kalyuga, 2009). Cognitive Load takes
place in the interaction between working memory and long-term memory and the process of
constructing new knowledge, or the failure of doing so (Sweller et al., 1998), as depicted in Figure 9.
Only when Cognitive Load is low (a minimized risk of Cognitive Overload), new knowledge can be
formed successfully (Sweller, 2011). To transfer prior knowledge to new situations and the possibility
to create new knowledge, a process named Schema Construction takes place, where multiple
information elements are being chunked into a Cognitive Schema that represents a new single element
(Sweller, 2011). This process occurs automatically. The advantage of this chunking of multiple elements
into schemata lies in their ability to bypass the limited capacity of working memory (Sweller, 1988). As
the amount of Cognitive Load and the subsequent construction of new knowledge is depended on prior
knowledge (also represented as schemata) that is stored in the long-time memory, the lack of it can be
compensated by instructions in learning materials (Paas et al., 2003). In the origins of CLT, the focus
was set on the appropriate design of instructions of learning material to set Cognitive Load to a level,
where new knowledge can be acquired in an optimal way (Sweller, 2011).
In conclusion, the main notion of the CLT is that Cognitive Load can be reduced by already
existing schemata that guide the acquisition of new knowledge or if particular designed introductions
(that take the limited capacity of working memory into account) are utilized (Sweller, 2011).
As the scope of the present research is set to Cognitive Load in the narrower sense and not
primarily on its implication to instruction design, a more precise approach to its definition is needed. A
generalized approach (on basis of CTL elements) to define Cognitive Load resulted in a
multidimensional construct that specifically represents the load (strain) that is imposed on a learner’s
cognitive system, when performing a particular task (Paas & Van Merriënboer, 1994). Figure 8 displays
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a schematic view on the aspects of this cognitive load construct and Table 3 gives explanations to the
particular corresponding elements.

Figure 8: Attributes of Cognitive Load. Adapted from Paas et al. (2003, p. 65).

Cognitive Load
Component

Definition

Instantaneous
Load

The dynamics of Cognitive Load which fluctuates
each moment someone works on a task (y-Axis in
Figure 8).

Implications

Intrinsic Load

Part of Cognitive Load originating from element
interactivity, determined by an interaction between
the nature of the material being learned and the
expertise of the learners.

It cannot be directly
influenced by instructional
designers.

Extraneous
Load

The extra load beyond the Intrinsic Load mainly
resulting from poor instruction design.

Under direct control of
instructional designers

Germane
Load

The load related to processes that contribute to the
construction and automation of schemas.

Under the direct control of
instructional designers

Peak Load

The maximum value of Instantaneous Load while
working on the task.

Accumulated
Load

Total amount of load that the learner experiences
during a task.

Average Load

Mean intensity of load during the performance of a
task

Overall Load

The perceived load based on the whole working
procedure or the mapping of instantaneous load or
accumulated and average load in the learner’s
brain.

Also called Mental Effort
and used in corresponding
subjective rating scales.

Table 3: Definitions of Cognitive Load components. Adapted from Paas et al. (2003).
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As mentioned in the implications in Table 3, the three components Intrinsic Load, Extraneous Load and
Germane Load are parts of Cognitive Load that are proposed to account for the design of instructions
and are assumed on a solely theoretical basis (Sweller, 2011). Thus, they are not relevant in the context
of this research. What is relevant, are the components that reveal quantity properties of Cognitive Load
as perceived by the individual, which are the components Peak Load, Accumulated Load, Average
Load and Overall Load (compare with Figure 9). As Overall Load gives special notion to the coverage
of whole working procedures (including multiple tasks) and to its clear subjective nature (Paas et al.,
2003), this component of Cognitive Load is tested in the proposed research model. Beside that
theoretical deliberations, Paas et al. (2003) mentioned that Cognitive Load has in fact only been able
to be measured in its Overall Load. Researchers were not able to measure the individual components
of Cognitive Load with any measurement technique (neither with rating scales, nor with physiologicalor task- and performance-based-techniques). Theoretically, to measure the total Cognitive Load as an
multidimensional construct over a defined timespan, a combination of an continues rating of
Instantaneous Load and performance-based measures would be required, because more effort can be
invested by the individual (within the boundary of cognitive capacity) to cope with increased task
demands and thus, Cognitive Load changes dynamically (Paas et al., 2003). As this is practically not
feasible, subjective rating scales are often used with the measurement of the Overall Load to illustrate
Cognitive Load (Paas & Van Merriënboer, 1993). To account for this simplification, the term Mental
Effort (which represents the Overall Load) is used in literature (and also in the present work) instead of
Cognitive Load. Paas et al. (2003) formulated the connection of Mental Effort and Cognitive Load as
follows: “Mental effort is the aspect of cognitive load that refers to the cognitive capacity that is actually
allocated to accommodate the demands imposed by the task; thus, it can be considered to reflect the
actual cognitive load” (p. 64).
Cognitive Load, or Mental Effort respectively, has important implications in the context of
learning, as it is able to provoke Procrastination (the voluntarily delay of an intended course of action
despite expecting to be worse off for the delay). In procrastination, a task (the procrastinated task) with
a high amount of mental demands is replaced with substitute activities that are low in mental demands
with the goal of reducing Mental Effort for short-term mood optimization (Reinecke et al., 2018).

Perceived Information Overload (PIO)
In theories concerning Cognitive Load and Mental Effort, a focus is set on existing knowledge
and schemata in long-term memory, or the absence of it, that account for cognitive capacity strains (see
last section), but not on strains exclusively originating from the amount of incoming information. To
account for this, the concept of Information Overload is introduced. Information Overload has a variety
of definitions, as it is being investigated in different science disciplines (Eppler & Mengis, 2004).
However, Eppler and Mengis (2004) noted in a review, that the overall equality of Information Overload
definitions lies in the simple notion of receiving too much information to handle properly. This also
results in the formulation of other similar terms like Sensory and Information Inputs Overload (Lipowski,
1975), Communication Overload (Meier, 1963) or Knowledge Overload (Hunt & Newman, 1997). As to
the authors knowledge, the origins of Information Overload are primarily to be found in the disciplines
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of Information Theory and decision-making and refer to the problem of understanding a certain issue,
while dealing with too much information about that issue and being unable to make decisions in an
effective way (Schroder, Driver, & Streufert, 1967). In this work, the term Information Overload is
considered from a psychological view with a focus on psychopathology, primarily referring to the
Sensory and Information Inputs Overload (SIIO) concept of Lipowski (1975). This concept is making a
distinction between sensory inputs, as only physical stimuli without an informational quality, and
information inputs connoting symbolic stimuli intended as messages and meaningful communication.
Although a sharp distinction between the two input forms is not possible and they overlap, information
inputs will be in focus here as the main contribution to a possible occurrence of Information Overload.
To get more precise, information inputs will be viewed from a memory processing perspective, as
described as follows. Information Overload leads to information loss in sensory and working memory,
which takes place through the attention process of the individual (Misra & Stokols, 2012), schematically
displayed in Figure 9. Sensory memory is a “brief storage of information from each of the senses, in a
relatively unprocessed form beyond the duration of a stimulus, for recording into another memory or for
comprehension” (VandenBos, 2007, p. 965). Similar to Cognitive Load, the limited capacity of memory
is crucial (Sweller et al., 1998). The concept of Information Overload can be linked to the Cognitive
Load part of Extraneous Load (see Table 3) in instruction design (Chen et al., 2011). In order to provide
examples of factors that may contribute to Information Overload, Chen et al. (2011) identified four
different elements in students online learning activities, as they use computer-mediated communication:
Limited learner readiness (e.g., Paulo, 1999), quantity of information (e.g., Vonderwell & Zachariah,
2005), quality of information (e.g., Sweller, 1994) and medium interface properties (e.g., DeStefano &
LeFevre, 2007).
As the real amount of information an individual has to deal with may not be measured
appropriately (Chen et al., 2011), a differentiation between Information Overload and Perceived
Information Overload (PIO) is made. In this work, PIO is defined as the perception by an individual of
being exposed to a too high amount of information to deal with, because the subjective aspect of the
perception of an overload with information coming to an individual is more in line with the research done
here. This differentiation is also made, because it would be too reductionistic to diminish the functioning
of the human organism to an information-processing system of limited channel capacity (Lipowski,
1975). Note that in other research, the term PIO has already been used, but is equated with the
perception of stress (Misra & Stokols, 2012), which is explicitly not the case in this work, as the research
model is designed to investigate several constructs (e.g. Cognitive Load) to account for the perception
of stress in the use of CML. However, the general notion that Information Overload is connected to
stress (Misra & Stokols, 2012) is inherited.
Comparison of Cognitive Load and Information Overload
As shortly broached before, overlaps between the concepts of Information Overload and
Cognitive Load become apparent. In an attempt to solve this impreciseness, Chen et al. (2011)
conclude, that Information Overload can be seen as an precursor of Cognitive Load and both rely on
the emphasis of the limited capacity of working memory, with additional recognition of a limited capacity
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also of sensory memory in Information Overload. They summarize in their research made in a learning
context: “In brief, cognitive overload is the load imposed on students during content learning, whereas
Information Overload is the ‘noise’ preventing students from learning content” (p. 104). Subsequently,
they proposed a distinction on the level of memory processing, as displayed in Figure 9. The distinction
is not exclusive and both constructs include the emphasis on the limitation of working memory.

