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Abstract 

This thesis concerns individuals’ behaviors with Information Systems (IS) once 

an application has been applied by users in accomplishing their work activity. Despite 

research on IS acceptance and continuance, little is known about individuals’ cognitive, 

affective, and behavioral processes and their associated outcomes after the initial 

adoption of a system. My research aims to address this shortcoming. In doing so, this 

dissertation combines novel theories – the ecological perspective based on ecological 

psychology and the emotional perspective based on neuroscience, physiological, and 

psychological research – with the current IS post-adoption literature – the deliberative 

perspective – to the study of IS use as an ongoing behavioral process that unfolds over 

time.  

Two studies were conducted to investigate these processes and outcomes. The 

first study used an experience sampling method. Employees of different organizations 

who used IS for their work were asked to carry a booklet and a pager for two weeks. 

Every time they were paged, they were asked to fill out both open-ended and close-ended 

questions about their feelings, thoughts and performance at the moment in the booklet. 

The second study followed an experimental design in order to investigate the phenomena 

of interest in a more controlled environment. The experiment combined multiple sources 

of data: such as protocol analysis, heart rate data, and analysis of behaviors through video 

coding. The overall results from both studies suggest that users do not think about the IS 

nor experience feelings related to the IS unless they are facing a difficulty with it (e.g., an 

error). Furthermore, the results indicate affective and physiological changes following 
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difficulties with an IS as well as changes in cognitive and behavioral processes. Finally, 

the results show a relation between these affective processes and self-reported 

performance, and a relation between some of the cognitive and behavioral processes and 

both objective and self-reported performance.  

Overall, this thesis provides a refreshing theoretical and empirical examination of 

the various events, processes and associated outcomes involved during actual IS use. The 

two empirical studies provide support for the theory of post-adoption IS use developed in 

this thesis. Finally, this thesis suggests exciting opportunities for future research.  
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CHAPTER 1. INTRODUCTION 

The computer was the first and only object to become ‘Man of the Year’ in Time 

Magazine. This happened in 1982. At the time, the publication wondered whether the 

dream of having a computerized device on every work desk would ever come true 

(Friedrich 1983). Twenty-five years later, the daily use of computers is a given for the 

majority of the workforce in industrialized countries. More than half of all workers in 

Canada now use a computer on the job, and among them, 80% work at their computers 

every day ("Working with computers" 2001). When statistics are broken down by size of 

the organization, the numbers still reveal pervasive use of technology: Eighty-six percent 

of small Canadian businesses have personal computers (PC), workstations or terminals, 

and in large organizations, the percentage of those who use computers is close to 100% 

("Study: Information and communication technology gap between small and large 

companies" 2004b). Similar statistics exist for the U.S. and the European Union, reaching 

an almost perfect 100% of businesses using computers in Sweden, Finland, and Denmark 

("OECD Technology Outlook" 2004a).  

To reflect this increasing adoption of technology in the workplace, research on 

individual Information Systems (IS) use has focused on the reflective cognitive 

processing associated with initial use decisions (e.g., Davis 1989; Davis et al. 1989; 

Davis et al. 1992; Moore et al. 1991b; Venkatesh et al. 2003; Venkatesh et al. 1999; 

Wixom et al. 2005) and on the role of past use, habit, and updated cognitive beliefs in 

determining an individual’s decision to continue using IS (e.g., Bhattacherjee 2001; 

Bhattacherjee et al. 2004; Karahanna et al. 1999; Kim et al. 2005a; Kim et al. 2005c; 
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Limayem et al. 2003a; Limayem et al. 2003b; Limayem et al. 2007; Taylor et al. 1995). 

However, users’ everyday IS post-adoption behaviors remain under-investigated 

(Jasperson et al. 2005). That is, little is known about the process of individuals’ IS use 

after software applications have been installed and applied in the accomplishment of their 

work activities (Jasperson et al. 2005). 

The daily use of IS is important for both practice and research for three primary 

reasons. First, long-term IS use plays a critical role in corporate success or failure 

(Lyytinen et al. 1987). Past literature suggests that low-level processes, such as 

individuals’ everyday behaviors with IS, are critical for linking organizational IS 

investments with organizational performance (Barua et al. 1995; Barua et al. 2000). After 

all, it is the everyday interaction between users and IS which partly determine users’ 

performance within their work environments (Markus 2005). Second, more than ninety-

percent of total IS-related costs are attributable to the post-adoption stage, when the 

system is being used (Erlikh 2000). Finally, the post-adoption stage is the longest phase 

of a system’s life cycle (Jasperson et al. 2005). 

As the gap between IS-related practices and research broadens, IS research needs 

to show practical relevance more than ever (Benbasat et al. 1999; Lee 1999). 

Accordingly, researchers are emphasizing the importance of individuals’ IS post-adoption 

behaviors and calling for studies on the topic (Jasperson et al. 2005; Kim et al. 2007; 

Limayem et al. 2007). Thus, the main objective of this thesis is to attend to these research 

calls and provide some explanations about individuals’ IS post-adoption behaviors.  
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Research Questions 

When reviewing the literature on IS use, continuance, and post-adoption 

behaviors, there were several issues that provided the motivation for this thesis’ research 

questions. First, most research has utilized variance-based theories and focused on users’ 

decisions or intentions to use or to continue using a system (e.g., Cheung et al. 2005; Kim 

et al. 2005a; Taylor et al. 1995), rather than on the processes that unfold over time. 

Second, most studies have conceptualized IS use as the extent of users’ employment of 

systems in quantitative terms (i.e., frequency and/or duration of use) as well as measuring 

use through single methods (e.g., Bhattacherjee et al. 2004; Kim et al. 2005c; Limayem et 

al. 2003b), rather than focusing on a wider set of behaviors. Finally, the attention given to 

these phenomena leaves the outcomes associated with IS post-adoption behaviors under-

investigated (Jasperson et al. 2005). 

IS post-adoption behaviors are the behavioral, cognitive and affective processes 

encompassing the ongoing and unfolding interaction of a user with a system (Markus, 

2005). Although research continues to examine the effects of cognitive beliefs and 

attitudes on IS use continuance decisions (e.g., Bhattacherjee 2001; Bhattacherjee et al. 

2004; Cheung et al. 2005; Karahanna et al. 1999; Kim et al. 2005a; Kim et al. 2005c; 

Limayem et al. 2003b; Limayem et al. 2007), individuals’ affective, cognitive and 

behavioral processes as they unfold during IS use remain largely unknown. Namely, we 

know little about the immediate role played by cognition and affect at the very moment 

of users’ interactions with an IS and how these interactions are modified and adjusted. If 

we do not know the various events, processes, and practices involved during actual IS 
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use, we are unlikely to improve individuals’ use of technology and any associated 

outcomes at work. As a result, there is a need to introduce fresh theoretical foundations 

that focus on explaining behavioral processes. These are likely to help us explain and 

better understand the roles of affect and cognition during IS use.  

This thesis combines current IS research - the deliberative perspective - with two 

relatively new theoretical perspectives. These novel theoretical perspectives provide an 

appropriate conceptual foundation for the studying of cognitive, affective, and behavioral 

processes as they unfold during user-system interactions. The ecological perspective, 

based on ecological psychology and research on automaticity (Gibson 1971/1982; Gibson 

1979), focuses on the interplay of the user and the environment during IS use, whereas 

the emotional perspective, based on Mohr’s (1996) affect-object paradigm, highlights the 

importance of affect in the determination of users’ IS-related behaviors. As a result, this 

dissertation addresses the following research questions at the individual level of analysis: 

1. How do different theoretical perspectives help in the understanding of IS post-

adoption behaviors? 

 

2. How do affective, cognitive and behavioral processes unfold during 

individuals’ interactions with a system? 

 

Given researchers’ pervasive attempts to explain intentions and quantity of use, 

one would intuitively think that quantity or frequency of IS use would undoubtedly lead 

to better performance. In contrast, past studies examining the use-performance link show 

that this might not be the case (Goodhue et al. 1995). Consequently, there are systematic 

calls to explore the different processes that might contribute to better performance during 

IS use (Agarwal 2000; Jasperson et al. 2005). Thus, this research also explores how the 



5 

different processes involved in IS post-adoption use might relate to individual 

performance:  

3. How do individuals’ affective, cognitive and behavioral processes relate to 

their task performance during IS post-adoption use? 

 

Expected Contributions 

In addressing these research questions, this thesis contributes theoretically and 

empirically to the IS field. It responds to calls for research on the post-adoption IS 

process (Jasperson et al. 2005) and IS use in general (Barki et al. 2007; Burton-Jones et 

al. 2006). More specifically, it examines individuals’ affective, cognitive, and behavioral 

processes associated with IS use and their associated outcomes.  

This research goes beyond acceptance and continuance variance models of IS use 

and considers other theoretical perspectives - the ecological and the emotional - for the 

examination of IS post-adoption behaviors. To do so, it draws from disparate areas (i.e., 

neuroscience, physiology, and psychology). These perspectives emphasize different 

reasons for behavioral changes with technology and show that decision-based models for 

the study of post-adoption IS use might be ill-suited for such an endeavor. This 

contributes to the IS field by shedding light on the under-examined affective, cognitive, 

and behavioral processes associated with different technology-related events.  

Instead of treating post-adoption IS use as a variable encompassing the 

quantitative utilization of a system (e.g., Davis 1989; Davis et al. 1989; Venkatesh et al. 

1999), individual IS use is conceptualized as an ongoing behavioral, affective, and 

cognitive process. This conceptualization takes into consideration the situational context 
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where use occurs as well as the longitudinal notion of technology use. By doing so, this 

view of IS use helps to clarify how the use process influences task outcomes.  

To address the above research questions, a multi-phase mixed-method approach 

was used. This mixed-method approach helps to overcome the weakness of any single 

method by compensating one with the strengths of an other (Jick 1979). Both qualitative 

and quantitative research methods were employed, resulting in a richer understanding of 

the topic (Mingers 2001).  

Two studies, an experience sampling study and an experiment, were conducted. 

This research introduces the experience sampling method to IS research, that, to my 

knowledge, has not been used previously within the IS field, Nevertheless, this method 

appears especially well-suited to the investigation of cognitive and affective phenomena 

associated with IS use. Second, this research also introduces novel statistical techniques, 

such as multilevel linear modeling, that have the potential to transform research 

stemming from multilevel theoretical roots. Third, this research contributes to the IS field 

by using measurement tools (e.g., an electronic device for the measurement of heart rate 

data) that allow for a more ‘objective’ examination of emotionally charged phenomena 

during IS use. Finally, by combining these different methods and data gathering 

techniques, this thesis responds to past criticisms regarding mono-method bias in the 

study of IS use (Sharma et al. 2004; Straub et al. 1995; Straub et al. 2007).  

Structure and Overview  

The next chapter presents a review of current research on IS acceptance, use-

continuance, and post-adoption IS behaviors (the deliberative perspective). This review 
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critically analyzes current research and points to the major challenges faced by 

investigators (Chapter 2). After this review, two alternative theoretical perspectives - the 

ecological and the emotional - are presented to address the limitations of the deliberative 

perspective. These alternative perspectives are combined into a theory associating 

technological events with different affective, cognitive and behavioral phenomena, as 

well as linking these phenomena to task performance (Chapter 3).  

In order to empirically test the proposed theory, two studies are then presented. 

The first study uses an experience sampling method and allows for the recording of 

affective and cognitive processes during IS use as they naturally occur in real work 

settings. This study also collects quantitative data to explore the relation of these 

processes and task performance (Chapter 4). The second study compensates for the 

weaknesses of the previous method by using an experimental method to examine the 

causal association between computer-related events and cognitive, affective, and 

behavioral changes as they occur. Furthermore, this study empirically tests the relation 

between these processes and task performance (Chapter 5).  

Once these two studies are described, the three research questions posed here are 

revisited in the final chapter and an overall assessment of this thesis’ contributions, 

strengths and limitations is presented. From this assessment future avenues for research 

emerge (Chapter 6).  



8 

CHAPTER 2. LITERATURE REVIEW 

The aim of this chapter is to review and critique past research on IS post-adoption 

behaviors. Because much of this research draws on theories concerning IS acceptance, a 

synthesis of this literature will be presented first. Then, a review of research concerning 

IS outcomes, experiences, and attitudes will be presented. Because IS acceptance and use 

have evolved into considering system use continuance decisions, an overview of research 

on IS continuance will be summarized next. Because use has recently been 

conceptualized as a multi-level phenomenon, the scarce literature on multi-level 

theoretical approaches to IS use will also be analyzed. Given that individuals’ behaviors 

with IS imply IS use, a review of different conceptualizations of IS use will follow. 

Finally, the challenges that current research faces will be described. 

Research on IS Acceptance 

One of the most researched ways in which technology has been evaluated in the 

IS literature is the acceptance of a technology among the population of potential adopters 

(see Table 2.1 for a summary of IS acceptance research). User acceptance is usually 

evaluated through the extent to which individuals’ develop intentions to use the target 

system. Research grounded in the notion of user acceptance has “yielded many 

competing models, each of which points to different sets of user acceptance 

determinants” (Venkatesh et al. 2003, p. 425). Although many models exist, the 

overwhelming majority of them approach IS use from a reasoned action perspective. The 

most widely known model in this stream of research has been that of the Technology 

Acceptance Model (TAM) (Davis, 1989). TAM is grounded in the Theory of Reasoned 
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Action (TRA) of social psychology and was designed to predict the determinants that 

would lead to user acceptance of technology at the individual level of analysis.  The 

Theory of Reasoned action posits that behaviors are the result of decisions that are 

developed based on a rational system of evaluative beliefs, attitudes and intentions 

(Fishbein et al. 1975). Individuals form inferences and cognitive evaluations of the 

attributes of objects in the environment (Fishbein et al. 1975). These cognitive beliefs 

form the basis for  personal attitude formation: “[A] person’s attitude is determined by his 

salient beliefs about the object’s attributes and by his evaluations of those attributes” 

(Fishbein et al. 1975, p. 287). This set of attitudes, along with other more social 

‘normative’ attitudinal factors, are then the primary determinants of intentions to perform 

a certain behavior, and intentions “are viewed as the immediate antecedents of 

corresponding overt behaviors” (Fishbein et al. 1975, p. 382).  

Based on TRA’s principles, Davis and colleagues developed TAM. More 

specifically they proposed that 1) cognitive beliefs about a technology - perceived ease of 

use1 and perceived usefulness2 - would determine intentions to adopt a technology 

through the mediation of attitudes and that 2) subjective norms about a technology would 

also influence acceptance intentions (Davis et al. 1989). The results of their study 

indicated no significant effects of subjective norms on intentions and a partial mediation 

of attitudes between cognitive beliefs and intention (Davis et al. 1989). Davis et al. 

                                                 

1 Perceived ease of use refers to “the degree to which a person believes that using a particular 
system would enhance his/her job performance” (Davis et al. 1989, p. 320).  
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(1989) argued for dropping the attitude mediation altogether along with subjective norms, 

in favor of a direct link between cognitive beliefs and behavioral intentions. A parallel 

article by Davis (1989) also found significant relations between self-reported current and 

future use and cognitive beliefs (perceived ease of use and perceived usefulness). 

Others have taken TAM and introduced additional variables that represent other 

cognitive beliefs about the technology being evaluated, such as visibility or triability 

(Moore et al. 1991a). A later development of the model rescued the concept of subjective 

norms and introduced it as an additional factor influencing user acceptance (Venkatesh et 

al. 2000). Drawing from TRA, IS research defines subjective norm as an individual’s 

perception that important people around him/her think that he/she should use the 

technology at hand (Venkatesh & Davis 2000). In this case, subjective norm influences 

perceived usefulness. Further, this later development also points out that the model is 

most capable of explaining use when the use of the system is voluntary. Some research 

has combined the literature on user satisfaction (DeLone et al. 1992; Melone 1990) with 

TAM by proposing and empirically testing an overall model that combines the user’s 

beliefs and attitudes towards the system and use of the system as antecedents of 

intentions to use (Wixom et al. 2005).  

Recent research on TAM has been aimed at explaining the factors influencing 

cognitive beliefs and attitudes. Some have proposed perceived compatibility constructs to 

directly and indirectly affect use through perceived ease of use and perceived usefulness 

                                                                                                                                                 

2 Perceived usefulness is defined as “the degree to which a person believes that using a particular 
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(Karahanna et al. 2006). That is, perceptions about the extent to which the system is 

compatible with an individual’s preferred work style, work practices, prior experience 

and values influence use directly and indirectly through the mediation of cognitive beliefs 

(Karahanna et al. 2006). Others argue for the Elaboration-Likelihood Model (ELM) as 

the theoretical framework from which to study cognitive beliefs and attitude formation 

and change (Bhattacherjee et al. 2006). The ELM states that there are two routes through 

which attitudes can be changed: the central and the peripheral route (Petty et al. 1996; 

Petty et al. 1999). The central route requires an individual to engage in substantial 

cognitive processing to scrutinize a persuasive communication about the target behavior, 

whereas the peripheral route is not as cognitively demanding since it relies on the 

characteristics of the communication, such as credibility of the source, for updating 

attitudes (Petty et al. 1996; Petty et al. 1999). As applied to IS acceptance, the ELM 

proposes that others’ credibility along with the quality of their arguments directly 

influence perceived usefulness and attitudes towards IS use, which in turn affect IS use 

intentions (Bhattacherjee et al. 2006). 

The Theory of Planned Behavior (TPB) (Azjen, 1991) has also been used to 

further extend TAM and inform acceptance research. This theory states that perceived 

behavioral control should be included along with attitudes toward a behavior and 

subjective norms as determinants of behavioral intentions. Within the context of IS use, 

perceived behavioral control is defined as the “perceptions of internal and external  

                                                                                                                                                 

system would be free of effort” (Davis et al. 1989, p. 320).  
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Table 2.1. Summary of Research on IS Acceptance 

Main 

Contribution 

Theoretical 

Influence 

Theoretical Argument Empirical Findings Main Studies 

Technology 
Acceptance 

Theory of 
Reasoned 
Action, 
Theory of 
Planned 
Behavior 

Users’ cognitive beliefs 
about the system and its 
use form users’ attitudes 
towards a system, which 
in turn influence users’ 
intentions to use a 
system. 

Perceived ease of use and perceived usefulness 
predict an individual’s attitude towards using IS, 
with perceived usefulness having a direct effect 
on use intentions. Other variables, such as 
subjective norms, perceived behavioral control, 
past experience, voluntariness of use, perceived 
compatibility, and others’ credibility, 
have been also introduced as determinants of IS 
acceptance. 

Trice et al. (1988) 
Davis et al. (1989)  
Davis (1989) 
Moore et al. (1991) 
Taylor et al. (1995) 
Venkatesh et al. (2000) 
Venkatesh et al. (2003) 
Karahanna et al. (2006) 
Bhattacherjee et al. (2006) 
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constraints” on the use of technology (Taylor et al. 1995, p. 149). Past TPB studies have 

shown that attitudes toward technology, subjective norms, and perceived behavioral 

controls influence individual acceptance and use of different technologies (Harrison et al. 

1997; Taylor et al. 1995). 

Finally, some have attempted to unify the acceptance literature into one model 

(Venkatesh et al. 2003). This research empirically tests a model that combines many of 

the previous approaches and frameworks for predicting acceptance and IS use (Venkatesh 

et al. 2003). Overall, this model states that expectations of performance with a system 

and effort by the user, along with social influences, are factors that impact the actual use 

of the system indirectly through intentions (Venkatesh et al. 2003). Further, the model 

indicates that conditions that facilitate the use of technology, such as voluntariness of use, 

also influence the extent to which a system is used (Venkatesh et al. 2003). Despite the 

efforts of this unification and claims of “excellent progress in technology adoption 

research” (Venkatesh et al. 2007, p. 267), some have questioned the parsimony of the 

proposed unified model (Straub et al. 2007). Others have suggested that the extensive 

research on acceptance has created an “illusion of progress in knowledge accumulation” 

(Benbasat et al. 2007, p. 212). Table 2.1 summarizes the literature on IS acceptance and 

use. 

Research on IS Outcomes, Experiences, and Attitudes 

Rather than focusing mainly on acceptance, another stream of research has 

examined outcomes, experiences, and attitudes toward IS use. Although these are not all 

behaviors, they do help inform post-adoption behaviors. Among the earliest approaches 
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are those dealing with IS effectiveness (Bailey et al. 1983; DeLone et al. 1992; Melone 

1990; Seddon 1997; Wixom et al. 2005). From the point of view of the individual user, 

this research mainly assessed effectiveness of technology by conceptualizing user 

satisfaction as the dependent variable (McHaney et al. 1998), while also including the 

user’s perception of the system and information quality as its antecedents (Srinivasan 

1985). Reviews and assessments of the approaches used in measuring IS effectiveness 

indicate that use and user satisfaction are influenced by system quality, information 

quality, and perceived usefulness (Rai et al. 2002).    

Another framework aimed at explaining use of IS and related performance is that 

of task-technology fit (TTF) (Goodhue 1992; Goodhue 1995; Goodhue 1998; Goodhue et 

al. 1995; Zigurs et al. 1998; Zigurs et al. 1988). Task-technology fit “is the degree to 

which an information system or systems environment assists individuals in performing 

their tasks, or the fit between task requirements and the functionality of the IS 

environment” (Goodhue 1992, p. 304). According to task-technology fit theory, the 

correspondence between the functionality provided by an information system and the 

requirements to perform a task leads to users’ positive assessments of the system 

(Goodhue 1998). Task-technology fit can be difficult to measure and therefore, user 

evaluations of the system often serve as a surrogate for the construct (Goodhue 1992; 

Goodhue 1995; Goodhue 1998). These users’ evaluations are determined by the extent 

“to which systems meet [users’] needs and abilities” (Goodhue 1995, p. 1830). That is, 

depending on how well the characteristics of the task, the technology, and the users 

converge, users will evaluate the target system more positively or negatively. These 
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users’ evaluations influence the degree to which they perceive that the system is useful 

for them. Further, perceived usefulness affects users’ expected consequences of system 

use, which in turn determines the extent to which the system is used.  

The task-technology framework has been extended to encompass performance in 

an attempt to reconcile user acceptance models with those of IS effectiveness. System use 

and technology fit determine the perceived performance of the system (Goodhue 1995). 

Recent research on the topic has also included user’s competence as part of the fit 

concept by proposing a task-technology-user fit model that takes into consideration the fit 

of the users’ capabilities with the characteristics of the system and the task (Marcolin et 

al. 2000). 

Yet another theory that has been widely applied to predict technological use 

behavior is Social Cognitive Theory (SCT) (Bandura 1977; Bandura 1986; Bandura 

1997). This theory states that vicarious experience, verbal persuasion, emotional arousal, 

and prior experience, are predictors of self-efficacy beliefs. Self efficacy is defined as the 

judgment of an individual’s capabilities to successfully perform the target behavior 

(Bandura 1986; Bandura et al. 1983). Within the IS context, it has been found that 

encouragement by others, others’ use of technology, and support when using the 

technology indirectly affect technology use (Compeau et al. 1995b). The relation between 

these predictors and technology use is mediated by personal and performance-related 

expectations of the use of technology, computer self-efficacy, affect, and anxiety when 

using technology (Compeau et al. 1995b). This literature has also investigated the effects 

of behavioral modeling on computer self-efficacy (Johnson et al. 2000), developed  
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Table 2.2. Summary of Research on IS Outcomes, Experiences, and Attitudes 

Main 

Contribution 

Theoretical 

Influence 

Theoretical Argument Empirical Findings Main Studies 

User 
Satisfaction 

Psychological 
research on 
attitudes 

Behavioral beliefs affect 
attitudes towards IS use, and 
attitudes impact intentions to 
use the system, and satisfaction 
with the system 

Use and user satisfaction are influenced by 
system quality, information quality, and 
perceived usefulness. More recent research 
integrates the technology acceptance model with 
the literature on user satisfaction. 

Bailey et al. (1983) 
Ives et al. (1983) 
Melone (1990) 
DeLone et al. (1992) 
Seddon (1997) 
Rai et al. (2002) 
Wixom et al. (2005) 

Task-
Technology 
Fit 
 

Technology 
Acceptance 
Model 

The correspondence between the 
functionality provided by an 
information system and the 
requirements to perform a task 
leads to positive assessments by 
users of the system, to better use 
of the system, and to individual 
performance. 

User evaluations of a system influence the 
degree to which they perceive that the system is 
useful for them. Perceived usefulness affects 
users’ expected consequences of system use, 
which in turn determines the extent to which the 
system is used. Use of the system and 
technology fit determine the performance of the 
system at the individual level of analysis. 
 

Goodhue (1992, 1995, 
1998) Goodhue et al. 
(1995) 
Marcolin et al. (2000) 

Self-Efficacy Social 
Cognitive 
Theory 

Computer self-efficacy explains 
individuals’ behaviors with a 
system based on the judgments 
they make about their 
capabilities to use the system.  

Computer self-efficacy indirectly influences use 
through positive affect, anxiety, and the match 
between users’ expectations and performance. 

Compeau et al. (1995a;  
1995b) 
Marakas et al. (1998) 
Johnson et al. (2000) 
Agarwal et al.(2000b) 

Flow 
 

Psychological 
research on 
flow 

Flow is a mental state in which 
a person is totally immersed in 
an activity with feelings of 
involvement and concentration.  

Flow is found to influence user performance, 
use, future intentions to use the system, 
cognitive beliefs (i.e., perceived ease of use and 
perceived usefulness), and attitudes towards 
using the system. The type of technology as well 
as certain technological features influence flow. 

Malone (1980, 1984)  
Treviño et al. (1992) 
Agarwal et al. (2000a) 
Treviño et al. (2000) 
Koufaris (2002) 
Webster et al. (2006) 
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distinctions between specific and general computer-related self-efficacy beliefs (Agarwal 

et al. 2000b), provided support for the importance of individual characteristics for 

computer anxiety and self-efficacy (Thatcher et al. 2002), and argued for an association 

between computer-self efficacy and perceived performance (Marakas et al. 1998). 

The notion of flow has also been applied to the study of IS use (Agarwal et al. 

2000a; Karahanna et al. 1999; Koufaris 2002; Malone 1980; Treviño et al. 1992; Webster 

et al. 2006; Webster et al. 1997). Flow, a concept originally developed within 

psychology, refers to an individual’s state of pleasure and absorption while involved in an 

activity (Csikszentmihalyi 1975; Csikszentmihalyi 1977; Csikszentmihalyi et al. 1989). 

Early research on flow describes it as a multi-dimensional construct and suggests that it is 

an important antecedent of users’ attitudes toward technology (Treviño & Webster, 

1992). Subsequent research supported associations between engagement (a flow-related 

construct), perceived system characteristics (i.e., perceived flexibility) and use behaviors 

(i.e., experimentation and future use) and intentions to use a system (Webster et al. 1993). 

Others have developed flow-related constructs such as cognitive absorption, and have 

argued that they contribute to behavioral intentions to use a system only through the 

mediation of cognitive beliefs such as perceived ease of use and perceived usefulness 

(Agarwal et al. 2000a). Recently, Koufaris (2002) combined TAM with flow theory and 

proposed an impact of flow on user behaviors with IS (i.e., unplanned online purchases) 

but failed to empirically support such a proposition. Current research suggests a direct 

impact of technology (i.e., different navigation systems) on engagement and others states 

(i.e., perceived disorientation) and demonstrates that engagement is a direct antecedent of 
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both user performance and use intentions (Webster & Ahuja, 2006). Table 2.2 provides a 

summary of research on IS outcomes, experiences, and attitudes. 

Research on Continuance of IS Use 

Continuance of IS use represents a research stream that emerged from the 

acceptance literature. This literature attempts to explain users’ decisions to continue using 

a system once it has been accepted and is still in use (see Table 2.3 for a summary of this 

literature).  

Cooper and Zmud (1990) were among the first to explicitly acknowledge the 

existence of behaviors beyond the initial IS adoption decision. They suggested that 

different factors would affect IS use differently at different stages of the adoption process 

(e.g., initial adoption vs. infusion). Later studies focused on showing whether TAM 

determinants would equally influence use intentions of experienced and inexperienced 

users (Taylor et al. 1995). Following this logic, Karahanna et al. (1999) posited that pre-

adopters’ and post-adopters’ beliefs and attitudes towards IS use are likely to differ. More 

specifically, they found that normative beliefs are the strongest factor influencing 

adopters’ intentions to use a system, but that attitudes towards use deriving from 

cognitive beliefs about the system are the best predictors of post-adopters’ intentions to 

continue using the system (Karahanna et al., 1999).  

Later developments combined expectation confirmation theory and TAM to 

explain use continuance decisions. Confirmation Expectation Theory argues that 

consumers’ intentions to repurchase a product or a service are determined by their 

satisfaction with the previous use of that product or service (Oliver 1977; Oliver 1980). 
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As applied in IS, users’ intentions to continue using a system are determined mainly by 

their satisfaction with past use of that system (Bhattacherjee 2001). Building upon this 

theoretical base, later studies argue that as users gain experience with a system, 

disconfirmation of prior expectations along with satisfaction of use influence changes in 

cognitive beliefs and attitudes, which in turn determine use continuance intentions 

(Bhattacherjee et al. 2004). As applied in IS, users’ intentions to continue using a system 

are determined mainly by their satisfaction with past use of that system (Bhattacherjee 

2001).  

Consistent with this, recent research has found that cognitive beliefs towards the 

use of a system are updated over time with the new insights gathered through direct 

experience with the system (Kim et al. 2005a). Additionally, this stream of research 

reveals the importance of past behavior - past use - as a predictor of future behavior - use 

of a system (Bajaj et al. 1998; Kim et al. 2005b). Thus, although cognitive beliefs (i.e., 

perceived usefulness) still influence intentions to continue IS use over time, when past 

use is taken into account, the link between intentions and use weakens (Kim et al. 2005b).  

Related to the notion of past use is the concept of habit. Habits are the “learned 

sequences of acts that become automatic responses to specific situations” (Verplanken et 

al. 1997, p. 540). As they have been applied in IS, a habit is defined as the 

“nondeliberate, automatically inculcated response that individuals may bring to IS use” 

(Limayem et al. 2003b, p. 66). That is, to say that we do something by habit is to say that 

we are not reflecting on what we are doing (Cheung et al. 2005; Limayem et al. 2003a; 

Limayem et al. 2007). Within the IS literature, some have operationalized habit as a  
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Table 2.3. Summary of Research on Continuance of IS Use  

Main 

Contribution 

Theoretical 

Influence 

Theoretical Argument Empirical Findings Main Studies 

Past Use Technology 
Acceptance 
Model 

Cognitive beliefs towards the 
use of a system are updated over 
time; that is, users update their 
prior knowledge about a system 
with new pieces of information 
that they gather as they use the 
system. 

Past use influences cognitive beliefs and current 
use of a system. Behavioral intention does not 
influence use when past use is taken into 
consideration: habit might be an influencing factor. 
Although evaluations of perceived usefulness and 
perceived ease of use change over time, they still 
influence use and future intentions to use a system. 

Bajaj et al. (1998) 
Kim et al. (2005b) 

Acceptance vs. 
Use 
Continuance 

Technology 
Acceptance 
Model 

A stronger attitude-behavioral 
link should exist for post-
adoption users than for adopters, 
since adopters’ behavioral 
beliefs are formed from indirect 
experience whereas those of 
post-adoption users are based on 
past experience.  

Normative beliefs are the strongest factors 
influencing adopters’ intentions to use the system, 
whereas attitude towards use continuance 
stemming from cognitive beliefs about the system 
(i.e., perceived usefulness) is the strongest 
antecedent of intentions to continue using the 
system. 

Karahanna et al. 
(1999) 
Kim et al. (2005a) 

IS Continuance 
Model 

Expectation 
Confirmation 
Theory, 
Technology 
Acceptance 
Model 

Users’ intentions to continue 
using a system are determined 
primarily by their satisfaction 
with prior use of that system. 
The reverse causes 
disconfirmation, dissatisfaction 
and discontinuance intention.  

Satisfaction and confirmation are salient in both 
driving beliefs and attitude changes towards 
technology. The influence of perceived usefulness 
and attitude on continuance intentions decreases 
over time and appears to be moderated by 
technological and use contexts. Both constructs 
still influence continuance intentions. 

Bhattacherjee (2001) 
Bhattacherjee et al. 
(2004) 
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Table 2.3, Continued  

Main 

Contribution 

Theoretical 

Influence 

Theoretical Argument Empirical Findings Main Studies 

Habit Social 
psychology 
research on 
habit, 
Technology 
Acceptance 
Model 

As the use of the system 
becomes habitual, intentional 
sequences of acts become 
automatic. Thus, habit 
moderates the impact of 
intention on guiding 
continuing use. 

Habit moderates the relation between 
continuance intention and IS use continuance. 
The influence of past use on IS use continuance 
is stronger than that of continuance intentions. 
However, cognitive beliefs and attitudes still 
influence continuance intentions.  

Limayem et al.(2003a) 
Limayem et al. (2003b) 
Cheung et al. (2005) 
Kim et al. (2005c) 
Limayen et al. (2007) 
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reflective construct with different items (Limayem et al. 2003b; Limayem et al. 2007), 

while others have operationalized it as past IS use (Kim et al. 2005c). This research 

suggests that habit has a moderating effect on the relation between intentions and IS 

continuance use (Limayem et al. 2007). As use becomes more habitual, it lessens the 

effects of cognitive beliefs on continuance decisions to use a system (Limayem et al. 

2003a; Limayem et al. 2007). Nonetheless, IS research on habit still argues that cognitive 

beliefs and attitudes influence users’ intentions to continue using a system. That is, even 

with habit, users still access and form intentions to continue using a system (Limayem et 

al. 2003a; Limayem et al. 2007). 

Finally, research attention has focused on the role of feelings in continuance 

decisions. For example, feelings derived from experiences with a system, such as 

pleasure and arousal, along with perceived usefulness, directly influence attitudes 

towards using system as well as determine IS continuance intentions (Kim et al. 2007). 

Feelings have also been explored through the manipulation of moods during IS training 

(Venkatesh et al. 1999). Although positive and negative moods appear to have a medium 

term impact on intrinsic motivation and intentions to use (six weeks after the 

manipulation of mood), only negative mood influences motivation and behavioral 

intentions in the long-term (12 weeks after the mood manipulations) (Venkatesh et al. 

1999).  

Multi-Level Approaches to IS Use 

Recent research has argued that post-adoption behaviors should be approached 

from a multi-level perspective. Such approaches include a definition of use as a  
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Table 2.4. Summary of Multi-Level Approaches to IS Use 

Main 

Contribution 

Theoretical 

Influence 

Theoretical Argument Empirical Findings Main Studies 

Multi-level 
IS Use 
Behaviors 
Model 

Sensemaking, 
Structuration 
Theory, 
Technology 
Acceptance 
Model, 
Expectation 
Confirmation 
Theory 

IS use is a multi-level 
activity encompassing the 
individual level, the group 
level, and the organizational 
level. IS use become 
habitual over time unless 
stimulated by interventions 
originating from the 
organizational level, the 
individual level, or both. 
The extent to which 
employees attend to these 
interventions moderates the 
relation between them and 
users’ cognitions. It 
introduces technological 
“features” as a potential unit 
of analysis. 

These approaches have not been tested as a 
whole. However, parts of their arguments 
concerning the individual level of analysis have 
been empirically tested in past research (most of 
which is summarized in the previous Tables). 

Jasperson et al. (2005) 
Burton-Jones et al. (2007) 

 



24 

multilevel activity encompassing individuals, groups and organizations (Burton-Jones et 

al. 2007). Likewise, taking the literature on IS continuance into consideration, and 

drawing upon sensemaking and structuration theory, some have aimed their efforts 

towards the development of a comprehensive multi-level model from which to 

investigate IS use once a system has been adopted (Jasperson et al. 2005) (see Table 2.4 

for a summary of this research).  