Figure 9: Comparison of Information Overload and Cognitive Load from a memory
perspective. Adapted from Chen et al. (2011, p. 103).

As these two concepts are at least partly distinct in theory, it is intended to investigate different effects
of these constructs in the research model.
Trait Rumination
The last construct included in the research model, is that of Rumination. Rumination is mostly
known by its core definition as “repetitive and unwanted past-centered negative thinking” (Gianferante
et al., 2014, p. 244). Also, Rumination represents a multifaceted construct and is - dependent on the
underlying theory - defined differently (Smith & Alloy, 2009). As of the vast field in which rumination is
being researched, some theories will be broached. First, we take a closer look at Nolen-Hoeksemas’
Response Style Theory (Nolen-Hoeksema, 1991), which is the most prominent theory of Rumination
(Smith & Alloy, 2009) and where the term Rumination has its origins in the field of psychology (NolenHoeksema & Morrow, 1991). The Response Style Theory has been developed in the context of
cognitive vulnerability to depression and prolonged recovery, where Rumination is a “mode of
responding to distress that involves repetitively and passively focusing on symptoms of distress and on
the possible causes and consequences of these symptoms” (Nolen-Hoeksema, Wisco, & Lyubomirsky,
2008, p. 400). This notion highlights the stress and health related relevance of rumination. The
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emphasis on Rumination representing a crucial component in depression vulnerability may be
moderated by metacognitive believes about Rumination itself, that those believes can be in a positive
or negative manner (Papageorgiou & Wells, 2003). The explicit consideration of metacognition on the
one hand, and the emphasis on vulnerability to depressive symptoms are common properties of the
definition of Rumination in many theories (Smith & Alloy, 2009). In the Goal Progress Theory (GPL;
Martin & Tesser, 1996) the aspect of health vulnerability expresses itself in the question if Rumination
is distracting and distressing (Smith & Alloy, 2009). Besides that, in the GPT, not a mood-induced
reaction is in focus, but rather the response to failure to progress satisfactorily towards a goal (Smith &
Alloy, 2009). The response expresses itself as the level of occurring Rumination (repetitive and
unwanted past-centered negative thinking). Thus, the GPT is formulated in the context of self-regulation
(Martin & Tesser, 1996). This definition is also in line with the characterization in a review about
competing theories and aspects of rumination by Smith and Alloy (2009): “It was suggested that
rumination is best characterized as a stable, negative, broadly construed way of responding to
discrepancies between current status and target status.” (p. 14). This emphasis of the discrepancies
between current status and target status reflects itself in the focus of questions regarding goal
attainment as used in the GPT. As goal attainment is most relevant in a learning context (e.g.,
Oettingen, Hönig, & Gollwitzer, 2000), GPT is chosen to serve best to measure Rumination in the
present work. As indicated in the above quote by Smith and Alloy (2009) and also inherent in the GPL
and most other theories of Rumination, is that it is conceptualized as occurring in the form of a stable
trait. When a Rumination trigger occurs, it will present itself in its stable, individual characteristics in a
person (Smith & Alloy, 2009). Cause of this conclusion and to highlight this properly, the term Trait
Rumination is used here to represent the construct.
At to this point, all constructs that are used in the research model (depicted in Figure 10) were
presented. To give an overview, the constructs, their definitions and theoretical references are
summarized in Table 4.
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Constructs Overview
Research Model
Construct

Research Model
Definition

Original
Construct

Theoretical Background

CML Use

The pattern of the usage
of Computer-Mediated
Learning

-

-

Perceived Stress
(PS)

A complex of emotional
and behavioral reactions
to stimuli (stressors) that
are perceived as aversive,
resulting in an imbalance
between stimuli and
resources available to the
individual.

Stress

Stress (Steptoe, 1991);
Transactional Model of
Stress and Coping (TMSC;
Folkman & Lazarus, 1984)

Attitude Toward
a Behavior
(ATB)

Theory of Reasoned
Action (TRA; H. Ajzen &
Fishbein, 1980);
Theory of Planned
Behavior (TPB; Icek
Ajzen, 1991);
Technology Acceptance
Model (TAM; Davis, 1985)

Overall
(Cognitive) Load
/ Mental Effort

Cognitive Load Theory
(CLT; Sweller, 1988);
Overall Load/Mental Effort
(Paas & Van Merriënboer,
1994)

Information
Overload

Sensory and Information
Inputs Overload (SIIO;
Lipowski, 1975)

Rumination

Goal Progress Theory
(GPT; Martin & Tesser,
1996)

CML Acceptance

Mental Effort

Perceived
Information
Overload (PIO)

Trait Rumination

The attitude toward using
CML.

The perceived Cognitive
Load (working memory
load in the interaction with
knowledge production in
the long-term memory)
based on a whole working
procedure.
The perception by an
individual of being
exposed to a too high
amount of information to
deal with.
Repetitive and unwanted
past-centered negative
thinking as a stable
response to failure to
progress satisfactorily
towards goals

Table 4: Overview of all constructs included in the research model.
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Aim of this research and hypotheses
The aim of this research is the investigation of how technology use, here explicitly in the form
of Computer-Mediated Learning (CML Use) is related to Perceived Stress (PS) by testing potential
antecedents. This is an important field of research, since people are more and more using CML, and
maybe even are obligated to do so (see section about ICT/CML use). Considerations about the impact
of this usage on health and quality of life aspects and ways to improve these interactions are crucial.
To the authors opinion, one important aspect that needs to be taken into account when looking at the
connection between the usage and the stress reaction in technology use, plays the level of its
acceptance (the attitude to use technology/CML) by a person. The level of acceptance can be formed
for example with previous positive experiences in technology use (Zajonc, 1968), leading to a lower
vulnerability to potential stress reactions (Folkman & Lazarus, 1984). Because of this, the influence of
CML Acceptance on PS is tested. Technology, in particular CML, is potentially very complex because
of its inherent interactivity nature and may result in high demands to cognitive systems (e.g. working
memory and long-term memory interactions). Especially since many types of CML possibilities (e.g. a
specific software) may not be designed well or users are overchallenged by its usage, cognitive systems
come to their limits and a failure to construct knowledge results - the Mental Effort that need to be
invested is too high (see section Cognitive Load and Mental Effort). Another most relevant aspect of
CML is that it possibly leads to a too high amount of information to process by individuals. This is
especially the case when learning contains the processing of information coming from the internet,
where virtually an infinite amount of information is available. Perceived Information Overload (PIO)
account for this deliberation. Information Overload has already been brought into direct connection with
stress (Misra & Stokols, 2012), but to the knowledge of the author, there is no research being done to
this point, where Mental Effort and PIO are being tested simultaneously for their impact on PS, with the
intention to possibly identify different contribution of these constructs to PS. This intention to identify
different contribution of Cognitive Load (Mental Effort) and Information Overload arises from the
proposed distinction of these constructs by Chen et al. (2011), displayed in Figure 9. Investigating the
interplay between demands on cognition (Mental Effort and PIO), Acceptance and PS in CML use is
the core aim of this research.
Additionally, to account for considerations about finding traits in people that may also alter the
relation between CML use and cooccurring PS, Trait Rumination is included to the research model. The
deliberation here is, that goal attainment is an important aspect of learning activities, also in CML. A
trait that leads to “repetitive and unwanted past-centered negative thinking” (Gianferante et al., 2014)
when failures to progress satisfactorily towards goals occur, might interfere with cognitive processes
(Mental Effort and PIO) in learning activities and further also in acceptance and PS.
For every direct effect between the constructs, corresponding hypotheses regarding a positive
or negative relation is formulated. These hypotheses are arranged sequentially in correspondence to
the causal flow of the research model (compare with Figure 10). The conducted studies were guided
by the following hypotheses.
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Hypothesis 1: CML Use and CML Acceptance
According to the extensive researched principles of the Mere Exposure Effect, the repeated
exposure of the individual to a stimulus object and its enhanced accessibility to the individual’s
perception (Zajonc, 1968), “repeated exposure to a stimulus is sufficient to improve attitudes toward
that stimulus” (Moreland & Topolinski, 2010). Hence, an increase in acceptance through elevated usage
of CML is expected. As an example, for evidence in the technology research sector, Zhang et al. (2008)
showed the importance of attitude toward using (Attitude Towards a Behavior (ATB)) an ICT Software,
if a similar ICT Software has already been used before. Thus, it is hypothesized that more individual
experience with CML in general leads to an enhanced acceptance for its use.
H1: CML Use is positively related to CML Acceptance
Hypothesis 2: CML Use and Mental Effort
It is expected that more experience in CML use has a cushioning effect on Mental Effort. This
conclusion is derived from deliberations about the amount of prior knowledge and preexisting schemata
(Sweller, 2011) of the appropriate use of CML that is available to the individual. The extent of this prior
knowledge and preexisting schemata, which in this context here is formed with previous CML use, may
diminish failures to construct new knowledge by reducing the strain of retrieval and storage processes
between working memory and long-term memory (compare with Figure 9), which is equivalent to lower
Mental Effort.
H2: CML Use is negatively related to Mental Effort.
Hypothesis 3: CML Use and Perceived Information Overload (PIO)
Similarly to H2, in H3 it is also assumed that prior knowledge/preexisting schemata also have
an effect on PIO. This is derived from the notion that schemata stored in long-term memory are
functioning as organizers that support the interpretation of new sensory input and link it to those already
existing schemata (Vonderwell & Zachariah, 2005). Incoming information are guided by these existing
schemas in their selection and processing, so learning activities can be organized in an efficient way
(Kalyuga, 2009). Thus, an enhanced extent of previous CML use is expected to reduce PIO through
the efficient selection of perceived information.
H3: CML Use is negatively related to PIO.
Hypothesis 4: Mental Effort and CML Acceptance
The Technology Acceptance Model (TAM) proposes Perceived Ease of Use and Perceived
Usefulness as direct antecedents of ATB (Davis, 1985; compare with Figure 4), which is used
synonymously with CML Acceptance in the present work. Both of these antecedents are proposed to
be determined and influenced by external variables. Hence, the hypothesis here is, that Mental Effort
functions as one of these possible external variables and negatively influences ATB through Perceived
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Ease of Use. More precisely, as higher Mental Effort is, the attitude towards using CML (respectively
accepting to use CML) drops, since the experience of CML interactions is assumed to be aggravated.
H4: Mental Effort is negatively related to CML Acceptance.
Hypothesis 5: Perceived Information Overload (PIO) and CML Acceptance
This hypothesis assumes the same influence from PIO on Perceived Ease of Use and
Perceived Usefulness and further to CML Acceptance, as also proposed for Mental Effort (see H4).
When PIO is on average increased in the use of CML, the acceptance of CML decreases.
H5: PIO is negatively related to CML Acceptance.
Hypothesis 6: Trait Rumination and CML Acceptance
Elevated manifestation of Trait Rumination in a person results in more repetitive and unwanted
past-centered negative thinking about failures in goal attainment (Smith & Alloy, 2009), regarding to the
Goal Progress Theory (GPT; Martin & Tesser, 1996). As goal attainment is inherently important in
learning activities (e.g. in setting learning goals; Oettingen et al., 2000), it is so in CML. It is therefore
hypothesized that heightened Trait Rumination, with the thought that goal attainment failure
experiences in CML use are not fully avoidable, undermines fluent learning (MacIntyre & Blackie, 2012).
Thus, it is assumed that a negative influence on the acceptance of using CML through poorer interaction
experience results.
H6: Trait Rumination is negatively related to CML acceptance.
Hypothesis 7: Trait Rumination and Mental Effort
The deliberations indicated in H6 are also of relevance in the influence of the manifestation of
Trait Rumination on Mental Effort. As rumination occupies cognitive resources as it “refers to interfering
and persisting thoughts that may prevent an individual from initiating or sustaining a particular behavior”
(MacIntyre & Blackie, 2012, p. 537), these resources are assumed to lead to a lower capability to
process information and increase Mental Effort. This is in line with the notion of the GPT, that propose
that Rumination is formed through information related to incomplete goals (Martin, Tesser, & McIntosh,
1993). Hence, these thoughts remain present in the individuals’ working memory and long-term memory
interaction and potentially contribute to the limitation of possible processing of current learning tasks.
People high in Trait Rumination are hypothesized to be more easily vulnerable to higher Mental Effort
and therefore have more experience with it, especially in learning activities where goal attainment plays
an important role.
H7: Trait Rumination is positively related to Mental Effort.

ANTECEDENTS OF PERCEIVED STRESS IN TECHNOLOGY USE

26

Hypothesis 8: Trait Rumination and Perceived Information Overload (PIO)
Analogous to H7, it is hypothesized that PIO is elevated through Rumination about information
related to incomplete goals (Martin et al., 1993). The resulting occupied cognitive resources lead to a
lower capability to handle incoming information from sensory inputs and increase PIO.
H8: Trait Rumination is positively related to PIO.
Hypothesis 9: CML Acceptance and Perceived Stress (PS)
According to the Transactional Model of Stress and Coping (TMSC; Folkman & Lazarus, 1984),
PS is a manifestation of an unfavorable person-environment relationship that is leading to a feelings of
distress (Lazarus, 1993). The use of CML, that is possibly even involuntarily, can be seen as an
environmental demand. On the other hand, the acceptance of CML is a characteristic of a person. This
resulting relationship is able to be unfavorable when the person’s acceptance is low, leading to a
Primary Appraisal (the evaluation about an environment demand as harmful versus beneficial) about
the environment demand (CML use) as being harmful. Also, the Secondary Appraisal (the evaluation
of capabilities to cope with the given environment demand) also is expected to result in a negative
outcome, as low acceptance has at least some influence from past experience (e.g. from the Mere
Exposure Effect; Zajonc, 1968), as also highlighted in H1. Secondary Appraisal then evaluates the
coping capabilities as low. Both, low Primary and Secondary Appraisal lead to increased PS.
Conversely, elevated CML Acceptance lowers PS, which is formulated in this hypothesis.
H9: CML Acceptance is negatively related to PS.
Hypothesis 10: Mental Effort and Perceived Stress (PS)
Analogous to H9, the notion of possible unfavorable person-environment relationship is also
applicable to the relation of Mental Effort and PS. As high Mental Effort increases memory strain (in
interaction processes between working memory and long-term memory in the construction of new
knowledge; Sweller et al., 1998), it is expected that it leads to a Primary Appraisal interpretation of the
environment demands as harmful. Thus, increased Mental Effort leads to increased PS.
H10: PCL is positively related to PS.
Hypothesis 11: Perceived Information Overload (PIO) and Perceived Stress (PS)
Similar to H9 and H10, it is assumed that PIO influences Primary Appraisal in a negative way.
In addition, it seems possible that Secondary Appraisal is prevented by memory (sensory- and working
memory) strain caused by PIO. This results in the hypothesis of a positive relation between PIO and
PS. As evidence from the context of psychopathology, in the use of mobile social networking sites,
Information Overload is shown as a significant predictor of depressive symptoms and further negative
influence on the individuals’ well-being (Matthes, Karsay, Schmuck, & Stevic, 2020). This is relevant,
as depressive symptoms highly correlate with PS (e.g., Reinecke et al., 2018). Furthermore, Lipowski
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(1975), in his important review on information overload, already concluded: “It is reasonable to
conjecture that repeated exposure to information-input overload, with its concomitant physiological
arousal, is a potential health hazard and a suspected risk factor for the development, course, and
outcome of chronic cardiovascular diseases, which are highly prevalent in technological societies.” (p.
208) and “The overload is contributed to by the exponential growth of scientific information and its
dissemination by information-transmitting industries.” (p. 209). A variation of the definition of Information
Overload, also proposed by Lipowski (1975), highlights the possible closeness between PIO and PS:
“Information overload is a category of psychosocial stress brought about by excess of symbolic stimuli
relative to the individual’s processing capacity.” (p. 219).
H11: PIO is positively related to PS.
Hypothesis 12: Trait Rumination and Perceived Stress (PS)
From the viewpoint of the TMSC (Folkman & Lazarus, 1984), like in all relations to PS in the
present research model, the person-environment relationship aspect is also crucial for Trait Rumination,
as it is a person characteristic and negatively influence Cognitive Appraisal (Primary and Secondary
Appraisal). Beside this theoretically assumption, evidence shows that post-stress state rumination
(which occurs more in individuals high in Trait Rumination) leads to an exaggerated HPA axis response
pattern (Gianferante et al., 2014; compare with Figure 7). Furthermore, individuals high in Rumination
(as a trait) are more likely to interpret events in their life as stressful (Lok & Bishop, 1999). Hence, CML
interactions are affected in an increase in PS when the individual has the tendency to ruminate.
H12: Trait Rumination is positively related to PS.
Methods
To test the formulated hypotheses, two studies were conducted. The main study tested the
entire research model, as displayed in Figure 10. The focus of the main study was set to the experience
participants had with Computer-Mediated Learning (CML) in general. Study 2 only covered a part of the
research model (see Figure 11), the relation of CML Use, cognitive demands (Mental Effort and
Perceived Information Overload (PIO)) and Perceived Stress (PS). The collection of the data of study
2 took place directly after the participants were exposed to a specific CML software. Both studies are
presented in detail.