The major contributions of this theorizing are as follows. First, it proposes a 

multi-level (individual and organizational) model of IS post-adoption behavior. Second, it 

goes beyond continued use of a system by introducing features as a potential unit of 

analysis and by including different behavioral patterns, such as feature adoption, feature 

use, and feature extension behaviors, as part of the post-adoption use phenomenon. Third, 

the main theoretical argument posits that IS use becomes routinized over time, and when 

it becomes habitual, users rarely engage in conscious cognitive processing towards the 

system unless interventions occur. These interventions can originate from the 

organizational level (i.e., work system interventions), the individual level (i.e., user-

initiated interventions), or both. The extent to which individuals attend to these 

interventions moderates the relation between the occurrence of interventions and users’ 

engagement in cognitive processing. Finally, this comprehensive model points towards 

future opportunities for IS research. 

Conceptualizations of IS Use 

IS use is the behavior of employing a technology in completing tasks (Davis et al., 

1989). Most common measures of usage include the frequency of use, duration of use, 
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and/or the diversity of applications employed (e.g., Davis et al. 1989; Goodhue et al. 

1995; Hubona et al. 1997; Igbaria et al. 1997; Kim et al. 2005b; Kim et al. 2005c; 

Limayem et al. 2007; Thompson et al. 1991). For instance, within the task-technology fit 

literature, use has been operationalized as the number of times an individual decides to 

use the system – that is, the sum of the decisions to use the system - divided by the 

number of tasks (Goodhue & Thompson, 1995). This is not an isolated example of 

operationalizing quantity of use. From 1992 until 2007, the top two IS journals, MIS 

Quarterly and Information Systems Research, have published 39 studies in which 

individuals’ use is measured as frequency or quantity (Barki et al. 2007). However, these 

conceptualizations do not say much about the ways in which the system is being used, 

such as the depth and/or breadth of use. Thus, some argue that besides being irrelevant in 

mandatory contexts, these measures are theoretically inadequate (Barki et al. 2007). 

As described earlier, Zmud and colleagues were among the first to acknowledge 

the existence of a variety of post-adoption behaviors and use patterns beyond the initial 

decision to adopt or reject an IS. For example, Saga and Zmud (1994) suggested that 

infusion could be operationalized in three alternative ways: (1) extended use – where an 

individual utilizes more of a technology’s features to perform a more comprehensive set 

of tasks,  (2) integrative use – which reflects the use of a system to forge or reinforce 

linkages among diverse organizational tasks, and (3) emergent use – or the use of 

technology to perform tasks that were not previously acknowledged as being amenable to 

technology support. Further, Cooper and Zmud (1990) proposed a six-stage model of the 

IS implementation process: initiation, adoption, adaptation, acceptance, routinization, and 
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infusion. Although the unit of analysis was the organization, their proposed stage model 

is applicable to individuals; thus, the individual use of IS could also be viewed as 

progressing through the six stages (Cooper et al. 1990). 

Later research has also focused on emergent use. For example, Nambisan et al. 

(1999) describe a construct called “intentions to explore”, which is intended to span the 

conceptual domain of discovery and learning, and measures users’ willingness to find 

new ways of applying IS to work-related tasks. Furthermore, Webster (1998) 

distinguished between depth and breadth of use by classifying users in to three 

categories: “non-users”, “wary users”, and “complete users” (of videoconferencing). Her 

results indicated that different factors differentially influenced the three categories of use. 

Specifically, complete users’ use was explained best by social influences, experience, job 

fit, self-efficacy and extroversion, while wary users’ level of use was better explained by 

a lack of a critical mass using the system, poor job fit, and privacy concerns.  

Recent IS research has focused on reconceptualizing the use concept. As it was 

explained before, these reconceptualizations include a definition of use as a multilevel 

activity encompassing individuals, groups and organizations (Burton-Jones et al. 2007). 

Some suggest that use should be captured as a formative measure comprising three 

categories of behaviors (organizational task-accomplishing behaviors, adaptation 

behaviors, and learning behaviors) (Barki et al. 2007). Others see use as an ongoing 

activity that needs to take into consideration situational characteristics such as the user, 

the system, and the task at hand (Burton-Jones et al. 2006). Some have proposed a 

definition of use in terms of lower-level choices to use or modify the particular features 
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of a system (Jasperson et al. 2005). Finally, other researchers have suggested focusing on 

infusion, exploitive use, reinvention, and learning (Benbasat et al. 2007; Schwartz et al. 

2007).   

All in all, past research on use has focused on the quantitative extent of use of an 

information system, such as the number of applications used, use/no use, frequency of 

use, or duration of use. Furthermore, most research has employed self-reported measures 

of IS use. According to Trice and Treacy (1988), this makes the conceptualization of use 

unclear, especially when it has been found that self-reported system use (subjective 

measures) and computer-recorded system use (objective measures) are actually two 

independent constructs that do not strongly correlate with each other (Straub et al. 1995). 

Further, objective and subjective measures of use are influenced by different factors: the 

former has weak relations with perceived usefulness and perceived ease of use, while the 

latter strongly and significantly relates with the two constructs (Straub et al. 1995). 

In sum, although use has been one of the most researched constructs in IS 

research, its conceptualization and operationalization remains a challenge and a standard 

conceptualization is unlikely to appear soon (Trice et al. 1988). In the next chapter 

(Chapter 3), use will be conceptualized based on recent developments within IS research 

described above (e.g., Burton-Jones et al. 2006) and on the alternative models that will be 

proposed in that chapter.  

Challenges of Current Research 

The majority of research on IS use has focused on the reflective cognitive 

processing associated with individuals’ pre-adoption activities, adoption and continuance 
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decisions. Current research efforts draw mainly on the acceptance literature, 

psychological research on habit, and expectation confirmation theory. This literature 

suggests that the use of IS becomes routinized over time, with past use and habit 

weakening the relation between intentions and actual use. When interruptions occur, 

users awaken from their internalized behavioral patterns and engage in a sensemaking 

process that is likely to produce modified IS use behaviors. Although this research has 

provided the field with important advancements in knowledge, gaps remain in our 

understanding. Consequently, the challenges still faced in this area are described next.  

Potential Method Bias 

Much of the research on post-adoption behaviors is susceptible to mono-method 

bias. Mono-method bias refers to the “magnitude of the discrepancies between the 

observed and the true relationships between constructs that results from common 

methods variance” (Doty et al. 1998, p. 376). It occurs when the measurement technique 

introduces systematic variance into the measures; that is, it biases estimates of the true 

relationships among constructs (Doty et al. 1998). As a result, mono-method bias can 

inflate observed relationships between constructs, leading to both Type I and Type II 

errors (Podsakoff et al. 2003).  

Accordingly, the findings of much research dealing with IS post-adoption 

behaviors are open to alternative interpretations, as the relations between variables may 

suffer from common method bias. This common method bias in IS research stems from 

one main source: the use of questionnaires to measure all constructs. The majority of 

research has used cross-sectional surveys to measure all the variables of interest. 
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Research relying on survey methods may suffer from priming and consistency artifacts. 

First, priming artifacts occur during the questioning of a person’s activities and/or beliefs, 

when “the interviewer orients the respondent’s attention to particular information” 

(Salancik et al. 1977, p. 449). Thus, priming artifacts make “aspects of the situation more 

salient than they might actually be” (Salancik et al. 1977, p. 449). For example, questions 

such as “I find the software easy to use” (Davis, 1989) might artificially lead users’ 

thoughts towards the software and/or some of its aspects, rather than capturing actual 

users’ thoughts and attention focus while using the software. Second, consistency 

artifacts presuppose “a person’s tendency to be logical in statements about the world and 

concerned as to how he processes information” (Salancik et al. 1977, p. 449). This 

consistency effect results in higher relations between observed attitudes and behaviors 

when the attitude is asked after the behavior has occurred (Salancik et al. 1977). That is, 

as Bem (1972) described in his self-perception theory, a person who has engaged in some 

behavior uses this reality to construct attitudes that are consistent with that behavior. For 

example, when assessing IS use, the employment of items such as “I find the software 

useful for the task” (Davis 1989) might trigger the user to engage in an information 

processing procedure that might not naturally happen otherwise: “I use the software for 

completing the task and I get my work done, so I guess the software is useful for 

accomplishing the task”. That is, whereas priming artifacts affect attention, consistency 

artifacts influence information processing (Salancik et al. 1977). 

The plausibility of priming effects and consistency artifacts is high for research 

dealing with cognitive beliefs, attitudes, and behavior, as it is the case for IS post-
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adoption behaviors. Within the social sciences, Cote and Buckley (1987) estimate that 

attitude measures contain an average of 40.7% method variance. Given the reliance of 

most IS research on standard self-reported methods to capture behaviors, attitudes, and 

cognitive beliefs (Bhattacherjee 2001; Bhattacherjee et al. 2004; Cheung et al. 2005; 

Karahanna et al. 1999; Keft et al. 1995; Kim et al. 2005c; Limayem et al. 2003b; 

Limayem et al. 2007), it is likely that these cognitive beliefs and attitudes portray artifacts 

constructed during the questioning process (Fazio et al. 1981) rather than those 

happening genuinely at the moment of IS use. That is, individuals are likely to 

retrospectively form strong attitudes and beliefs when they are asked about their 

behavioral experiences, since they use these direct experiences as the basis for the 

construction of such attitudes and beliefs (Fazio et al. 1981; Melone 1990). 

Although some authors claim that the threat of mono-method bias in social 

science research is overstated (Doty et al. 1998; Spector 2006), two major reasons make 

this potential bias especially critical for research on IS post-adoption behaviors. First, it 

has been shown that evaluations of the objects and events in one’s environment are made 

in an immediate, automatic manner, upon the mere presence of that object or event (Fazio 

et al. 1986a). Hence, evaluations of events and objects after the fact are likely to be 

distorted (Fine 2006). Second, research on habit and automaticity suggests that everyday 

behavior is driven by implicit processes outside of conscious awareness that are triggered 

by environmental cues (Bargh 2002; Wood et al. 2002). These implicit processes are not 

easily accessed by standard self-report procedures (Bargh 2002; Wood et al. 2002). When 

individuals are engaged in habitual behaviors, such as IS use, they are likely to think 
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about unrelated issues to their behavior at hand (Wood et al. 2002). Thus, deliberately 

asking users about a system and its characteristics might trigger thoughts that do not 

actually take place during the use of the system. 

As a result, there is evidence to suggest a common method bias that might be 

altering the assessment of users’ actual cognitive beliefs and attitudes towards IS. This 

highlights the necessity of employing alternative research methods with which to 

empirically examine individuals’ IS post-adoption behaviors, cognitive processes, and 

affect. 

Potential Tautological Explanations of Behavior 

A more serious criticism of the literature is that it may be tautological. The idea 

that human behavior is preceded by reason in the form of proactive cognitive beliefs is 

attractive because it makes sense (Fine 2006; Lee 1998; Searle 2007; Wegner 2002). 

However, the cognitions (i.e., cognitive beliefs) studied in the IS field are unobservable 

constructs that have to be operationalized through proxy variables (Lee 1998). Although 

it is necessary to make inferences about unobservable processes for understanding human 

behavior (Bunge 1996; Mahoney 1974), cognitive beliefs and processes are best 

understood as “metaphorical labels for highly complex physiological and neurochemical 

processes that we are yet to understand” (Lee 1998, p. 45), not as established empirical 

facts. Consequently, sole reliance on decision-based cognitive models involving latent 

variables and the use of close-ended self-reported methods after the fact assume the truth 

of what needs to be tested and can lead to tautological explanations of human behavior  

(Bacharach 1989; Suber 1994). By assuming the existence of conscious cognitions and 
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beliefs without adequate testing, we may be confusing “the way human beings 

appear…to work and the way in which they actually work” (Lee 1998, p. 45).  

Some go as far as arguing that models based on TAM-related theories should be 

better categorized as ‘pseudo-science’ since they can account for any observed behavior 

and thus, are not amenable to refutation (Silva 2007). This view argues that reasons or 

intentions cannot predict actions because these are not linked contingently. That is, the 

basic idea is that there “cannot be actions without meaning or, equivalently, there cannot 

be actions without reasons” and that “beliefs, attitudes and intentions cannot be linked 

causally to actions since they are linked logically, i.e., they are analytical truths” (Silva 

2007, p. 258). Hence, TAM and its numerous additions are aimed to protect the hard core 

of the model or the assumption that all actions are caused by cognitive beliefs, and no 

papers actually test or challenge this core (Silva 2007).  

This is not a recent insight. Indeed, William James, whom many view as the 

father of modern psychology, referred to the assumption that people routinely engage in 

detached reflection (conscious cognition) as the “psychologist’s fallacy” (Heft 2003). 

James argued that psychologists erroneously take their own habits of self-reflection as the 

normal mode of human activity. As a result, mainstream psychologists reify ideas as 

information, sensation, perceptions, and intentions, when these concepts may provide 

unnecessary or even misleading explanations of human behavior (Heft 2003). 

Use and/or Intentions as the Dependent Variables 

The literature review presented earlier points to a third challenge: one dealing 

with the dependent variable of IS post-adoption behaviors. More than 25 years ago, Keen 
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(1980) drew attention to the necessity of finding a dependent variable in order to make IS 

research a coherent and legitimate field. Since then, the ‘search of the outcome or the 

dependent variable’ has constituted an ongoing IS debate (Benbasat et al. 2003; DeLone 

et al. 1992; DeLone et al. 2003; Seddon 1997). Some research at the individual level has 

dealt with subjective outcome measures that include affective components, such as user 

satisfaction (Bailey et al. 1983; Ives et al. 1983; Rai et al. 2002; Wixom et al. 2005). Yet, 

the overwhelming majority of the IS literature has focused on variance models that 

incorporate self-reported measures of use continuance or continuance intentions as 

dependent variables (Cheung et al. 2005; Karahanna et al. 1999; Kim et al. 2005a; Kim et 

al. 2005b; Kim et al. 2005c; Limayem et al. 2003a; Limayem et al. 2003b; Limayem et 

al. 2007). However, as described earlier, it was argued that self-reported measures of use 

correlate poorly with objective measures of use (Straub et al. 1995) and that constructs, 

such as user satisfaction, say little about the outcomes of system use (Melone 1990).  

As a result, there is a necessity to examine dependent variables other than 

intentions and use when investigating IS post-adoption behaviors. An increase in 

frequency and/or duration of system use does not imply an increase in performance 

outcomes (Jasperson et al. 2005). Further, current studies systematically call for research 

that clarifies the use-performance link (Barki et al. 2007; Jasperson et al. 2005; Kim et al. 

2005b). Thus, IS post-adoption research needs to incorporate measures of both behavioral 

processes and individual performance in order to examine which behavioral processes 

lead to better outcomes.  
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Scarce Knowledge about the Post-Adoption Process 

As was shown when reviewing the literature on IS post-adoption behaviors, most 

research has approached human behavior in terms of a decision or intention. According to 

Webster’s Dictionary, 1) “to ‘decide’ presupposes previous consideration of a matter 

causing doubt, wavering, debate, or controversy and implies arriving at a more or less 

logical conclusion that brings doubt to an end” ("Webster’s New Dictionary of 

Synonyms" 1984; as cited in Sutcliffe et al. 2008, p. 70) and 2) a decision is “a position 

or opinion or judgment reached after consideration” ("Webster's Online Dictionary" 

2008). 

When treating post-adoption as a decision rather than as a behavior, this research 

faces two problems. First, it approaches the use of a system as if it were a terminal goal 

(Bagozzi 2007), ignoring the fact that technology use is mostly instrumental (Barki et al. 

2007; Burton-Jones et al. 2006). That is, certain actions, such as the use of a 

predetermined system, might not be an end in themselves, but a means to other ends or 

goals, such as performing a certain task. Second, by approaching post-adoption as a 

decision, continuance research based on habit falls into a contradiction. This research 

states that 1) as use is repeated over time it becomes habitual and taken-for-granted and 

that 2) intentions, despite the existence of habit, can still drive behaviors (Limayem et al. 

2007). That is, it assumes that regardless of the role of habit on behavior, users may still 

wonder and question the use of a system, and form intentions about future use. 

Interestingly, the psychological literature on habit downplays such a role for intentions in 

predicting human behavior: 
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[I]n the standard predictive models in social psychology, behavior is a product of 
a series of cognitive and affective events, typically preceded most closely by 
conscious intentions to perform the act […] However, not all behaviors are 
preceded by conscious intentions […] People engaged in habitual actions do not 
consciously access habit intentions, either because they do not need to do so in 
order to repeat well-learned intentional responses or because the behavior was not 
intended to begin with and perhaps became well-learned as a byproduct of some 
other action sequence (Wood et al. 2002, p. 1283). 
 
As a result, when framing post-adoption as a decision, the literature approaches 

users as if they were decision-makers and leads “right back into the jaws of the 

fundamental attribution error” (Snook 2001, p. 206). Approaching post-adoption as a 

matter of decision-making fails to put the emphasis back on behavioral processes 

involved during IS use and their investigation.  

This scarce knowledge about the IS post-adoption process is perhaps the major 

challenge faced by the IS literature on the topic. Little is known about how individuals 

behave and use IS: what makes them change their behavioral patterns with a system, why 

different patterns of use co-exist with the same system, what users feel and think when 

using IS on a daily basis, and the role of affective and cognitive processes on ongoing 

user-system interaction processes. Because of its focus on choice and variance models, 

post-adoption research provides little insight about the IS use process itself.  

Given that post-adoption behaviors occur over time, process models are a better 

fit for investigation of the topic (Abbott 1990; Markus et al. 1988; Mongue 1990; 

Newman et al. 1992; Sabherwal et al. 1995). While variance models assert that variance 

in one of the predictors (or independent variables) is sufficient to explain some of the 

variation in the outcome (or dependent variable), process models provide a combination 

of events where each event is “necessary but not sufficient” to cause the outcome 
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(Seddon 1997, p. 241). Thus, variance models “are structured to conceive predictors as 

factors that vary in degree or intensity … [and that] account for variation” in the outcome 

(Newman et al. 1992, p. 250), whereas process models examine “sequences of actions 

occurring during” a certain period of time and that cause the outcome (Sabherwal et al. 

1995, p. 306). As a result, there is a need to include process models and/or process-based 

theories to the study of IS post-adoption behaviors.  

Process theories have some advantages that can address the limitations of 

variance theories. They “enable researchers to find patterns in empirical data that 

variance theorist might miss” (Markus et al. 1988, p. 592). Further, process theories allow 

for the complexity of IS human behaviors while still preserving the belief in the 

regularity of social phenomena (Markus et al. 1988). As a result, there is a need to 

incorporate process models and theories in the study of IS post-adoption behaviors. It is 

through the identification of events and sequences of actions unfolding during the 

dynamic use of an IS that a better understanding of individuals’ IS behaviors can be 

attained. 

Summary 

Overcoming these four challenges appears to be critical to significantly improving 

our understanding of IS post-adoption behaviors. The first two challenges, potential 

mono-method bias and possible tautological explanations of behaviors, can be addressed 

by employing research methods that are less intrusive to users’ affective and cognitive 

processes and that allow for the measurement of cognition and affect at the moment in 

which IS use takes place. These research methods are used in the two studies presented 
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later in the thesis. The last two challenges, the need for other dependent variables and the 

scarce knowledge about IS post-adoption processes, are addressed theoretically. 

Specifically, the next chapter introduces two theoretical perspectives - the ecological and 

the emotional - that appear to be more suited than the traditional deliberative IS approach 

to the study of human behavior as a dynamic process. 
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CHAPTER 3. THEORETICAL DEVELOPMENT 

This chapter presents three alternative perspectives from which to theorize about 

IS post-adoption behaviors. Once these alternatives have been explained, a theory of IS 

post-adoption behaviors is developed. 

Alternative Theorizing on IS Post-Adoption Behaviors 

Earlier it was shown that variance models have dominated empirical IS research. 

However, IS post-adoption behaviors occur over time and are dynamic. Thus, process 

models are better suited than variance models to represent such phenomena (Langley 

1999). Unlike variance models, process models examine sequences of events taking place 

during a period of time and that produce outcomes (Sabherwal et al. 1995). 

Consequently, process models are better suited for studying temporal processes such as 

IS use (Markus et al. 1988).  

Before explaining IS post-adoption behaviors from a process viewpoint, three 

alternative perspectives to human behavior are presented. The perspective based on 

traditional IS use - the deliberative perspective - will be described first. After that, two 

relatively new process-centric theories will also be explained: (1) the ecological – based 

on ecological psychology and research on automaticity and (2) the emotional – based on 

research from neuroscience, biology, physiology, and psychology. Within psychology, 

two main perspectives can be found concerning the notion of perception: (1) inferential 

theories of perception – in which meanings are formed inside animals based on their 

interactions with the physical environment (to which the deliberative perspective 
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belongs) and (2) direct theories of perceptions – in which meanings are found in the 

environment (to which ecological and emotional perspective belong) (Chemero 2003).  

The three perspectives were chosen over other alternatives (i.e., structuration 

theory) for various reasons. They can be analyzed at the individual level, provide 

sufficient contrasting conceptualizations of human behavior for looking at differences 

among them in various situations, and emphasize different motives as drivers of 

behavioral acts. Furthermore, some (i.e., ecological and emotional perspectives) have 

rarely been applied to IS research when, in fact, they seem especially suited for the IS 

field given the primary role they give to environmental objects and artifacts. 

The Deliberative 

“Change your thoughts and you can change your world” 

- -orman Vincent Peale 

 

As shown in the previous chapter, past literature on post-adoption behaviors has 

taken the acceptance literature (i.e., TAM) as the primary theoretical foundation for 

research, highlighting a conscious cognitive process by which individuals make decisions 

about their everyday IS use (Jasperson et al. 2005; Kim et al. 2007; Kim et al. 2005a; 

Limayem et al. 2007). This literature relies on users’ perceptions (i.e., perceived 

usefulness and perceived ease of use) of an IS as the primary factors triggering use 

decisions. Within this perspective, perception is indirect. That is, perception is mediated 

by cognition since objects are associated with meanings inside users’ heads based on 

their interactions with the IS.  
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There are two basic conclusions that can be drawn from the literature. First, as an 

individual engages more and more in the use of an IS, there will be a shift away from 

cognitive factors, with habit playing a more important role (Jasperson et al., 2005; 

Limayen & Hirt, 2003). In this case, updated cognitive beliefs drive use intentions, and 

use intentions and past use drive actual use, with the relation between intentions and 

actual use being moderated by habit (Cheung et al. 2005; Kim et al. 2005b; Limayem et 

al. 2007). Second, even behaviors that are habitual may come under the control of 

cognitive processes if the person becomes motivated to think about the behavior 

(Jasperson et al. 2005). For example, this thinking becomes more intense when an 

intervention occurs (e.g., when the outcomes of his/her behavior do not match his/her 

expectations). All in all, this means that individuals in one way or another are often 

thinking and updating their beliefs and intentions about the IS at hand (Jasperson et al. 

2005). I label this view of IS post-adoption behavior as the deliberative perspective. 

The Ecological 

“Frequently we live our lives on automatic pilot, taking each experience for 

granted” 

- Wally Amos 

 

Ecological psychology is a multidisciplinary approach to human-environment 

interactions. As such, there are many open debates and different views about the key 

notions of ecological psychology. Here, I stay close to the views of its founder, J.J. 

Gibson, and research on automaticity, pointing out the main principles of ecological 

psychology and its potential implications for the IS field.  
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Ecological psychology argues that cognitively-driven behaviors are more the 

exception than the norm in everyday situations (Heft 2003; Shaw 2001). In contrast, 

everyday living depends on direct perception, perception that guides actions and ongoing 

thoughts intuitively and automatically (Gibson 1971/1982). That is, individuals’ thinking 

and perceiving are deeply coupled within their interactions with the environment, making 

it impossible to study cognition and perception without studying action itself. Detached 

and more proactive thoughts only occur once individuals are removed from the flow of 

experience and step outside it in order to reflect on it (Heft 2003).  

According to ecological psychology, individuals act upon the opportunities 

provided to them by the environment without having to engage in proactive and 

deliberative cognitive information processing (Shaw 2001). The process of sensing 

information in the environment without the mediation of cognition is referred to as 

“direct perception” (Shaw 2001, p. 89). Thus, one of the main assumptions of ecological 

psychology is that “perception is a property of an ecosystem, not an individual, and is co-

determined through the individual-environment interaction” (Barab et al. 2002, p. 168). 

According to Gibson (1979), information contained in situations is ‘picked up’ intuitively 

during individual-environment interactions. Thus, “perceiving is a psychosomatic act, not 

of the mind or of the body, but of a living observer” (Gibson 1979, p. 239).  

Related to the notion of direct perception is the role that affordances and 

individuals’ effectivities play in behavior (Chemero 2003). In spite of current debates 
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within ecological psychology on the definition of affordances3, affordances are generally 

described as “a relation between an human/animal and the environment, that is, an 

emergent quality or feature of the situation” (Chemero 2003, p. 42). This definition 

highlights the functional properties of the environment in relation to the capacity of 

humans, and directly relates to the term effectivities. Effectivities are the abilities of 

particular individuals to act upon the opportunities provided to them by the environment 

(Chemero 2003). That is, affordances, although residing in the environment, can only be 

realized when they match individuals’ effectivities. Further, since affordances are 

opportunities for action, “they cannot be the cause of action… they can motivate [action] 

but they are not self-directing” (Shaw 2001, p.183). This view emphasizes the reciprocal 

or bidirectional nature of people-environmental relations “in which individuals not only 

respond to environmental conditions but also take steps to influence and restructure their 

surroundings” (Stokols 1995, p. 825).  

Another essential concept within ecological psychology is intentionality. 

Intentionality “depends equally on process (the domain of physics), act (the domain of 

biology), and experience (the domain of psychology)” (Shaw 2001, p. 275). Thus, the 

meaning of intentionality does not reside in any one of these realms, but rests 

simultaneously on all three. That is, intentions and goals are not an exclusive property of 

individuals since they “emerge from an interaction between agent and environment” 

(Young et al. 2002, p. 53). As individuals situated within specific environmental 

                                                 

3 See the special issue of Ecological Perspective (2003, vol. 15, issue 2) on affordances. 
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contexts, we directly perceive what is happening in our surroundings and adjust our 

behaviors and attentional processes accordingly. Furthermore, unlike the 

conceptualization of intentions within the deliberative perspective, intentionalities can be 

unconscious. That is, “goals can be put into motion directly by the environmental 

situation, without the necessity of conscious choice or reasoning processes, and can then 

operate to guide behavior and other higher mental processes in complex interaction with 

the environment” (p. 932, Bargh et al. 2000). Thus, individuals can even be primed by 

environmental cues in pursuing certain goals without requiring them to become 

consciously aware of the fact that those goals are being pursued in the situation (Bargh et 

al. 2001).  

Unlike the view of cognition portrayed within the deliberative perspective, it is 

rare for ecological psychologists to focus on conscious and thoughtful cognitions. For 

Gibson, a “way to understand human cognition is to study the moving, acting human 

person as it exists in its real-world environment” (Smith 2002, p. 20). Thus, much of 

human cognition is intrinsically coupled with behavior. This cognition is not proactively 

driving our intentions and actions, but is intrinsically and simultaneously linked with the 

occurrence of our actions. Thus, ecological psychologists propose that the essential state 

of human beings in the world is not as information processors (Shah 2003), but rather, as 

beings embedded in a stream of immediate experiences (Heft 2003). As Cutting (1982, p. 

203) puts it: 

If one is an information processing psychologist, one tends to view organisms in 
their environments as general-purpose computers that do a lot of computation in 
order to interact and understand their surrounds. If, on the other hand, one is an 
ecological psychologist, one tends to view organisms in their environments as 
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mutually constraining systems. The two are entrained. The organism does no 
more computation than does the environment (that is to say, none). 
 
As James (1890; cited in Bargh et al., 2001, p. 1025) noted, “the more of the 

details of our daily life we can hand over to the effortless custody of automatism, the 

more our higher powers of mind will be set free for their own proper work”. Ecological 

psychology’s emphasis on automatism links directly with the literature on automaticity. 

This literature highlights priming effects of the environment on behavior (Dijksterhuis et 

al. 2001) and a direct connection between perception - unmediated by cognitions - and 

social behavior (Berkowitz 1984). There are three criteria for an automatic process to 

happen: it must occur (1) without intention, (2) without conscious awareness, and (3) 

without interfering with other mental activity (Posner 1978). Thus, most of our daily 

behaviors are governed by unconscious non-cognitive mental processes.  

The literature on automaticity emphasizes the “substantial role played by 

nonconscious processes (and the minimal role played by deliberate, effortful processes) 

in psychological and behavioral phenomena and the central and modifying role of needs 

and goal pursuits” (Bargh 2002, p. 281). Consistent with ecological psychology, this 

literature shows that evaluations of the objects and events in one’s environment occur in 

an automatic manner (Fazio et al. 1986b; Glaser et al. 1999). These automatic evaluations 

take place immediately upon the occurrence of an event or the presence of an object and 

do not depend on the individual having the intention to evaluate it nor on his/her 

awareness that s/he is doing so (Bargh et al. 1996). Thus, common to both automaticity 

and ecological psychology is the belief that “automatic cognitive processing is the rule” 

in our behavior rather than the exception (Louis et al. 1991, p. 71).  
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Some concepts that stem from ecological psychology have been applied to the 

human-computer interaction (HCI) field. For example, the term affordance was picked up 

by Norman (1988) and has since then been commonly applied to research in HCI. 

Norman (1999; 2002) succinctly captures the fact that everyday perceiving cannot be 

separated from acting. He argues that the hallmark of human cognition lies not so much 

in our abilities to reason or remember, but rather in on our ability to construct external 

cognitive artifacts to compensate for the limitations of our working and long term 

memories.  

To  my knowledge, ecological psychology has not been applied in the IS field 

(with the exception of HCI: e.g., Baerentsen et al. 2002). However, the ecological 

perspective seems well suited to the study of IS post-adoption behaviors. Its 

conceptualizations of perceptions, cognitions, affordances, effectivities, and human-

environment interactions provide a fresh foundation from which to examine users’ 

everyday behaviors with IS. In the ecological perspective, IS use would be viewed as a 

dynamic process, a “perceiving-acting cycle” that encompasses the continually unfolding 

interactions between the person, the IS, and the rest of the environment (Young et al. 

2002, p. 53). This perspective would suggest that during habitual use, the features of the 

IS itself would inform users on how to use a system, without the necessity for proactive 

plans or cognitive information processing.  

This stream of activity between an individual and the environment has also been 

captured within the notion of flow. Flow, a concept coined by Csikszentamihalyi (1975), 

was introduced into the IS literature by Malone (Malone 1984). As described earlier, flow 
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is an experiential state representing individuals’ pleasure and involvement in an activity 

(Csikszentmihalyi 1975; 1977). According to Novak et al. (2000, p. 22), “consumers who 

achieve flow on the web are so acutely involved in the act of online navigation that 

thoughts and perceptions not relevant to navigation are screened out, and the consumer 

focuses entirely on the interaction”. That is, flow is an experience in which people act 

without consciously thinking about what they are doing. All in all, it seems that users 

who achieve flow are absorbed in their interactions with the computer, in which 

conscious cognitions and intentions do not necessarily play an active role. This leads to a 

stream of activity between the user and the computer in which nothing else seems to 

matter. However, one difference between flow and the views portrayed in ecological 

psychology and automaticity is that the latter two do not require the experience to be 

pleasurable, nor the individual to be curious or fully focused on the situation. Instead, 

ecological psychology suggests that human beings directly pick up relevant information 

in the environment just by interacting with it. 

To summarize, the ecological perspective emphasizes the role of direct perception 

and environmental interactions as both impacting and constraining behavioral acts. It 

highlights the fact that cognition is not an exclusive property of the human being, but an 

asset of the environment-human interaction, that occurs and unfolds automatically as 

interaction occurs through direct perception.  

The Emotional 

“It’s all emotion. But there’s nothing wrong with emotion. When we are in love, 

we are not rational; we are emotional. When we are on vacation, we are not rational; we 

are emotional.” 
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- Frank Luntz 

 

The emotional perspective is another alternative view to the deliberative 

perspective. It emphasizes the role of affect in human behavior (Mohr 1996). Erasmus of 

Rotterdam, the great humanist of the Reformation era, sarcastically calculated the ratio of 

passion to reason as 24 to 1 (Goleman 1995). Erasmus went on and asserted: 

[J]upiter set up two raging tyrants in opposition to Reason’s solitary power: anger 
and lust. How far Reason can prevail against the combined forces of these two the 
common life people makes quite clear. Reason does the only thing she can and 
shouts herself hoarse, repeating formulas of virtue, while the anger and lust bid 
her go hang herself, and are at increasingly noisy and offensive, until at last their 
Ruler is exhausted, gives up, and surrenders (Goleman 1995, p. 9). 
 
The emotional perspective - contrary to traditional psychologists’ assertion that 

emotion is posterior to cognition - suggests that affect is the primary driver of behavior 

(Davidson 1984; Mohr 1996; Zajonc 1980; Zajonc et al. 1984). More specifically, 

humans hold representations of environmental objects (e.g., IT artifacts) and events (e.g., 

interventions) in their brains that are attached to affective tags (affect associated with the 

object/event) as a result of either learning, experience, or a genetic code (Mohr 1996). 

These affective tags are the primary drivers of behavior since they motivate individuals’ 

behaviors in relation to the events and objects they encounter in their environments 

(Mohr 1996). 

This perspective stresses users’ immediate responses to objects. That is, 

individuals are seen as giving immediate and timely responses based on the affect they 

experience at a given time. It is the felt affect at a certain moment that drives behavior, 

not cognition nor conscious intentions. Affect is ignited both by mental information (not 

cognition) and sensory impressions directly perceived from the environment at that 
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moment. The affect-object mechanism operates via mean-ends procedures to select the 

affect-object pair that has the greatest valence or intensity for the individual at the very 

moment of behavior (Mohr 1996). That is, as the individual encounters several objects 

“associated with affects of varying strengths… [there is] one object [that] emerges as 

dominant. That is how choice among possible actions is made” (Mohr 1996, p. 79). Thus, 

emotions (unaware reasons) rather than thoughts (aware reasons) drive behavior. 

Thoughts might just “be perceptions of what is going on in the affect-object system” 

(Mohr 1996, p. 93). 

It is important to explicitly notice that since affect tags reside in the human mind, 

“the causal mechanism is inside, where it depends critically on webs of association and 

the strength factor” (Mohr 1996, p. 86).Thus the affect-object paradigm, called here the 

emotional perspective, lies between the behaviorist and the cognitivist approaches - to 

which the deliberative perspective belongs to - to psychology4 (Mohr 1996). It is similar 

to the behaviorist tradition in the fact that behavior is mechanistic. However, while 

behaviorists suggest that stimuli, which reside in the environment, drive action, the 

affect-object paradigm proposes that affect, which resides inside individuals’ heads, 

determines action. A commonality between the cognitivist tradition and the affect-object 

paradigm is that both relate to goals, desires, and decisions. However, the former 

                                                 

4 The ecological perspective does not belong to behaviorism or cognitivism, since it emphasizes 
the reciprocal and dualist nature of behavior and cognition (Stockols, 1995; Shaw, 2001). That is, 
individuals do not only respond to the environment but they also influence and restructure it (Stockols, 
1995; Shaw, 2001).  
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approach emphasizes cognitive driven goals while the affect-object paradigm highlights 

affective driven goals.  

In spite of the potential that this perspective has for the IS field for explaining 

behavioral modifications and adjustments during IS use, research within IS has 

systematically focused on the role of affect, conceptualized as a more stable and less 

transient phenomenon (e.g., attitudes) on IS-related behaviors using variance models 

(Sun et al. 2006). In other fields such as psychology, attention to the role of immediate 

affect has been greater. According to Pham et al. (2001), people exhibit greater 

commonality in affective reactions toward stimuli than when they engage in cognitive 

evaluations. Further, it has been shown that affect influences cognition and that this 

influence is moderated by task characteristics. For example, Trafimov and Sheeran 

(1998) found that smoking intentions were influenced by affect, while college-related 

behaviors were shaped by cognitions. That is, cognition did not play a role in determining 

smoking intentions whereas affect did not influence college students’ behaviors. 

There are four major sources of empirical evidence that support Mohr’s (1996) 

statements about the role of affect on behavior. First, research on neuroleptic5 drugs on 

operant behavior shows that drugs that are known to regulate affect (e.g., dopamine) and 

that mediate between sensory and effective structures, block emotion resulting from 

certain behaviors (e.g., eating) and thus the usual motor responses associated with certain 

objects are erased (German 1982; Mueller 1984; Panksepp 1982). Second, research on 

                                                 

5 Neuroleptic drugs are antipsychotics. 
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the limbic system6, shows how the amygdala7 and the hypolothalamus8 directly influence 

behavior. Amygdalectomized animals and humans with limbic system damage fail to 

react to stimuli that otherwise would be meaningful (Aggleton et al. 1986; Anderson et al. 

2001; Mishkin et al. 1987). Further, memory appears to be the recipient of affective tags 

mediated by the amygdala (Canli et al. 2000; Phelps et al. 2005; Spielger et al. 1981). 

Third, research on the relation between affect and cognition shows that the psychological 

systems involved in the processing of affect and cognitions, although intertwined, differ 

in terms of processing time with the affective system being much more rapid (Tomkins 

1981; Zajonc 1980). Thus, some affective “phenomena occur outside of and prior to 

consciously controlled thought” (Spielman et al. 1988, p. 297). Finally, research on the 

role of affect in goal setting suggests that emotion plays an essential role in the 

arrangement of priorities (Anderson et al. 2001); that is, “the presence of a strong 

emotion seems to represent a call for the goal to which that emotion is relevant to be 

accorded a higher priority than whatever goal is presently being pursued” (Carver et al. 

1981, p. 177; Simon 1967).  

There is other research that supports the argument that emotions are central to 

effective behavior. For example, anxiety has been found to automatically redirect the 

allocation of attention towards the existence of threats in the environment (Dalgleish et 

                                                 

6 The limbic system includes the structures in the human brain involved in emotion, motivation, 
and emotional association with memory. 

7 The amygdala are almond-shaped groups of neurons located in the medial temporal lobes of the 
brain, and perform a primary role in the processing and memory of emotional reactions. 
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al. 1990). In another study, participants were asked to select cards from four decks from 

which they could gain points, while their emotional reactions were being recorded 

through skin conductance sensors (Bechara et al. 2000). Participants were informed that 

some decks yielded more points than others; however, they were oblivious to the fact that 

two decks gave steady incremental point gains and non-severe losses, while the other two 

offered high point gains but also severe point loses. These payoffs were too complicated 

to have been calculated by the participants. However, the results showed that the majority 

of the volunteers routinely chose from the winning decks after some period of time. Skin 

conductance sensors showed emotional responses through physiological changes before 

the volunteers selected from a losing deck. Bechara and colleagues interpreted this 

finding as the development of a ‘gut feeling’ that guided actions intuitively (Bechara et 

al. 2000). 

Further evidence on the importance of emotion on behavior comes from research 

on individuals with brain damage. Individuals who were successful business people 

before their injuries, and whose cognitive capabilities were intact after their injuries but 

who suffered damage to certain parts of the brain responsible for emotional processing, 

were found not to be able to make simple everyday decisions; when they did, their 

decisions were generally poor (Eslinger et al. 1985). These individuals showed no 

physiological changes (through skin conductance sensors) when confronted with 

emotionally charged pictures (Damasio et al. 1991). Finally, when they played the four-

                                                                                                                                                 

8 The hypothalamus is a region of the brain that links the nervous and endocrine systems by the 
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deck card game described above, they never learned to avoid the losing decks and 

showed no signs of developing gut feelings about them (Bechara et al. 2000). This and 

other evidence suggests that our bodies are programmed with basic emotional responses 

originally designed to prepare us for “fight or flight” actions under threatening conditions 

(Sapolsky 2004).  

The affect-object paradigm has not been applied to IS research. Although IS 

research has studied affect and emotion, these variables have generally been examined 

within the deliberative theoretical perspective explained earlier. For the most part, this 

perspective does not capture affect at the time of its occurrence. Rather, most of IS 

research has studied affect through self-reported measures after the fact, not during IS 

use. Furthermore, within the IS acceptance and continuance literatures affect is 

overwhelmingly studied through attitudes stemming from cognitive and evaluative 

beliefs (e.g., Bhattacherjee et al. 2004; Davis et al. 1989). Other IS research has explored 

individuals’ personal affective characteristics and affective responses and states to IS. For 

instance, affect traits studied in IS research include computer playfulness, personal 

innovativeness, negative affectivity, and trait anxiety (e.g., Agarwal et al. 1998; Igbaria et 

al. 1990; Webster et al. 1992). The affective reactions – or states – studied in IS research 

involve computer anxiety, perceived pleasure, engagement, cognitive absorption, 

perceived enjoyment, perceived fun, affective reward and satisfaction (e.g., Agarwal et 

al. 2000a; Bailey et al. 1983; Compeau et al. 1995b; Kim et al. 2007; Rai et al. 2002; 

                                                                                                                                                 

segregation of hormones, and physiological processes such as body temperature, hunger, and thirst. 
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Webster et al. 2006). Only few of the previous studies suggest a direct link between 

affective states and behaviors; for example, in an engagement state, people are involved 

in more playful, exploratory uses of IS (Webster et al. 1992).  

Although little IS research has focused on affect at the time of its occurrence, Sun 

and Zhang (2006, p. 305) propose a model with some similarities to the affect-object 

paradigm: their ‘Individual Interaction with Objects (IIO)’ model suggests that individual 

differences influence affective and cognitive reactions to IS, and that these cognitive and 

affective responses are intertwined and together determine the final behavioral intention 

or behavior of interaction with an IS. Thus, this new model for the role of affect proposes 

the interaction of both cognition and affect in determining users’ IS behaviors (Kim et al. 

2007; Sun et al. 2006).  

Despite the above research, the role of immediate affect on behavioral processes 

remains an understudied phenomenon in IS. In contrast, a faithful interpretation of the 

emotional perspective would lead to a radical conclusion that has not been portrayed in IS 

research: that of affect being primary to cognition (Mohr 1996). First, thoughts would be 

just “perceptions of what is going on in the affect-object system” (Mohr 1996, p. 92). 

Second, conscious cognitions would influence IS behaviors indirectly by “virtue of affect 

connected with those events themselves” (Mohr 1996, p. 95). For example, one might 

rationalize why a certain behavior is pursued by reflecting about the action or learn over 

time what behaviors work best for maximizing affect under certain situations. Thus, one’s 

conscious cognitions about a certain object can coincide with strong positive affect 

toward that object, thus influencing action by increasing the likelihood that the affect-
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object pair will be selected (Mohr 1996). Another point of discrepancy between the 

notion of affect proposed by Mohr (1996) and that studied in IS research is that of 

stability. In the affect-object paradigm, affect does not have the relative stability we 

associate with the concept of affect in IS research (when assessed through attitudes). 

Thus, the conscious intentions formed while someone sits at his/her desk – and proposed 

by the deliberative perspective – might be “forgotten” by the time s/he walks across the 

room and would be replaced, instead, with an instantaneous behavioral response to the 

affect-object pair that is most salient when s/he gets there. 

All in all, the emotional perspective emphasizes the role of affect in directing 

human behavior. That is, individuals respond to the strongest affect-object pair in the 

environment in a way to maximize positive affect and minimize negative emotion (Mohr 

1996). It holds much potential for IS research. 

Comparison of the Three Perspectives 

In order to further understand these three alternative takes on human behavior, it 

is important to highlight the differences and similarities between them (see Table 3.1). 

Perhaps the most important differences between the traditional perspective and both the 

ecological and emotional approaches are in the notions of perception and cognition. The 

former assumes that perception of the environment is indirect and mediated by cognition, 

while the latter perspectives emphasize the feasibility of direct perception. That is, 

individuals have the capability of sensing their environments and picking up information 

without having to engage in proactive cognitive processing. In the latter case, the role of 

the IT artifact, its characteristics and features, becomes a critical factor for IS behavior.  
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With respect to cognition, ecological psychology does not deny cognition but 

emphasizes its distributed nature between the environment and the individual and its 

coupling with action. That is, this perspective sees direct perception, action and cognition 

as intrinsically coupled with one another; only when individuals are removed from this 

stream of experience might they engage in more proactive and reflective thoughts (Heft 

2003). On the other hand, the emotional perspective does not view cognition as a direct 

factor influencing immediate behavior. Instead, cognition influences behavior indirectly, 

through the impact of experience and learning on affective tags. Conversely, the 

traditional perspective conceptualizes cognition as an individual’s proactive process 

where the perceived features of the IS at hand are rationally assessed in order to make a 

decision about future behaviors with IS. Furthermore, although the traditional perspective 

includes the possibility of automatic behavior through habit, it conceptualizes habit as 

having a moderating role between intentions developed from cognitive beliefs and future 

behaviors (Limayem et al. 2007). 

Finally, it is important to highlight the fact that the emotional perspective 

hypothesizes affect as a direct driver of behavior. It conceptualizes affect as a more 

transient state than the relative stable view of affect (e.g., attitude) held within much of 

the traditional IS research. For instance, whereas the concept of affect within IS 

continuance models follows the traditional psychology approach in that affect (attitude) 

results from cognition (cognitive beliefs such as ease of use: Sun et al. 2006), it does not 

contain the immediacy notion that the affect-object paradigm suggests: affect at the  
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Table 3.1. Comparison of the Three Perspectives 
Perspectives Theoretical 

Roots 

Perception Affect Cognition Intention Habit Use/Behavior 

Deliberative 

Perspective 

TRA, TPB, 
TAM,  
Habit 

Indirect 
perception 
(mediated by 
cognition) 

Mostly 
conceptualized 
as attitudes 
stemming from 
cognitive 
beliefs. 

Individuals hold 
beliefs about the IS 
and update these 
beliefs periodically 
through their 
experience with the 
system. 

Intentions are the 
result of conscious 
reasoning. 

Habit stems from 
the repetition of 
actions that were 
once cognitively 
driven, and is a 
factor that 
moderates the 
relation between 
intentions and 
behaviors after a 
system has been 
used for a while. 

Use has been 
primarily explored 
as a decision 
involving intentions 
or frequency, length 
or quantity of IS 
use. 

Ecological 

Perspective 

Works by J.J. 
Gibson and 
research on 
automaticity 

Direct 
perception  

Not explicitly 
conceptualized. 
However, in 
environmental 
urban planning, 
the objective is 
to create 
positive 
emotions. 

Cognition is a 
property of the 
human-environment 
interaction. However, 
much activity does not 
require conscious 
cognition, and 
cognition and action 
are intrinsically 
coupled with one 
another. 

Intentions and goals 
emerge from the 
situated interaction 
between the user and 
the IS environment, 
and they are not an 
exclusive property of 
an individual but a 
property of the 
individual-
environment system. 

There are 
automatic 
reactions to the 
environment as a 
result of priming 
cues or learned 
goals.  

Use is the unfolding 
interaction between 
the user and the 
system. 

Emotional 

Perspective 

Neuroscience, 
physiology, and 
social sciences 

Direct 
perception 

Affect is the 
primary driver 
of behavior 

Cognitive processes 
rationalize behavior or 
influence behavior 
indirectly through 
learning and 
experience 

Intentions are affect 
driven, stemming from 
affective reactions to 
the environment, and 
not the result of 
reasoning.  

Not 
conceptualized  

Use is the unfolding 
interaction between 
the user and the 
system. 
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moment in which the individual feels it, not as a result of cognitions, but as an immediate 

reactive response to the environment.  

Summary 

Three alternative perspectives to human behaviors were introduced. The first one, 

the deliberative perspective, emphasizes the proactive and reasoned ways in which 

individuals drive their behaviors. The latter two emphasize the fact that most human 

behavior is unconscious and give a prominent role to the environment in setting the 

processes by which individuals modify their behaviors. As a result, in the next section a 

theory developed mainly from the implications of the ecological and emotional 

perspectives will be introduced. 

A Theory of IS Post-Adoption Behaviors 

When looking at the emotional and ecological perspectives, it is clear that what 

occurs in the environment has implications for affective, cognitive, and behavioral 

processes. Within the context of everyday IS use, a main part of the environment is the IS 

itself and the different events that it can trigger. As a result, this theory will look at the 

different affective, cognitive and behavioral processes that are likely to be associated 

with certain IS-related events. This will be accomplished through the development of 

process propositions. Further, because most IS use is instrumental (Barki et al. 2007; 

Burton-Jones et al. 2006) in the sense that it is done in order to achieve the 

accomplishment of a certain task, these affective, cognitive, and behavioral processes are 
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theoretically associated to task performance through the development of variance 

propositions (see Figure 3.1).  

Figure 3.1. Main Theoretical Framework 

 

This theory explores how users’ affect, behaviors, and cognitions are shaped by 

computer-related events as they unfold over time. At the same time, these affective, 

cognitive, and behavioral processes are theoretically associated with task performance. In 

Figure 3.1, computer-related events are defined as positive or negative incidents during a 

user’s interaction with an IS (Benbunan-Fich 2001). Positive incidents might be 

discoveries of new functionality of the IS, while negative ones might include 

misunderstandings or difficulties. Affective processes refer to feelings and emotional 

states that fluctuate over time and entail the expression of both felt emotions towards an 

event, object or person or emotions that are not linked to anything specific (Mohr 1996; 

Parkinson 1995). Cognitive or thought processes are defined as an individual’s thoughts 

and attentive processes and states during IS use. Behavioral processes are actions that 

Computer-related 

Events 

Affective/Emotional 

Processes 

Cognitive/Thought 

Processes 

Behavioral Processes 

Task Performance 

IS Post-Adoption Use 
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occur during IS use, such as modifications about the way in which a system is being used. 

Finally, (short-term) task performance is an assessment of effectiveness; that is, the 

extent to which an individual’s progress and output meets task goals (Burton-Jones et al. 

2006).   

IS Post-Adoption Behaviors 

IS post-adoption use is defined here as a process, an evolving activity with 

changes over time. As such are the cognitions, emotions, and behaviors during user-

system interactions. Thus, one task for theory and research is to characterize the 

trajectories of the behaviors involved in post-adoption IS use. 

One way in which to start building theory is to focus on the different types of 

events that might occur (Langley 1999). This approach is especially suited for post-

adoption behaviors because they are built upon processes and events. For my theory, I 

classify the types of events that might occur during post-adoption use, analyze the 

cognitive, affective, and behavioral processes that are likely to be associated with them, 

and suggest consequences for performance. Before doing so, I outline the assumptions 

underlying my theory. 

Assumptions 

When developing any theory one must clearly state the assumptions on which it is 

grounded (Bacharach 1989). Ontologically, because I see use as a behavior that occurs 

and changes over time, I conceive its reality as a sequence of processes and events 

(Sabherwal et al. 1995). From an epistomological point of view, I believe that IS use is 
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observable and thus, objective (Sabherwal et al. 1995). It is important to note that 

objective realitiy does not mean that reality is fully predictable. Many philosophers, 

psychologists, and social scientists argue that action is objective and probabilistic yet 

unpredictable because the number of choices for human action is infinite (Mohr 1996). 

Such views explore human action in a general and broader context of complete 

‘freedom’. In contrast, I assume that human action is more constrained, especially in the 

context of using an IS for work-related purposes. In this theory, the environment of IS 

use is “sufficiently structured so that the minimum number of action choices is presented 

to an actor in a given situation” (Johnston et al. 2005, p. 61). 

Process Propositions About IS Post-Adoption Use 

From the literature on IS (Benbunan-Fich 2001; Jasperson et al. 2005), we know 

implicitly that two types of events can happen while one is using an IS: the outcomes of 

the interaction match one’s expectations (e.g., the user experience with the IS is smooth 

in that interactions are free of unexpected computer-related events) or the outcomes of 

the interaction do not match one’s expectations (e.g., the user experiences an unexpected 

computer-related event or is requested to use the system differently9). I will refer to the 

former as expected events and to the latter as computer-related unexpected events. 

Unexpected events can be further classified as positive or negative. Computer-related 

positive unexpected events, for example, might occur when a user discovers new 
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functionality of an application that would make his/her task easier. On the other hand, 

computer-related negative unexpected events occur when a user experiences a difficulty 

or misunderstanding with the system. Negative unexpected events have been also called 

action slips (Norman 1981), errors (Reason 1990), and critical episodes (Benbunan-Fich 

2001). Furthermore, negative unexpected events can be classified as short-term or long-

term. Short term unexpected events are those in which the incident is solved in a relative 

short amount of time. In contrast, long-term unexpected events are pervasive in that the 

incident is not solved.  

Now that we know the types of events that are likely to occur during IS post-

adoption use, some propositions concerning the relations of these events to affective 

states, cognitive states, and behaviors are developed. These are summarized in Table 3.2. 

and Figure 3.2. 

Expected Events 

All three perspectives highlight the importance of habit when events are expected. 

The deliberative perspective suggests the influence of habit in the absence of computer-

related incidents. Similarly, the ecological perspective would suggest that when a person 

has been using an IS for a while, she/he will likely exhibit a habitual or regular pattern of 

interaction with it (Bargh 1997; Verplanken et al. 1998; Wood et al. 2002). That is, the 

user will have already learned and become skillful with the IS and thus is familiar with it 

                                                                                                                                                 

9 Because of the focus of this thesis is on the individual level of analysis, I focus on those 
interactions in which an unexpected computer-related event might occur, leaving organizational-level 
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(Johnston et al. 2005). This pattern of user-computer interaction is characterized by the 

match between the user’s expectations and the system’s outcomes, with no major 

incidents occurring while using the system.  

 

Table 3.2. Summary of Process Propositions 

Events Emotions Behaviors Thoughts 

Expected 

Events 

P1: (a) Neutral or (b) 
weakly positive with 
respect to the system, and 
(c) most salient unrelated to 
the system 

P2: No change 
 

P3: Non-computer 
related thoughts 
 

�egative 

Unexpected 

Event 

P4: (a) Negative and (b) 
most salient related to the 
system. 

P6a: Change in behavior 
P6b: Trial-and-error 

P5: Computer-
related thoughts 

P8: (a) Negative affect 
diminishes and (b) most 
salient unrelated to the 
system 

Short-Term 

�egative 

Unexpected 

Event (Incident 

Solved) P9: (a) Positive and (b) 
most salient related to the 
system and (c) its salience 
will fade over time 

P7: (a) Back to routine 
behavior 

P7: (b) Non-
computer related 
thoughts 

P10: (a) Negative and (b) 
most salient related to the 
system 

P11: Behavior slows 
down 

P12: Computer-
related thoughts 

Long-Term 

�egative 

Unexpected 

Event (Incident 

Continues) 

P14: (a) Negative, (b) most 
salient related to the system 
and (c) its salience will fade 
over time 

P13a: Change in 
behavior 
P13b: Behavior towards 
activity that does not 
involve the problematic’ 
part of the system 

P15: (a) Computer-
related thoughts but 
(b) will become non-
computer related 
over time 

Positive 

Unexpected 

Event 

P16: (a) positive with 
respect to the system and 
(b) most salient related to 
the system 

P17: Add learned 
procedure to range of 
routine behaviors with 
the system 

P18: Computer-
related thoughts 

 

                                                                                                                                                 

interventions for future research. 
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From an emotional perspective, we know that the major function of affect is the 

prioritization of human responses by enhancing important stimuli (Anderson et al. 2001; 

Carver et al. 1981; Sapolsky 2004; Simon 1967). When the user-system interaction is 

“normal” and “expected”, we can infer that the user’s emotional experiences will be 

neutral or weakly positive concerning the system in comparison to any other emotion 

experienced concerning the rest of the environment. In this situation, affect will not 

provide the necessary motivation to modify behaviors (Bechara et al. 2000; Mohr 1996). 

Therefore, the user will not change his/her current behavioral pattern and will continue 

his/her normal habitual behavior with the system (Bargh, 1997, Bargh, 2002, Bargh et al., 

2001, Mohr, 1996). Consequently, 

PROPOSITIO� 1. When an expected event occurs, the user’s affect with respect 

to the system will be either (a) neutral or (b) weakly positive, and (c) his/her most 

salient affect will be unrelated to the system. 

 

PROPOSITIO� 2. When an expected event occurs, the user’s behavior with the 

system will remain the same, that is, he/she will follow his/her normal pattern of 

interactions with the system. 

 

Turning to cognition, the ecological perspective would suggest that as users 

engage more and more in the use of an IS, they do not need to select what to do next, how 

to do it, or when to do it (Waller et al. 2006). That is, they do not need to consciously 

think about the system as they interact with it while pursuing their goals (i.e., tasks). In 

this situation, users do not represent or translate data perceived through their senses to an 

abstract model of the world in order to act upon a system, but rather act in direct response 

to that system (Gibson 1971/1982; Heft 2003). It is clear, then, that users’ thoughts and 

attention have little to do with the system itself in this situation. This means that when a 
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system is working properly, users do not even notice it since it allows them to focus on 

the task (or bigger project) that they are  trying to accomplish (Johnston et al. 2005). 

Thus, it can be inferred that users’ thoughts have little to do with the system itself when it 

is working as expected. This conclusion is further supported by psychological research on 

attention.  

The most accepted and famous definition of attention was provided by William 

James: 

Everyone knows what attention is. It is the taking possession by the mind in clear 
and vivid form, of one out of what seem several simultaneously possible objects 
or trains of thought… It implies withdrawal from some things in order to deal 
effectively with others (James, 1890/1950, p. 261). 
 

That is, attention is the cognitive process of selectively concentrating on one thing while 

ignoring others. Examples of attention include the cocktail effect or carefully listening to 

what someone is saying while ignoring other conversations in the room (Cherry 1953). 

Hence, one could argue that if the user is performing a task, the user’s attention and 

thoughts are likely to concern this task. Still, mind-wandering research (e.g., Antrobus et 

al. 1970), a subfield within attention, points to a competing account on the matter of the 

object of attention. That is, it could also be possible that the user’s attention will be drawn 

towards something else unrelated to and decoupled from the environment at hand 

(Smallwood et al. 2003). In this situation, the complexity and difficulty of the task or its 

straightforwardness might drive the user’s attention. For straightforward tasks, the user is 

likely to experience mind-wandering and have no memory of the surrounding 

environment (including the system) when preoccupied with other thoughts (Smallwood et 

al. 2003).  
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As long as events are expected, users are not required to engage in thoughts and 

cognitive processing about the system at hand (Shaw 2001). The emotional perspective 

and automaticity further support this point. For example, Wood et al. (2002, p. 1281)  

found that “when participants were engaged in habitual behavior, defined as behavior that 

had been performed almost daily in stable contexts, they were likely to think about issues 

unrelated to their behavior, presumably because they did not have to consciously guide 

their actions”. Overall, we can conclude that when there are expected events during the 

use of a computer system, the system is very unlikely to be a matter of the users’ 

thoughts. Thus, 

PROPOSITIO� 3. When an expected event occurs, the user’s thoughts will be 

non-computer related. 

 

�egative Unexpected Events 

When a negative computer-related incident occurs, users’ are likely to engage in 

emotional arousal. Early research on computerized environments noted the impact of 

negative computer-related incidents on stress reactions and state anxiety. For example, 

results of a study capturing self-reports of mood and alertness as well as blood pressure, 

heart rate, and excretion of adrenaline found that stress and mental strain occurred with 

unpredicted interruptions of system operation and delayed response times (Johansson et 

al. 1984). Additionally, later studies have found that users exhibit a significant increase in 

state anxiety during poor or variable system response times (Guyness 1988). 

The emotional perspective provides further support for emotional arousal. Our 

responses to environmental objects are governed by the autonomic nervous system within 
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our bodies (Bloom et al. 1985; Sapolsky 2004). The part of the autonomic nervous 

system that is turned on when we encounter a stressor is called the sympathetic nervous 

system (Bloom et al. 1985; Sapolsky 2004). This system kicks into action during 

emergencies, or what we think of as emergencies. This system incites arousal and thus, 

negative emotions, such as stress (Sapolsky 2004). That is, our bodies are programmed to 

experience emotion and arousal when attending to those environmental clues that matter 

to us at that moment (Aggleton et al. 1986; Mishkin et al. 1987). As a result,  

PROPOSITIO� 4. When an unexpected computer-related negative event occurs, 

the user’s affect with respect to the system will be (a) negative and (b) his/her 

most salient emotion will be related to the system. 

 
When a negative computer-related event occurs, I expect that thoughts will be 

focused on the system. Both the emotional and ecological perspectives suggest that 

attention will be redirected towards the system. As described earlier, most behavior is 

automatic in routinized settings. However, when interventions or interruptions occur, the 

user will pay attention to what is going on in the environment in order to adjust his/her 

behaviors. That is, automatic behaviors are likely to come under cognitive scrutiny when 

the person is ‘motivated’ to think about them (Louis et al. 1991). In these situations, the 

user is not likely to think about future plans to use or not use the system, as in the 

deliberative perspective. In contrast, I propose that the user will pay attention to the 

system, likely directing his/her thoughts towards how the problem might be repaired and 

changing his/her behaviors as s/he tries to cope with the event. Thus:  

PROPOSITIO� 5. When an unexpected negative event occurs, the user’s 

thoughts will be computer-related. 
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When a computer-related incident occurs, there is a variety of possibilities for 

users’ behaviors. From the ecological perspective, we know that users adjust their 

behaviors automatically as they perceive what is occurring in the environment. From the 

emotional perspective, these behaviors will depend on the negativity or positivity of the 

incident. For example, when an error occurs (e.g., the system freezes) the user is likely to 

experience negative emotion (e.g., stress), and thus engage in activities aimed to reduce 

the intensity of this emotion. That is, the user will respond immediately without taking 

time to engage in a thoughtful evaluation of the situation.  

According to the emotional perspective, this example represents a situation in 

which the strongest affect is a negative one related to an object currently being 

experienced (i.e., the system). Thus, in this case, “instead of maintaining the individual in 

the present behavior pattern relative to the object, the signals are such as to bring about 

change” (Mohr 1996, p. 74). This behavioral change will help the user to escape from the 

experience of distress. Therefore, when a system becomes the source of a negative 

emotion that is experienced as the strongest affect, the user will change his/her behavioral 

pattern with respect to the system in order move the object to a state in which it is no 

longer a source of stress.  

As mentioned before, the sympathetic system not only mediates arousal, it also 

intercedes with activation and mobilization and is responsible for what is called the ‘fight 

or flight response’ (Sapolsky 2004). Thus, the sympathetic system prepares our muscles 

for immediate action and is very efficient in situations for which we need to react 

immediately and that will not last more than several minutes (Sapolsky 2004). Research 
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on organizational behavior also argues for a behavioral change by suggesting that 

affective reactions on choice occur through the activation of positive emotion seeking 

goals – or minimization of negative emotion - such as gratification (Shiv and Fedorikhin, 

2002). Consequently, 

PROPOSITIO� 6a. When an unexpected computer-related negative event 

occurs, the user changes his/her behavior with the system.  

 

In the case of a negative unexpected event, research on coping, a major topic on 

adaptation behavioral research, provides insights on the specific behavioral processes that 

are likely to be followed. Coping mechanisms – or a person’s cognitive and behavioral 

changes to manage external demands (Lazarus et al. 1984) – are aimed at decreasing 

negative affect through the performance of specific behaviors (Folkman et al. 1988). 

Because of the immediacy of the problem and the low cost of attempting to solve it, 

cognitive appraisal, an ‘action-based’ coping mechanism is likely to follow (Folkman et 

al. 1988). Within this type of coping mechanism, the user is likely to deal with the 

incident that is causing the stress immediately, often through trial-and-error, in order to 

ameliorate the ‘problem’ and thereby reduce negative affect (Folkman et al. 1986). The 

user-interaction with the system continues but in the form of trial-and-error. This change 

of behavior is aimed at altering the state of the system. Through these behavioral 

changes, the incident with the system can sometimes be solved. That is, the user is likely 

to continue using the system, looking for a solution via intuitive action. Consequently, 

PROPOSITIO� 6b. When an unexpected negative event occurs, the user’s 

behavioral change is likely to be in the form of trial-and-error behavior. 
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Short-Term �egative Unexpected Events 

If the problem (e.g., error) is resolved soon after a change in behavior, that is, 

after a few trial-and-error interactions, the individual is likely to switch his/her attention 

back to the task and to behave in a normal automatic way with the system. In this case, 

the negative affect that the user was associating with the system during the incident is 

likely to diminish, and the user’s most salient emotion is likely to be unrelated to the 

system. Hence, 

PROPOSITIO� 7. When the behavior solves the negative computer-related 

incident, the user will revert to his/her normal behavior, that is, he/she will 

follow (a) his/her ordinary and routine pattern of interactions with the system 

and (b) his/her thoughts will be non-computer related. 

 

PROPOSITIO� 8. When the behavior solves the negative computer-related 

incident, (a) the user’s experience of negative affect attached to the system 

diminishes and (b) his/her most salient affect will be unrelated to his/her 

emotions with respect to the system. 

. 

We can also propose a competing proposition with respect to affect (Proposition 

8). Once the negative computer-related incident has been solved, it is possible that the 

user will experience positive affect (e.g., relief or pride) from his/her resolution of the 

incident. Resolving the incident through a coping mechanism of trial-and-error may 

moderate the emotional outcome, changing the state of negative affect at the beginning of 

the incident to a positive one (Folkman et al. 1988). As a result, 

PROPOSITIO� 9. When the behavior solves the negative computer-related 

incident, (a) the user’s experience of negative affect  attached to the system turns 

to positive, (b) his/her most salient affect will be related to his/her emotions with 

respect to the system, and (c) the salience of this affect will fade over time. 

 

Not all computer-related events are solved soon after the user engages in trial-

and-error behaviors. In these situations, the computer-related incident continues, and as 



70 

such, other behavioral, cognitive and affective processes are likely to take place as 

described next. 

Long-Term �egative Unexpected Events 

If after a few trials the incident (e.g., the error) continues, the user will try to take 

further action. In this case, the individual will try to find a solution in order to reduce 

his/her negative feelings. The stressor will still be there and stress will still be 

experienced. In our artificial world, the response to a stressor or the experience of stress 

can last much longer than a few minutes (Sapolsky 2004). For example, research has 

shown that when the source of stress does not disappear, both the biological and 

emotional experiences of stress do not vanish either (Leedy et al. 1971; Sapolsky 2004). 

In a study in which chess players’ breathing rates, blood pressure, and muscle 

contractions were monitored before, during, and after major tournaments, tripling of 

breathing rates, muscle contractions, and blood pressure where found during major 

competitions (Leedy et al. 1971). Thus, negative affect will continue when the negative 

incident cannot be overcome quickly, that is, it lasts longer than a few trials. Hence, this 

negative affect will be related to the system: 

PROPOSITIO� 10. When the negative computer-related unexpected event 

continues, (a) the user will continue experiencing negative emotion with respect 

to the system and (b) his/her most salient affect will be related to the system. 

 
The ecological perspective suggests that when we are using an object and the 

object is not performing as we wish (even after some attempts to resolve the problem), 

we are likely to slow down our flow of activity with the object at hand (Heft 2003). When 

this happens, our taken-for-granted world will be called into question. For example, a 
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broken hammer forces us to slow the activity that can be accomplished with the hammer, 

and thus, changes our behavior. In this case, we are likely to “step outside” of the flow of 

immediate experience (Heft 2003). When an unexpected event continues, and the user’s 

capabilities and behaviors with the system are not appropriate for correcting the error, the 

user will slow his/her interaction down in order to allow for more thoughtful cognitive 

processing to kick in (Heft 2003; Norman 1990).  Therefore,  

PROPOSITIO� 11. When the negative computer-related unexpected event 

continues, the user will slow down his/her interaction with the system. 

 

When the user slows down his/her interaction with a ‘problematic’ system, this 

allows for better assessments of the situation to take place. This slowing down provides 

an opportunity for the user’s thoughts to be directed toward the system (Heft 2003) and to 

engage in cognitive processing in order to solve the problem. The literature on 

automaticity also points out that when the environment is not behaving as ‘normal’, 

people are likely to think about what is going on (Louis et al. 1991). That is, when an 

unexpected negative event is pervasive, the user is likely to engage in cognitive 

processing about the system and his/her behavior with it. The object of these thoughts is 

more likely to be in the form of causes of the problem and/or possible solutions, rather 

than on system evaluations (such as “is the system easy to use?”, based on the 

deliberative perspective). Accordingly, 

PROPOSITIO� 12. When the negative computer-related unexpected event 

continues, the user’s thoughts will be computer-related. 

 

A competing suggestion for pervasive unexpected events can be made based on 

the emotional perspective. Since coping mechanisms are dynamic and are linked to 
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temporal factors, people might try one strategy but change to another on the basis of 

feedback (Folkman et al. 1986; Lazarus 1993; Lazarus et al. 1984). For example, after an 

unsuccessful trial-and-error process, ‘emotion-focus’ coping might take place. This type 

of coping mechanisms is aimed at reducing the symptoms of stress without addressing 

their actual source (Lazarus et al. 1984) and it is helpful for adaptation under certain 

circumstances (Lazarus 1993). This coping mechanism is often used when the source of 

stress cannot be addressed directly (Lazarus et al. 1984), as it is the case of pervasive 

incidents. Thus, the user would not confront the incident; instead, he/she would try to 

avoid it in order to reduce the experience of negative affect (Mohr 1996). In this case, the 

user would switch to another task or work on something else that does not require the 

problematic part of the system to work as expected.  

It is important to note that avoidance is quite different from asserting that the user 

will decide not to continue using the system, as the deliberative perspective suggests. The 

behavioral modification via avoidance of the ‘problematic’ part of the system is a 

temporary and contextually bounded act, as opposed to a well thought out and reflective 

decision based on cognitive beliefs and attitudes formed over time. The rest of the system 

might actually be used for some other purpose or in another way. This switch of activity 

‘frees’ the user from the ‘error’ and allows the user to engage in thoughts that are likely 

to be related to the new activity or task at hand. Furthermore, although the sources of 

stress still exist, the salience of this negative affect is likely to fade as concentration on 

something else is being experienced, pointing to the ambivalence of human emotions at 

any given time (Weigert 1991). Thus, 
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PROPOSITIO� 13. When a negative computer-related unexpected event 

continues, the user (a) changes his/her behavior and (b) this behavioral change 

is likely to be in the form of an activity that does not involve the ‘problematic’ 

part of the system. 

 

PROPOSITIO� 14. When the user engages in the new activity, (a) the user 

experiences negative affect related to the system (b) his/her most salient emotion 

will be related to the system but (c) will fade over time as the user engages in a 

new activity. 

. 

PROPOSITIO� 15. When the user engages in the new activity, the user’s 

thoughts (a) will initially be computer-related but (b) will become unrelated to 

the system over time as the user engages in a new activity. 

 

Positive Unexpected Events 

Positive unexpected computer-related events occur when users discover a new 

function or a new way of using the system that makes their work easier to accomplish. 

When the computer-related incident is positive, users are likely to feel good or experience 

positive affect since the event is helping them perform their tasks better or quicker. The 

experienced affect is likely to be related to the system.  

According to neuroscience research, affect (either positive or negative) plays an 

essential role in the creation of memories (Anderson et al. 2001). That is, events for 

which affect is more intense are more likely to be remembered in the future than those for 

which affect is less intense (Anderson et al. 2001). Thus, when faced with positive 

events, users are likely to add the learned procedures to their range of behaviors with the 

system. When faced with the same situation, they will automatically remember the 

procedure that can help them.  

In terms of thoughts, users are likely to have computer-related thoughts when 

unexpected positive events occur. That is, users might think about the possibilities that 
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applying the feature offers for the activity at hand (e.g., the task is done in a more 

automatic way so I can do this faster) or think about how the new procedure might 

positively impact their performance with the task. As a result,  

PROPOSITIO� 16. When an unexpected positive event occurs, the user’s affect 

with respect to the system will be (a) positive and (b) his/her most salient emotion 

will be related to the system. 

 

PROPOSITIO� 17. When an unexpected positive event occurs, the user will add 

the learned behavior to his/her range of ordinary interactions with the system.  