Experimental Design (Main study)
A path model was designed on the basis of the corresponding formulated hypotheses with the
associated effect directions (positive (+) or negative (-)). CML Use and Trait Rumination were defined
as exogenous variables (which are variables that have origins to their characteristics solely from outside
of the model), that are placed at the beginning of a hierarchical path model with a one directed causal
flow that ends at the variable PS. Direct effects (represented as path coefficients) through Mental Effort,
PIO and CML Acceptance were in the scope of the analysis.
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Figure 10: The research model of the main study.

Participants (Main study)
A total number of 187 subjects participated in the study. The participants were mainly recruited
from the University of Basel and received course credits as a compensation. To enhance the
heterogeneity of the sample (age and education), additionally subjects were recruited via a mailing list
of people that already participated in the past in different studies of the Human-Computer Interaction
division of the University of Basel and were interested to participate in further studies. These additional
subjects could take part in a raffle for two SFr. 100.- vouchers for an online store in Switzerland. To be
included in the study, the subjects had to confirm that they have good English language skills and were
over 18 years old. 10 subjects have been excluded from the analysis due to their statement of
dishonesty in their answers in the questionnaires, which has been evaluated with a control item (Meade
& Craig, 2012). The final sample consists 177 participants, with 137 females and 39 males. One subject
preferred not to answer to the question about their gender. The mean age was 24.65 years with a range
between 18 to 53 years (SD = 6.37 years). The highest educational attainment was also surveyed and
presents itself as follows: Finished regular school: 3; Matura (Switzerland) / Abitur (Germany): 117;
Apprenticeship: 5; Bachelor’s Degree: 33; Master’s Degree: 18; Doctoral Degree: 1.

Materials (Main study)
The study was conducted online, on the Questback Unipark Portal (unipark.com), that has the
specific function of hosting online surveys. The participants were asked to conduct the study on a
personal computer, laptop or tablet.

Measurements (Main Study)
To measure the constructs of the research model, questionnaires were chosen and used
following literature research and are presented individually. Internal consistency was tested on every
Scale, except on Mental Effort (1 item Scale), using Cronbach’s Alpha (Cronbach, 1951).
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CML Use Measurement
The questions for CML Use refer to past experience of the subjects. The question items were
adopted from a questionnaire used in a study by Lu, Zhou, and Wang (2009), where Chinese users’
acceptance of instant messaging software were explored. The items were customized by changing the
associated object in question from “instant messaging” to “computer-mediated learning”. The following
three items were used and rated on 7-point Likert Scales: 1. How many times do you use computermediated learning during a week? (Scale: Not at all / Less than once a week / About once a week / 23 times a week / 4-5 times a week / About once a day / Several times each day). 2. How many hours
do you use computer-mediated learning every week? (Scale: <1h / 1h-5h / >5h-10h / >10h-15h / >15h20h / >20h-25h / >25h) 3. How frequently do you use computer-mediated learning? (Scale: Extremely
infrequent / Quite infrequent / Slightly infrequent / Neither / Slightly frequent / Quite frequent / Extremely
frequent). The scale showed good internal consistency (main study: α=.85, study 2: α=.88).
CML Acceptance Measurement
To measure acceptance, question items were adapted from a study by Masrom (2007), in which
the Technology Acceptance Model (TAM) were used for the investigation of user acceptance of elearning as an effective learning tool in universities. As elaborated in the theoretical framework,
acceptance was defined as equated with Attitude Towards a Behavior (ATB). Hence, only questions
from TAM regarding ATB in the study from Masrom (2007) were used. Again, the wording of the items
has been customized by changing “e-learning” to “computer-mediated learning”. Also, Item 3 has been
customized by replacing “for my course work” with “for my learning purposes” to account for the more
general context of the present study. Four items were used and rated on 7-point Likert Scales (Strongly
disagree (1) / (2) / (3) / Neutral (4) / (5) / (6) / Strongly agree (7)): 1. I dislike the idea of using computermediated learning. (Reverse item). 2. I have a generally favorable attitude toward using computermediated learning. 3. I believe it is (would be) a good idea to use computer-mediated learning for my
learning purposes. 4. Using computer-mediated learning is a foolish idea. (Reverse item). The scale
showed good internal consistency (α=.84).
Mental Effort Measurement
The Mental Effort Rating Scale (or Subjective Rating Scale of Mental Effort; Paas et al., 1992)
was used to measure Mental Effort. This rating scale, as most subjective rating scales, measures the
Overall (Cognitive) Load (that is synonymous with Mental Effort), as shown in Figure 8. It is also
described as a working memory load measurement (Paas et al., 2003) and is based on a perceived
task difficulty measure (Borg, Bratfisch, & Dorni'c, 1971). As the assessment of the Mental Effort is
regarding the past, Schmeck Schmeck, Opfermann, van Gog, Paas, and Leutner (2015) conclude:
“Results showed that the delayed ratings of both effort and difficulty were significantly higher than the
average of the six ratings made during problem solving” (p. 93). Furthermore, Sweller (2011) concluded:
“The simple subjective rating scale, regardless of the wording used (mental effort or difficulty), has,
perhaps surprisingly, been shown to be the most sensitive measure available to differentiate the
cognitive load (..).” (p. 74). The Mental Effort Rating Scale consists of only one item and has been
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customized to the CML context of the present study. It uses a 9-point Likert Scale: 1. Please rate your
amount of mental effort you deal with when you are using computer-mediated learning. (Scale: very,
very low mental effort (1) / (2) / (3) / (4) / (5) / (6) / (7) / (8) / very, very high mental effort (9)).
Perceived information overload (PIO) Measurement
An Information Overload measure was developed by Karr-Wisniewski and Lu (2010) in their
research on Technology Overload (which, beside Information Overload, consists of Communication
Overload and System Feature Overload) and its impact on knowledge worker productivity. The measure
consists of the following 3 items and was rated on 9-point Likert Scales (Strongly Disagree (1) / (2) / (3)
/ (4) / (5) / (6) / (7) / (8) / Strongly Agree (9)) that was customized to the CML context: 1. I am often
distracted by the excessive amount of information available to me when using computer-mediated
learning. 2. I find that I am overwhelmed by the amount of information I have to process on a regular
basis when using computer-mediated learning. 3. Usually, my problem is with too much information to
synthesize instead of not having enough information when using computer-mediated learning. The
scale showed good to acceptable internal consistency (main study: α=.84, study 2: α=.76).
Trait Rumination Measurement
To measure Trait Rumination based on the Goal Progress Theory (GPT), the Scott-Mclntosh
Rumination Inventory (Scott & McIntosh, 1999) was used. This inventory was developed with regard to
three aspects of thoughts about goal progression, that are; emotion, motivation and distraction. The
inventory consists of 9 items to be rated on 7-point Likert Scales (Does not describe me well (1) / (2) /
(3) / (4) / (5) / (6) / Does describe me well (7)), that are displayed in Table 5. The scale showed low
internal consistency (α=.43) in this study. This has consequences of the interpretability of the results
(see discussion/limitation section).