 

PROPOSITIO� 18. When an unexpected positive event occurs, the user’s 

thoughts will be related to the system.  
 
The IS post-adoption process propositions are summarized in the following 

process model.  
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Figure 3.2. Process Model of Post-Adoption Behaviors with IS 
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Variance Propositions About Task Performance 

This group of propositions includes the influence of affective states, cognitive 

processes, and behaviors on task performance (see Table 3.3) and is portrayed in a 

variance model (see Figure 3.3).  

It was stated earlier that process theories provide a combination of actions that 

cause an outcome and that outcomes can be partially explained by predictors or 

dependent variables (Sabherwal et al. 1995). Although process and variance models make 

different ontological assumptions10, they share the epistemological view that “the social 

world is objective and observable” (Sabherwal et al. 1995, p. 307). Because the 

epistemological assumptions are the same, variance and process models inform one 

another, and can be reconciled in order to provide the means by which to address 

complex research problems (Sabherwal et al. 1995). According to Newman and Robey 

(1992, p. 250), process oriented theories “provide the story that explains the degree of 

association between predictors and outcomes”. Thus, because the processes involved 

during IS use might lead to task performance, this section proposes a variance model of 

the emotional, cognitive and behavioral factors that influence task performance during 

post-adoption IS use. 

The outcome in relation to IS use must be context-specific and bound to the 

particular task trying to be accomplished by the user (Burton-Jones & Straub, 2006). 
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Thus, the most relevant outcome for IS individual post-adoption behavior is short-term 

task performance (Burton-Jones & Gallivan, 2004; Burton-Jones & Straub, 2006). Of 

course, good performance for a particular task is dependant upon the setting, the 

individual and other contextual factors (Burton-Jones & Straub, 2006). In spite of this, 

some general conclusions about individual task performance can be drawn and these are 

described next. 

Table 3.3. Summary of Propositions of Process Effects on Task Performance 

 

Dimension 

 

Independent Variables 

 

Task Performance 

  
Frequency of Use  

 
Expectation 19: No relation 

 
Affect 

 
P20: Positive relation 

 

Emotions 

 
Engagement 

 
P21: Positive relation 

 
Cognitive load 

 
P22: Negative relation 

 

Thoughts 

 
Computer-related thoughts 

 
P23: Negative relation 

 
Task-related behaviors 
 

 
P24: Positive relation 

Coping behaviors 
 

P25: Positive relation 

 

Behaviors 

Avoidance behaviors 
 

P26: Negative relation 

 

 

 

                                                                                                                                                 

10 Variance models assume that social reality can be constructed as a system of interrelated 
variables whereas process models construct social reality as a sequence of processes and events (Sabherwal 
& Robey, 1995).  
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Expectations about Frequency of Use 

Before starting to theorize about how the different emotions, thoughts and 

behaviors influence task performance, it is important to address one implied myth in 

much of the deliberative approach concerning use, specifically that frequency of use 

leads to positive outcomes such as task performance (Goodhue and Thompson (1995). 

Despite this myth, there is little explicit evidence that supports a link between the level of 

utilization of a system and task performance. Utilization might be higher for a poor 

system without it leading to performance (Goodhue et al. 1995). Further, an individual 

might spend more time using a system as a result of typing slowly or because the system 

is problematic and is not working properly. This, in turn, would have a negative or no 

effect on task performance. Early IS research also pointed out the possibility that use 

might not relate to task performance. Pentland (1989) suggested that frequency or 

quantity of IS use has little positive impact on performance and even a possible negative 

effect. Other research has found small positive impacts of use on task performance. For 

example, Goodhue and Thompson (1995) reported in their task-technology fit study that 

use explained 4% of the variance in performance. Later, Igbaria and Tan (1997) found 

that system use had small effects for individuals - as measured by perceived decision 

making quality, performance, productivity, and effectiveness - on the job. All in all, there 
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is no theoretical reason to believe that frequency of use leads to higher performance11. 

Thus, 

EXPECTATIO� 19. Frequency of use is not related to task performance. 
 

Propositions about Effects of Emotions on Task Performance 

As was seen with the emotional perspective, emotions are the main drivers of 

behavioral patterns. Given that the outcome of a task is a result of some behavior, it is 

plausible that emotions occurring during a certain behavior are factors that impact task 

performance. Thus, it is expected that negative affect will have an overall negative 

impact on task performance. Research in organizational behavior supports the idea that 

negative affect (i.e., anxiety) influences performance-related outcomes (i.e., job 

performance) negatively - highlighting the importance of the interplay between affective 

factors and performance (Lubbers et al. 2005; Reio et al. 2004).  

Research has also shown how positive emotions help employees obtain favorable 

outcomes at work, such as better supervisor evaluations and more social support (Staw et 

al. 1994). Recent research on the topic also supports a positive relation between positive 

affect and creativity (Amabile et al. 2005); and between positive affect and task 

performance (Fisher et al. 2004). Further, research on developmental psychology 

proposes a correlation between positive emotion and exceptional performance among 

gifted children (Winner 2000). Neuroscience research also highlights the systematic 

                                                 

11 It is possible that specific behaviors during use can have some impacts on task performance. 
This derives from the previous section (see Table 3.2) and it will be explained later. 
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influences of positive affect on cognitive tasks. Positive affect has positive impacts on 

memory and creative problem solving thanks to the increase of dopamine release that 

positive affect triggers (Ashby et al. 1999; Isen et al. 1987). As a result, it is expected that 

(more positive) affect will positively relate to task performance:  

Proposition 20: Affect is positively related to task performance. 
 
As described earlier, an emotional state that has captured users’ feelings during IS 

use is engagement (Webster et al. 1997; Webster et al. 1993). Within the IS literature, 

engagement is the feeling that the interaction with the system has caught, captured, and 

captivated the user’s interest (Jacques et al. 1995). Engagement is likely to relate to 

performance because it includes dimensions of curiosity, focused attention, and intrinsic 

interest. There is empirical evidence supporting this link. In a recent article, Webster and 

Ahuja (2006) theoretically argued and empirically demonstrated that in the context of 

web navigation, engagement is positively related to more effective web searches. 

Furthermore, earlier research in IS has supported a positive relation between flow, an 

engagement related construct, and performance. For example, it has been shown that 

higher flow relates to better training outcomes (Treviño et al. 1992; Webster et al. 1995) 

and better quality of output (Davis et al. 1992). Consequently, 

PROPOSITIO� 21: Engagement is positively related to task performance. 
 

Propositions about Effects of Thoughts on Task Performance 

Cognitive load represents one construct that can be used to explore the effects of 

thought processes on task performance. Cognitive load (also referred to as information 

overload, or cognitive overload) “occurs when the amount of input to a system exceeds 
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its processing capacity” (Speier et al. 1999, p. 338) and can be defined as “the load that 

performing a particular task imposes on the cognitive system” of individuals (Paas et al. 

1994, p. 353). The main idea behind the cognitive load concept is that individuals have a 

limited cognitive processing capability (Miller 1956). It is not only the amount of 

information that affects overload but also the characteristics of that information 

(Schneider 1987). Thus, cognitive load is influenced by the characteristics of the specific 

task being conducted as well as by other characteristics affecting how the task is 

presented (i.e., the existence of a computer-related difficulty) (van Merriënboer et al. 

2005). Most research states that these characteristics, and thus, the number of information 

cues is a determinant of information overload (Evaristo et al. 1995). From a sensemaking 

perspective, it is also argued that overload is not just a matter of information cues but also 

a matter of how these cues are interpreted (Sutcliffe et al. 2008). 

Cognitive load directly influences performance because it can impair the 

capability of effectively processing relevant information. That is, one manifestation of 

cognitive load is the inability to select and screen out relevant and irrelevant information 

(Jacoby 1984) and a general lack of perspective (Schneider 1987; Sparrow 1999). When 

individuals cannot effectively select relevant information and disregard irrelevant cues, 

they are likely to perform lower. Accordingly, in the management field, there is support 

for a negative impact of cognitive load on performance. For example, it has been found 

that cognitive overload has a negative influence on decision quality (Chewning et al. 

1990) and that high overload decision making takes longer and increases confusion 

(Malhotra et al. 1982). Communication research also supports a negative relation 
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between cognitive load and performance. For example, higher cognitive load during 

communicating episodes leads to greater process losses, such as response times and 

confusion (Cameron 2007). As a result, 

PROPOSITIO� 22: Cognitive load is negatively related to task performance.  
 
Some conclusions can also be drawn about users’ computer thoughts during post-

adoption use. As discussed earlier, the ecological and emotional perspectives argue that 

when a system is performing as expected, it goes unnoticed by the user. In this case, the 

system is a means to a greater end to which, presumably, the user would direct his/her 

attention. This implies that when the user’s thoughts are non-computer related, the use of 

the system is running smoothly and the system is performing properly for the task at 

hand. On the other hand, we can infer that if the user’s thoughts and attention are aimed 

towards the system, the user’s activity with the system has been interrupted and thus, the 

user has had to temporarily stop his/her activities towards the completion of the task.  

User-related thoughts should be related to the system in the case of both negative 

and positive computer-related events. During positive events these computer-related 

thoughts likely to be more ephemerous because positive events do not interrupt the 

accomplishment of the task at hand. In contrast, in the case of negative events, computer-

related thoughts are likely to occur for a greater period of time and in the form of finding 

a solution and/or dealing with the problematic incident. It has been found that when 

individuals experience thoughts that are not related to the task (e.g., distractive thoughts), 

these lead to worse performance (in terms of performance times) (de Fockert et al. 2001), 

and that off-task thoughts can impair performance (Mikulincer et al. 1990). Thus, these 
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thoughts are likely to have detrimental effects for the task being accomplished and thus, 

lead to lower performance. As a result,  

PROPOSITIO� 23: Computer-related thoughts are negatively related to 
performance. 

 

Propositions about Effects of Behaviors on Task Performance 

The process theory explained earlier suggests that there might be a relation 

between different patterns of behaviors during use and task performance. Burton-Jones 

and Straub (2006) argue that in order to link behaviors occurring during use with task 

performance, one has to pay attention to the contextual characteristics of those behaviors. 

Thus, in order to establish this potential relation, the behavioral processes described 

earlier need to be categorized: 

i. It was proposed earlier that in the absence of a computer-related incident 

or in the occurrence of a positive one, the user is likely to follow a normal 

behavioral pattern with the system, hopefully aimed at performing the task 

at hand. Thus, this type of use is going to be referred to as: task-related 

behaviors. 

ii. When there is a negative unexpected computer-related incident, it was 

proposed earlier that the user is likely to attempt to deal with the incident 

in a timely manner in order to neutralize the source of negative emotion. 

Hence, this type of use is going to be called:  coping behaviors. 

iii. If the negative computer-related incident prevails, the user is likely to 

either a) slow down and/or stop his/her system activities to perform the 
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task or b) engage in activities that do not involve the problematic part of 

the system. Thus, this type of use is labeled: avoidance behaviors. 

Once we have distinguished between different types of behaviors, we can propose 

some relations between these types of behaviors and task performance. First, task-related 

behaviors mean that the user is interacting with the system to perform the task and that 

everything appears to be going as planned, at least with the system. As a result, this type 

of behavior is routine and habitual with respect to the computer interaction and allows 

users to direct their attention to more important task-related matters. Thus, it is likely that 

this type of behavior will relate positively to task performance. Second, with respect to 

coping behaviors, it was argued earlier that the user is likely to follow a problem-focused 

approach in which s/he responds to the negative computer-related event immediately, 

confronting the problem in an attempt to ameliorate it and thereby reduce negative affect 

(Folkman et al. 1988). During this type of behavior, the user is confronting the problem 

and hopefully getting to a solution or working around the problem in one way or another. 

Perhaps the most important thing is that this type of behavior shows commitment towards 

the accomplishment of the task, and the user’s willingness to overcome the difficulty to 

resume the task. This type of behavior is likely to positively influence task performance 

because the user is carrying out actions necessary for the proper accomplishment of 

his/her goal. That is, although this type of behavior is not part of the task, it is still 

necessary for its appropriate accomplishment. As a result, this type of behavior will 

positively influence task performance. Finally, avoidance behaviors mean that the user is 

trying to avoid confronting the negative computer-related event, either because of s/he 
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does not know how to solve it or because the event has been going on for a while despite 

his/her efforts. The user is likely to engage in an emotion-focused coping strategy. This 

strategy is aimed at managing and moderating negative emotions attached to the incident 

without addressing it (Folkman et al. 1980; Folkman et al. 1986). In emotion-focused 

coping, the user does not confront the incident; instead, s/he will try to avoid it, either by 

stopping his/her efforts altogether or by engaging in another activity. As a result, 

avoidance behaviors are likely to impair the extent to which an individual can perform a 

task effectively and thus, have a negative impact on task performance. To summarize, 

PROPOSITIO� 24: Task-related behaviors are positively related to task 
performance. 

 
PROPOSITIO� 25: Coping behaviors are positively related to task performance. 
 
PROPOSITIO� 26: Avoidance behaviors are negatively related to task 

performance. 
 
 
Figure 3.3 provides a summary of these propositions. 
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Figure 3.3. Variance Model of Effects on Task Performance 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary 

The main idea behind the theory developed here is that during post-adoption IS 

use, users’ thoughts, affective states, and behaviors will often not relate to the system in 

use. In contrast, they will be aimed at the task at hand or to something else in the 

environment. It is only when there are incidents with the system that users will feel 

negative (or positive) affect towards the system, experience computer-related thoughts, 

and modify their behavioral patterns. It is, in turn, these affective, thought, and behavioral 

processes that will influence task outcomes during post-adoption IS use. 
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The theory proposed here draws mainly from the emotional and ecological 

perspectives explained earlier. A final step in this theorizing effort is to compare  

predictions that each perspective can make with respect to computer-related expected 

events and negative unexpected events. This final step is important for two reasons. First, 

not only is there value in developing an overall theory, but also in presenting competing 

perspectives on the same phenomena. Second, if parts of my theory are not empirically 

confirmed, having developed some basic conclusions from each perspective will help in 

advising which theory appears to better fit the post-adoption IS use process. As a result, 

in the next section, some basic predictions about each perspective will be developed. 

Conclusions Drawn from Each Theoretical Perspective 

This final section addresses comparisons between the three theoretical 

perspectives. As we have seen within this chapter, the ecological and the emotional 

perspectives give a secondary and non-determinant role to the influence of pro-active 

thoughtful cognition on IS behavior, contrary to the view often proposed by the 

deliberative perspective. As was explained before, the deliberative perspective has most 

often used decision-based models to explain (future) intentions to use or quantity of use. 

In such models, affect is mainly modeled as an attitude that stems from cognitive beliefs 

(e.g., cognitive evaluations about the ease of use and usefulness of the system). Recently, 

Kim et al. (2007) introduced feelings, such as pleasure and arousal, as determinants of 

both attitudes and intentions to continue using a system. However, such development 

does not say much about affect at the moment of use as a result of different computer-

related events. In a way, the deliberative perspective implies that users periodically  
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Table 3.4. Predictions from Each Perspective 

Computer-

Related 

Incident 

Dimension Deliberative Perspective Ecological Perspective Emotional Perspective 

Affect 

 

  Most salient affect is 
unrelated to the system. 

Thoughts 

 

In one way or another, users are 
always evaluating the usefulness 
and ease of use of the system and 
forming intentions for future use. 

Thoughts are unrelated to the 
system. 

 

Expected 

Event 

Behaviors  Behavior is automatically 
and intuitively driven by 
environmental cues. 

No changes in behavior 
towards the system because 
the most salient affect is 
unrelated to it. 

Affect   Most salient affect is related 
to the system. 

Thoughts Users’ thoughts will be towards 
evaluating the usefulness and ease 
of use of the system and develop 
intentions to use or no use the 
system. 

Behavior with the system 
changes. 

Behavior with the system 
changes in order to deal with 
the stressor and minimize 
negative affect. 

�egative 

Unexpected 

Event 

Behaviors  Thoughts are redirected 
towards dealing with the 
event. 

Attention is redirected to the 
system. 
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engage in evaluations of the systems with respect to their work, and based on these 

evaluations, form intentions to continue using the system or not. On the contrary, the 

ecological and emotional perspectives make different predictions. Both of them state that 

the system would be mostly inconspicuous for the user in the absence of any relevant 

computer-related events. When a negative computer-related event occurs, the emotional 

perspective predicts that the user will immediately feel negative affect, and because of 

this negative affect, modify his/her behavior accordingly, redirecting his/her attention 

towards the system. In cases of negative computer-related events, the ecological 

perspective suggests that there will be behavioral modifications with respect to the 

systems, and users’ attention and thoughts will be directed to the system. It is likely that 

such thought and behavioral processes occur at the same time. As a result, each 

perspective makes different predictions about the affective, cognitive, and behavioral 

processes associated with IS post-adoption use. A summary of these predictions is 

presented in the following table (Table 3.4).
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CHAPTER 4. STUDY 1: EXPERIENCE SAMPLING STUDY 

The first phase of this research consisted of designing a study12 to examine the 

research questions with respect to IS use and to conduct a preliminary test of some of the 

propositions. The scarce research on IS post-adoption behaviors suggests that this area is 

in its early stages, and thus, a methodology that allows access to people’s cognitions and 

emotions during their use of computers in their work settings is appropriate. Thus, this 

study followed the experience sampling method (ESM), a special form of a diary method 

(Bael et al. 2006; Csiksentmihalyi et al. 2003; Csikszentmihalyi 1977; Csikszentmihalyi 

et al. 1987; Lang 1984).  

ESM asks participants to carry a booklet and a pager during a specified period of 

time. The pager randomly sounds during fixed windows of time. Thus, ESM does not 

require participants to recall anything: instead participants report on their current 

activities, feelings, and thoughts (Bael et al. 2006; Csiksentmihalyi et al. 2003; 

Csikszentmihalyi et al. 1987; Lang 1984).  

Although ESM is not a common methodology within the IS field, it has recently 

been used by Human-Computer Interaction (HCI) researchers to assess the use of 

different software applications (Consolvo et al. 2003; Intille et al. 2002). This 

methodology makes it easy to “collect data about people’s thoughts and feelings in real-

                                                 

12 This study received the approval of the General Research Ethics Board (GREB) of Queen’s 
University (GREB Ref # GBUS-143-07). 
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life everyday situations, thereby making it possible to know” what the subject of users’ 

cognitions and emotions are during their work activities while using computers 

(Csikszentmihalyi et al. 1989, p. 815). Since emotions and cognitions are difficult to 

study observationally, this method has also been recommended in organizational 

research: “When self-reported data is necessary, collection in real time via experience 

sampling is preferable to retrospective reports” (Elfenbein 2007, p. 369). 

Propositions Examined 

The majority of propositions developed in Chapter 3 were tested in this study. Of 

special interest were the process propositions that deal with cognitions and emotions. 

Table 4.1 provides a summary of the propositions that were examined in this study.  
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Table 4.1. Process Propositions Examined in the Experience Sampling Study 
Computer-related 

Events 

Emotions Behaviors Cognitions  

Expected Events P1: (a) Neutral or (b) 
weakly positive with 
respect to the system, 
and (c) most salient 
unrelated to the system 

[P2: No change]¹ 
 

P3: Non-computer 
related thoughts 
 

Negative Unexpected 
Event 

P4: (a) Negative and (b) 
most salient related to 
the system. 

[P6:a Change in 
behavior 
P6b: Trial-and-error]² 

P5: Computer-related 
thoughts 

P8: (a) Negative affect 
diminishes and (b) most 
salient unrelated to the 
system 

Short Term Negative 
Unexpected Event 
(Incident Solved) 

P9: (a) Positive and (b) 
most salient related to 
the system and (c) its 
salience will fade over 
time 

[P7: (a) Back to routine 
behavior] ² 

P7: (b) Non-computer 
related thoughts 

P10: (a) Negative and 
(b) most salient related 
to the system 

[P11: Behavior slows 
down] ² 

P12: (a) Computer-
related thoughts and (b) 
cognitive processing 

Long Term Negative 
Unexpected Event 
(Incident Continues) 

P14: (a) Negative, (b) 
most salient related to 
the system and (c) its 
salience will fade over 
time 

[P13a: Change in 
behavior 
P13b: Behavior towards 
activity that does not 
involve the problematic’ 
part of the system]² 

P15: (a) Computer-
related thoughts but (b) 
will become non-
computer related over 
time 

Positive Unexpected 
Event 

P16: (a) positive with 
respect to the system 
and (b) most salient 
related to the system 

[P17: Add learned 
procedure to range of 
routine behaviors with 
the system] ² 

P18: Computer-related 
thoughts 

¹Note: This proposition was not tested because no behavioral data were reported during 
computer-related expected events.  
²Note: These propositions, as will be explained later, could only be tested through the 
data gathered in the recalled events. 

 

 

This study also tested some of the variance propositions developed in Chapter 3. 

Table 4.2 provides a summary of these propositions: 
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Table 4.2. Variance Propositions Examined in the Experience Sampling 

Study 

 

Dimension 

 

Independent Variables 

 

Task Performance 

  
Frequency of Use  

 
Expectation 19: No relation 

 
Affect 

 
P20: Positive relation 

 

Emotion 

 
Engagement 

 
P21: Positive relation 

 
Cognitive load 

 
P22: Negative relation 

 

Thoughts 

 
Computer-related thoughts 

 
P23: Negative relation 

 
[Task-related behaviors]¹ 
 

 
[P24: Positive relation]¹ 

[Coping behaviors]¹ 
 

[P25: Positive relation]¹ 

 

Behaviors 

[Avoidance behaviors]¹ 
 

[P26: Negative relation]¹ 

¹Note: Propositions 24, 25, and 26 were not tested in this study, but were tested in 
Study 2.  

Experience Sampling Procedure 

The main idea behind an experience sampling design is to record events and their 

associated cognitions and emotions as they naturally occur by contacting participants at 

different points of time and asking them to answer questions regarding any events 

occurring at that moment and the feelings and thoughts that they are experiencing. In this 

case, participants carried a pager and a booklet containing questions for two weeks. The 

pager went off 1 to 3 times per work day.  
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Booklet 

The booklet had three main parts. In the first part, there was a brief set of 

instructions on what to do each time the pager went off. The second part of the booklet 

contained approximately 30 entries (employees were paged up to 3 times per day during 

10 work days). Each of these entries contained a set of open and close-ended questions 

that participants were asked to fill out every time they were paged (“real-time events”). 

The open-ended questions asked participants (1) what activity they were doing, (2) what 

software application(s) they were using (if any), (3) whether they were experiencing any 

difficulty or any unexpected discovery with the application(s) at hand, (4) what they were 

feeling, and (5) what they were thinking. The open-ended questions allowed for gathering 

data regarding cognitions and emotions during actual IS use. The close-ended questions 

included Likert scales containing measures about task performance, cognitive load, 

affect, and engagement (described in the next section). In order to sample experiences as 

randomly as possible, the timetables of the individuals participating in the study were 

entered into an Excel sheet, and random times within these timetables in which to call 

them were generated. The majority of calls to participants’ pagers followed this method., 

except for when the researcher could not fit the calls in her timetable; in these cases, 

phone calls were done as close to the randomly generated time as possible. 

Because of the possibility of not ‘catching’ any negative or positive computer-

related events as they naturally occurred, a final part made up the booklet (“recalled 

events”). Participants were asked to complete this part after the two week period during 



 

95 

which they were paged. This section asked participants to recall a negative or positive 

event with a computer application that they experienced in the past two weeks, and to 

answer some questions about (1) the application they were using at the time, (2) their 

thoughts at the time, (3) their feelings at the time, and (4) the behavioral steps that they 

took during those events (see Appendix A).  

Before conducting this study, a series of pilot studies were carried out in order to 

test the procedure for gathering the data, as well as improve the booklet design (see 

Appendix B). 

Measures 

For the real-time events, five close-ended measures were used. The type of event 

was determined by coding the open-ended questions containing qualitative data and 

descriptions of the real-time event. Affect was captured through the semantic measure of 

affect adapted from Hoption (2003). Engagement was captured through the scale 

developed by Webster et al. (1997). Computer-related thoughts was a dichotomous 

variable (1 in case of computer-related thoughts, and 0 in case of non-computer related 

thoughts): the values for this measure were determined based upon the coding of the 

open-ended questions about thoughts. Cognitive load was a scale borrowed from 

Cameron (2006). Use was a dichotomous variable (1 in the case of use, and 0 in the case 

of no computer use) indicating whether the user was employing a computer-based device 

at the time of his/her answers. Finally, task performance was measured by a semantic 

differential scale developed by the researcher based on other semantic measures used to 
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measure performance in ESM studies (e.g., Fisher et al., 2004). Appendix A contains the 

details of each measure.  

For the recalled events, participants were asked to answer five open-ended 

questions. More specifically, they were asked about the application they were using 

during the event, the description of the incident, their thoughts and feelings, and the 

behavioral steps that they took during the incident (see Appendix A). 

Sample 

It was difficult to gain access to organizations that would allow their employees to 

take part in the study due to its time consuming nature. However, as ESM is a within-

respondent method, a relatively modest sample can yield sufficient power for hypothesis 

testing. After contacting several companies, a total of 58 employees from 13 

organizations agreed to participate in the study. These organizations belonged to different 

industries, such as customer service, consulting, and community service. Only employees 

who used computers everyday in their work environments were allowed to participate. In 

order to encourage participation, employees who completed the study were entered into a 

draw for an iPod Shuffle. These companies were contacted by the researcher through 

acquaintances’ suggestions. However, it is important to note that the researcher did not 

know any of the organizations or their employees, making the existence of sample bias 

less of a concern. 

Before employees participated in the study, an informal training session was 

conducted in which the researcher explained to the participants the procedure for 
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gathering data and the booklet. In a few situations (because of the difficulty for the 

researcher to travel to a site), the training session was held through a telephone 

conference with the organization’s employees after the booklets and pagers were received 

at the site. This information training session had three main purposes. The first objective 

was to ensure that participants understood how to use the pagers and the booklets (i.e., 

which entry to fill once the pager went off or how to turn the pager off). The second 

purpose was to answer any questions regarding the procedure for collecting the data. The 

final objective was to gather the signed informed consent forms from participants before 

the study took place.  

The demographic characteristics of these employees were as follows. Seventeen 

participants were males. There were 17 participants who were between 20 and 30 years 

old, 18 who were between 30 and 40 years old, 14 who were between 40 and 50 years 

old, and 9 whose age was 50 years or older. Fourteen participants had an overall work 

experience of less than five years. Furthermore, 12 participants had less than a year of 

experience in their current position, 22 participants had between 1 to less than 3 years of 

experience in their current position, and 24 had more than 5 years of experience in their 

current position. 

Results 

The results of this study are divided into qualitative results and quantitative 

results. The qualitative results concern the coding of the qualitative data gathered through 

the open-ended questions for the real-time events and the recalled events, reported 
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separately. The quantitative results involve the analysis of the close-ended questions from 

the real-time events. 

Qualitative Results 

The data gathered with the open-ended questions were entered into a spreadsheet 

for analysis. A spreadsheet was deemed appropriate over a qualitative analysis tool, such 

as NUD*IST or NVivo, since the data were not ‘thick’. That is, the data did not contain 

as much text as may be expected in other qualitative methods, such as interviews or 

documents, where the organization of the data around themes becomes very complex and 

difficult.  

The propositions were examined following Markus’ (1983) example of the use of 

the scientific method for case research. That is, the researcher looked for the patterns that 

supported (or did not support) the propositions. Controlled conditions were used when 

possible by using natural controls (Dube et al. 2003; Lee 1989). That is, reported events 

that naturally occurred in the research setting (i.e., short term errors, long-term errors) 

were used as the controls necessary for examining the theory specified under the 

propositions (Dube et al. 2003; Lee 1989).  

The main unit of analysis for the qualitative data was each interaction of a 

participant with the computer. Nonetheless it is important to note that interactions within 

participants might be related to each other because of personal characteristics. As a result, 

interactions were analyzed first within individuals and then across individuals (Eisenhardt 

1989). This cross-case analysis was aimed at counteracting the human tendency to leap to 
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conclusions based on limited data or the influence of vivid respondents (Dube et al. 2003; 

Eisenhardt 1989). 

A list of main themes was developed before the data were analyzed based on the 

proposed theory and based of the analysis of the qualitative data from the pilot studies 

(Miles et al. 1994) (see Appendix B). The three main themes were emotions, thoughts, 

and behaviors. For each theme there were subthemes such as computer-related, non-

computer-related, positive and negative. The themes were hierarchically structured on the 

spreadsheet used to code the data. Furthermore, since the open-ended questions contained 

data referring to subthemes that were not included within the predetermined list, these 

categories were added to the existing list as they were detected.  

The qualitative data gathered were divided in to two types of cases. The first type 

of case involved data gathered in real time (when the users were paged, the “real-time 

events”). The second type of case contained data in which participants were asked to 

recall a positive or a negative event with a computer from the prior two week period (the 

“recalled events”).  

For reasons of clarity, the description of the results is organized as follows. First, 

the results for the “real-time events” are examined. Second, the results of the “recalled 

events” are described. Finally, other interesting findings that are not related to the 

propositions are presented.  
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Real-Time Events 

There were 769 real-time events (out of a possible 1,276 events). Out of these, 

199 represented cases in which the participants were not using a computer-based 

application, resulting in 570 cases in which participants were using a computer. Using the 

natural controls, 512 of these cases (89.83%) were classified as expected events (events 

in which the computer was behaving as expected). Another 55 cases (9.65%) were 

classified as negative events (events in which the participant was experiencing a 

difficulty with the application). Of the 55 negative event cases, five had missing 

explanations of the event, so they were discarded for analyses since there was not enough 

data. Out of the remaining 50 cases, 39 were considered short-term negative events and 

11 were considered long-term events, based on the participants’ descriptions of the 

events. Only three positive events (those in which the user discovered a new function or 

feature of the application useful for his/her task) were reported.  

Expected Events 

Expected events are those in which the output of the computer application 

matches one’s expectations. For each of these events, the participants’ reported feelings 

(emotions) and thoughts (cognitions) were analyzed. 

With respect to emotions, in all cases except two (99.61%), participants reported 

feelings unrelated to the computer application being used at the moment (as specified on 

Proposition 1a). That is, participants reported the object of their emotions as being related 

to work (Participant 18: “I am in a great mood! People are wonderful today and although 
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we are busy the customers are very patient”), or unrelated to their work (Participant 5: 

“Sadness at the sorry state of the world” - when referring to something that s/he had read 

in the news). A generalized pattern with respect to work-related feelings was that in more 

cases the feelings of participants were negative (Participant 62: “I feel pressured to get 

work done in time before I leave for the day”) rather than positive (Participant 56: “I was 

feeling happy that we are making progress”).  

In only two occasions (0.39%) did participants report negative feelings related to 

the computer application being used. In the first case, Participant 33 expressed physical 

pain (Participant 33: “I have a headache, the screen is hurting my eyes, my back hurts”). 

A second case involved the annoyance of one participant because of the repetitive nature 

of some applications (Participant 16, while using Microsoft Excel, Notes, and AS/400 (a 

Customer Relationship Management (CRM) application): “I am annoyed because there's 

no easy way of doing anything and it’s repetitive”). All in all, there appears to be support 

for Proposition 1, since the overwhelming majority of salient feelings reported by 

participants were not related to the system.  

In the majority of cases (98.44%), thoughts and cognitions were not related to the 

computer applications being used (supporting Proposition 3). That is, during expected 

events, participants reported the objects of their cognitions as either being related to work 

(Participant 37, while using Microsoft Word: “We have to ensure that we cover off on all 

possibilities in this project through this contract”; Participant 48, while using Microsoft 

Word and e-mail: “I am trying to visualize my potential client's proposed business 
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venture”) or related to non-work issues, representing mind-wandering thoughts 

(concerning their personal lives, Participant 23: “I am thinking about the weekend, about 

what needs to be done for my wedding (in 26 days!) and that I hope the rest of the week 

isn’t busy”; or something else, Participant 6: “I am thinking about the news and 

wondering why people continue to kill”).  

There were eight cases (1.56%) in which the object of thoughts was related to the 

system. Although not reporting a difficulty or a positive event, participants were thinking 

about the inappropriateness of the application at hand or about trying to do something in 

a better or faster way with the application. For example, Participant 34, while using 

Microsoft Word and AS/400 (a CRM application) stated: “I am thinking that this 

procedure is a time consuming task, a lot of cutting and pasting, and toggling between 

screens”. Participant 34 was thinking about the great amount of time required for 

transferring data across applications. Similarly, Participant 28, while using AS/400, 

reported how time consuming it was to get some necessary information: “It takes way too 

long to get replacement info”. In the third case, Participant 38, while using Microsoft 

Excel stated: “I was thinking that there must be an easier way to map out task duration 

times in an Excel spreadsheet”. This participant was suggesting that the way in which he 

was using Excel for the task was not completely appropriate and that there should be a 

function or features in Microsoft Excel that could make his task easier. Likewise, 

Participant 15, while copying data from e-mail to Microsoft Excel, was thinking about 

ways in which to organize the information better: “I am thinking about how to lay out the 
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spreadsheet to make it more user-friendly”. A fifth case involved Participant 49, who 

while using an email server, stated: “where do I find this feature?”. It appears that the 

user knew that there was a feature that she wanted to use but could not remember where 

it was. In the sixth case, a participant (Participant 40) was completing an activity in 

Microsoft Word that “require[d] creativity” and reported his/her thoughts as follows: 

“What tools are available on this software to accomplish what I want?”. A seventh case 

involved a participant whose attention was drawn to the piece of hardware being used at 

the moment. His/her thoughts were focused on the evaluation of the hardware being used 

(Participant 39: “The scanner is low and quality is not that great”). In this case, the user 

was evaluating and making a judgment about a system. Similarly, Participant 48 also 

expressed her/his opinion about the Internet while conducting some research: “I am 

thinking about how amazing the Internet is for accessing ‘tools’ and information, I am 

researching various sites for entrepreneurial self-assessment”. 

All in all, it seems that users rarely assess their computer applications during 

expected events. As shown, the majority of their thoughts are either related to some 

aspect of their work or to something else related to their personal lives. Therefore, for the 

most part, Proposition 3 is supported. Table 4.3 provides a summary of the real-time 

expected events. 

In order to assess whether participants thoughts and emotions during expected 

events differed from those when not using a computer, a random sample of 199 

computer-related expected events were taken along with the 199 cases in which  
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Table 4.3. Summary of Real-Time Expected Events for Participants Using a Computer (n=512) 
Dimension Cognitions Emotions 

Object Computer-Related �on Computer-Related Computer

-related 

 

�on-Computer Related 

Frequency 8 504 2 510 

�egative �egative Positive Type Impact of 

Computer 

on Work 

Ways of 

Doing 

Something 

�ew 

Task-

Focused 

Mind-

Wandering Pain Frustra-

tion 

Stress Sadness Upset Annoyance Happi-

ness 

Examples Participant 
38: “I am 
thinking 
that this 
procedure 
is a time 
consuming 
task, a lot 
of cutting 
and 
pasting, 
and 
toggling 
between 
screens” 

Participant 
40: “What 
tools are 
available on 
this 
software to 
accomplish 
what I 
want?” 

Participant 
55: “I am 
thinking 
about how 
to change 
the 
organiza-
tional 
structure”  

Participant 
5: “I am 
thinking 
about my 
shopping 
spree in one 
hour” 

Participant 
56: “I 
have a 
headache, 
the screen 
is hurting 
my eyes, 
my back 
hurts 

Participant 
33: “Frus-
trated and 
overwhel
med that 
we are 
under-
staffed and 
over-
worked.” 

Participant 
18: 
“I am 
feeling 
stressed 
about 
work. I 
can’t wait 
for this 
week to be 
over”  

Participant 
28: “I am 
sad, 
depressed, 
and 
defeated 
because 
there is 
nothing 
that can be 
done about 
my 
superior so 
I feel like I 
mean 
nothing” 

Participant 
1: “I am 
pissed off! 
I need to 
find 
another 
job” 

Participant 
16: “I am 
annoyed, 
upset, 
angry, and 
depressed. 
There is no 
help from 
superiors or 
coworkers. 
There are 
people who 
don’t 
understand 
procedures 
and have 
been 
employed 
for 5 years, 
and who 
won’t 
attempt to 
lookup 
before 
asking for 
help” 

Participant 
1: “Happy. 
I am 
laughing 
with the 
person in 
front of 
me, joking 
around.” 
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participants were not using a computer application or a computer-related device. These 

cases were put on two different piles and qualitatively evaluated again. No differences in 

terms of emotions and cognitions could be drawn from the two piles; that is, without 

knowing which pile represented which type of event, the researcher could not classify 

one of the piles as representing events in which a computer was used or not used.  

Unexpected events 

Computer-related unexpected events represented 50 cases. Of the 50 cases, 39 

were classified as short-term negative events and eleven as long-term negative events.  

Short-Term Events 

Short-term negative computer-related events ranged from formatting difficulties 

when dealing with different documents and applications to the impossibility of locating 

saved drafts and documents on the computer. In none of these events had people gotten to 

the point at which the error or difficulty was fixed, making the test of propositions 8 and 

9 impossible for real-time data. The data from recalled events (explained later) will be 

used to draw conclusions from short-term negative events that are solved. 

With respect to emotions, in all cases participants experienced negative affect that 

was related to the system. These experiences were characterized by strong negative 

emotional experiences. Participants felt a lot of frustration and impatience. For example, 

Participant 34 reported an event in which s/he could not use an application because it was 

unable to reboot; this person experienced the following: “I am impatient! I have people 
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waiting on the phone and I can’t access the information I need. I am thinking I might 

throw the PC out of the window”. The same participant also reported feelings of 

frustration when having difficulties trying to locate documents in a database: 

“Frustrated! Because the system is supposed to be very user friendly but unless you know 

exactly what you are looking for it can be hard”. Participant 16 also reported another 

event in which the application s/he was using just crashed: “Clarify just crashed!!! And it 

won’t reboot. I am very frustrated that it’s not working properly. I hate this Oracle based 

system”. Participant 40 reported frustration (“Frustration! This should be easy”) while 

having formatting difficulties (“I am unable to get the correct fonts when replying to a 

message”). 

Participants also felt stressed and upset about interruptions. For example, while 

experiencing the system being too slow, Participant 16 reported the following feelings: “I 

am very upset, frustrated, and mad; I am ready to quit and completely stressed out”. 

Participant 9 also experienced similar feelings when the program was giving her/him 

some errors while trying to update information: “the program says ERROR at random. I 

am very annoyed and I hate my job”. Participant 5 described an event in which s/he could 

not find the drafts that s/he created the day before while using Lotus Notes; as s/he 

explained: “I cannot locate my saved drafts I created yesterday. It’s going to take an 

extra 10 minutes to retrieve my data! I am frustrated at this”. While having difficulties 

when gathering data from multiple applications (“I need to prepare a payment history 

report and the function of copy and paste to a Word document keeps ‘tweeking’ as 
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columns don’t line up!”) another user (Participant 24) reported feeling stressed: “I am 

stressed as this is time consuming”. Participant 59 reported feeling “frustrated and 

annoyed” when the Microsoft Server Exchange became unresponsive at times. Another 

participant (Participant 45) explained that Microsoft Vista was not working properly and 

reported his/her feelings: “I hate Windows Vista”. At the same time as feeling frustrated 

and upset, some participants felt tired. For example, Participant 51 reported formatting 

difficulties: “when I cut from email and paste into Word a border appears around the 

block of the text” and continued: “I am frustrated and tired”. All in all, the data support 

Proposition 4: in the majority of cases, users felt negative affect related to the system 

when a negative event occurred. 

In terms of cognitions, 37 of 39 cases were analyzed (in two cases, there was not 

enough information provided on participants’ thoughts). In all cases except one (97.30%), 

participants’ thoughts and attention were drawn to the event and computer application 

being used at the time. Within these cases, sometimes people’s thoughts were about how 

the event would influence their performance and the consequences of the error for their 

work. For example, while having difficulties juggling multiple applications to prepare a 

history report (the same case used to explain emotions above), Participant 24 explained: 

“This affects my productivity”. Participant 5 reported s/he could not find the drafts that 

s/he created the day before while using Lotus Notes and noted the waste of time that that 

represented: “I cannot locate my saved drafts I created yesterday. I am thinking about the 

time I will needlessly lose for retrieving these files. It’s going to take an extra 10 minutes 
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to retrieve my data!”. Other participants explained how the error prevented them from 

working (Participant 59: “I cannot work because of problems with my network profile 

which is disallowing me to work”). When Participant 6013 could not get the correct fonts 

when replying to a message, s/he thought: “I could use my time better if this function 

worked properly”. Similarly, Participant 42 reported that s/he had “less time to try and 

find a solution” when s/he could “not do remote installations of software from the server 

to the workstations”. Again, Participant 42 reported the impact on his/her work (“another 

distraction from what I’m trying to do”) of a computer-related difficulty (“Windows Vista 

is not compatible with my Blackberry. I had to download stuff and deal with various 

other bugs”).  

In other occasions, users’ thoughts were focused on finding a solution or 

wondering why the error was occurring. For example, Participant 58 explained his/her 

thoughts while having problems with the pagination of a contract as follows: “I am trying 

to frame out how to rework a table to stay on one page to be easier for the client to 

view”. Similarly, Participant 54’s thoughts were focused on trying to find a solution (“If I 

can summarize the findings differently so I don’t have to create another row”) to a 

formatting difficulty (“I can’t make an extra row within one cell of a table”). Other 

participants experienced similar thoughts. Participant 57, while being unable to set up a 

                                                 

13 Note that three participants were given numbers 60, 61, and 60. This is because at the beginning 
of the study, 62 participants agreed to take part in this study. However, the first day of the study, 3 of them 
withdrew for different reasons (e.g., unexpected trip and sick leave), resulting in a total sample of 59. 
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search function in the web stated, “I need to figure this out, it must be a simple solution”. 

Also, Participant 60 wondered: “how to improve efficiency by entering correct data” 

while experiencing difficulties with a database because of the existence of old and 

duplicate records. Similarly Participant 32’s thoughts were focused on finding a solution 

(“how can I make this work?”) when facing difficulties assisting a customer due to 

incorrect information in the database.  

In a few cases, participants thought of the inappropriateness of the software for 

the task they were doing. For example, Participant 34 reported that s/he could not locate a 

manual in a database and stated: “I am thinking there’s got to be a better way of doing 

this. I’d rather have these printed documents in my drawer where I can find them”.  

In only two occasions did participants think of using different software for the 

task they were performing. For example, one participant thought of using a different 

application for the specific task s/he was trying to accomplish (Participant 40: “I am 

working with tables and trying to design a form to fit the table…. Would it be better to 

use Excel?”). Another participant thought about the need for better spam protection after 

having too much junk mail (Participant 44: “I am receiving a lot of junk mail. I was 

thinking I need a better spam blocker”). It appears that thoughts about using another 

software package were scarce, short-term focused, and situation- and task-specific.  

There was one occasion in which participants’ thoughts were not related to the 

negative event or application being used. In this case, the participant’s thoughts were 

related to the high workload at hand. Participant 9 reported being focused on how busy  
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Table 4.4. Summary of Real-Time Short-Term �egative Events (n=39) 

Dimension Cognitions Emotions 

Object Computer-Related �on-

Computer 

Related 

Computer-related 

 

�on-Computer 

Related 

Frequency 36 1 39 0 

�egative �egative Positive Type Solution 

Seeking 

Consequences 

of Event 

Use of 

Software 

Task-Focused 

Frustration Annoyance Stress   

Examples Participant 
18: “The 
template 
we are 
working 
from did 
not have 
enough 
space to 
hold the 
text. I am 
thinking 
about how 
I could 
rewrite the 
content to 
fit the 
space 
provided” 

Participant 45: 
“It is taking a 
very long time 
to turn on the 
computer and 
the system; I 
can’t do 
anything” 

Participant 
40: “Would 
it be better 
to use 
Excel?” 

Participant  9 : 
“We are very 
busy” 

Participant 42: “I 
am having file 
conversion 
issues (importing 
PDF to Word). I 
am very 
frustrated!!!” 

Participant 
28: “My 
new macro 
is giving 
me an error. 
I am feeling 
annoyed 
and 
aggravated 
that it is not 
working” 

Participant 51: 
“I am stressed 
and tired of 
having to go 
back and forth 
[between 
applications]. It 
would be so 
much easier in 
outlook if I 
could have the 
email screen 
and the 
calendar 
window open 
at the same 
time” 

  

Note: In two cases, there was little information on participants’ cognitions. 
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they were (“We are very busy”) while having freezing problems with the software at hand 

(“It seems like every 3
rd

 account MAPS blanks out and says ERROR”) and 

acknowledging his/her frustration. 

All in all, when analyzing participants’ thoughts during short-time negative 

events, it seems that majority of thoughts were related to the computer event at hand. As 

a result, the data appear to support Proposition 5, which states that in the existence of a 

negative event, users’ thoughts will be related to the system at hand. Table 4.4 provides a 

summary of the real-time short-term negative events. 

In terms of behaviors, only one participant reported his/her behavior during the 

event. While having difficulties logging into the system, Participant 3 stated: “I keep 

trying to log in”, pointing to a trial-and-error type of behavior. Although this isolated 

event is the only one reporting behaviors, an analysis of behaviors could be conducted for 

the recalled events data (reported below).  

Long-Term Events 

There were only 11 cases classified as long-term events. These long-term events 

were those encompassing difficulties with an application that were not overcome during a 

specific time. Most of these were events in which the participants reported that the 

systems were slow and explained that this was an ongoing problem at their work.  

In terms of emotions, participants reported both ‘neutral’ affect and negative 

affect. Most participants reported having neutral feelings. For example, Participant 22 

reported difficulties due to the system being slow and explained his/her feelings: “I am 

calm. This is an ongoing problem”. Participant 7 also explained that the system was slow 
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and stated: “I have no feelings” at that moment. The same occurred with Participants 9 

and 13 when they reported that the system they were using had been slow all day and 

stating that they felt “indifferent” and “slightly bored”, respectively. Similarly, 

Participant 28 explained that the system had been slow for a long time and that s/he felt: 

“tired, bored”.  

Affect appeared to be unrelated to the system except in three cases. In these cases, 

participants experienced frustration. Participant 16 explained that: “I have a lot of work to 

do. The system is running slowly; it keeps lagging up” and reported his/her feelings as: 

“Frustrated and overwhelmed that there is so much work to do and so little time”. 

Participant 62 reported the system “freezing constantly” and stated: “I am frustrated by 

the system freezing when I am trying to close up”. Participant 16 also reported that the 

system crashed numerous times and added: “I am very frustrated! We’re backed up and 

the system is slow. There are a lot of discrepancies in the data that are upsetting”. 

These results suggest that although there was frustration in a few cases, negative 

feelings appear to fade over time and feelings become unrelated to the application at 

hand. For the most part, the results support Proposition 14 (rather than support for 

Proposition 10), which states that during long-term negative events there should initially 

be negative affect related to the system, but that this affect should fade over time. 

With respect to cognitions, most participants’ thoughts were unrelated to the 

computer or the event at hand. In these cases, people’s thoughts were related to either 

work or non-work matters, indicating that computer-related thoughts probably faded over 
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Table 4.5. Summary of Real-Time Long-Term �egative Events (n=11) 

Dimension Cognitions Emotions 

Object Computer-

Related 

�on-Computer Related Computer-related 

 

�on-Computer Related 

Frequency 2 9 3 8 

�egative �eutral Type Solution Seeking Task-

Focused 

Mind Wandering 

Frustration Calm Indifference 

Examples Participant 16: 
“Hopefully that 
reboot will fix 
errors and slowness 
in the system… 
tick tock tick 
tock… not enough 
time” 

Participant 8: 
“This repair 
center tries to 
double bill a 
box” 

Participant: 13: 
“How long till 
lunch?” 

Participant 62: “I am 
frustrated by the 
system freezing 
when I am trying to 
close up” 

Participant 22: “I 
am calm. This is an 
ongoing problem” 

Participant 7: “I have no 
feelings” 
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time (Proposition 15). For example, while the system was freezing for a while, 

Participant 62 reported thinking about “plans for the evening”. While the system was 

slow, Participant 16 reported her thoughts as being related to the fact that she had to take 

customer incoming calls because there were not enough employees at the time processing 

calls: “I am stuck on the phone taking more calls when there are so many claims to 

complete”. In a similar occasion, the same participant (16) stated her thoughts as dealing 

with the amount of claims that she had to complete before the end of the day: “Hurry!! 

Hurry!! Follow all the steps, get through it all as best and as efficiently as possible, go!! 

go!! go!!”. Other participants who were experiencing slow systems reported their 

thoughts as being work-related (Participant 8: “This repair center tries to double bill a 

box”) or non-work related (Participant 13: “How long till lunch?”). 

In only two occasions were thoughts related to the computer. In a case in which 

the system was being slow for a while, Participant 16 stated: “Hopefully that reboot will 

fix errors and slowness in the system… tick tock tick tock….not enough time”. In the other 

situation, when a server was being slow and not responsive when entering passwords, 

Participant 22 described: “I am thinking of calling [the head office] helpdesk so that they 

are aware of this problem”. 

In summary, the results for long-term events suggest support for Proposition 15, 

which states that during long-term negative events computer-related thoughts will 

become non-computer related over time. Table 4.5 provides a summary of the real-time 

long-term negative events. 



 

115 

Positive Events 

In only three occasions did participants report a positive computer-related event. 

These cases only represent .52% of all computer-related events.  

With respect to emotions, all participants reported positive affect with respect to 

the computer. For example, Participant 55 described having discovered some ways in 

which to use Microsoft Sharepoint, and reported: “feeling excited about what I can do”. 

Participant 37 felt “excited” about the following discovery: “GIS enabled web site allows 

me to find specific locations” when preparing the schedule for a business trip. Finally, 

Participant 34 reported the following discovery while using Lotus Notes: “I found a way 

to make using macros quicker” and explained her/his feelings: “I am happy about this 

discovery”. Although there were only three positive cases, all support Proposition 18 

which states that in the case of a positive computer-related event, most feelings will be 

positive and related to the system.  

In terms of thoughts and cognitions, thoughts were related to the new discovery in 

one case (Participant 55: “How I might use the new functionality I discovered”). In two 

cases, the thoughts were related to the work at hand (Participant 34: “There is a lot of 

work to catch up on”; Participant 37: “I should be taking more time while I am there 

[business trip]”). These results provide only modest support for Proposition 18, which 

states that during positive events, thoughts are computer-related. The data from the 

recalled events (explained next) complements these findings and provides more evidence 

for this proposition. 
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Recalled Events 

Participants reported 36 recalled events. Among these events, there were four 

positive events, seven short-term negative unexpected events that were fixed, and 25 

other negative events that were not fixed. The 25 negative events were not divided into 

short-term or long-term because the majority of them included events that started as 

being short-term and escalated to long-term. That is, for participants, distinguishing 

between short-term and long-term seemed less relevant than whether these events could 

be fixed. The rest of this section is organized as follows: the positive events are 

explained, followed by the short-term negative events that were fixed, and finally the 

remaining 25 negative events that were not fixed. 

Positive Events 

Four positive recalled events were described. Most included the discovery of a 

feature or a new way of doing something with an application that made participants’ 

work easier. Each of the cases is described next.  

Participant 32 explained that s/he discovered that a program he was using (CDS) 

allowed him/her to switch screens very quickly, and reported his/her feelings, behaviors 

and thoughts as follows: “Happy. You can get information so much quicker than our 

previous system”. Participant 34, described the following as a positive event: “I found a 

way to make using macros quicker; I use macros a lot, so being able to access them more 

quickly is an advantage” and declared his/her feelings and behaviors: “I feel happy that I 

found a way to do my work more quickly so I can be more productive”. From these 
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comments, it can be seen that the thoughts of the participant were about how this 

discovery could positively affect his/her productivity.  

Participant 56 found ways of using Sharepoint to more easily manage and share 

data among the rest of the employees. S/he also reported positive emotions and thoughts 

as a result: “I was very impressed and happy to have been able to help. I was also happy 

that people were thankful and thought that this will help me during my upcoming 

performance appraisal. I was thinking that I should make sure everyone in the company 

knows about this stuff for my sake and theirs”. It appears, then, that this person 

experienced positive affect about the discovery at hand, and also about the consequences 

of his/her discovery for his/her work outcomes and those of his/her employees. 

Furthermore, the thoughts and feelings are interrelated; s/he is experiencing thoughts 

about how to share his/her discovery with everybody else and feeling happy about it. 

Also, this participant described some of the behaviors that s/he took following the event: 

“I have spent more time reading about the advanced features that are available in order 

to continue to produce positive outcomes”. Thus, the participant not only included the 

features that s/he learned as part of her/his behavior with the application but later engaged 

in explorative behaviors to learn more about the possibilities of the software at hand.  

Participant 60 reported a positive event with Microsoft Power Point: “I learned 

how to copy slides, insert slides from other presentations”, and s/he continued with the 

description of the behaviors that s/he followed: “I was able to enhance the presentations 

in a short time and include a lot of material from other presentations”. Thus, this 
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participant discovered functionality and added it to her/his range of behaviors with the 

system. Participant 60 described his/her emotions and thoughts as follows: “I was happy 

that something is working as a useful tool” and “I was thinking about saving time and the 

benefits of this function”. S/he experienced positive affect concerning the application at 

hand and had thoughts about the positive consequences of the discovery for his/her work.  

All in all, it appears that during positive events, users experience positive feelings 

about the application at hand (in support of Proposition 16). Also, they experience 

computer-related thoughts that are in most cases related to the positive consequences that 

such discoveries have for their work, which supports Proposition 18. Furthermore, they 

are likely to immediately adopt such discoveries and add them to their range of behaviors 

with the system, supporting Proposition 17.  

�egative Events 

Negative Events that Were Fixed 

Seven events were classified as events in which the problem was fixed. In order to 

make the results clear, and to examine the emotions and thoughts involved with each of 

these events, each case is presented separately. 

Participant 38 explained the event as follows: “I was working on a large 

document and wanted to include a spreadsheet which required a landscape page. I asked 

[a coworker] and he informed me about the section break features which made it possible 

to include both portrait and landscape pages. I felt relieved as I was somewhat 
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discouraged when I could not figure it out myself. I was thinking it would be nice if the 

page layout can be changed on every page without inserting a section break”. Thus, this 

user was experiencing a difficulty with the application since s/he did not know how to put 

a landscape page in a document and felt “discouraged” when after trying, s/he could not 

figure it out himself/herself. As a result, s/he again modified his/her behavior and asked 

for help. When s/he got the solution to this problem, s/he felt “relieved” and was 

thinking of further ways in which the discovered feature could be made easier to use.  

Another participant (53) explained how s/he had to use extensive formulas to 

perform a task with Microsoft Excel and was having difficulties as a result. S/he 

described: “I used the help information bar to ask questions. This allows me to get help 

step by step” and added: “I was happy that the information from the help tab was 

fabulous”. This again points to the fact that participants modify their behaviors after a 

difficulty (e.g., they seek help) and that they feel happy once they find a solution or a way 

to overcome the difficulty.  

Another case in which a difficulty is overcome is provided by Participant 58. This 

participant was working with a formula using Microsoft Excel. S/he explained her/his 

experiences further: “the software ability to ‘help’ through this process helped a lot. I felt 

slight frustration (due to my error in the structure of the formula) and then gratitude once 

identified and fixed. My thoughts were a run through 1) what am I trying to accomplish, 

2) will the suggested resolution fix my problem and properly reflect what I’m trying to 

do”. As this participant explained, s/he felt negative affect when the difficulty occurred 
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that was overridden by positive affect once a solution was reached. Also, his/her thoughts 

were pointed toward the application in order to see how to fix the problem. Furthermore, 

this person modified his/her behavior by using the help feature to find a solution to 

his/her problem.  

Another negative event that was overcome came from Participant 36. This 

participant was using Macromedia for a design but had difficulty with parts of it. As s/he 

explained, s/he took the following steps: “I found a shortcut for the help files and a 

discussion forum. I registered and made an account. The account allowed me to post 

questions and get the answers I needed. I felt relief, joy and fulfillment. It was reassuring 

to know I could fix the problem. I also felt nervousness about what the problem was and 

how to fix it”. Again, as this participant shows, when faced with a difficulty, users 

modify their behaviors, in this case, the user sought help in a discussion forum. In terms 

of feelings, s/he initially experienced negative affect (‘nervousness’) that was followed 

by positive affect (‘relief, joy and fulfillment’).  

In three cases, participants seemed to work hard manually to get around the error. 

In these cases, it seems that they did not feel positive affect after the error was overcome. 

They also appear to report little learning, and this learning appears not to have much 

value for future interactions with the system. For example Participant 54 explained a 

negative event as follows: “When running a report that listed all the calls for service for 

a certain time period, I realized that my final output was listing the same calls several 

times in certain instances”, and then s/he described the steps that s/he took: “I ran the 



 

121 

report several times changing different variables each time. Finally, I took out the 

“employeeID” variable and then gave me each individual call only once. Of course, I did 

not have info on the responding [employees] anymore but that did not matter for this 

particular report. What I did figure out was that I was getting a separate line for the 

same files for each [employee] that responded to the call”. Pointing to the fact, that by 

modifying her/his behavior through trial and error and ‘playing’ with different variables 

s/he was able to overcome the difficulty and get the desired output. S/he described his/her 

feelings as follows: “Frustrated, annoyed. I was beginning to get a headache and a little 

stressed because I had other things to do”; and his/her thoughts at the time: “I just could 

not understand why this was happening. I had never seen this type of output before. I 

knew it had to be a simple fix and I just thought I'd have to fix it by trial and error so I 

did”. 

In another case, Participant 55 could not get Sharepoint to recognize a parent 

category based on a child category; s/he asked for help: “I spoke with other people to see 

if they had any ideas on what I would do. I was told I just had to put the information 

twice in the end”. Another Participant 42 reported that when having difficulties with 

Windows Vista (“End user license agreement for office 2003 kept popping up every time 

the program was opened”), s/he went onto the Internet to get help: “I found a fix online, I 

had to edit a registry”. This participant explained his/her feelings as follows: “Major 

annoyance and resentment towards Microsoft. I feel used and manipulated into using 
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crappy software without having the choice. I hate Vista! I wish we didn't have to 

upgrade. XP works fine. If it's not broken, don't fix it” 

All in all, it appears that events that are fixed can be classified into two types. The 

first type represents events that occur as a result of not knowing how to use the software 

appropriately. The second type represents events in which the nature of the problem 

seems to be a malfunction in the system. These two types of events appear to have 

different consequences. In the first type of event, most users experience positive affect 

once the error is fixed, with the result that the source of their stress disappears 

(supporting Proposition 9). In the second type of event, users still feel negative affect 

towards the system. Furthermore, in the first type of event, participants add the learned 

procedures to their behaviors (in contrast to Proposition 7a which states that users go 

back to their routine behaviors with the system), while in the second type of event 

participants appear to draw little value from the solution to the problem for future 

interactions (supporting Proposition 7b). Also, the results demonstrate that participants 

think about a computer-related problem while it occurs (supporting Proposition 5). 

However, it is unclear whether these thoughts span the duration of the event and continue 

after the incident is solved. As a result, no conclusions can be drawn about Proposition 

7b, which states that after an incident is fixed, thoughts will be unrelated to the computer.  

Negative Events That Were Not Fixed 

In addition to the seven short-term negative events that were fixed, 25 other 

recalled negative events occurred that could not be fixed. This allowed for a further 
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exploration of the emotions and thoughts that users experience during negative events as 

well as of the behavioral steps that they attempt to overcome them.  

When a negative event occurred, participants changed their behaviors toward the 

system in different ways. Some of them engaged in trial and error behaviors (12 cases). 

For example, Participant 52 experienced a negative event when s/he noticed that the 

information s/he had previously entered in Lotus Notes was no longer there. S/he 

explained the behavioral steps that s/he took: “I attempted to power down the computer 

and restart the computer, when the information was still not there I called the IT 

department”. In this case, the difficulty was not overcome by a simple reboot of the 

computer and this person notified the IT department about the problem. Another 

participant, Participant 18, explained how an application would time out every now and 

then, and explained his/her behavior: “I would just reboot the application”. However, this 

solution was not a real fix since it did not last, and the application kept timing out.  

There were other cases in which participants could not find a solution or they felt 

they could not do anything about the problem (13 cases). In these situations, participants 

engaged in different behaviors. Sometimes (in seven cases) they looked for alternative 

ways in which to perform the task (by using another program or doing it manually). For 

example, Participant 9 explained how the application s/he was using blanked out and 

produced an error screen at random intervals; s/he further explained the steps s/he took 

when this happened: “What I do is type all information into notepad then it is not lost 

because of [the application]. You have to turn the program on and off again”. Participant 
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21 reported a similar event in which the system crashed at different times and described 

his/her behaviors: “We have to complete manual forms until the system comes back and 

call the customer again”. Another participant, Participant 5, experienced a lot of 

problems with Lotus Notes for a week; as s/he explained: “The application would 

selectively send emails with attachments and fail to deliver to some parties. I normally 

email over large files to our third party departments first thing every morning. For some 

odd reason, I was unable to send all the files for the past few weeks. I had received over 

½ of them with failed delivery notice”. She then explained the behavioral steps that she 

took: “I took very deep breaths, printed each Excel spreadsheet in landscape format then 

faxed them one at a time!”. All in all, this demonstrates that participants use other 

applications or manual methods because of situation-specific circumstances. Participants 

are creative in finding other ways to accomplish their work when the tools at hand are 

non-responsive and the use of these alternative applications and manual methods appear 

to be temporary.  

In another case, a participant moved on to do another task that did not involve the 

problematic system. As s/he (Participant 50) reported: “The network server ‘crashed’ and 

therefore I did not have the ability to access my files for most of the day until the 

computer technician was able to fix the problem”. In this case, the participant went on to 

find other work: “The steps that I took to deal with the incident were to report it to my 

boss and then try to find alternative work to do until the problem was fixed”.  
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It is important to mention that depending on the types of error (system slow or 

server crash), there is not much the user can do about it. Thus, in some cases participants 

felt that they could not do anything about the incident (five cases) or they simply gave up 

(one case). For example, Participant 16 explained that s/he engaged in the following 

behavior when the system was slow for a while: “Process less and give more time to 

ensure it does not freeze up or crash. Processing less efficiently is a huge road block”. 

Other participants stated that there was nothing they could do. For example, Participant 4 

facing a slow system stated: “There’s no steps to take. It’s just a waiting game”. One 

participant (51) reported giving up about the formatting problems s/he was experiencing 

and continued his/her activities: “A border surrounded the text and I did not want a 

border surrounding it and I could not remove it. I tried to remove it using help and the 

bother/shading option, but I could not. I left it as it was”. 

All in all, it seems that when participants face a negative event that cannot be 

easily fixed, they change their behaviors with respect to the system (supporting 

Proposition 7). However, when participants have tried to work around a problem for a 

while and there is nothing they can do, they either look for alternative ways to perform 

the task or for alternative work (supporting Proposition 13b). They also give up or slow 

their interactions with the system in order not to crash it (supporting Proposition 13a).  

In terms of emotions, participants reported negative feelings towards the 

application at hand in all 25 cases. For example, participant 44 reported: “I felt extremely 

frustrated not only because [the application] doesn’t work, I cannot complete my daily 
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duties”. Another participant (9) described his feelings as follows: “I get very frustrated. It 

is hard talking to a customer while the program is doing weird stuff and I don't like 

asking customers for their information again”. Other participants also report similar 

feelings of frustration (Participant 19: “It is frustrating to have to wait”’; Participant 51 

and 52 both reported: “I felt frustration”). Some participants also reported annoyance 

along with high levels of frustration (Participant 50: “When the incident occurred, I was 

very upset. I had some deadline to meet, and without the computer I was unable to 

complete my work. I felt lost without access to my software”). They also felt angry and 

overwhelmed as a result of the incident (Participant 28: “I felt frustrated, annoyed, 

aggravated, and overwhelmed”; Participant 8: “Irritated, I was working hard to clean up 

my work before I left on vacation and this system keeps freezing causing irritation as it is 

the main software required to do my work”). 

In summary, the findings support Proposition 4, which states that for negative 

computer-related events, users experience negative affect in relation to the system. The 

findings also support for Propositions 14a and 14b which state that during a long-term 

negative event, most users will experience negative affect related to the system. 

However, there was no data to support Proposition 14c, which states that this negative 

affect will fade over time. In fact, users appear to continue experiencing negative affect 

as long as the incident is still taking place.  

With respect to cognitions, all the reported thoughts were computer-related except 

for one. Some of these event- related thoughts dealt with solution-seeking thoughts. For 
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example, Participant 3 reported her/his thoughts as: “why didn’t it work?”. Participant 5 

also described his/her thoughts as being related to the problem, but once s/he started to 

perform the task in an alternative way s/he would just try to focus on the task: “At times, I 

would think ‘why is it taking so long to solve the problem?’ Other times I would just try 

to figure out other ways to get these files out to the third party departments. I was also 

trying to figure out the failed delivery errors that were displayed”. Similarly, Participant 

17 also engaged in solution seeking thoughts: “How can I do this? Who can I talk to who 

would help me resolve this?”  

Some participants’ thoughts were related to the consequences and impacts of the 

event and had negative affect attached to them. Thus, Participant 44 reported: “I was 

thinking if this doesn’t get fixed, my work day is wasted”. Participant 16 described: “I can 

afford one bad day, but when there are 3 a week where the system crashes, it’s 

demoralizing and discouraging”. Other participants reported similar thoughts (Participant 

8: “I was thinking that every time I start catching up something happens to put me behind 

again”; Participant 7: “I was thinking the work is hard when the system is very slow”; 

Participant 51:”I thought of the serious implications for losing important information on 

the system as this is used in child welfare”). 

In other occasions, participants engaged in wishful thinking; that is, they 

experienced thoughts in which they wished the application was working properly. For 

example, Participant 51 reported: “I wished that the Help feature could actually help me”, 

and Participant 31 explained: “I wish they could come up with an easier program to use”. 
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Similarly, Participant 4 remarked: “Limited time to get everything done. How slow 

computers are. If it was faster, I could get more done”. Other participants also reported 

wishful thoughts (Participant 18: “I wish this wouldn't happen). 

There was only one occasion in which the thoughts were not related to the 

original application that triggered the negative incident. Participant 9 explained her 

thoughts once s/he used another application: “I would only be thinking about what I was 

doing and typing everything into -otepad”. 

In sum, it appears that there is strong support for Proposition 5 which states that in 

the existence of negative events, users experience computer-related thoughts. However, it 

becomes harder to test the support for Proposition 15 which suggests that although there 

would initially be computer-related thoughts, these would become non-computer related 

over time. On the one hand it appears that when users engage in alternative behaviors that 

help them continue their tasks, they have fewer thoughts related to the computer (see 

Participants 5 and 9). However, they still experience thoughts related to the incident and 

how it is affecting them (see Participant 5). As a result, there is support for Proposition 

15a which states that during long-term events, users experience computer-related 

thoughts, but no conclusions can be drawn about how these computer-related thoughts 

may dissipate over time (Proposition 15b). 

Summary of Qualitative Findings 

These analyses were used to examine the propositions presented Chapter 3. They 

do so through analytic generalizatibility, or generalization from the findings to theory
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Table 4.6. Qualitative Data: Summary of Propositions and Findings 

Events Emotions Summary of Results Support? 

Expected Events P1: (a) Neutral or (b) weakly 
positive with respect to the 
system, and (c) most salient 
unrelated to the system 

Most emotions during expected events 
were unrelated to the system. That is, the 
users described feelings related to their 
work or to their personal lives. 

Yes: 
- Support for Proposition 1a and 
Proposition 1c 

Negative Unexpected Event P4: (a) Negative and (b) most 
salient related to the system. 

Most emotions following negative 
unexpected events were negative (e.g., 
frustration, upset, etc.) and were directly 
related to the event and application(s) 
being used. 

Yes: 
-Support for Proposition 4a and 4b  

P8: (a) Negative affect 
diminishes and (b) most salient 
unrelated to the system 

Short-Term Negative 
Unexpected Event (Incident 
Solved) 

P9: (a) Positive and (b) most 
salient related to the system and 
(c) its salience will fade over 
time 

There appears to be two types of 
incidents solved: those in which the 
incident originally stemmed from a lack 
of knowledge of the application and 
those in which the incident was a 
technological malfunction. In the former, 
users appeared to feel positive affect 
when the incident was solved whereas in 
the latter, users still felt strong negative 
affect towards the system. 

Mixed:  
- Support for Proposition 8a, 9a, and 
9b, but only when the incident 
stemmed from a lack of users’ 
knowledge about the application 
 

P10: (a) Negative and (b) most 
salient related to the system 

Long-Term Negative 
Unexpected Event (Incident 
Continues) P14: (a) Negative, (b) most 

salient related to the system and 
(c) its salience will fade over 
time 

For real-time events, most people’s 
feelings were unrelated to the system. 
However, the data from the recalled 
events showed that most feelings were 
related to the system. It is possible that 
recalling an event makes the user re-live 
the negative emotions that s/he felt at the 
time. 

Mixed: 
- Real-time data support Proposition 
14c  
- Recalled data support Proposition 
10a and 10b 

Positive Unexpected Event P16: (a) positive with respect to 
the system and (b) most salient 
related to the system 

Most emotions following the expected 
events were positive and related to the 
system. 

Yes: 
- Support for Proposition 16a and b 
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Table 4.6, Continued 

Events Cognitions Summary of Results Support 

Expected Events P3: Non-computer related 
thoughts 
 

The overwhelming majority of thoughts 
were not related to the computer 
application(s) at hand. 

Yes: 
- Support for Proposition 3 

Negative Unexpected Event P5: Computer-related thoughts The majority of thoughts following a 
negative unexpected event were related to 
the computer application(s) at hand. 

Yes: 
- Support for Proposition 5 

Short-Term Negative 
Unexpected Event (Incident 
Solved) 

P7: (b) Non computer-related 
thoughts 

Data only from recalled events. 
Participants would think about the 
computer. When the incident was due to 
technological malfunction, users would 
still think about the incident. Similarly, 
when the incident was due to a lack of 
user’s knowledge about the application, 
users’ would think abut the learned 
feature and its future applications or 
enhancements.  

No Support 
 

P12: (a) Computer-related 
thoughts 

Long-Term Negative 
Unexpected Event (Incident 
Continues) P15: (a) Computer-related 

thoughts but (b) will become 
non-computer related over time 

The data from the real-time events 
demonstrated that people’s thoughts were 
unrelated to the system. However, the 
data from the recalled events showed that 
most thoughts were related to the system. 
This might be the result of a retrospective 
bias. 

Mixed: 
- Real-time data support 
Proposition 15b  
- Recalled data support 
Proposition 12a. 

Positive Unexpected Event P18: Computer-related thoughts Most thoughts were related to the positive 
event, either about the consequences of 
the discovered application(s) feature for 
work or about other ways in which to 
enhance the use of the application(s). 

Yes: 
- Support for Proposition 18 
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Table 4.6, Continued 

Events Behaviors Summary of Results Support 

Expected Events [P2: No change] 
 

No data to test the proposition Unable to test 

Negative Unexpected 
Event 

P6a: Change in behavior 
P6b: Trial-and-error 

Most users changed their behaviors following a 
negative event. In doing this, they not only engaged 
in trial-and-error behaviors but they also asked co-
workers for help, went to Internet forums, etc.  

Mixed: 
- Support for Proposition 6a 
- Partial support for P6b  

Short-Term Negative 
Unexpected Event 
(Incident Solved) 

P7a: Back to routine 
behavior 

There appear to be two types of incidents solved: 
those in which the incident originally stemmed from 
a lack of knowledge of the application and those in 
which the incident was a technological malfunction. 
In the former, users appeared to learn something 
(e.g., a new way of doing something, or the 
existence of a feature) and added this learned way to 
their range of behaviors with the system. In the 
latter, users appeared to learn little from the 
incident, and once it was solved, continued their 
normal interactions.  