Item #

Question

1

There are some goals that are so important for me to attain that I am strongly motivated to
reach them.

2

When I think about unaccomplished goals from my past, I become inspired to work on
reaching them.

3

When I think about an important goal that I haven't yet reached, it inspires me to work
harder to reach it.

4

I often get distracted from what I'm doing by thoughts about something else.

5

I seldom have difficulty concentrating on a current task. (Reverse item).

6

I rarely become ‘lost in thought’. (Reverse item).

7

When I think about an important goal that I have not yet reached, it makes me feel sad.

8

I become angry when I think about goals that I have not yet reached.

9

I rarely get upset at myself when I am having problems reaching important goals. (Reverse
item).
Table 5: Scott-Mclntosh Rumination Inventory (Scott & McIntosh, 1999).
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Perceived Stress (PS) Measurement
To measure PS, the Stress Rating Questionnaire by E. J. Edwards, Edwards, and Lyvers
(2015), which is an extended version of the Arousal Rating Questionnaire (M. S. Edwards, Burt, & Lipp,
2006) is used in the present study. This questionnaire was explicitly developed to measure situational
stress and consists of five items of bipolar dimensions. 1. Calm to Nervous. 2. Fearless to Fearful. 3.
Relaxed to Anxious. 4. Unconcerned to Worried. 5. Comfortable to Tense. On every item, a 7-point
Likert Scale was used with the corresponding terms (e.g. 1. very calm (1) / quite calm (2) / slightly calm
(3), neither calm/nor nervous (4) / slightly nervous (5) / quite nervous (6) / very nervous (7)). The scale
showed good to excellent internal consistency (main study: α=.83, study 2: α=.91).

Procedure (Main Study)
Participants were guided through the questions on a generated website by the Unipark
Software with an “continue” button and a progress bar. Following a welcome page, participant confirmed
they were over 18 years old and gave informed consent for the processing of their anonymized data. In
the next step, demographical data was collected. After this, a scenario was introduced to which the
participants could relate when answering the following construct questionnaires, giving the context of
the issue of CML in question. The text was as follows: “When you are learning for different kinds of
tasks for your education, you may or may not use technology to a certain degree. These tasks should
be used on one or more of the following devices: Tablets, Laptops, Desktop Computers, Smartphones.
The usage of those devices for learning purposes will from now on be called computer-mediated
learning. The questions will consider how you use the mentioned devices for learning purposes and
how you experience those interactions. By validating the interactions with computer-mediated learning,
please think about how you feel about your different types of its usage in a general manner. Examples
for computer-mediated learning could be using e-learning software, using online libraries to search for
information, manipulate documents or taking notes with software applications and so on. Just every
type of interaction that includes a computer for your learning purposes. Please select your answer
spontaneously without thinking long about it.” Questionnaires relating to different constructs were then
presented on different pages in the progress. They were obligated to answer all questions to finish the
whole process. There were no time restrictions. After the questionnaires, participants were able to
articulate in open questions, what kind of CML interaction they were thinking of when answering the
questionnaires and in a second question, what their most common problems are when using CML. After
this part was finished, participants indicated if they are honestly able to say that they filled out the survey
attentively and if the data should be used. This question originated from the Seriousness Check by
Meade & Craig (2012). The answer had no consequence on the collection of the compensation for
participation in the study. At the end of the study, information about the compensation was given.
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Experimental Design (Study 2)
In addition to the main study, a second one was conducted, with the goal to test a part of the
research model of the main study (Figure 11) directly after the exposure to a specific CML software.
The focus was set on the role of the influence of cognitive demands (Mental Effort and PIO) on PS.
Also, CML Use (that refers to the past experiences of CML use of the participants) was raised.

Figure 11: The research model of study 2.

Measurements (Study 2)
The same measurements (questionnaires) for the included constructs as in the main study were
also used in study 2 (see main study Measurement section), as well as the same hypotheses of the
paths. The study was conducted in German and the corresponding questionnaires were translated
accordingly.

Participants (Study 2)
The sample of the conducted study has these properties: 103 participants (77 females, 26
males) with a mean age of 27.16 years and a range of 17 to 71 years (SD = 11.07 years). Note that
only 88 out of 103 stated their age. Highest educational attainment (differs from main study): Finished
regular school: 3; Matura (Switzerland) / Abitur (Germany): 117; Apprenticeship: 5; Bachelor’s Degree:
33; Master’s Degree: 18; Doctoral Degree: 1.
Materials and Procedure (Study 2)
The study was done in an experimental setting, in which subjects participated in a broader
study that was part of a project of the Fachhochschule Nordwestschweiz (FHNW) and was conducted
by Alessia Ruf. The goal of this broader study was to investigate in different effects of ComputerSupported Collaborative Learning (CSCL) to learning performance. In the corresponding experiment,
participants used a Hypervideo-Software called Frametrail (see Figure 12 for details) as an e-learning
tool. The subjects also filled out the questionnaires of the corresponding constructs used in the main
study during the experiments. The restrictions of reducing the research model where due to the length
of the complete procedure and the more limited subject number.
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Figure 12: Frametrail browser window.

As a CML-task, participants watched an educational videoclip about neurobiological processes in the
formation of memory in a learning context. Participants were either able to put hyperlinks (links to an
pop-up window that can be opened by clicking) with further explanations of the matter (row of boxes in
Figure 12) and add custom annotations (right textbox in Figure 12) with self-written summaries into the
timeline of the videoclip, or learned the video with further explanations without the possibility to enrich
the video with hyperlinks or annotations (common video learning condition). Note that there were
different settings across the participants. They were randomly assigned to work alone or together in
groups of two (connected via Skype) and assigned randomly to groups that either could enrich the video
with hyperlinks and annotations or only watch the videoclip and read the further explanation texts. As
the hypotheses of the research model stay the same across all conditions from this larger project, data
from all participants were used equally.

Data Preparation
The constructs needed to be represented as single measurements in the path analysis. To
account for this, all items of the respective measurement scales were averaged for every participant.
Based on this resulted new construct representations, the path models were computed.
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Results

Main Study
As a first impression and to show correlations of the constructs with demographic variables,
Table 6 shows mean values, standard deviations and Pearson's product moment correlation coefficient
(Pearson, 1895) among the collected variable data.

M

SD

1

24.6

6.37

-

.78

.42

3. Education

2.71

1.14

.55*** -.02

4. CML Use

4.85

1.49

- .23** .02

5. CML Acceptance

5.55

.99

.09

.04

6. Mental Effort

5.25

1.39

.04

- .03

7. Perceived IO

5.04

1.62

- .04

.10

8. Trait Rumination

4.60

.62

- .15

.19** - .08

.10

9. Perceived Stress

3.36

.98

.01

.12

.00

1. Age
2. Gender

2

- .16*

3

4

5

-.04

-

.17*

.20** -

.04

.14

.03

.07 - .01

- .08

6

7

8

-

-.02

.11

.26*** .18*

- .22** .16*

.21**

-

.25*** .29***

*p<.05; **p<.01; ***p<.001
Table 6: Mean values, standard deviations and correlations. Gender: 0=Male, 1=Female.
Education (Highest qualification): 1=Regular School, 2=Matura/Abitur, 3=Apprenticeship,
4=Bachelor’s Degree 5=Master’s Degree, 6= Doctoral Degree