Mixed:  
- Support from Proposition 7a 
when incident is due to 
technological malfunction. 
 

Long-Term Negative 
Unexpected Event 
(Incident Continues) 

P11: Behavior slows down Users only stopped or slowed their interactions with 
the applications when they felt they had no 
alternatives. 

Yes: 
-Support for Proposition 11, but 
only in those cases where there 
were no perceived alternatives. 

 P13a: Change in behavior 
P13b: Behavior towards 
activity that does not 
involve the problematic 
part of the system 

Most users changed their behaviors in a way in 
which they would seek alternative work or they 
would perform the task at hand in an alternative 
way. 

Yes: 
- Support for Proposition 13a and 
13b, but only in those cases 
where there were alternatives. 

Positive Unexpected 
Event 

P17: Add learned 
procedure to range of 
routine behaviors with the 
system 

Most users adopted the learned procedure to their 
behaviors with the system.  

Yes: 
- Support for Proposition 17 
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(Lee et al. 2003; Yin 1994). In general, the results provide support for most of the 

propositions presented in Chapter 3. During expected events individuals’ cognitions and 

emotions are unrelated to computer at hand. When individuals face a negative computer-

related event, they experience negative affect and thoughts related to the computer 

problem. Finally, during positive events users’ show positive emotion and thoughts about 

the computer. These findings and how they relate to the process propositions are 

summarized in Table 4.6 

Other Findings  

When analyzing the data, other interesting discoveries were made. For example, 

participants had problems differentiating between thoughts and emotions and they 

sometimes reported ambivalent feelings. 

Difficulties Differentiating Between Thoughts and Emotions 

Often people experienced difficulties when answering questions about feelings or 

thoughts. A lot of the time they would report both feelings and thoughts when answering 

questions about thoughts, or would report thoughts when answering questions about 

feelings. This points to the intrinsic intertwined nature of thoughts and feelings as they 

naturally occur. For example, Participant 38 explained his thoughts as follows: “I was 

thinking about how I glad I am to be inside, as it is 34 degrees outside”. The same 

occurred with other participants that would explain their upset feelings when asked about 
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thoughts (Participant 42: “I hate Vista!”; Participant 9: “I hate my job”; Participant 34: “I 

am thinking I might throw the PC out of the window”). 

Ambivalence of Experiences 

The results also highlight the ambivalence and duality of experiences. In some 

occasions, participants would report different emotions, positive and negative. For 

example, Participant 16 stated: “I feel overwhelmed, feeling better having accomplished 

something, but too much to do still. I am frustrated that I am working hard and doing so 

much, but not getting anywhere fast”. Also, in a similar example, Participant 9 reported: 

“I am feeling happy but irritated about an escalated situation at work”. These findings 

point to the complexity of emotional experiences and the capability of users to experience 

a wide variety of unrelated feelings and thoughts at the same time. 

Quantitative Results 

In this section the quantitative analyses and results are explained. The main 

purpose of these analyses is to test the variance hypotheses developed in Chapter 3. For 

this study (and the next), all hypotheses are tested as two-tailed for competing hypotheses 

and one-tailed for directional hypotheses.  Specifically, for competing (non-directional) 

hypotheses, two-tailed tests are used (e.g., .025 in each tail, for an overall .05 significance 

level). For directional hypotheses, one-tailed tests are used (e.g., .05 in the one tail, for an 

overall .05 significance level). 
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As explained before, there were 58 participants who answered the same questions 

at different points of time. Out of these, 11 individuals had no data on task performance 

(the dependent variable) in any of observations. As a result, 48 participants were included 

in the quantitative results. Furthermore, as explained before, there were a total of 1,276 

times in which participants were paged. Out of these, 55414 observations had data on task 

performance. The cases that had data missing on task performance (722) were excluded 

for analyses and those that had data on at least task performance were included in the 

analyses. This will be explained in more detail later. As a result, 48 participants (a 

minimum of 3 observations and a maximum of 22 observations per participant) were 

included in the analyses. This gave an average of 11 observations per participant in the 

analyses.   

Reliability of Measures 

Before testing the propositions, the Cronbach’s alpha of each measure was 

calculated as well as the correlations between all the measures. As Table 4.7 indicates, all 

the measures had Cronbach’s alphas over .89, satisfying the .80 cutoff recommended for 

                                                 

14 Please note that there is a difference in the number of observations between the qualitative data 
and the quantitative data. In the qualitative data there were 769 observations, whereas in the quantitative 
data there were 554 observations. The reason for this difference was that the 3 positive real-time events 
were dropped from the quantitative analyses to prevent biases, and that in 212 occasions, participants filled 
out the open-ended questions and left the close-ended question regarding task performance blank or did not 
fully complete it.  
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management research (Lance et al. 2005). Furthermore, the correlations among measures 

were low to moderate, with the highest being .50 between engagement and affect. 

Table 4.7. Correlations and Cronbach’s Alpha 

Measures Affect Cognitive 
Load 

Engagement Task 
Performance 

Computer-
Related 
Thoughts 

Use 

Affect   .90      

Cognitive 
Load 

-.15   .94     

Engagement  .50   .30   .91    

Task 
Performance 

 .43   .09   .29   .92   

Computer-
Related 
Thoughts 

-.29   .04   .20 -.14 N/A  

Use  .16 -.25  -.08   .00  .14 N/A 

Note: Cronbach’s alpha on the diagonal. 

Analyses and Results 

For the analyses, multilevel regression techniques were employed. Multilevel 

regression (also known as hierarchical modeling, HLM, or multilevel linear modeling, 

MLM) is best understood as a technique in which data collected at different levels of 

analyses (e.g., people, groups) may be studied without violating the assumptions of 

independence in linear multiple regression (also called OLS) (Singer et al. 2003; 

Tabachnick et al. 2007). That is, MLM is useful when observations are not independent 

from each other (Singer et al. 2003). Repeated measures represents one of these cases. 

Multilevel modeling takes into account these dependencies in the data by declaring 

intercepts and slopes to be random effects (Singer et al. 2003). In this study, a two-level 

hierarchy was established with measurement repetitions or occasions as Level 1 units and 
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participants as Level 2 units (Goldstein 1999; Singer et al. 2003). Figure 4.1 shows the 

layout of the design.  

Figure 4.1. Layout of Quantitative Data 

 

 

It is important to note that there are several reasons for using MLM in ESM 

studies over other techniques. In ESM studies, missing data occur for reasons such as 

participants being away from their desks when paged. That is, it is normal in ESM studies 

to have completely missing data for some observations for some individuals. Traditional 

techniques such as repeated measures ANOVAs, cannot be used in such cases. They 

require complete data over occasions and discard participants who have missing data at 

certain points (Gibson et al. 2003; Hedeker 2004; Singer et al. 2003; Tabachnick et al. 

2007).  

As a result, the way of handling ESM with missing data is to use MLM analyses 

(e.g., Fisher et al. 2004). MLM ensures that participants who have missing data at some 

points of time (but have data on at least the dependent variable, in this case, task 
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performance) are not excluded from the analyses. This is one of the major advantages of 

using MLM analysis as opposed to traditional techniques (Bickel 2007; Gibson et al. 

2003; Hedeker 2004; Hedeker 2008; Singer et al. 2003; Tabachnick et al. 2007). 

Participants are not assumed to be measured at the same number of time points and 

repeated measures designs are expected to have a considerable amount of missing data 

(Gibson et al. 2003; Hedeker 2008; Singer et al. 2003). MLM has no restrictions on the 

number of observations per individual, so that participants who have missing data at 

some points in time are not excluded from the analyses (Hedeker 2004). There are several 

strengths associated with this strategy of handling missing data. First, it has been 

demonstrated that parameter estimates using maximum likelihood methods, such as those 

in MLM, are consistently less biased than those produced by procedures using listwise 

deletion or pairwise deletion of cases and it is recommended that cases with data on at 

least the dependent variable are not discarded from MLM analyses (Donner et al. 1982; 

Graham et al. 1996). Second, this strategy assumes that the data that are available for a 

given participant are representative of that participant’s deviation from the average trends 

across time (which are estimated based on the whole sample) (Hedeker 2004; Laird 

1988). The notion here is that missing data of observations is related to previous taken 

measures and/or to other participants’ characteristics, and as such, this strategy of 

handling missing data in MLM provides a valid and powerful method for dealing with 

repeated measures data sets with missing data (Laird 1988).  
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Besides the above, there are other reasons for using MLM in ESM studies over 

other techniques. Because in ESM studies observations might not be taken at equal 

intervals as it is the case here, another advantage of MLM is that it does not require equal 

intervals of measurements for each case whereas repeated measures ANOVA does 

(Tabachnick et al. 2007). Finally, repeated measures ANOVA requires independent 

variables to be categorical, while MLM allows for testing relations between continuous 

(or interval) independent and dependent variables. 

Before running the multilevel regression analyses, all the independent variables 

needed to be centered to their grand means (Bickel 2007; Goldstein 1999; Peugh et al. 

2005; Singer et al. 2003). The primary reason for using grand-mean centering is to guard 

against multicollinearity so that the random component variance in the multilevel model 

is substantially reduced (Keft et al. 1995). Other forms of centering exist, such as group-

mean centering; however, group mean centering is quite controversial, and in the absence 

of a good reason to prefer one form of centering over another, it is best to use the simple 

and more commonly employed form of grand centering (Keft et al. 1995). As a result, all 

the independent variables were centered to their grand means.  

�ull Model 

Multilevel regression analyses were carried out following the recommendations of 

Peugh et al. (2005), Singer et al. (2003), and Tabachnick et al. (2007). The first step in 

multilevel regression is to run the ‘unconditional’ or ‘null’ model (Peugh et al. 2005; 

Singer et al. 2003). This model only contains the dependent variable. This is done to 
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establish if there is systematic variation on the outcome of interest (in this case, task 

performance) that is worth exploring by numerically evaluating the relative magnitude of 

the within-person and between-person variance components (Peugh et al. 2005; Singer et 

al. 2003). Thus, a ‘null’ model was first run to justify the use of a multilevel model; if 

there was insufficient variation between individuals in task performance, a multilevel 

model would be neither required nor appropriate, and a liner multiple regression could be 

used instead (Peugh et al. 2005; Singer et al. 2003). Because the total variation in the 

outcome (task performance) is just the sum of the within and between-person variance 

components, the intraclass correlation coefficient, ρ, can be calculated. The intraclass 

correlation “describes the proportion of the total outcome variation that lies ‘between’ 

people” (Singer et al. 2003, p. 96). The intraclass correlation for task performance 

(ρ=.29) shows that 29% of the variance in task performance occurred between 

participants, and that 71% of the variance in task performance occurred within 

individuals. That is, the within and between-person variation justified the use of multiple 

regression analysis and is consistent with that found in other ESM studies using MLM 

(Fisher et al. 2004). 

Once the appropriateness of the multilevel technique was justified, a build-up 

strategy for MLM analyses was followed (Peugh et al. 2005; Raudenbush et al. 2001). 

With this technique, a series of multilevel regressions are run, adding one predictor 

(independent variable) at a time. Researchers suggest that predictors be entered in order 

of importance (Raudenbush et al. 2001). Because there was no a priori reason why one 
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predictor would be more important than another, they were added here in the order of the 

propositions (listed in Table 4.2). This had the benefit of entering ‘use’ first, which is 

expected to be unrelated to performance. This allowed us to ensure that any lack of 

impact of use was not dependent on order of entry or having other predictors already in 

the model. Independent variables that do not enhance prediction are dropped (Peugh et al. 

2005; Raudenbush et al. 2001; Singer et al. 2003).  

Furthermore, in this study all the hypotheses are directional, and therefore one-

tailed tests are used.  Therefore, the following criteria are used for testing the significance 

of the t-values for each relation: a critical t value of 3.090 at .001; a critical t value of 

2.326 at .01, a critical t value of 1.645 at .05, and a critical t value of 1.282 at .10 for 

marginally significant results. 

Finally, for these analyses, a decision had to be made about which estimators to 

use in the analyses. There are a number of estimators that can be used in estimating the 

random components of random regression coefficients, usually either ML (Maximum 

Likelihood) or REML (Restricted Maximum Likelihood). In this case, because of the 

small sample size of the data REML is preferred over ML since REML takes into 

consideration the number of parameters used in model estimation (Bickel 2007). 

However, it is important to mention that ML, as will be explained later, was used when 

calculating deviance statistics between models. A summary of the analyses is provided in 

Table 4.8. 
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Control Variables 

A model was run with age, a control variable (a level 2 variable), as a predictor. 

The analyses of the fixed effects indicated that age did not significantly influence task 

performance (t=-.04; p>.10). In order to keep the number of parameters low, and 

following Raudenbush et al.’s (2001) recommendations, this variable was dropped for 

further analyses since its impact on task performance was not significant and it did not 

reduce the errors of prediction much. 

Table 4.8. Multilevel Regression Results 
Model Independent 

Variables 

Estimate t -2*Log 

Likelihood 

(df) 

Deviance 

Statistic 

(difference df) 

2

1R  

Null Model N/A N/A N/A 1559.13 (3) N/A N/A 

Control 1 age   .00      .04 1381.66 (4) 177.47 (1)***  5.66% 

Control 2 gender   .05      .24 1352. 64 (6) 206.49 (1)***  -.41%% 

Conditional 1 use   .00      .01 1550.64 (6)     8.48 (3)*  -.30%% 

Conditional 2 affect   .37    7.69*** 1411.04 (6) 147.29 (3)*** 18.61% 

affect   .35    6.64*** Conditional 3 

engagement   .10    2.12* 

1256.39 (10) 312.74 (7)*** 21.24% 

affect   .38    7.17*** 

engagement   .05    1.01 

Conditional 4 

cognitive load   .10    2.51** 

1232.53 (15) 326.60(12)*** 22.70% 

affect   .39    8.22*** Conditional 5 

cognitive load   .11    3.10*** 

1239.61 (10) 319.52 (7)*** 23.32% 

affect   .37    8.07*** 

cognitive load   .12    3.35*** 

Conditional 6 

computer-
related thoughts 

 -.31  -2.17* 

1231.21 (11) 327.91 (8)*** 23.12% 

*p<.05; **p<.01; ***p<.001 
 
 

Another model was run with gender, another control variable (level-2 variable), as 

a predictor. The analyses of the fixed effects indicated that gender did not significantly 
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influence task performance (t= .24; p>.10). Again, a decision was made to drop age from 

further analyses since it did not improve prediction. 

Conditional Model 1: Use 

The first predictor to be entered into the model was use (ρ=.11), (level 1-variable). 

As proposed, the results demonstrate that use does not significantly influence task 

performance (t=.01; p>.10). Furthermore, although the deviance statistic was significant 

( 2χ =8.48; df=3; p<.05)15, the model did not improve errors in prediction ( 2

1R =-.41%)16. 

Conditional Model 2: Affect 

A second conditional model was analyzed with affect (ρ =.41) (level 1-variable) 

as the predictor of interest. The results indicate a significant impact of affect on task 

performance (t=7.69; p<.001). The deviance statistic of this model against the null was 

                                                 

15 The conditional models and the null are nested, meaning that the only difference between them 
had to do with the addition or deletion of a parameter estimate. Therefore, a deviance difference statistic 
can be calculated (Bickel 2007; Tabachnick et al. 2007). However, the deviance statistic is based on ML 
estimators and as such, has to be calculated using the information criteria of the models calculated via ML 
(Bickel 2007; Tabachnick et al. 207). As a result, the null model and each conditional model were run again 
specifying ML as the estimation procedure. The deviance statistic was then calculated by subtracting the -
2* Log Likelihood of the deviance value for each conditional model from the same indicator for the null 
model. Degrees of freedom were calculated by subtracting the number of parameters used in calculating the 
null model from the number used in estimating each conditional model. 

16 
2

1R  is conceptually similar to the conventional 
2R . However, instead of reporting the amount 

of variability in the individual-level dependent variable explained by a regression equation, it indicates the 
proportional reduction in errors of prediction when the model at hand (the one with age as a predictor) is 

compared with the unconditional or null model (Bickel 2007). For calculating 
2

1R , the analyses need to be 

re-run with the conditional model with all the slopes fixed; that is, with the independent variable(s) in the 
fixed components but without including it (them) in the random components (Bickel 2007) . 
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also significant ( 2χ =147.29; df=3; p<.001); further, including affect in the model 

reduced errors in prediction by 18.61%. Affect was therefore kept in the model as more 

predictors were added. 

Conditional Model 3: Affect and Engagement 

Engagement (ρ=.34) (level 1-variable) was included along with affect as a 

predictor of task performance. The results indicate that engagement significantly 

influences task performance (t=2.12; p<.05) and affect continues to be significant 

(t=6.64; p<.001). The deviance statistic showed a significant improvement in fit over the 

null model ( 2χ =312.74; df=7; p<.001). Further, there was a reduction in errors of 

prediction over the null ( 2

1R =21.24%). A decision was made to keep engagement for 

further analyses.  

Conditional Model 4: Affect, Engagement and Cognitive Load 

Cognitive load (ρ=.20) (level-1 variable) was introduced as a predictor along with 

affect and engagement. The results indicate that cognitive load has a significant positive 

impact on task performance (t=2.51; p<.01). This result is in the opposite direction from 

what it was hypothesized: a negative relation between cognitive load and task 

performance. Furthermore, the results show that affect continued to be significant 

(t=7.17; p<.001). However, the impact of engagement on task performance was not 

statistically significant (t=1.01; p>.10). The deviance statistic showed a significant 

improvement of fit over the null model ( 2χ =326.60; df=7; p<.001). Furthermore, this 
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model reduced errors in prediction by 22.70%. Since engagement was not significant, it 

was dropped for further analysis. To see the effect of dropping engagement, another 

model was run with affect and cognitive load as predictors.  

Conditional Model 5: Affect and Cognitive Load 

When affect and cognitive load are introduced as predictors with no other 

variables, the results indicate that they both continue to have a significant positive impact 

on task performance (affect: t=8.22; p<.001; cognitive load: t: 3.10; p<.001). 

Furthermore, the deviance statistic is also significant ( 2χ = 319.52; df=7; p<.001) and 

this model reduces errors of prediction ( 2

1R =23.32%). Finally, when comparing  the 2

1R  

of this model with the previous one which also included engagement as a predictor 

(conditional model 3), it is clear that this model reduces errors of prediction, and that 

dropping engagement for future analysis was the correct decision.  

Conditional Model 6: Affect, Cognitive Load, and Computer-Related Thoughts 

Computer-related thoughts (ρ=.09) (level-1 variable) was added as a predictor 

along with cognitive load and affect. However, because computer related thoughts had a 

very low intra-class correlation (less than 1% of the variance occurred between 

participants), this variable was not included in the random component of the model in 

order to keep the number of parameters low (Singer et al. 2003). The results indicate that 

computer-related thoughts have a negative and significant influence on task performance 

(t=-2.17; p<.01), while affect and cognitive load continue to have significant effects 
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(t=8.07; p<.001; and t=3.10; p<.001 respectively). The deviance statistic also showed a 

significant improvement over the null model ( 2χ =327.91; df=8; p<.001), and this model 

also reduced errors of prediction ( 2

1R =23.12%). When compared to the previous model 

(conditional model 5), although this model showed a better fit, it did not reduce errors of 

prediction. A decision was made, however, to keep computer-related thoughts in the 

model (as they significantly impacted task performance and improve the deviance 

statistic). 

Summary of Quantitative Findings 

Use did not relate to task performance. As predicted, affect and computer-related 

thoughts related significantly to perceptions of task performance. On one hand, affect 

positively impacted task performance: as feelings were more positive, perceptions of task 

performance increased. On the other hand, as people experienced more computer-related 

thoughts, their perceived performance in the task decreased. With respect to cognitive 

load, it was hypothesized that cognitive load would negatively relate to perceptions of 

task performance. In contrast, the results showed a positive and significant relation of 

cognitive load on perceived task performance.  As a result, expectation 19 (no relation 

between use and task performance) and propositions 20 (positive relation between affect 

and performance) and 22 (negative relation between computer-related thoughts and 

performance) were supported. Table 4.9 provides a summary of the findings.  
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Table 4.9. Quantitative Data: Summary of Performance Propositions and 

Findings 

 

Post-Hoc Analyses 

Since the process propositions and the qualitative data suggest that unexpected 

computer-related negative events impact affective states (affect, engagement) and 

cognitions (computer-related thoughts, cognitive load), post-hoc analyses with MLM 

were performed to examine the impact of computer-related difficulties on affect, 

engagement, computer-related thoughts, and cognitive load. A dichotomous variable, 

computer-related difficulties, was created with the following values: 1 in the case of 

computer-related difficulties and 0 in the absence of difficulties. These analyses indicate 

significant negative impacts of the existence of difficulties on affect (t=-6.52; p<001) and 

engagement (t=-2.52; p <.01). Furthermore, the results show a significant positive impact 

 

Independent Variables 

 

Task Performance 

 

Support? 

 
Frequency of Use  

 
Expectation 19: No relation 

 
Yes 

 
Engagement 

 
P20: Positive relation 

 
No 

 
Affect 

 
P21: Positive relation 

 
Yes 

 
Cognitive load 
 
 

 
P22: Negative relation 
 

 
No. Significant results in 
the opposite direction. 

 
User’s thoughts (non-
computer related vs. 
computer related) 

 
P23: Negative relation 
(more computer-related 
thoughts will negatively 
influence task performance) 

 
Yes 
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of the existence of difficulties on computer-related thoughts (t=8.80 p<.001) and a 

marginally significant positive influence on cognitive load (t=1.44; p<.10). 

Discussion 

This exploratory study provides insights into the behavioral, cognitive, and 

affective processes occurring during computer-related events. The primary objective of 

this study was a preliminary examination of the process and variance propositions 

developed in Chapter 3. As the results show, most of the process propositions were 

supported, while the remaining ones received mixed support. Similarly, the quantitative 

results support some of the variance propositions while not others. The qualitative and 

quantitative results are interpreted in this section, and possible causes for any unexpected 

results are proposed. Finally, specific limitations of this study are recognized along with 

its strengths.  

The qualitative results show that during expected events when using computers 

(events in which users are not experiencing a difficulty or a discovery with the 

application at hand), users do not think about the computer application at hand 

(Proposition 3) and their emotional experiences are unrelated to the tool being used 

(Proposition 1). This supports the conclusions drawn from the emotional and ecological 

perspectives. Thus, when a system is behaving properly, it is in a state that does not 

influence users’ most salient emotions (Mohr 1996). Consistent with the ecological 

perspective, users do not appear to have to think about the system at hand in order to 

perform their tasks (Wood et al. 2002). This stands in contrast of some of the deliberative 
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perspective’s claims that state that in one way or another users think about the 

applications they use in order to update their cognitive beliefs about them (Bhattacherjee 

2001; Bhattacherjee et al. 2004). Although it may be the case that these thoughts and 

reflections about the system still occur, they probably take place at other times as people 

reflect on their experiences, not during system use. 

There is also support for the notion that when a negative computer-related 

unexpected event occurs, there is negative affect related to the system (Proposition 4). 

Post-hoc analyses of the quantitative data also support the idea that negative computer 

events are associated with more negative affect. Furthermore, users’ thoughts are 

redirected to pay attention to this event (Proposition 5), and there is a behavioral change 

in the interaction with the system (Proposition 6a). The results indicate that not only do 

users start trial and error patterns (Proposition 6b), but they also engage in other 

behaviors such as asking others for help or momentarily using another application to get 

around the difficulty. This is interesting because it shows that the decision to use an 

alternative application is situation-specific and appears to be a momentary solution, not a 

final decision about future use of the application. This suggests that during these 

situations, users’ intentions to use a system are not final, as portrayed in the IS 

deliberative perspective. In contrast, their intentions are more contextual, stemming from 

the situation-specific interaction between the user and the system at the time, a view that 

is consistent with the emotional and ecological perspectives. Interestingly, users’ 

thoughts during these events were about different aspects of the situation, such as the 
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consequences of the incident for their work, the search for a solution, the 

inappropriateness of the software for the task at hand, or thoughts of using another 

application. The latter two seem to align better with the deliberative perspective, as they 

appear to portray users’ judgments about the usefulness of the application at hand; 

however such judgments appear not to be directed to decisions about the long-term use of 

an application but to specific situations. The other type of thoughts, such the 

consequences of the incident for work or the search for a solution, appear to be more 

aligned with the ecological and emotional perspectives, because they portray cognitions 

that are more oriented towards dealing with the incident at hand in order to be able to 

continue the work.  

With respect to short-term negative computer-related events that are fixed, the 

results are quite insightful and provide more information for the theory proposed in 

Chapter 3. Two types of short-term negative events that were fixed emerged. The first 

type involved those events in which the incident appeared to originally stem from a lack 

of users’ knowledge about how to do something with the application at hand. This type of 

event resembles those known as ‘knowledge-based slips’ in the literature. Knowledge-

based slips are those that occur because of a lack of knowledge to complete a certain task 

(Norman 1981). Once these knowledge-based slips have been overcome, users appear to 

experience positive affect towards the application at hand (Proposition 9). Users also 

report having learned something new (e.g., a new feature, or a new way of doing 

something) and their thoughts are related to the new discovery and potential ways in 
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which to exploit this discovery further (in opposition to Proposition 7b). Users also 

appear to add the ‘new way’ into their range of behaviors with the system (in opposition 

to Proposition 7a, which states that users would return to the previous ‘routine’ or 

‘normal’ behavior with the system). When this type of incident is solved, the affective, 

cognitive, and behavioral processes that follow appear to be very similar to those of 

positive unexpected events (P17: Add learned procedure to range of behaviors with the 

system; P18: Computer-related thoughts (as a result of the positive event); P19: Positive 

affect related to the system). Consistently, past research within the context of computer 

skill learning has found that errors might serve a positive function by enhancing learning 

(Frese et al. 1991). For example, when users facing knowledge-based slips engage in 

processes that emphasize the goal structure of the task at hand, learning increases (Sein et 

al. 1999).  

The second type of short-term negative event that was overcome appeared to stem 

from a technological malfunction and is called a ‘technological slip’ here. In these 

situations, users appear to still feel strong negative affect towards the event. In terms of 

thoughts, users still experience thoughts related to the system (not supporting Proposition 

7b). Interestingly, for this type of event, users did not report any positive outcomes from 

overcoming the difficulty; thus it was inferred that they when the incident was solved 

they went back to their routine or normal behavior (supporting Proposition 7a).  

The literature on learning can provide another explanation for the disparity of 

results between knowledge-based and technological slips. Specifically, it is possible that 
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the processes that followed after the negative events were solved, were dependent on 

individual differences, such as goal orientation. This area for future research will be 

explored further in the final chapter.  

The results also provide some support for the cognitive, affective, and behavioral 

processes that occur during long-term negative computer-related events. Interestingly, the 

results differed depending on whether the data came from real-time events or recalled 

events. The results from the real-time events indicate that during long-term negative 

events, most users experience neutral feelings or feelings that were unrelated to the event 

(supporting Proposition 14c) and thoughts about work or non-work matters (supporting 

Proposition 15b). In contrast, the recalled events suggest the opposite: users reported 

strong negative feelings and thoughts related to the system at hand (supporting 

Propositions 10 and 12a). A plausible explanation for this can be found in the 

psychological literature. Some argue that the recall of emotional experiences is quite 

accurate – e.g., it is rare for people to categorize a once happy experience as a sad one 

later and vice versa (Zajonc 1980). Others disagree. Research has found that people 

sometimes overestimate the intensity and duration of their emotional reactions to past 

events (Levine et al. 2002; Wilson et al. 2003) and that they retrospectively form strong 

attitudes and beliefs about past experiences (Fazio et al. 1981). Further, their thoughts 

and feelings at the time of the recall might subsequently influence the thoughts and 

feelings that they report as part of the recalled event (Wilson et al. 1998). Most important 

to making sense of the disparity between the results is the fact that people’s recall of an 
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emotional experience is influenced by 1) the peak intensity of the recalled experience as 

well as 2) the intensity of the emotional experience when it ended (Frederickson et al. 

1993; Kahneman et al. 1993). In the case of long-term negative computer-related events, 

these events are not followed by a quick and ‘happy end’; in most cases, the events are 

never fixed or are ‘on and off’ events that occur quite often in the work setting. Thus, 

when recalling their experiences, participants might have focused on the intensity of the 

emotions and thoughts that they experienced during the occurrence of the negative event, 

as opposed to those experienced when they looked for alternative work to do in order to 

avoid the difficulty. This points out the importance of the collection of real-time data 

rather than retrospective accounts in the study of emotional and cognitive phenomena 

(Daniels 2008; Elfenbein 2007). 

With respect to behaviors during long-term negative events, the results support 

the propositions under certain circumstances. On the one hand, users sometimes change 

their behaviors to seek alternative work or to perform the task in an alternative way 

(supporting Propositions 13a and 13b). However, this only occurs when there is a 

perceived alternative to circumvent the difficulty. For example, if a user were entering 

customers’ information in a database and the application was slow or crashing, the user 

might open another application (i.e., Notepad) and enter the information there as s/he 

continued taking customers’ calls. On the other hand, when users have no alternatives, 

they often slow down or stop (give up) their interaction with a system.. As a result, 
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behaviors that follow when incidents have a long-term orientation might be shaped by the 

alternatives available in each specific situation.  

Despite the scarce data collected regarding positive events, the results provide 

support for the propositions. During these types of events, users’ feelings are positive and 

related to the system (supporting Proposition 16) and their thoughts are related to the 

computer-related event (supporting Proposition 18). These thoughts include the positive 

consequences of the discovered functionality or feature or other ways in which that 

feature could be further used or enhanced. Furthermore, in terms of behaviors, the results 

show that users adopt the learned procedure or feature to their range of behaviors with the 

system (supporting Proposition 17).  

All in all, the results of the qualitative data are exciting in that they provide 

preliminary support for many of the propositions developed in Chapter 3, as well as 

further insight into the processes associated with different types of computer-related 

events. The results indicate that unexpected events are associated with different affective, 

cognitive, and behavioral processes, providing support for the idea that the emotional and 

ecological perspectives are well suited for the study of IS use. Furthermore, the 

quantitative results, interpreted next, indicate the importance of these processes for 

perceptions of task performance. 

The quantitative results emphasize the importance of affective processes and 

computer-related thoughts in perceptions of task performance. As was hypothesized, 

affect is significantly and positively associated with performance. Consistently, other 
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studies using ESM have shown a positive relation between performance and affect 

(Fisher et al. 2004). Furthermore, as proposed, computer-related thoughts showed a 

negative relation with task performance. Similarly, the qualitative results demonstrated 

that computer-related thoughts take place during the occurrence of a negative computer-

related event. As a result, either computer-related thoughts are preventing individuals 

from engaging in task-related thoughts or because they are a symptom of computer-

related difficulties, computer-related thoughts negatively influence perceptions of task 

performance. Finally, the notion that computer use would not make a significant 

difference in performance was supported: no significant relation between use and 

performance was found. 

Although engagement and performance related before other variables were 

introduced, there was little support for a positive link between engagement and task 

performance after controlling for affect and cognitive load. This may be due to the fact 

that affect is one dimension of engagement and the constructs might overlap too much. 

Nevertheless, it represents an interesting finding, because the majority of past research 

has investigated the engagement-performance relation in laboratory settings, whereas this 

study was conducted in a work environment. This finding warrants future research into 

the relation between engagement and performance during IS use at work.  

Unexpectedly, cognitive load positively influenced task performance, in contrast 

to what it was hypothesized: a negative relation between cognitive load and perceived 

task performance. This is inconsistent with the literature on cognitive load theory, which 
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states that as cognitive load increases it impairs performance (Sweller 1988). A potential 

explanation for this inconsistent result might be found in research on interruptions and 

task complexity. There is some evidence indicating that initial increases in cognitive load 

might be positive during simple tasks since they raise intellectual curiosity; however, too 

much cognitive load during complex tasks prevents good performance (Speier et al. 

2003). As a result, it is possible that some cognitive load might be good as it increases 

individuals’ attention into a task, but too much cognitive load might be detrimental. 

Despite this explanation, future research could be directed towards a better understanding 

of the relation between cognitive load and performance. 

Despite the encouraging findings drawn from the quantitative and qualitative data, 

this study is not free from limitations. First, since inter-rater reliability was not assessed 

(there was only one coder, the researcher), the findings might be questioned. However, 

the fact that the findings do not support some of the propositions (for example, 

Proposition 7b) provides some evidence of the researcher’s efforts to be objective when 

coding the data. Second, there are some differences between the conclusions drawn from 

the recalled data and those from the real-time data, suggesting the possibility of 

retrospective bias in the recalled events (Golden 1992; Schwenk 1985). Similarly, the 

conclusions about behaviors and short-term negative computer events that are solved 

should be taken with some caution since they draw exclusively from recalled data. 

Finally, all the variables captured for the quantitative results were measured by self-

report and this can raise questions about the possibility of common-method bias 
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(Podsakoff et al. 2003). For example, research has found that personal traits might inflate 

or deflate relations between self-report affect and performance outcomes (Brief et al. 

1988). A related issue with common-method bias is the existence of consistent artifacts 

that might trigger hypothesis guessing on the part of participants (Salancik et al. 1977). 

With respect to this possibility, recent research reports that participants in ESM studies 

engage in minimal cognitive processing when reporting accounts of their current states 

(Robinson et al. 2002; Shiffman 2000; Shiffman et al. 2008). This suggests that is likely 

that participants report their most accessible states accurately as they occur at that time 

without taking the time to think about how different feelings and thoughts should relate to 

each together. 

Although these limitations do exist, the contributions of this study are still 

significant. To my knowledge, this is the first study that captures cognitive and affective 

processes that occur during real-time IS use. In doing so, this research introduces to IS a 

new and innovative methodology for the study of cognitive and affective states as they 

naturally occur in real settings. This also responds to recent calls for the use of experience 

sampling techniques for the study of emotions within the management field (Daniels 

2008; Elfenbein 2007). Further, by using open-ended questions for capturing thoughts 

and affect at the moment in which they take place, this study minimizes potential effects 

of priming when assessing users’ cognitive and affective states (Salancik et al. 1977) and 

provides a richer and more ‘real’ account of emotional and cognitive phenomena during 

IS use than that found when using close-ended questions. Finally, this research introduces 
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to IS research a statistical technique, multilevel regression, that, to my knowledge, has 

not been used within the IS field. This statistical technique has the potential for testing 

multi-level theories (e.g., Burton-Jones et al. 2007) by allowing for the combination of 

variables at different levels of analysis and testing effects of cross-level phenomena 

(Bickel 2007; Peugh et al. 2005). 

This study provides a rich understanding of the processes associated with IS use 

and preliminary support for the proposed theory. Nonetheless, it is impossible to assess 

causality with this design. The propositions in this thesis and the qualitative and 

quantitative (including the post-hoc analyses) suggest a possible causal relation 1) 

between different events and different affective, cognitive, and behavioral processes and 

2) between affective, cognitive (and behavioral) variables and performance. Although 

this study provides evidence of associations between these phenomena, it cannot infer 

causality. For example, it is possible that people were experiencing negative affect before 

a negative computer-related event occurred and that such an affective state was only 

exacerbated by the occurrence of the computer event. It is also possible that participants 

were thinking about the application at hand before an interruption occurred. Similarly, 

with respect to the quantitative data, some participants’ reports of current affect could be 

positive because they think they are performing well, but not necessarily because affect 

facilitates current performance (Fisher et al. 2004). Furthermore, since behaviors were 

only captured with recalled data and it was not possible to test how they would impact 

performance, it is necessary to capture behaviors as they occur in real-time and see how 
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they relate with performance. Finally, as pointed out earlier, the fact that task-

performance and its predictors were assessed exclusively by self-report can raise 

concerns common-method bias. As a result, this warrants future exploration of the 

phenomena within a laboratory setting in which the timing of events and the different 

processes that follow can be captured and controlled and in which a multi-method 

approach is used to capture the relevant processes and variables. This is the focus of the 

second study of this thesis.  
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CHAPTER 5. STUDY 2: EXPERIMENT 

A more constrained study17 was designed to compensate for the limits of the 

previous method. An experimental methodology allows for a more precise examination 

of the suggested theory (Jarvenpaa et al., 1985). The idea behind this experiment was to 

develop controlled application errors to allow for the examination of different cognitive, 

affective and behavioral processes that follow those errors. Thus, taking the experience 

sampling study as the starting point, an experiment was designed in order to examine 

behaviors, emotions, and cognitions of users after the occurrence of errors during IS use. 