Next, the results of the hypothesized path model of the main study are presented (see Figure
13). By using the R Multivariate Normality Tests Package (MVN) and the corresponding function, the
data analysis of the variables shows that there is no multivariate normality present. Estimations based
on Maximum Likelihood (ML) require that the data has a multivariate normal distribution, otherwise the
c2-Test statistic is overestimated, and the standard error of the parameters are underestimated (Finney
& DiStefano, 2006). As this is a quite ordinarily phenomenon (Steinmetz, 2015), there exist robust
estimators to deal with such cases, that are extensions of the ML method. The package Lavaan for R
(Rosseel, 2012), which is used in this analysis, includes such Robust Maximum Likelihood estimators.
In the analysis, the estimator with the Yuan-Bentler correction for c2-Test statistic and Huber-White
corrected estimator for standard error (MLR) was used for the fit indices and path coefficients.
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Figure 13: Research model. c2(2)=9.42, p=.009, χ2/df=4.71, CFI=.86, RMSEA=.15, PCLOSE=.03, SRMR=.05

The model was tested based on c2 and c2/df statistics. As additional fit indices, Comparative Fit Index
(CFI), Root Mean Square Error of Approximation (RMSEA) and its significance test (PCCLOSE), and
the Standardized Root Mean square Residual (SRMR), which has been recommended by Hu and
Bentler (1999). The following cut-off values also refer to Hu and Bentler (1999). For the model to show
good fit properties, the c2-value should not be significant, c2/df < 3, CFI should be near or above .98,
the RMSEA should be £ .06 (better £.05) and its significance test (PCLOSE), that tests if RMSEAs null
hypothesis of being £ .05 can be assumed, shouldn’t be significant (> .05). The SRMR is acceptable at
£ .08. Beside the SRMR, all other used criteria show values below a desired model fit with c2(2)=10.13,
p=0.006, χ2/df=5.06, CFI=.86, RMSEA=.15, PCLOSE=.03 and SRMR=.05. With this insufficient fit, path
coefficients cannot be interpreted.
Given the misfit of the hypothesized model, the path model was modified on the foundation of
modification indices in the output of the Lavaan Package for R structural equation model analysis. The
look at the modification indices with values above 4 indicate that the corresponding modification could
be able to improve the model fit, but this should only be made step by step (if more than one modification
indices is above 4) and only if the given modification can be theoretically reasoned. In the output of the
research model, one of the possible modifications underpinned by modification index (value of 9.842)
is that the measurement errors (residuals) covariance of Mental Effort and Perceived Information
Overload (PIO) should be freely estimated. Following the principle of editing the path model analysis
step by step and control for modification indices values after each step, a model with only this
modification has been tested (see Figure 14). The theoretical deliberation of doing so is that by freely
estimating the covariance of the residuals of these constructs, it could be assumed that Mental Effort
and PIO measure a similar concept by their indicators (items), which can lead to a possible problem in
the proximity of the two constructs.
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Figure 14: Modified research model: c2(1)=0.02, p=0.97, χ2/df=0.02, CFI=1.0, RMSEA=0.00, PCLOSE=.99,
SRMR=.001

In the modified research model, a radical change in the fit indices with c2(1)=0.02, p=0.97, c2/df=0.02,
CFI=1.0, RMSEA=0.00, PCLOSE=.99 and SRMR=.001 is observed. This model seems to fit the data
well. Also, a statistical comparison between the original research model and the modified research
model was computed by using a chi-square difference test for Satorra-Bentler scaled chi-square (also
for Yuan-Bentler chi-square) robust estimators (Bryant & Satorra, 2012). This is legitimate, as both
models are incorporated as nested models, which means that one of the models can be transformed in
the other simply by eliminating (or fixing) parameter(s) from the other model, which is in this case the
additional parameter of the freely estimated error covariance of Mental Effort and PIO. As anticipated
due to the big differences in the significance-tests of the c2 and fit indices of each model, the c2difference test is highly significant with c2(1)=11.486, p<.001, which indicates a substantial change in
the fit. Furthermore, with this model, the modification indices do not indicate a further change. With the
given result, the hypothesis that Mental Effort and PIO may have a problem in their distinction is given
evidence, at least statistically, by improving the model fit by letting their residuals co-vary (cov=.50,
p=.001). With this modification, the path coefficient can be interpreted concerning the hypothesis. CML
Use is positively associated with CML Acceptance (β=.12, p<.01), as hypohesized in H1. No significant
effects are observed from CML Use on Mental Effort and PIO, as it was assumed in hypotheses 2 and
3. Also contrary to hypotheses 4, 5, 10 and 11, Mental Effort and PIO show no effects on CML
Acceptance (H4 & H5) and Perceived Stress (PS; H10 & H11). Only the path coefficient of PIO on PS
shows at least an effect tendency (β=.09, p=0.053). As predicted by hypothesis 9, CML Acceptance
has a negative association with PS (β=-.24, p=.005). Also as assumed, in hypothesis 12, Trait
Rumination and PS are positively related (β=.43, p<.001). Furthermore, and also as predicted, Trait
Rumination has a positive relation to Mental Effort (β=.36, p<.05) and PIO (β=.55, p<.05), but this has
to be interpreted in the light of the covariance, as described above. Also, the poor internal consistency
of the Trait Rumination measure must be taken into account when interpreting the results (see
discussion/limitation section).
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Study 2
The correlation matrix of study 2 is shown below (Table 7), without the constructs of CML
Acceptance and Trait Rumination, as the model is reduced compared to the main study and the focus
is set on the role of Mental Effort and PIO on PS, while CML Use was also co-raised. Again, correlations
of the constructs with demographic variables are in focus here.

M

SD

1

27.0

11.2

-

.75

.44

3. Education

2.91

1.39

4. CML Use

3.05

1.31

5. Mental Effort

5.78

1.51

.53*** .06

6. Perceived IO

4.65

1.89

.21

- .01

- .03

.14

.47*** -

7. Perceived Stress

3.30

1.26

.21*

.11

.07

.05

.34*** .36***

1. Age
2. Gender

- .10

2

4

5

6

-

.49*** -.19
- .25*

3

.11

- .09
.21*

.02

-

*p<.05; **p<.01; ***p<.001
Table 7: Mean values, standard deviations and correlations. Gender: 0=Male, 1=Female;
Education (Highest qualification): 1=Regular School, 2=Matura/Abitur,
3=Apprenticeship/Vocational School, 4=Professional School, 5=University/College,
6=Teachers seminary

In the following, the path model of study 2 is presented. As multivariate normality is given according to
the R MVN function in the data of study 2, estimators based on Maximum Likelihood (instead of Robust
Maximum Likelihood as displayed in the results of the main study) are used here.

Figure 15: Research model 2. c2(2)=12.6, p=.002, c2/df=6.3, CFI=.55, RMSEA=.17, PCLOSE=.01, SRMR=.09
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The original research model of study 2 (as derived from the main study) did not show a sufficient fit with

c2(2)=12.6, p=.002, χ2/df=6.3, CFI=.55, RMSEA=.17, PCLOSE=.01 and SRMR=.09. This confirms the
impression of the corresponding results of the main study.
Analogous with the modified research model of the main study and also indicated by the
modification indices value (12.11), Mental Effort and PIO residuals have been allowed to co-vary (see
Figure 16).