This study did not include positive events for two reasons: the very low frequency of 

positive events found during the experience sampling study and the complexity of 

designing an experiment to include positive events. Therefore, the main objective of the 

experiment was to test the process propositions with respect to negative events and the 

different conclusions drawn from each theory. The experience sampling study appeared 

to support the direction of the process (and variance) propositions), and thus, the 

experiment sought to test the causality inferred in the process propositions. 

Hypotheses Tested 

The theoretical development in Chapter 3 was aimed as modeling how computer-

related events impact affective, cognitive, and behavioral processes, and how these in 
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turn, influence task performance. As a result, the objective of the experiment was to 

causally test such effects. In order to accomplish this, some of the propositions and 

conclusions developed earlier are translated into the specific hypotheses tested in the 

experiment. 

Before explaining these hypotheses, it is important to mention that the type of 

event or computer-related incident developed for the process propositions in Chapter 3 

was translated into the treatments for the experiment. In the experiment, expected events 

were operationalized as the control group in which no errors occurred (condition 1). 

Negative computer-related short-term events were operationalized as condition 2 in 

which participants would face errors that could be overcome. Finally, negative computer-

related long-term events were operationalized as condition 3 in which participants would 

face errors for which known solutions would not work for a number of minutes. These 

conditions will be described in more detail after the hypotheses are explained. 

Hypotheses Regarding Emotions 

In Chapter 3, the propositions drawn from the emotional perspective provided 

arguments for why the existence of negative computer-related events would trigger 

negative affect18. The qualitative data from the experience sampling study also 

                                                                                                                                                 

17 This study received the approval of the General Research Ethics Board (GREB) of Queen’s 
University (GREB Ref # GBUS-157-07). 

18 The theoretical justifications from Chapter 3 are not repeated in the hypotheses that follow. 
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demonstrated the existence of negative affect during negative events. In addition, the 

quantitative data from the experience sampling study indicated a negative relation 

between computer-related difficulties and affect. As a result, 

Hypothesis 1:  

(a) Overall: negative computer-related events relate to lower affect; that is, affect 
is lower for conditions 2 and 3 than for condition 1 (condition 1 > condition 2 ≈  
condition 3).  
(b) Changes: there are different changes in affect before and after errors between 
conditions; specifically, affect decreases for conditions 2 and 3 after errors, but 
does not decrease for condition 1. 
 
The emotional perspective also argues that although cognitive and emotional 

structures are intertwined with each other, pathways in the brain that regulate emotions 

are faster and more direct than those of cognition (Tomkins 1981; Zajonc 1980; Zajonc 

1998; Zajonc et al. 1984). Through these pathways, emotional stimuli are classified as 

positive or negative upon fractions of a second following their encounter (Fazio et al. 

1986b; Glaser et al. 1999) and induce physiological responses that can be set into motion 

immediately (Sapolsky 2004; Zajonc 1998). It is also known that negative affect, such as 

distress, has been associated on numerous occasions with an increase of activity in the 

sympathetic system and thus, physiological changes that reflect such activation, like heart 

rate acceleration (Fowles 1980; Levenson 1992). As a result, 

Hypothesis 2: 

(a) Overall: negative computer-related events relate to higher heart rates; 
specifically, heart rate is higher for conditions 2 and 3 than for condition 1 
(condition 1 < condition 2 ≈ condition 3).  
(b) Changes: there are different changes in heart rate before and after errors 
between conditions; that is, heart rate increases for conditions 2 and 3 after errors, 
but does not increase for condition 1. 
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Engagement, or the pleasure and absorption of a person while involved in an 

activity, is also likely to be disrupted by the existence of errors. For example, Agarwal et 

al. (2000a) argue that users need to sense that they are in command of the interaction with 

a system to achieve high levels of engagement when using it. Thus, when encountering 

computer-related difficulties, users are likely to feel less engaged. Furthermore, the 

quantitative data from the experience sampling study showed a negative relation between 

negative computer-related events and engagement. Hence, the more difficult or pervasive 

the error, the less engaged individuals will feel in the activity at hand. Therefore, 

Hypothesis 3: 

Overall, negative computer-related events relate to lower engagement; 
specifically, there are differences in engagement between the conditions 
(condition 1> condition 2> condition 3). 
 

Hypotheses Regarding Thoughts 

In Chapter 3, the propositions regarding thoughts reasoned that the existence of 

negative computer-related events would be associated with computer-related thoughts. 

The ecological perspective points out that we use objects in the environment in an 

automatic way. It is only when these objects do not match our capabilities or they are not 

perfectly functional that they become conspicuous. Thus, the existence of an error would 

trigger computer-related thoughts, and the more pervasive an error, the more computer-

related thoughts it would generate (until the person gives up or finds a solution to 

overcome the problem). Furthermore, the qualitative data in the experience sampling 

study showed that thoughts experienced during a negative computer-related event were 
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related to the computer application at hand and the quantitative data showed a positive 

relation between computer-related difficulties and computer-related thoughts. As a result,  

Hypothesis 4: 

(a) Overall, negative computer-related events relate to more computer-related 
thoughts; specifically, there are differences in computer-related thoughts between 
the conditions (condition 1< condition 2 < condition 3). 
(b) Changes: there are different changes in computer-related thoughts before and 
after errors between conditions; that is, computer-related thoughts increase for 
conditions 2 and 3 after errors, but do not change for condition 1. 
 
Task-related thoughts are also likely to suffer when a negative computer-related 

event is encountered. When users spend more time thinking about the computer at hand, 

they have less time to focus on the task they are trying to perform. As a result,  

Hypothesis 5: 

Overall, negative computer-related events relate to fewer task-related thoughts; 
that is, there are differences in task-related thoughts between the conditions 
(condition 1 > condition 2 > condition 3). 
 
It is also likely that the existence of errors will positively impact mind-wandering 

thoughts (or thoughts unrelated to the computer and to the task at hand). The rationale for 

this can be found in the load theory literature. This research has shown that higher 

working memory loads reduce the executive control of attention (Herster et al. 2005) and 

lead to more distracting thoughts (de Fockert et al. 2001). Further, task switching has 

been found to be associated with greater interference of irrelevant information and 

distraction (Lavie et al. 2004; Rogers 1995). At the same time, exposure to unsolvable 

problems increases off-task cognitions and thoughts (Mikulincer et al. 1988). Finally, it 

can also be the case that when users experience a difficulty they cannot overcome, they 

focus on unrelated phenomena either as a result of discouragement, or to reduce felt 
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stress. Thus, it is expected that the more persistent an error, the more mind-wandering 

thoughts: 

Hypothesis 6a:  

Overall, negative computer-related events relate to more mind-wandering 
thoughts; that is, there are differences in mind-wandering thoughts between the 
conditions (condition 1 < condition 2 < condition 3). 
 
An alternative hypothesis can be made about mind-wandering thoughts. It has 

been proposed that the amount of mind-wandering thoughts during a task is inversely 

proportional to the amount of cognitive resources deployed (Giambra 1995). That is, 

mind-wandering thoughts are likely to vary as the information processing demands of the 

task also vary (Antrobus 1968). This indicates that the less demanding a task, the more 

mind-wandering thoughts that are experienced by individuals. Accordingly, it is expected 

that users who are not facing any negative computer-related difficulties while 

accomplishing a task will experience more mind-wandering thoughts than those who are 

in the error conditions. As a result, an alternative hypothesis to 6a suggests that:   

Hypothesis 6b:  

Overall, negative computer-related events relate to fewer mind-wandering 
thoughts; that is, there are differences in mind-wandering thoughts between the 
conditions (condition 1 > condition 2 > condition 3). 
 
Errors or difficulties are expected to result in increased cognitive load. When 

experiencing errors, individuals are likely to pay attention to both the task they are 

performing and the errors or difficulties they are facing, thus increasing their cognitive 

load. In support of this, past research has found that contextual interferences increase the 

cognitive load of individuals performing a task (van Merriënboer et al. 2002). As a result,  
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Hypothesis 7:  

Overall, negative computer-related events relate to higher cognitive load; 
specifically, there are differences in cognitive load between the conditions 
(condition 1 < condition 2 < condition 3). 

Hypotheses Regarding Behaviors 

The propositions in Chapter 3 regarding negative computer events stated that in 

the existence of a difficulty, individuals would change their behaviors either as a result of 

feeling negative affect (emotional perspective) or as an automatic reaction to the 

environment (ecological perspective). Thus, it is expected that individuals facing errors 

will spend more time in coping behaviors aimed at solving the errors through ‘action-

based’ coping mechanisms (Lazarus et al. 1984). In the case of individuals facing errors 

while writing an essay (which is the case here as it will be explained later), individuals 

will engage in coping behaviors by spending more time using application functions that 

are aimed to deal with the error (through the use of the mouse) than engaging in task-

related behaviors towards the completion of the essay (typing). As a result,  

Hypothesis 8: 

(a) Overall, negative computer-related events relate to more mouse use; that is, 
there are differences in the frequency of mouse use between the conditions 
(condition 1 < condition 2 < condition 3). 
(b) Changes: there are different changes in mouse use before and after errors 
between conditions; specifically, mouse use increases for conditions 2 and 3 after 
errors, and will not change for condition 1. 

 

Hypothesis 9: 

Overall, negative computer-related events relate to less typing; that is, there are 
differences in the amount of typing between the conditions (condition 1 > 
condition 2 > condition 3). 
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The theoretical development in Chapter 3 stated that in situations when the source 

of stress cannot be addressed, avoidance behaviors through denial mechanisms are likely 

to take place (Lazarus et al. 1984). In these cases, (i.e., pause their tasks) users are likely 

to ignore the incident and focus their activities on something else that does not involve 

the problematic part of the system thus, engaging in avoidance behaviors. However, if 

(some part of) the task can still be performed, which is the case in this experiment, it is 

likely that people will focus on accomplishing the task even if its completion might be 

more challenging, resulting in less avoidance behaviors. Results for the experience 

sampling study also support this: when individuals faced long-term errors and felt they 

had alternatives, they focused on performing the task at hand in an alternative way, and 

thus they were still active and engaged in task-related behaviors. As a result, it is 

expected that errors would reduce avoidance behaviors (users’ inactivity). Thus, 

Hypothesis 10a: 

Overall, negative computer-related relate to less inactivity; that is, there are 
differences in inactivity between the conditions (condition 1 > condition 2 > 
condition 3). 
 
There is still a competing hypothesis that can be made about avoidance behaviors 

(inactivity). Some of the theoretical development in Chapter 3 supports this competing 

view. When a difficulty is pervasive, individuals might slow down their interaction with 

the system in order to allow for more cognitive processing and rational thought (Heft 

2003; Norman 1990). Similarly, there is another reason for the increase of inactivity. As a 

system stops performing as expected, it no longer fulfills its functional objective and 

stops having the meaning for which it was used. When this occurs, users are likely to stop 
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or slow down their interaction with the system. The results from the experience sampling 

study also support this conclusion: users stopped or slowed down their interactions with 

an application when they felt there were no alternatives to continue accomplishing the 

task. In either case, this suggests an alternative hypothesis to H10a: 

Hypothesis 10b: 

Overall, negative computer-related events relate to more inactivity; specifically, 
there are differences in inactivity between the conditions (condition 1 < condition 
2 < condition 3). 

Hypotheses Regarding Task Performance 

The variance propositions in Chapter 3 were developed based on the process 

propositions. That is, the idea behind the variance propositions was to see how the 

cognitive, emotional, and behavioral processes involved during IS use would impact task 

performance. In a more controlled environment in which the experiment is conducted, 

additional hypotheses can be developed in which to explore how these affective, thought 

and behavioral processes would influence task performance. 

One of the variance propositions in Chapter 3 stated that affect positively 

influences performance. Consistent with this, results of the experience sampling study 

showed a positive link between affect and performance. As a result,  

Hypothesis 11: Affect is positively related to task performance. 
 
In Chapter 3, it was argued that negative computer-related incidents are likely to 

be followed by increases in emotional arousal. Our bodies are designed for giving timely 

and fast responses to the environment in which we live (Sapolsky 2004). In order to 

prepare for these timely responses, our physiological arousal increases, leading to a state 
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of stress and awareness, that prepares our muscles for a fast reaction (Sapolsky 2004). 

These responses, if not sustained over a long term, are thought of as healthy (Sapolsky 

2004) since they allow and prepare individuals to appropriately deal with environmental 

encounters. Furthermore, research on neuroscience has found that emotional experience 

enhances memory through the stimulation of the amygdala (Canli et al. 2000; Cardy et al. 

1986). Thus, states of arousal - in easy tasks - can create a drive that facilitates the 

effective enactment of appropriate skills, leading to an improvement of performance 

(Zajonc 1965). Consequently, 

Hypothesis 12a: Heart rate is positively related to task performance. 
 
A competing hypothesis can be developed in which arousal relates negatively to 

performance. When people take control of stressful situations, their heart rates are likely 

to decrease (Frenz et al. 1972), and their ability to effectively cope with external demands 

increases. This indicates that if lower heart rate is a sign of effective coping and control, 

it might result in higher performance. Furthermore, it has been found that arousal (i.e., 

higher heart rate) during complex tasks can lead to impaired performance (Zajonc 1965). 

As a result, a competing hypothesis to H12a is that: 

Hypothesis 12b: Heart rate is negatively related to task performance 
 
One of the variance propositions in Chapter 3 stated that engagement positively 

influences performance. However, the results of the experience sampling study indicated 

no significant effect of engagement on task performance, after controlling for affect and 

cognitive load. This is at odds with the engagement literature which has consistently 



 

169 

shown a direct link between engagement and performance (Treviño et al. 1992; Webster 

et al. 2006; Webster et al. 1995). This warrants future investigation into this relation. 

Thus, taking a theoretical approach, rather than a more data driven approach:  

Hypothesis 13: Engagement is positively related to task performance. 
 
In Chapter 3 it was theoretically argued that computer-related thoughts would 

have a negative impact on task performance. The results of the experience sampling study 

also supported such statement. Consequently,  

Hypothesis 14: Computer-related thoughts are negatively related to task 
performance. 
 
The more users’ thoughts are related to the computer, the less time they spend 

thinking about the task. As a result, computer-related thoughts might prevent the 

existence of thoughts that are actually aimed towards the effective performance of the 

task. Consequently,  

Hypothesis 15: Task-related thoughts are positively related to task performance.  
 
When users are not focused on the task at hand and they experience mind-

wandering thoughts, it is likely that they perform worse. For example, de Fockert et al. 

(2001) showed that the processing of distractive thoughts leads to worse performance 

times. Similarly, it has been found that when faced with unsolvable problems, the 

enhancement of off-task cognitions interferes with performance (Mikulincer et al. 1988). 

As a result,  

Hypothesis 16a: Mind-wandering thoughts are negatively related to task 
performance. 
 



 

170 

An alternative hypothesis can be developed for a positive association between 

mind-wandering thoughts and performance. It was argued earlier that decoupling 

thoughts from a task can sometimes be triggered by its straightforwardness (Smallwood 

et al. 2003). As a result, if users are experiencing mind-wandering thoughts it might be 

because they perceive the task as easy, and thus, will perform well on it. This indicates 

that mind-wandering thoughts might be actually associated with better task performance. 

As a competing hypothesis to 16a, it is suggested that: 

Hypothesis 16b: Mind-wandering thoughts are positively related to task 
performance. 
 
The theoretical development in Chapter 3 stated that cognitive load would have a 

negative impact on task performance. However, the results in the experiencing sampling 

study did not support this conclusion and warrant further exploration. As a result,  

Hypothesis 17: Cognitive load is negatively related to task performance. 
 
In Chapter 3, we stated that coping behaviors (i.e., behaviors aimed at problem 

solving) should be related to increased performance. In the case of this experiment, users 

are confronted with formatting errors. As such, when users engage in behaviors that are 

aimed at solving the difficulty at hand (i.e., mouse use for the selection of appropriate 

menu functions), they are confronting the problem, and hopefully will overcome it. 

Although none of the errors of this experiment were fatal -- they did not prevent the 

accomplishment of the task -- it is likely that such errors would make the completion of 

the task more difficult, and thus, lead to decreased performance. As a result, it is likely 
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that behaviors aimed at solving the negative computer-related incidents positively relate 

to task performance. Thus: 

Hypothesis 18: Mouse use is positively related to task performance. 
 
In Chapter 3 we stated that task-related behaviors (i.e., behaviors aimed towards 

the accomplishment of a task) should result in better task performance. In the case of this 

study, users wrote an essay on a particular topic. As a result, users that engage in 

behaviors that need to be taken (i.e., typing) in order to complete the task will perform 

better on it. Consequently, 

Hypothesis 19: Typing is positively related to task performance.  
 
In Chapter 3, we stated that avoidance behaviors should relate negatively to task 

performance. In this experiment, because errors are not fatal, we can only measure 

inactivity, or the periods of time in which the user is neither typing nor using the mouse. 

The impacts of inactivity on performance are not clear. If inactivity is a result of the 

existence of a deliberative thought process through which individuals are trying to seek 

effective solutions, it can be argued that inactivity would positively influence task 

performance. On the other hand, being more active might be a way of seeking an 

alternative way to perform the task because of computer functional problems. If this is 

the case, being more active would positively influence performance. As a result,  

Hypothesis 20: (a) Inactivity is positively related to task performance. 
                           (b) Inactivity is negatively related to task performance. 
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Summary  

Table 5.1 summarizes the hypotheses regarding the impact of errors on emotions, 

thoughts, and behaviors, and their relation to the original process propositions. Table 5.2  

summarizes the variance hypotheses related to task performance for the experiment. 

Another summary of these hypotheses and how they fit together is shown after the tables, 

in Figures 5.1 and 5.2.
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Table 5.1. Translation of Process Propositions to Hypotheses for the Experiment 

Original Process Propositions Hypotheses for Experiment Dimension 

Computer-

Related 

Incident 

Proposition Theoretical 

Perspective 

Condition Hypothesis 

Expected Event P1: (a) Neutral or (b) 
weakly positive with 
respect to the system, [and 
(c) most salient unrelated 
to the system]¹ 

Condition 1: no 
error 

Short-Term 
Negative 
Unexpected 
Event 

P4: (a) Negative [and (b) 
most salient related to the 
system.]¹ 
 

Condition 2: 
error that can be 
overcome 

P10: (a) Negative [and (b) 
most salient related to the 
system]¹ 

Emotion 

Long Term 
Negative 
Unexpected 
Event P13: (a) Negative [(b) 

most salient related to the 
system and (c) its salience 
will fade over time]¹ 

Emotional 
 

Condition 3: 
error that cannot 
be overcome for 
a while 

Hypothesis 1:  
(a) Overall: computer-related events relate to lower 
affect (condition 1> condition 2 ≈  condition 3) 
(b) Changes: affect decreases for conditions 2 and 
3 after errors 
 
Hypotheses 2: 
(a) Overall: computer-related events relate to 
higher heart rate (condition 1> condition 2 ≈  
condition 3) 
(b) Changes: heart rate increases for conditions 2 
and 3 after errors 
 
Hypotheses 3: 
Computer-related events relate to lower 
engagement (condition 1> condition 2> condition 
3) 

¹Note: The parts in square brackets for each proposition were not tested in this study. However, it is assumed that because there were 
no other differences between conditions than the errors, any changes on affect or heart rate are related to the computer-related 
interruptions. 
²Note: Not all the original process propositions were tested in this study. For example, propositions 8 and 9 regarding the effects of 
overcoming a short-term error were not tested.  
 
 



 

174 

Table 5.1. Continued 

Original Process Propositions Hypotheses for Experiment Dimension 

Computer-

Related 

Incident 

Proposition Theoretical 

Perspective 

Condition Hypothesis 

Expected 
Event 

P3: Non-computer 
related thoughts 

Condition 1: 
no error 

Short-Term 
Negative 
Unexpected 
Event 

P6: Computer-
related thoughts 

Condition 2: 
error that can 
be overcome 

Thoughts 

Long Term 
Unexpected 
Event 

P12: Computer-
related thoughts 

Ecological 
and 
Emotional 

Condition 3: 
error that 
cannot be 
overcome for 
a while 

Hypothesis 4: 
(a) Overall, computer-related events relate to more computer-
related thoughts (condition 1< condition 2< condition 3) 
(b) Changes: computer-related thoughts increase for conditions 2 
and 3 after errors 
 
Hypothesis 5: 
Overall, computer-related events relate to fewer task-related 
thoughts (condition 1> condition 2> condition 3) 
 
Hypotheses 6a:  
Overall, computer-related events relate to more mind-wandering 
thoughts (condition 1< condition 2< condition 3) 
Hypotheses 6b:  
Overall, computer-related events relate to fewer mind-wandering 
thoughts (condition 1> condition 2> condition 3) 
 
Hypotheses 7:  
Overall, computer-related events relate to higher cognitive load 
(condition 1< condition 2< condition 3) 

²Note: Not all the original process propositions were tested in this study. For example, propositions 13 and 15 regarding computer-
related thoughts during long-term negative computer events and proposition 7b regarding the thoughts after an incident is solved, were 
not tested. However, they helped in developing some of the hypothesis such as those regarding mind-wandering thoughts, and the 
direction of computer-related thoughts. 
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Table 5.1, Continued 

Original Process Propositions  Hypotheses for Experiment Dimension 

Computer-

Related 

Incident 

Proposition Theoretical 

Perspective 

Condition Hypothesis 

Expected Event P1: No change Condition 1: no error 

Short-Term 
Negative 
Unexpected 
Event 

P2: Change in 
behavior 

Condition 2: error 
that can be overcome 

Behavior 

Long-Term 
Negative 
Unexpected 
Event 

P11: Behavior slows 
down  
 
[P13a: Change in 
behavior]¹ 
[P13b: Behavior 
towards activity that 
does not involve the 
problematic’ part of 
the system]¹ 

Ecological and 
Emotional 

Condition 3: error 
that cannot be 
overcome for a while 

Hypothesis 8: 
(a) Overall, computer-related events relate to more  
mouse use (condition 1< condition 2 < condition 3) 
(b) Changes: mouse use increases for conditions 2 
and 3 after errors 
 
Hypothesis 9: 
Overall, computer-related events relate to less 
typing (condition 1> condition 2> condition 3) 
 
Hypothesis 10a: 
Overall, computer-related events result relate to 
less inactivity (condition 1> condition 2> condition 
3) 
Hypothesis 10b: 
Overall, computer-related events relate to more 
inactivity (condition 1< condition 2< condition 3) 

¹Note: The parts in brackets of each proposition were not tested in this study. However, they helped in the development of some 
hypotheses, such as those regarding inactivity. 
²Note: Not all the original process propositions were tested in this study. For example, the proposition regarding the addition of a 
learned behavior as a result of overcoming a short-negative event was not tested.  
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Table 5.2. Hypotheses Related to Task Performance for the Experiment 

 

Dimension 

 

Proposition 

 

Hypothesis 

 
Hypothesis 11: Affect is positively related to 
task performance 

 
P20: Affect is positively related 
to task performance 
 Hypotheses 12a: Heart rate is positively 

related to task performance 
Hypotheses 12b: Heart rate is negatively 
related to task performance 

 

Emotion 

 
P21: Engagement is positively 
related to task performance 

 
Hypotheses 13: Engagement is positively 
related to task performance 

 
P23: Computer-related thoughts 
are negatively related to task 
performance 

 
Hypothesis 14: Computer-related thoughts 
are negatively related to task performance 
 

Hypothesis 15: Task-related thoughts are 
positively related to task performance 

 

Hypothesis 16a: Mind-wandering are 
negatively related to task performance 
Hypothesis 16a: Mind-wandering thoughts 
are positively related to task performance 

 

Thoughts 

P22: Cognitive load is 
negatively related to task 
performance 
 

Hypotheses 17: Cognitive load is negatively 
related to task performance 

 
[Expectation 19: No relation 
between frequency of use and 
performance]¹ 

 

P25: Coping behaviors are 
positively related to task 
performance 

Hypotheses 18: Mouse use is positively to 
task performance 

P24: Task-related is positively 
related to task performance 

Hypotheses 19: Typing is positively related 
to task performance  

 

Behaviors 

P26: Avoidance behaviors are 
negatively related to task 
performance 
 

Hypotheses 20a: Inactivity is positively 
related to task performance 
Hypotheses 20b: Inactivity is negatively 
related to task performance 
 

¹Note: Proposition 16 was tested in Study 1, but was not tested in this experiment.
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Figure 5.1. Summary of Overall Hypotheses 
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Figure 5.2. Summary of Hypotheses regarding Changes 
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Experimental Design 

As described above, this experiment compared three conditions. The first 

condition (control group) portrayed expected events or interactions with the computer 

that did not represent any intended difficulties; condition 2 included errors with the 

computer that could be overcome immediately; and condition 3 incorporated errors with 

the computer that could not be overcome. However, before conducting the experiment, a 

series of pretest and pilot studies were performed to test treatments, improve the design 

of the study, develop coding schemes for the audio and video data and for grading 

participants’ performance in the experimental task, and develop a procedure for handling 

the heart rate data (see Appendices G and H).  

Task 

Before designing the conditions for the experiment, a decision had to be made 

about the technology application to use in the experiment and the task that participants 

would be asked to complete. Since university students often have to write assignments 

and papers in Microsoft Word, this application was used for the experiment. This was 

based on the assumption that students would have used it in the past and would be 

familiar with it. With respect to the task, students were asked to write an essay stating 

their opinions on a topic that has been quite controversial at Queen`s University: 

Homecoming weekend. Particularly, students were asked to write an essay stating their 

opinion on whether Queen`s University should pay the police bill derived from 

Homecoming weekend. This topic was determined to be appropriate since it has been 
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dealt with openly on campus, has appeared often in the news, and thus, it is likely that 

students would have heard about it and have formed their own opinions.  

Conditions 

Three conditions were developed for the experiment. Condition 1 represented the 

control group; in this condition there were no errors programmed to occur during the  

Table 5.3. Experimental Conditions 

 

Time 

 

Condition 

 

Description 

 
Condition 1: Control 

 
Nothing occurs 

 
Condition 2: Format error 

 
Font changed to 18 point, paragraph changed to 
half space and bullet points. 

 
Time 1    
(7 minutes 
into the 
task) 

 
Condition 3: Pervasive format 
error 

 
Font changed to 18 point, paragraph changed to 
half space and bullet points; the functions to 
change the format back are disabled for 3 
minutes. 

 
Condition 1: Control 

 
Nothing occurs 

 
Condition 2: Format error 

 
Font changed to 16 point and all capital letters, 
and paragraph changed to double space. 

 
Time 2 
(15 
minutes 
into the 
task)  

Condition 3: Pervasive format 
error 

 
Font changed to 16 point and all capital letters, 
and paragraph changed to double space; the 
functions to change the format back are disabled 
for 3 minutes. 

 
Condition 1: Control 

 
Nothing occurs 

 
Condition 2: Format error 

 
Font changed to 18 point, paragraph changed to 
half space and bullet points. 

 
Time 3 
(21 
minutes 
into the 
task)  

Condition 3: Pervasive format 
error 

 
Font changed to 18 point, paragraph changed to 
half space and bullet points; the functions to 
change the format back are disabled for 3 
minutes. 
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experiment. In condition 2, called the “format error” condition, there were format errors 

that occurred at three different points of time during the task. In condition 3, called the 

“pervasive format error” condition, the same format errors as in condition 2 occurred at 

the same three times, but in this case, the format of the essay could not be changed for 3 

minutes after each error. Table 5.3 specifies the format errors that occurred each of the 

three times. It is worth mentioning that there is an important reason for having different 

formatting difficulties at different times: if participants do not try to change the 

formatting back (or they are not successful at changing it), they might not be able to 

notice the subsequent times at which the error was administered. 

Data Gathering and Measures 

There are different data that were gathered during the experiment in order to 

determine and assess the users’ emotions, thoughts, behaviors, and performance while 

interacting with the computer (see Table 5.4 and Appendix D for detailed information 

about the measurement instruments). Thus, each main construct or theme – emotion, 

cognition, behavior, and task performance – was captured in different ways. This multi-

method approach for data gathering converges multiple lines of inquiry, enhancing the 

validity of the results, and allows for the avoidance of mono-method bias (Jick 1979; 

Podsakoff et al. 2003). The data were gathered at different points during the experiment: 

with a background questionnaire before the experiment; with heart rate monitoring, 

verbal protocol analysis, and video during the experimental task; with questions that 

appeared six times on the computer screen during the experimental task (“popup 
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questions”); with the participant’s essay saved for later coding; and with a final 

questionnaire after the experiment. 

Emotion 

Emotion was measured in three different ways in the experiment, two ways 

during the experimental task and another way at the conclusion of the task. During the 

experimental task, the first measure was based on the affect measure taken from Hoption 

(2003) and also used in the experience sampling study. Four more items were added in 

order to measure affect more specifically. All these items were included in the popup 

questions that appeared at different times during the experimental task on the computer 

monitor.  

A second way in which emotion was measured during the experimental task was 

via heart rate (Brosschot et al. 2003; Dickerson et al. 1987; Friedman et al. 1998). A 

thorough investigation of electrical devices took place in order to examine methods for 

capturing physiological data and their suitability for this study (please see Appendix C). 

A device that registers heart rate was chosen as a proxy of emotion through the capture of 

physical arousal, since it was one of the less intrusive for participants (Appendix C). 

Heart rate data is a proxy of bodily function and arousal (Obrist 1981). It has been 

demonstrated that heart rate acceleration correlates with specific negative affect such as 

anger, sadness, and fear and as such it is used as a proxy of emotion (Levenson 1992; 

Waters et al. 1989). However, because heart rate changes can be an indication of very 

positive affect (such as pleasantness about something) (Winton et al. 1984) and can vary 
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Table 5.4. Data Gathering For the Experiment 

Dimension Construct Measurement 
 

Affect 
 

Questions about affect popped up on the screen at different times while 
the users were accomplishing the task (affect based on Hoption 2003) 

Heart Rate Heart rate data during the experimental task (Brosschot et al. 2003; 
Dickerson et al. 1987; Friedman et al. 1998) 

 

Emotion 

Engagement Engagement at the end of the experimental task (based on Webster et al. 
1997; same measure as in the experience sampling study) 

 

Computer-
related 
thoughts 

 

Time spent on computer-related thoughts through the analysis of the 
audio with protocol analysis: users verbalized their thoughts while 
performing the task (Ericsson & Simon, 1984).  
 

[Two close-ended questions about thoughts during the task at the end of 
the experiment (based on Buss et al. 1981)]¹ 

Task-related 
thoughts 

Time spent on task-related thoughts through the analysis of the audio 
with protocol analysis: users verbalized their thoughts while performing 
the task (Ericsson & Simon, 1984).  
 

[One close-ended about thoughts during the task at the end of the 
experiment (based on Buss et al. 1981)]¹ 

Mind-
wandering 
thoughts 

Time spent on mind-wandering thoughts through the analysis of the 
audio with protocol analysis: users verbalized their thoughts while 
performing the task (Ericsson & Simon, 1984).  
 

[One close-ended question about thoughts during the task at the end of 
the experiment (based on Buss et al. 1981)]¹ 

 

Thoughts 

Cognitive load Cognitive load at the end of the end of the experiment (based on 
Cameron 2007; same measure as in the experience sampling study) 

 

Mouse Use 
 

Time spent using the mouse through the analysis of users’ behavior 
during the experiment. 
 

[Two close-ended questions based on the Act Frequency Approach 
(AFA): this measure asked participants about their use of different 
Word functions (font-related, paragraph-related) during the experiment 
(based on Buss et al. 1981)]¹ 

Writing Time spent writing through the analysis of users’ behavior during the 
experiment. 

 

Behaviors 

Inactivity Time spent inactive (nor writing, nor using the mouse) through the 
analysis of users’ behavior during the experiment. 

 

Self-reported 
task 
performance 

 

Task performance scale administered to the participants at the end of 
the experiment (developed by the researcher based on Fisher et al. 
2004; same measure as in the experience sampling study) 

 

Task 

Perfor-

mance 

Grades Marks of the essays rated by two independent coders 

¹Note: Measures in square brackets were also included in the pilot study. However, in the main 
experiment, the analyses were conducted using the more ‘objective’ measures drawn from the 
analyses of the videos (although the perceptual measures were also captured). 



 

184 

depending on individual characteristics and vagal fluctuations (Berntson et al. 1999), a 

more conservative method to capture emotion is to include heart rate data with a 

perceptual measure of affect (e.g., Eisenberg et al. 1989; Gross et al. 1993; Winton et al. 

1984). This conservative approach is used in this thesis. 

Finally, another measure of emotion, engagement based on Webster et al. (1997), 

was gathered after the experimental task. 

Thoughts 

In order to capture thoughts during the experimental task, three measures were 

captured. The first method was to measure thoughts during the task through protocol 

analysis. Protocol analysis is a methodology for eliciting verbal reports of thought 

sequences as a valid source of data on thinking (Ericsson, 2003; Ericsson & Simon, 

1984). The core method of protocol analysis is for participants to ‘think aloud’. This 

method posits that it is possible to instruct participants to verbalize their thoughts in a 

manner that does not alter the sequence of thoughts mediating the completion of a task, 

and can therefore be considered as valid data on thinking (Ericsson & Simon, 1984). 

However, as with any other method, protocol analysis is not free of criticism: some 

researchers state that there are issues with the obtrusiveness of having to think out loud 

(Schweiger 1983) and with the accuracy and completeness of verbal reports (Nisbett et al. 

1977). In contrast, it has also been argued that data gathered through thinking out loud 

methods represent an accurate view of thought processes (Ericsson 2003; Ericsson et al. 

1984). Furthermore, participants in the pretest and pilot studies commented that although 
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it took them some effort to think out loud, after a few minutes they did not even notice 

that they were thinking out loud (see Appendix G). For each participant, the number of 

seconds per minute that s/he spent talking about different categories (Microsoft Word 

related issues, task-related thoughts, and mind-wandering thoughts - schoolwork, 

personal, or other) during the experimental task were coded (see Appendix H for the 

development of the coding scheme). Three independent coders, upper year undergraduate 

psychology majors, were hired to code the verbal protocols. These coders did not know 

the conditions of the experiment nor the hypotheses for the experiment. 

After the experimental task, several questions about thoughts were included in the 

final questionnaire. In the first question, participants were asked to divide the percentage 

of thoughts they had into different categories. These categories matched the categories in 

which the data from the audio was classified (see Appendix H). Another question was 

included in which participants were asked to report the number of times they experienced 

thoughts related to Microsoft Word during the task following the Act Frequency 

Approach (AFA) (Buss et al. 1981). This question was followed by an open-ended 

question about Microsoft Word related thoughts. If participants reported to have had 

thoughts about Microsoft Word related issues during the experimental task, they were 

asked to write down two of those thoughts. These questions were used for the pilot study 

since the video was not analyzed for it; however, they matched the categories of thoughts 

that were used for the analysis of the audio. In the main experiment, the more objective 

measures of thoughts drawn from the analysis of the videos were used for the results. 
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Finally, after the experimental task, the cognitive load of the participants was 

captured via a self-reported measure (Cameron 2007). 

Behaviors 

Behaviors were measured in two different ways. First, computer behaviors were 

captured through the videotapes of participants during the experiment. These videotapes 

were coded based on three main categories: mouse use, typing, and inactive/passive 

(these categories were developed based on the videos of the pilot study, see Appendix H). 

For each participant, the number of seconds per minute that s/he spent using the mouse, 

typing, or not doing either of these, was coded. Four independent coders, who were upper 

year undergraduate psychology majors, were hired to code these behaviors. These coders 

did not know the conditions of the experiment nor the hypotheses for the experiment. 