Figure 16: Modified research model 2. c2(1)=0.07, p=.796, χ2/df=0.07, CFI=1.0, RMSEA=.00, PCLOSE=.84,
SRMR=.006

In accordance with the observation from the main study, the fit substantially increases with c2(1)=0.07,
p=.796, c2/df=0.07, CFI=1.0, RMSEA=.00, PCLOSE=.84 and SRMR=.006, leading further to the
assumption, that Mental Effort and PIO are not sharply distinguishable (cov=.58, p=.001). Model
comparison confirm the increase in fit characteristics with c2(1)=13.064, p<.001. Rather small
significant path coefficients are observed between CML Use and Mental Effort (β=.14, p<.05), as
hypothesized in H2, and between PIO and PS, as assumed in H11 (β=.13, p=<.01). Contrary to
hypothesis 3 and 10, CML Use did not show a relation to PIO (H3) and PIO also not on PS (10). Like
in the main study, these results should be interpreted with caution because of the residual covariance
of mental effort and PIO.
Discussion
The aim of this research was the investigation of potential antecedents of Perceived Stress
(PS) occurring from the use of Computer-Mediated Learning (CML use, as a highly relevant form of
Information and Communication Technology (ICT) use). For this purpose, a research model
(represented as a path model) was formulated with corresponding hypotheses for direct effects of the
assumed antecedent constructs, namely CML Acceptance, Mental Effort, Perceived Information
Overload (PIO) and Trait Rumination. First, the fit of the path model is discussed, and afterward,
implications coming from the individual path hypotheses.
The results of the original research model of the main study (see Figure 13), without
modification, has not shown a sufficient fit. Thus, the individual path coefficients were not interpretable.
Thru theoretical deliberation and the observations of the modification indices, an improvement of the
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model fit was successful, leading to the modified research model displayed in Figure 14. More precisely,
this was done by allowing the residuals of the constructs Mental Effort and Perceived Information
Overload (PIO) to covary, with a subsequent significant result. The fit indices improved strongly with a
resulting good fit. This led to the assumption, that those constructs were not sharply separable and may
explain a similar concept. This is in line with the notion of both Mental Effort and Information Overload
to their theoretical underpinnings of the crucial involvement of working memory strain (Chen et al., 2011;
compare with Figure 9). The same observation was also made in Study 2, where the same changes
occur from the research model (insufficient fit) to the modified research model (good fit), when Mental
Effort and PIO residuals were allowed to covary. As Mental Effort was only represented through the
item “Please rate your amount of mental effort you deal with when you are using computer-mediated
learning” (adapted from the Mental Effort Rating Scale; Paas et al. (1992)), it was possibly mainly
associated with the perception of too much information (PIO), instead of the theoretically distinct origins
of Mental Effort from the interaction between working memory and long-term memory (Figure 9).
Consequently, a substantial conceptual overlap in the constructs of Mental Effort and PIO resulted.
However, due to their theoretical distinctness, Mental Effort and PIO paths will be discussed also
independently.
A major problem in the research model of study 1 remains and is coming from the low internal
consistency of the Scott-Mclntosh Rumination Inventory (Scott & McIntosh, 1999), the measurement
for Trait Rumination in the main study. Thus, the good fit of the modified research model is questionable
(see limitations). This could be due the composition of the Scale, as it regards to three aspects of
thoughts about goal progression: Emotion, motivation and distraction (Scott & McIntosh, 1999).
With these possible restrictions about the research models in mind, the individual results of the
paths with corresponding hypotheses follows. We start with the perspective from CML Use. As
predicted in hypothesis 1, the level of CML Use is positively related to CML Acceptance, although the
effect is small. This is consistent with research on the occurrence of the Mere Exposure Effect (Zajonc,
1968) and attitude/acceptance models, determining previous experience as an influence of Attitude
Toward a Behavior (ATB; which is synonymous with acceptance in this research; Zhang et al., 2008).
In hypothesis 2, the influence of CML Use on Mental Effort was tested. While the main study
does not show a significant effect, Study 2 does. Hypothesis 2 was formulated as that more CML Use
should decrease Mental Effort, but the effect, although small, is inversely. The hypothesis assumed that
when individuals have more experience with CML, they should have more schemata present to better
cope to new CML interactions, which, however, could not be confirmed here. It is possible that this is a
chance finding in study 2, but the effect in the main study tends in the same direction, even though it is
not significant. There are two different deliberations of this effects depending on the respective study.
Concerning the main study, CML referred to a very broad field, where users had the possibility to define
CML in a wide variety of applications. For example, one user indicated CML use as “Reading on Laptop,
writing scripts, researching in the Internet”, another as “Watching YouTube-Videos that explain some
subjects or using online dictionary.” Often, participants indicated a multitude of different ways to learn.
Thus, it becomes apparent, that people practice Media Multitasking, defined as the simultaneously use
of two or more different media stimuli (Ophir, Nass, & Wagner, 2009) or media stimuli in combination
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with further non-media activities (Jeong & Fishbein, 2007). It seems obvious, that many CLM users use
media in a multitasking way, which however is known to challenge cognition (Ophir et al., 2009). To
conclude, users with more CML Use may participate more in multitasking and consequently tend to
have a higher Mental Effort. The following examples given by participants, describing their most
common problems they experienced while using CML, further underpin this notion: “Getting distracted
by social media.”; “Switching to non-learning related websites.”; “Distractions - easy to click on another
page and get distracted”; “High distractions from internet opportunities, necessity to think to more things
at the same time and faster. More nervous than studying from books”. As this possible explanation fits
to the main study, the positive relation of CML Use and Mental Effort in study 2 seems harder to
comprehend. As the CML software that was used in this study was very specific, experience with CML
use in general may not have helped to reduce Mental Effort through prior knowledge/pre-existing
schemata, or were even a burden since they are not fitting to the specific software design (Frametrail)
used in the present study. There is also another possible effect that potentially could play a role,
originating from the above-mentioned Media Multitasking activities. Participants that already use more
CML (and perhaps ICT in general), are more at risk to develop a deficit in cognitive processes, arising
from more engagement in Media Multitasking. For example, Ophir et al. (2009) concluded: “(…) heavy
media multitaskers are more susceptible to interference from irrelevant environmental stimuli and from
irrelevant representations in memory.” (p. 15583). Thus, Mental Effort is possibly elevated through
these interferences even when prior knowledge/pre-existing schemata are present.
Interestingly and again contrary to the formulated hypothesis 3, the level of CML use does not
have an effect on PIO in both studies. This result also does make sense, since sensory and working
memory (where Information Overload takes place) are of limited capacity (see e.g., Baddeley, 2006)
and therefore the amount of experience in CML use probably has no diminishing influence on the
perception of too much incoming information. The notion that schemata (stored in long-term memory)
are functioning as organizers that support the interpretation of new sensory input and link it to already
existing schemata (Vonderwell & Zachariah, 2005) may not be given or do not play a role in the context
of both of the conducted studies in reducing PIO. In the main study, the lack of an effect to PIO could
also be a consequence of the broad definition of CML. In study 2 on the other hand, there may be just
no fitting pre-existing schemata from previous CML use to reduce PIO in the interaction with the specific
used CML software. The difference in path coefficients of Mental Effort and PIO, beside the fact that
they have common causes outside the investigated models (residual covariance), point in the direction,
that they perhaps are similar in their conception, but not identical.
In hypotheses 4 and 5, the influence of Mental Effort and PIO on CML Acceptance, were only
tested in the main study. A negative influence was expected for both paths, but no relations were shown.
The fact that neither Mental Effort, nor PIO have an impact on CML Acceptance is surprising at the first
glance, as the hypotheses anticipated that one important antecedent of ATB (CML Acceptance
respectively), Perceived Ease of Use (accroding to the Technology Acceptance Model (TAM; Davis,
1985), compare with Figure 4), is reduced when Mental Effort and PIO increase, hence also ATB. One
possible explanation that this is not the case could be, that Perceived Usefulness (the second direct
antecedent of ATB, according to TAM) would play a more important role for ATB in this context (CML
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Acceptance). This is in line with results of studies conducted by Davis (1989), where Perceived
Usefulness and Perceived Ease of Use were compared in their influences on ATB: “(…) usefulness
was significantly more strongly linked to usage than was ease of use.” (p. 333). The following conclusion
was that “(…) the prominence of perceived usefulness makes sense conceptually: users are driven to
adopt an application primarily because of the functions it performs for them, and secondarily for how
easy or hard it is to get the system to perform those function.” (p. 333).
Hypotheses 6, 7 and 8 covered the influences of Trait Rumination of ICT Acceptance, Mental
Effort and PIO. Again, those hypotheses were only tested in the main study, as Trait Rumination only
was included in the model there. These results must be interpreted with caution, due to the low internal
consistency in the measurement of Trait Rumination, as mentioned before. Contrary to the prediction
in hypothesis 6, Trait Rumination does not show a significant effect on CML Acceptance. Following the
deliberations about the absence of an effect of Mental Effort and PIO on CML Acceptance, similar
inferences are possible about the observed absence of an effect by Trait Rumination as well, by
acknowledging other determinants to be more crucial in the formation of ATB. The possible importance
of Perceived Usefulness as emphasised before, is probably not influenced by a personal precondition
as Trait Rumination. In stark contrast to, and in line with the notion that Trait Rumination elevates the
occurrence of Rumination about information related to incomplete goals (Martin et al., 1993), the
derived hypotheses that this will increase Mental Effort (H7) and PIO (H8) are supported by the resulted
path coefficients in the models.
The four remaining hypotheses were formulated in regard to the influences on PS. As
investigated in the main study and predicted in hypothesis 9, CML Acceptance diminishes PS in CML
use. This could be in accordance with the Transactional Model of Stress and Coping (TMSC; Folkman
& Lazarus, 1984) and its notion that PS accrues from a unfavorable person-environment relationship
(Lazarus, 1993). Accordingly, CML use can be seen as an environmental demand and CML Acceptance
as a characteristic of the person. The evaluation about the CML use as an environment demand
(Primary Appraisal) could result in the perception of it as less harmful when there is a favorable
attitude/acceptance (as a characteristic of a person) of it. Also, this should lead to more favorable
person-environment relationship and thus, to the observed lowered PS.
Hypotheses 10 and 11 proposed positive influences of Mental Effort and PIO to PS, which were
not confirmed in the main study. In Study 2, a small effect of PIO on PS was observed. As highly
significant correlations between Mental Effort and PS and also between PIO and PS could be shown in
both studies (see Table 6 and Table 7), the results of the path coefficient are leading to a hypothetical
conclusion, that the direction of the effect, as proposed by the research model, is false. Instead, PS
may have a positive influence on Mental Effort and PIO in the casual flow, and not the other way around.
When taking the result of the small relation in direction from PIO to PS in study 2 into account, also a
bidirectional effect is imaginable. This gives rise to test additional models concerning the interplay of
mental effort, PIO and PS. Taking these deliberations aside, Mental Effort and PIO do not emerge as
antecedents of PS in the main study and only PIO to a small degree in Study 2.
Finally, as predicted in hypothesis 12 and tested in the main study, Trait Rumination has a
positive effect to PS. Together with the effects on Mental Effort and PIO shown above, Trait Rumination
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plays an important role in the research model. But again, the Internal consistency problem of Trait
Rumination leaves open questions regarding these effects.
To summarize and with the addressed limitations in mind, constructs of cognitive demands
(Mental Effort and PIO) do not or only very little manifest themselves as antecedents of PS. On the
contrary, the aspects of acceptance and a trait characteristic (Trait Rumination) are seemingly clear
antecedents of PS in CML use. Additionally, the level of CML Use has an elevating effect on CML
acceptance.

Limitations
There are critical limitations in this research that need to be taken into account.
First, the research model was not derived from pure structural equation modeling (SEM), in
which every construct included in the model is treated as a latent variable. Latent variables are not
directly observable but are inferred from other directly observed variables. Instead of using latent
variables, the constructs represent the means across all corresponding items of the respective scales
and are being treated as directly observed variables. On the basis of these directly observed variables,
a path model was tested. While this procedure is legitimate, it has disadvantages in comparison to using
SEM with latent variables. Path analysis implicitly assumes that the variables are free of measurement
errors and it remains unclear if the used measured items of the constructs are reflective measures of a
single latent variable and not facets of multidimensional constructs. The research models used in this
work, assumes that this is the case primary based on theoretical underpinnings and tests of internal
consistency. In the case of Trait Rumination, even internal consistency was poor and thus, its effects
and also the fit of the research model of the main study (but not of study 2) is questionable.
Second, due to the match with the German speaking participants sample of study 2, the
questionnaires used in the research model (CML Use, Mental Effort, PIO and PS) were directly
translated to German without validation. It is possible, that this may have distorted the representation
of the corresponding construct.
A further limitation lies in the definition of CML in the main study, which was defined in a very
wide sense and may contributed for a dispersion of different meanings to the participants in the main
study and undermine validity. This is specially the case in CML Acceptance, ATB respectively, where
the specifity of the behavior in question plays an important role (Petty & Krosnick, 1995).
Also, the questionnaires in the main study are aimed to past experiences and hence, a recall
bias in the answers of the participants is possible. The term recall bias is described as “(..) the type of
bias, that often occurs when an individual reports a past behavior or event. Although such retrospective
reporting may have accurate features, it also tends to include inaccurate aspects, such as systematic
undercount or overcount of the frequency with which a certain behavior occurred. This type of distortion
has ramifications in survey methodology (…).” (VandenBos, 2007). This is mostly relevant to the reports
on the amount of previous CML use and the occurrences of Mental Effort and PIO.
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Future Research
The present work gives rise for a multitude of implications for future research. One interesting
finding is that previous CML use does not negatively affect Mental Effort in the tasks of study 2, but
even account for a small significant increase. It would be interesting to see, if in other CML contexts,
similar effects can be shown or if this effect is only occurring in this specific CML software that was
used. This could have implications to the assessment of an CML software about its utilization of
previous experiences of its users with CML in general, for example if the design fails to adapt to these
experiences.
As the research question was to find antecedents for PS in CML use, the proposed path model
mainly failed to confirm Mental Effort and PIO as two of these possible antecedents. But there are other
constructs that can be tested in this context. For example, the concept of Technology Overload (KarrWisniewski & Lu, 2010), that include Information Overload, but also the aspects of Communication
Overload and System Feature Overload. Communication Overload refers to “the phenomenon or
experience of feeling overwhelmed by communication technologies” (Burns & Bossaller, 2012, p. 598)
and System Feature Overload occurs “when the given technology is too complex for a given task” (KarrWisniewski & Lu, 2010, p. 2). Or more generally speaking, the influence on PS by load/overload and
related concepts is indicated and should be addressed in future research.
Further, the seemingly importance of Trait Rumination in the perception of stress (PS) in CML
use indicates that the research in traits in general is worth to consider more, as with its consequent
adaption in the design of CML software or work environments, the benefits of CML could be extended
to users with difficulties is certain areas (such as goal attainment and Rumination). However, this finding
cannot be conclusively clarified, as the used measurement of Trait Rumination lacks internal
consistency. There is need to find other ways to measure Trait Rumination from the perspective of goal
attainment or in related forms in future research.
Also, as concluded before, the hypothesized direction of the effect of Mental Effort and PIO on
PS, as tested in the research model, could be a misconception. This is in line with deliberations by
Reinecke et al. (2017), where (beside Internet Multitasking) the influence of Communication Load on
PS was tested: “Whereas communication load and Internet multitasking are treated as sources of
perceived stress in the present study, the direction of effects could also be reversed” (p. 18). Thus, a
model with different effect directions (reversed or bidirectional) could be considered and tested.

Conclusion
In this work, a model to investigate in finding important antecedents of PS in technology use,
more precisely in CML, was constructed and tested in a path analysis. The included constructs did
account for four aspects that were considered crucial for the potential occurrence of PS in the context
of CML: The amount of engagement in CML in general (CML Use), the attitude about using CML (CML
Acceptance), cognitive processing demands (Mental Effort and PIO) and trait characteristics (Trait
Rumination). Two studies were conducted, while the full model was used in the main study. The main
study was conducted with an online survey, where participants provided information about their general
CML use experiences with the corresponding construct questionnaires. There are no effects of the
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constructs regarding cognitive processing demands (Mental Effort and PIO) on PS. A cushioning effect
is observed by the attitude in favor of using CML (CML Acceptance) on PS. Also, CML acceptance is a
little improved through the amount of engagement in CML in general (CML Use). The trait
characteristics of rumination (Trait Rumination) of the participants show a profound effect on PS, and
also on Mental Effort and PIO, emphasize its potential importance in the whole model. In the additional
study 2 with an experimental design and a specific CML software, CML Use and the cognitive processes
of Mental Effort and PIO were tested to its influence of PS. Only a small effect of PIO on PS was
observed.
It is concluded, that acceptance and traits are potentially more important to the formation of
stress perception in CML activities than constructs regarding cognitive demands. This notion implies
that it is crucial to design CML software or whole CML working environments that improve the attitude
for using them. Also, considerations about the optimization of software or working environments in view
of trait characteristics of users, concretely of rumination, should be taken into account, for example in
keeping distractions apart and improving goal progression properties. However, the role of Trait
Rumination needs further confirmation with other measurements with sufficient internal consistency. At
last, it is also important to mention that cognitive processing aspects (Mental Effort and PIO) may not
influence PS but it could be the other way around. If that would be the case, improving attitude and
reducing effects of Rumination would have even a bigger impact. Further research can be focused on
such deliberations and test corresponding models.
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