Another method was used in order to capture self-reported behaviors at the end of 

the experimental task. This measure is based on the Act Frequency Approach (AFA) by 

(Buss et al. 1981). It asks participants to report how many times they have performed a 

certain behavior during a task. In this case, participants were asked about their use of 

font-related functions and paragraph-related functions in Microsoft Word. When 

compared with data coded from video, this approach has been found to be highly reliable, 

especially for behaviors that are neutral (behaviors that are not socially desirable or 

undesirable) (Gosling et al., 1998). These questions were used for the pilot study since 

the video was not analyzed for it. Through the video it was observed that when people 

tried to overcome the errors through the use of font and paragraph functions, they used 
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the mouse. Thus, these self-reported questions about behaviors were used as surrogates of 

mouse use in the pilot study. In the main experiment, the more objective measures of 

behaviors drawn from the coding of the videos were used for the analyses. 

Task Performance 

Task performance was measured in two different ways. First, it was captured at 

the end of the experiment via the same self-reported measure used in the experience 

sampling study (based on Fisher et al., 2004). The second measure was based on the 

grades assigned to the written essays. Grades represent a more objective measure of 

performance than self-reports. These grades were assessed by external and independent 

coders who were PhD candidates in English and had considerable experience grading 

essays. In order to reduce the potential for any biases, these two coders were both male 

and did not know the conditions of the experiment nor the hypotheses for the experiment. 

Timing of the Measures and Errors 

A computer science graduate student was hired to write a macro in Microsoft 

Word for the conditions. The programmed macro contained the code for the occurrence 

of errors and the popup questions. Figure 5.3 outlines the timing at which errors occurred 

and measures were taken. As this figure shows, first a background questionnaire was 

filled out by participants. After this and once the experimental task started, the macro 

showed the first popup with questions after 4 minutes into the task. Then at minute 7, the 

first error occurred for conditions 2 and 3. For condition 1, the control group, there were 
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Figure 5.3. Timing of the Measures and Errors 
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no errors at this or any other time. In condition 3, the functions allowing the format to be 

changed were inactive (not working for the following 3 minutes, until minute 10). After 

20 seconds into the error the second popup with questions appeared. The third popup 

with questions occurred 11 minutes into the task. Then, at minute 15 there was a second 

error in conditions 2 and 3. After 20 seconds of this second error, a fourth popup with 

questions appeared. The fifth popup question showed up on the monitor after 18 minutes 

into the task. A final third error occurred at minute 21, and it was followed by a sixth 

final popup with questions after 20 seconds. After 25 minutes into the task, the computer 

displayed a message saying that the 25 minutes for the task had passed, and automatically 

saved the essay of the participant. The participant then left the room and told the 

experimental administrator that s/he had completed the task. Following this, the 

participant was given a final questionnaire to complete. 

Setting 

The experiment took place in a private office with the blinds and door closed to 

minimize distractions. The office was equipped with a desktop computer with Microsoft 

Word installed on it, and most other programs (such as Internet Explorer) were disabled. 

Each participant worked on the desktop computer for the experimental task. Next to the 

desktop monitor, a mirror was placed in which the participant’s face was reflected. A 

video camera was placed behind the participant at the end of the room. Thus, the video 

camera was able to record the participant from behind, getting a view of his/her back, 

his/her face on the mirror, his/her hands, the monitor, the mouse, and the keyboard. The 

camera also recorded the audio for the protocol analysis. 
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Experimental administrators 

Seven experimental administrators were hired to conduct the experiment in order 

to have a double-blind experiment. These administrators did not know which participants 

were assigned to which conditions, nor the hypotheses for the experiment. Each of them 

received a minimum of seven hours of training on how to conduct the experiment. Also, 

each administrator was given a script and a checklist with each step involved in 

administering the experiment (see Appendix E). Every effort was made for the 

administrators to represent a homogenous group: they were all female, their first 

language was English, and all of them were upper year psychology students.   

Procedure 

Participants took part on the experiment individually. Each participant was 

greeted by the administrator and walked into the experimental setting. The administrator 

gave the participant a letter of information and an informed consent so the participant 

could give his/her permission to participate in the study. Second, the participant was 

asked to fill out a background questionnaire. Third, the participant was given a 

chestband19 with the heart rate sensors and asked to go to the bathroom across from the 

office to place it in direct contact with his/her skin, just under his/her chest. This 

                                                 

19 Participants were asked if they had any skin or heart related allergies or diseases. If this was the 
case, the participant was dismissed in order to assure his/her safety, and s/he was given the credits for 
participation in the experiment.  
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chestband recorded the heart rate during the experiment. Then, the participant was asked 

to relax for three minutes, given the option to read some newspapers or magazines, and 

the administrator left the room for those three minutes. After this, the administrator 

returned to the room.  

Then the administrator asked the participant to face the computer so the camera 

could be adjusted ensuring that it would record his/her reflection on the mirror, the 

computer screen, the mouse, and the keyboard. After that, the administrator gave the 

participant the task instructions (see Appendix F). Once the participant had read the 

instructions, the administrator played a pre-recorded video demonstration that showed 

what was meant by the talking out loud requirement for the task. Then administrator 

asked the participant if s/he was ready for the task. At this point, the administrator asked 

the participant to face the computer. Once the participant was ready, the administrator 

asked him/her to start the task and began recording with the camera and the heart sensor. 

The administrator stayed in the room for approximately the first minute, ensuring that the 

participant would think out loud. If not, the administrator reminded the participant to 

verbalize his/her thoughts. After this, the administrator left the office and waited outside 

the room for 25 minutes until the time for the task concluded. The participant was 

instructed to let the administrator outside of the room know if s/he finished before the 25 

minutes s/he was given. 

If the participant did not finish early, the administrator returned to the office after 

the 25 minutes. In any case, once the administrator returned to the office the same steps 
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were followed. The administrator stopped the camera and the heart rate sensor, and gave 

the participant the final questionnaire. Once the final questionnaire was complete, the 

administrator debriefed the participant on the study. After the debriefing, the experiment 

administrator gave a letter to the participant in which the participant was asked not to talk 

to others about the purpose of the experiment, and was given the option to enter his/her 

name to be considered for a gift certificate. Once this was complete, the administrator 

asked the participant to go to the bathroom across from the office to remove the 

chestband. Then, the experiment administrator thanked the participant for participating in 

the study and dismissed him/her. This procedure was carried out for each participant in 

the study.  

Participants 

Participants for the experiment were drawn using the Queen’s School of Business 

Research Pool. These participants were undergraduate students in Commerce. Each 

participant took part in the study individually and received 1 and an half course credits 

for an hour and a half of participation in the experiment. Furthermore, the six participants 

who wrote the best essays received a $45 gift certificate from Amazon. A total of 128 

students took part in the study during the winter of 2008. From the 128 participants, a 

total of 119 responses were usable. Eight responses were unusable as a result of the video 

or heart rate data not being recorded. Finally, another response was discarded for the 

analysis because the participant when verbally asked about any heart rate or skin 
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conditions concerning potential safety issues of using a heart rate chestband and sensor 

on her/him, reported having a ‘heart rate condition’.  

Participants were randomly assigned to one of the three experimental conditions: 

forty-two participants were assigned to condition 1, thirty-eight were assigned to 

condition 2, and thirty-nine were assigned to condition 3. However, condition 3 did not 

work for seventeen out of the thirty-nine participants. That is, although the macro for 

condition 3 was designed so that participants could not make format changes for three 

minutes after an error, 17 participants found a way around this macro (e.g., by using 

shortcut keys), consistent with one participant in the earlier pilot study (see Appendix G).  

As a result, a decision was made to report the results for condition 3 using only the 

twenty-two participants who could not change the format back during the three minutes 

following each error (resulting in 102 participants in total for subsequent analyses). These 

results are similar to those including all thirty-nine participants for condition 3 (which are 

reported in Appendix I). Furthermore, in Appendix I, a summary of post-hoc results is 

provided indicating the differences between the participants in condition 3 who could get 

around the format error and those who did not. 

Results 

The results of the experiment are reported as follows. First, the results for the 

manipulation checks are explained. Second, analyses of potential biases are described. 

Third, the psychometric properties of the measures are reported. Fourth, the results for 



 

194 

the overall effects are described. Finally, the results for changes before and after errors 

are explained.  

Manipulation Checks 

Two manipulation checks were included in the experiment. The first one 

consisted of a close-ended question about the perceived behavior of Microsoft Word 

during the experiment (see Appendix D). The possible answers for this question 

resembled the conditions in the experiment: (1) Microsoft Word behaved properly [which 

should be associated with condition 1], (2) Microsoft Word changed the format of my 

essay but it allowed me to change it back immediately [which should be associated with 

condition 2], and (3) Microsoft Word changed the format of my essay and it did not allow 

me to change it back immediately [which should be associated with condition 3]. In order 

to statistically test this manipulation check, a Chi-Square test was performed to determine 

whether experimental conditions related to the three answers of the manipulation check. 

The results indicate that there was a significant relation between the conditions and the 

manipulation check’s categories ( 2χ (4) = 128.44; p <.001).  

The second manipulation check involved a perceptual measure of the participant’s 

control over the interaction with the computer (see Appendix D). Perceived control is 

defined as “the user’s perception of being in charge of the interaction” with a target 

system, in this case, Microsoft Word (Agarwal et al. 2000a, p. 673). An ANOVA was 

performed to test whether there were differences in perceived control (Cronbach’s alpha: 

.83) between conditions; it was expected that participants in condition 1 would perceive 
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the highest control, followed by participants in condition 2, and then participants in 

condition 3. Since there was inequality in cell frequencies, the most conservative Type III 

sum of squares was used to perform the ANOVA test. Type III sum of squares is 

invariant to cell frequencies and thus it can be used with both balanced and unbalanced 

designs (Field 2005; Tabachnick et al. 2007). However, unbalanced designs often lead to 

the violation of the assumption of homogeneity of variance, and thus, the Brown-

Forsythe and the Welch procedures were used for the overall test (Field 2005). Finally, 

for the post-hoc test, the Games-Howell pairwise test procedure was used along with 

Bonferroni because Games-Howell is said to be the most powerful and accurate pairwise 

test when variances and sample sizes are unequal (Field 2005).  

The overall test indicated that there were significant differences in perceived 

control between the three conditions (ANOVA: F(2, 99)=38.29; p<.001; Welch: F(2, 

58.49) = 52.19; p <.001; Brown-Forsythe: F(2, 41.04)=41.04; p<.001). The post-hoc 

analyses indicated significant differences in perceived control between conditions 1 and 2 

(Bonferroni: p<.01; Games-Howell: p< .05), conditions 1 and 3 (Bonferroni: p<.001; 

Games-Howell: p<.001), and conditions 2 and 3 (Bonferroni: p<.001; Games-Howell: 

p<.001). As expected, these results indicated that participants in condition 1 (Mean: 5.56; 

S.D.: 1.18) perceived the highest control over their interaction with Microsoft Word as 

compared to participants in conditions 2 (Mean: 4.70; S.D.: 1.45) and 3 (Mean: 2.68; 

S.D.: 1.02).  
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Checks for Potential Biases 

Potential effects of the experiment administrators, the day of the week (weekend 

vs. weekday)20, and the time of the day at which participants participated in the 

experiment (morning vs. afternoon)21 on the variables of interest were explored with 

several MANOVAs. Again, Type III sum of squares was used to perform these tests. 

Following the recommendations of Tabachnick et al. (2007), the Pillai’s Trace criterion 

along with the Wilks’ Lambda criterion were used for the omnibus tests. The Pillai’s 

Trace criterion is said to be more robust than the Wilks’ Lambda when the design is 

unbalanced (Tabachnick et al. 2007). The results indicated no significant effects of 

experiment administrators (Wilks’ Lambda: F(72, 462.81)=1.02; p>.10; Pillai’s Trace: 

F(72, 534)= 1.02; p>.10), day of the week (Wilks’ Lambda: F(12, 89)= 1.20; p>.10; 

Pillai’s Trace: F(12, 89)= 1.20; p>.10), and time of the day (Wilks’ Lambda: F(12,89) = 

1.49; p>.10; Pillai’s Trace: F(12, 89)= 1.49; p>.10) on the variables of interest. 

Finally, since heart rate data might vary with some other variables such as 

nervousness, age, and gender, these potential effects were dealt with and controlled for in 

three ways. First, to allow participants to get used to monitoring of their heart rates, they 

wore the heart rate chest-band for about 10 minutes before we started to record their data 

                                                 

20 Day of the week was coded as a dichotomous variable with values of 1 for those individuals 
who performed the experiment in a week day and with a value of 2 for those individuals who took part in 
the experiment in a weekend. 
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(see Appendix H). Second, the handling and the analyses of the heart rate data followed a 

conservative design used to account for the potential effects of control variables on heart 

rate variability (Hollenstein 2008a; Tschakovsky 2008). That is, both the use of i) a 

baseline level for the standardization of heart rate data (see Appendix  H), as well as ii) 

assessing changes before and after each error (pre and post design) are conservative 

approaches that allow for the control of the potential effects of these variables 

(Hollenstein 2008a; Tschakovsky 2008). As a result, in the majority of studies that assess 

heart rate changes under controlled stimuli, no control variables, such as age and gender, 

are included in the analyses because the design accounts for their potential effects (e.g., 

Eisenberg et al. 1989; Gross et al. 1993; Winton et al. 1984). Third, besides recording 

their age, gender, and the time of the day (morning vs. afternoon) in which participants 

took part in the study, participants were asked whether they smoked any legal or illegal 

substances, whether they drank caffeine, whether they drank alcohol, and whether they 

had exercised that day. A series of MANOVA tests were conducted to test the potential 

effects of these control variables (age, gender, time of day, smoking, caffeine, alcohol, 

and exercise) on the heart rate data (baseline levels and standardized heart rate after 

errors). The MANOVA tests indicated no significant effects of age (Wilks’ Lambda: 

F(16, 268.48)=.87; p>.10; Pillai’s Trace: F(16, 364)=.88; p>.10)), gender  (Wilks’ 

                                                                                                                                                 

21 Time of the day was coded as a dichotomous variable with values of 1 for those individuals who 
performed the experiment in the morning and with a value of 2 for those individuals who took part in the 
experiment in the afternoon.  
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Lambda: F(4, 91)=.72; p>.10; Pillai’s Trace: F(4, 91)=.72; p>.10)), time of day (Wilks’ 

Lambda: F(4, 91)=.69; p>.10; Pillai’s Trace: F(4, 91)=.69; p>.10), smoking (Wilks’ 

Lambda: F(4, 91)=1.35; p>.10; Pillai’s Trace: F(4, 91)=1.35; p>.10)), caffeine (Wilks’ 

Lambda: F(4, 91)=1.19; p>.10; Pillai’s Trace: F(4, 91)=1.19; p>.10) , alcohol (Wilks’ 

Lambda: F(4, 91)=.88; p>.10; Pillai’s Trace: F(4, 91)=.88; p>.10), or exercise  (Wilks’ 

Lambda: F(4, 91)=.56; p>.10; Pillai’s Trace: F(4, 91)=.56; p>.10), on the heart rate data. 

Questions capturing participants’ medication were considered for inclusion in the 

experiment; however, including such sensitive questions was discarded due to potential 

ethical problems concerning privacy . Similarly, other potential questions capturing Body 

Mass Index (BMI) or related indexes of fat mass were not included due to potential 

ethical problems.  

Analyses of the Results 

In this section, the results are analyzed in three stages. The research model 

(depicted in Figure 5.1) was analyzed with structural equation modeling (SEM) using 

PLS. Following Chin’s (1998) recommendations, both the measurement model and 

structural model were tested. Thus, first, the reliability and validity of the measurement 

model was evaluated. Second, the structural model was analyzed. Finally, the hypotheses 

regarding changes before and after errors were tested in SPSS through repeated measures 

ANOVA. As described earlier, all competing hypotheses were examined using two-tailed 

tests, and all directional hypotheses with one-tailed tests. 
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PLS was deemed appropriate for the analyses since this software is preferable to 

other structural equation modeling techniques in the earlier stages of theory development, 

when sample sizes are smaller, and for prediction-oriented research (Chin 1998). PLS 

does not provide any goodness of fit statistics because its objective is to maximize 

variance explained (high R-square) as opposed to overall fit (i.e., testing a strong theory 

as a whole), like other structural equation modeling (SEM) tools such as LISREL 

(Barclay et al. 1995; Chin 1998; Gefen et al. 2000). As a result, it is argued that LISREL 

is “closer to the model [and] more confirmatory” whereas PLS is “closer to the data [and] 

more exploratory” (Barclay et al. 1995, p. 302). As a result, PLS was an appropriate tool 

to use for the analyses since it is preferable to other structural equation techniques in the 

early states of theory development (Barclay et al. 1995; Chin 1998; Chin et al. 1999; 

Gefen et al. 2000)22. Furthermore, PLS provides some substantive practical advantages 

when compared with other SEM tools such as LISREL. Among these is the fact that 

multivariate normality is not a requirement for estimating PLS parameters (Barclay et al. 

1995; Chin 1998; Gefen et al. 2000).  

A total of 102 cases were used for the PLS analyses. For using PLS, it is 

recommended that the sample should have at least ten times the number of paths for the 

                                                 

22 Because MIS research is relatively new when compared with other management fields such as 
organizational behavior and lacks many overall theoretical frameworks, it has been argued that the majority 
of MIS research is more suited to the predictive PLS approach (Barclay et al.. 1995; Gefen et al. 2000). As 
a result, PLS is the most accepted SEM technique in the MIS field and is widely employed in top-tier IS 

 



 

200 

most complex endogenous construct in the model (Barclay et al. 1995; Gefen et al. 2000). 

Since the endogenous variables of self-reported task performance and grades both have 

10 incoming paths, the sample should not be smaller than 100. As a result, the sample of 

102 cases satisfies this recommendation.  

The conditions were coded into two dummy variables (D1 and D2). Condition 1 

(control 1) was represented as 0 on both D1 and D2, condition 2 (format errors but 

allowed to change) as 1 on D1 and 0 on D2, and condition 3 (format errors and not 

allowed to change for a while) as 0 on D1 and 1 on D2. The use of dummy coding for 

experimental conditions for SEM analyses is recommended when investigating direct 

rather than moderating effects of experimental conditions (Russell et al. 1998; Webster et 

al. 2006; Webster et al. 1995). Moreover, dummy variables modeling each of the audio 

and video coders were added to the model as controls. 

The affect variable gathered through the popup questions during the experiment 

was calculated averaging each of its items after each error. Similarly, the variable for the 

heart rate data was calculated by averaging the standardized heart rate data for 20 seconds 

after each error (see Appendix H for details on the standardization of the heart rate data). 

                                                                                                                                                 

journals (e.g., Limayem et al. 2007). PLS has also been used frequently in marketing (e.g., Mathwick et al. 
2008) and in some studies in the organizational behavior field (e.g., Bass et al. 2003).  
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Results for the Measurement Model 

The perceptual manifest variables of affect, engagement, cognitive load, and self-

reported task performance were modeled as reflective. The coded heart rate, computer-

related thoughts, task-related thoughts, mind-wandering thoughts, mouse use, typing, 

inactivity, and grades (a more objective measure of performance) were each represented 

by just one manifest variable with the values derived from the coding analysis. 

Analysis of the factor structures of the measurement model showed the following 

results for individual item reliabilities (see Table 5.5). All the items in affect and self-

reported task performance loaded above both the .55 and the .707 cutoff recommended 

by Falk et al. (1992) and Fornell (1982), respectively. Two of the items of engagement 

loaded above .55, with the remaining 5 items revealing loadings over .707. Since 

engagement is a well established measure and there were no theoretical reasons to drop 

the two items with the lowest loadings, a decision was made to keep the 7 items 

representing engagement. One item of cognitive load loaded .55 in the threshold of the 

.55 criterion. The rest of the items of cognitive load had loadings above the .707 

guideline. Since there was no theoretical reason to drop the item of cognitive load with 

the lowest loading and the reliability of the cognitive load measure was appropriate (as 

will be explained next), a decision was made to keep this item for the analyses. 
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Table 5.5. Loadings and Cross-Loadings for the Measurement Model 

¹Reverse coded items 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 

1- Affect 

   Sad - Happy 
 

.88 

 
-.09 

 
.32 

 
-.03 

 
-.02 

 
.06 

 
-.14 

 
-.12 

 
-.04 

 
.13 

 
-.08 

 
.35 

   Bad - Good .93 .07 .33 -.03 .03 -.08 -.26 -.12 .04 .06 -.02 .32 

   Stressed - Relaxed .89 .09 .19 -.11 -.02 -.05 -.42 -.15 .07 .01  .07 .35 

   Frustrated - Contended .93 .08 .26 -.15 -.02 -.03 -.33 -.18 .09 .06  .12 .41 

   Displeased - Pleased .93 .04 .44 -.13 .03 -.07 -.20 -.14 .06 .12  .06 .42 

   Upset - Peaceful .90 .12 .40 .03 .02 -.07 -.19 -.05 .07 .04 -.02 .33 

2- Heart Rate .05 1 -.14 -.24 -.05 -.03 -.13 -.06 .25 -.28 -.24 -.01 

3- Engagement 

   This essay aroused my imagination 
 

.14 
 

-.09 
 

.58 

 
 .07 

 
.14 

 
-.02 

 
-.05 

 
.04 

 
.09 

 
.09 

 
-.06 

 
.18 

   I was totally absorbed in writing the essay .28 -.02 .75  .07 .31 -.36 .10 .04 .23 -.13  .11 .29 

   Writing the essay was engaging .25 -.14 .83  .20 .19 -.32 .18 .08 .08 -.03  .02 .26 

   Writing the essay was intrinsically interesting .26 -.13 .88 -.02 .12 -.21 .03 .02 .17 .03  .20 .41 

   Writing the essay held my attention .27 -.06 .79  .06 .22 -.39 .11 .01 .32 -.17  .17 .39 

   Writing the essay excited my a curiosity .06 -.18 .61  .05 .12 -.11 .26 .02 -.02 .08 -.05 .19 

   Writing the essay was fun .46 -.14 .79  .05 .04 -.08 .02 -.08 .01 .24  .03 .42 

4- Computer-related thoughts -.08 -.24 .07 1 -.24 .02 .05 .59 -.35 -.15 -.31 -.19 

5- Task-related thoughts .00 -.05 .20 -.24 1 -.38 .07 -.16 .41 -.01  .14 .31 

6- Mind-wandering thoughts -.05  .03 -.30 .02 -.38 1 .10 .05 -.39 .29 -.23 -.23 

7- Cognitive load 

    I expended a lot of mental effort writing the essay 
 
.04 

 
-.12 

 
.50 

 
 .07 

 
.27 

 
-.29 

 

.55 

 
.10 

 
.14 

 
-.10 

 
-.02 

 
.06 

   Writing the essay required a great deal of mental effort -.20 -.10 .05  .05 .00 .16 .82 .15 -.13 .05 -.14 -.11 

   Writing the essay required a great deal of concentration -.20 -.17 .17  .06 .12 .10 .90 .05 -.03 -.00 -.24 -.07 

   Writing the essay did not require much mental effort¹ -.31 -.09 .08  .07 .08 -.11 .82 .15 -00 -.12 -.10 -.15 

    I had to work mentally to write the essay -.25 -.09 .09  .01 .06 .14 .90 .12 -.13 .10 -.21 -.22 

8- Mouse Use -.14 -.06 .01 .59 -.16 .05 .13 1 -.19 -.41 -.11 -.07 

9- Typing .05  .25 .19 -.35  .41 -.39 -.09 -.19 1 -.48  .53 .40 

10- Inactivity .08 -.28 .01 -.15 -.01 .29 -.00 -.41 -.48 1 -.29 -.08 

11- Grades .03 -.24 .12 -.31 .14 -.23 -.21 -.11 .53 -.29 1 .04 
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Table 5.5, Continued 

 

 

 

 

 

 

 

 

 

 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 

12- Self-Reported Task Performance 

   Very Poor - Excellent 
 

.33 
 

-.02 
 

.40 
 

-.23 
 

.34 
 

-.25 
 

-.21 
 

-.13 
 

.44 
 

-.08 
 

.41 
 

.91 

   Unsatisfactory - Satisfactory .38 -.00 .44 -.13 .32 -.28 -.17 -.04 .44 -.18 .43 .93 

   Below Average - Above Average .42 -.02 39 -.19 .28 -.15 -.08 -.06 .30 -.05 .32 .93 

   Inferior - Superior .37 -.05 .37 -.14 .19 -.13 -.17 -.05 .27 .02 .28 .91 
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Two other widely accepted measures of reliability are composite reliability and 

Cronbach’s alpha. However, Cronbach’s alpha does not adjust for the number of items 

used to measure the construct (Chin 1998). This means that when the number of items 

increases, Cronbach’s alpha is inflated by the number of items included in the 

measurement. Therefore, composite reliability provides a closer approximation to 

reliability of the parameter estimates (Chin 1998). When using PLS, Hair et al. (1998) 

recommend that researchers report both Cronbach’s alpha and complement estimates for 

reliability, such as composite reliability. In this study, both composite reliability and 

Cronbach’s alpha are reported for each measurement (see Table 5.6).  

According to Lance et al. (2005), the cutoff score for reasonable reliability is .80. 

As it is shown in Table 5.6 the Cronbach’s alpha values for all the constructs, including 

engagement and cognitive load, showed Cronbach’s alpha’s higher than .86. Moreover, 

all the composite reliability scores were equal or greater than .90. Based on these results, 

the reliability of the latent variables was determined to be acceptable.  

Construct validity, or the agreement between a theoretical concept and a specific 

measurement (Vogt 1999), was further evaluated through convergent and discriminant 

validity. In PLS, convergent validity is tested through the average variance extracted 

(AVE). The AVE measures the extent of the variance that a measurement captures from 

its items relative to the amount due to measurement error (Chin 1998). According to Chin 

(1998), the AVE for each measurement should be greater than .50, which means that at 

least 50% of the variance of the measurement is explained by the items. All the latent  
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Table 5.6. Reliability and Average Variance Extracted 

Construct Mean Standard 

Deviation 

Composite 

Reliability 

Cronbach’s 

Alpha 

AVE 

Affect 3.66 1.20 0.97 .96 0.83 

Heart Rate -3.99 5.96 N/A N/A N/A 

Engagement 3.78 1.25 0.90 .87 0.57 

Computer-related 
Thoughts 

98.76 109.13 N/A N/A N/A 

Task-related Thoughts 869.44 269.99 N/A N/A N/A 

Mind-wandering 
Thoughts 

149.47 120.05 N/A N/A N/A 

Cognitive Load 4.67 1.29 0.90 .87 0.65 

Mouse Use 234.30 146.67 N/A N/A N/A 

Writing 609.15 169.25 N/A N/A N/A 

Inactive 405.83 169.11 N/A N/A N/A 

Grades 65.67 8.34 N/A N/A N/A 

Self-Reported Task 
Performance 

3.45 1.34 0.96 .94 0.85 

 

variables demonstrated acceptable AVE scores greater than the .50 guideline (see Table 

5.6). The analysis of discriminant validity, or the “extent to which a given construct is 

different from other constructs” (Barclay et al. 1995, p. 297), also indicated acceptable 

results. Barclay et al. (1995) recommend that two methods be used in the assessment of 

discriminant validity of measurement models. The first method is for the square root of 

the AVE score to be larger than the correlations between the latent variables (Chin 1998). 

As it is shown in Table 5.7, the square root of the AVE of each construct was greater than 

its correlation with any other construct.  

A second method of discriminant validity is that no manifest variable should load 

higher on another construct than it does on its associated latent variable (Barclay et al. 

1995). In this study, the loadings for the items of their related construct were higher than  
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Table 5.7. Correlations among Constructs 

Note: Square root of AVE extracted in diagonals 
 

 

Construct 1 2 3 4 5 6 7 8 9 10 11 12 

1- Affect  .91            

2- Heart Rate  .05  N/A           

3- Engagement  .36 -.14  .75          

4- Computer-related 
Thoughts 

-.08 -.24  .07  N/A         

5-Task-related Thoughts  .00 -.05  .20 -.24  N/A        

6- Mind-wandering Thoughts -.05 -.03 -.30  .02 -.38  N/A       

7- Cognitive Load -.28 -.13  .11  .05  .07 -01  .81      

8- Mouse Use -.14 -.06  .01  .59 -.16  .05  .13  N/A     

9- Writing  .05  .25  .19 -.35  .41 -.39 -.09 -.19  N/A    

10- Inactive  .08 -.28  .01 -.15 -.01  .29 -.00 -.41 -.48  N/A   

11- Grades -.03  .24  .12 -.31  .14 -.23 -.21 -.11  .53 -.29  N/A  

12- Self-Reported Task 
Performance 

 .40 -.01  .44 -.19  .31 -.23 -.17 -.07  .40 -.08  .39  .92 
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those of any other item for another construct (see Table 5.5). Therefore, the requirement 

for discriminant validity was met. 

Results for the Overall Effects: Structural Model 

Once the psychometric properties of the measurement model have been assessed, 

the next step is to examine the structural equation model representing the overall 

hypothesized effects. The evaluation of the structural model consisted of two 

assessments: (1) the significance of the path coefficients and (2) the examination of the 

exploratory power of the exogenous constructs (Fornell 1982).  

The significance of the path coefficients provides the basis for testing the 

hypotheses. When using PLS one has to decide which resampling method (bootstrapping 

or jackknife) to use for calculating parameter estimates. In this thesis, bootstrapping was 

used as opposed to jackknifing since bootstrapping is thought of to be superior in terms 

of power and efficiency(Chin 2001). The reason for this is the way in which each 

resampling method is performed. In the jackknife procedure each resample includes n-1 

cases, whereas the bootstrap procedure approximates the sampling distribution of an 

estimator by resampling with replacement from the whole original sample (Chin 2001; 

Duchesne et al. 2001). More specifically, the bootstrap procedure samples with each 

sample consisting of the same number of cases as the original sample set (Chin 2001; 

Duchesne et al. 2001). As a result, the bootstrapping method is considered more efficient 

and powerful than the jackknife since the latter is thought to be an approximation of the 

former one (Chin 2001). 
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The bootstrap technique is a non-parametric test and thus assesses the variability 

of the sample data without holding parametric assumptions such as normality and 

equality of variances (Chin 1998; Gefen et al. 2000). Since the design of the experiment 

was unbalanced, and unbalanced designs often lead to inequality of variances 

(Tabachnick et al. 2007), the use of the bootstrap technique was deemed as appropriate. 

The bootstrap technique generates t-values which were used to assess the significance of 

the path coefficients (Gefen et al. 2000). Consistent with the experience sampling study, 

the same one-tailed criteria were used for the directional hypotheses (critical t values of: 

3.090 at .001, 2.326 at .01, 1.645 at .05, and 1.282 at .10 for marginally significant 

results). For testing the competing hypotheses, the significance of the t-values was 

assessed with a two-tailed test (critical t values of: 3.291 at .001, 2.576 at .01, 1.960  

at .05, and 1.645 at .10 for marginally significant results). Figure 5.4 depicts the results 

for the overall hypothesized effects.  

Hypothesis 1a, which predicted that errors would relate to lower affect was 

partially supported. As shown in Table 5.8, participants in condition 2 reported the lowest 

affect, and the significance of the path coefficient from D1 to affect supports this 

conclusion (t=2.53, p<.01). The path coefficients in Figure 5.4 and the means in Table 

5.8 show that participants in condition 3 did not report significantly lower affect than 

those in the control condition (t=.52, p>.10). This might support the claim that in 

situations in which users face errors that cannot be overcome, their negative affect might 

dissipate over time. The analysis of the changes of affect before and after errors (H1b)  
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Figure 5.4. Results for the Overall Effects: Structural Model 

 

 

 

 

 

 

 

 

 

 

 

¹Note: The significance of all competing hypotheses (marked with a ‘¹’) was determined with a two-tail test, whereas the significance 
of the rest of the hypotheses was determined by a one-tail test. 
²Note: In the paths on the right hand of the model, ‘s’ stands for Self-Reported Task Performance and ‘g’ for Grades. 

EMOTIONS 

COMPUTER-
RELATED 

EVENTS  

BEHAVIORS 

THOUGHTS 

H1a (-) d1:-.25**; d2:-.06 

H4a (+) d1:.46***; d2:.66*** 
 

Affect  R²=.05 

Engagement  R²=.01 

Computer-related  R²=.40 

Cognitive Load  R²=.01 

Mouse Use  R²=.33 

Typing  R²=.19 

Inactivity  R²=.14 

Heart Rate  R²=.09 

Task-related  R²=.14 

Mind-wandering  R²=.27 

H2a (+) d1:-.28***; d2:-.25** 

H3 (-) d1:-.03; d2:-.09 

H7 (+) d1:.11; d2:.04 
 

H5 (-) d1:-.15†; d2:-.31*** 
 

¹H6 (a:+; b:-) d1:-.01; d2:.16 

 

H8a (+) d1:.40***; d2:.47*** 

H9 (-) d1:-.00; d2: -.36*** 

¹H10 (a:-; b:+) d1:-.16; d2:-.15 

 

H11 (+) s:.26**; g:-.10 

¹H12 (a:+; b:-) s:-.10† g:.06  

H13 (+) s:.28**; g:.13  

H14 (-) s:-.16†; g:-.24* 

H15 (+) s:.15*; g:.11* 

¹H16 (a:-; b:+) s:.03; g:.04 

H17 (-) s:-.14†; g:-.20* 

H18 (+) s: 16†; g: .08 

H19 (+) s:. 30**; g:. 41*** 

¹H20 (a:+; b:-) s:.04; g:-.06 

TASK 

PERFORMANCE 

Self-Reported 
Task 
Performance  
R²=.42 

Grades  R²=.36 

D1 

D2 

    †: p<.10 
    *: p<.05 
  **: p<.01 

***: p<.001 
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Table 5.8. Comparison of Means across Experimental Conditions 

 

will provide more insight into this finding. The existence of errors explained 5% of the 

variance in affect. 

Hypothesis 2a, which predicted that errors would relate to higher heart rates, was 

not supported. Interestingly, the results show that there were significant impacts in the 

opposite direction; that is, errors led to lower heart rates (see Figure 5.4; d1: t=3.13, 

p<.001; d2: t=3.00,  p<.01), with participants in condition 3 and condition 2 having lower 

heart rates than those in condition 1 (see Table 5.8). The exploration of the heart rate 

changes after errors (H2b) will provide more insight into these results. Nine percent of 

the variance in heart rate was explained by the experimental conditions. 

Hypothesis 3 stated that errors would relate to lower engagement. Although 

Figure 5.4 shows negative path coefficients from the dummy variables modeling the 

errors to engagement, this impact was not significant (d1: t=.23, p>.10; d2: t=.99, p>.10) 

and thus, hypothesis 3 was not supported. Looking at Table 5.8, it is interesting to see 

that the means for the three conditions were very similar, leading to the conclusion that 

Means Condition 1   

(control) 

Condition 2 Condition 3 

Affect 3.91 3.31 3.74 

Heart Rate -1.91 -5.38 -5.55 

Engagement 3.84 3.82 3.63 

Computer-related thoughts 23.62 125.26 196.41 

Task-related thoughts 952.69 856.73 732.46 

Mind-wandering thoughts 130.86 141.47 198.82 

Cognitive load 4.58 4.79 4.63 

Mouse Use 153.38 278.13 313.09 

Typing 638.79 637.76 503.14 

Inactive 439.07 387.03 374.86 
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errors did not have an impact on the level of engagement in the task. Consistent with this 

is the fact that the conditions explained less than 1% of the variance in engagement.  

Hypothesis 4a, which predicted that errors would relate to higher computer-

related thoughts, was supported (d1: t=5.88, p<.001; d2: t=7.39, p<.001). The most 

pervasive errors (condition 3) led participants to spent the highest amount of time on 

computer-related thoughts, followed by participants experiencing less pervasive 

(condition 2) and no errors (condition 1) respectively (see Table 5.8). Furthermore, the 

existence of errors explained 40% of the variance of computer-related thoughts. 

Hypothesis 5 stated that errors would relate to lower task-related thoughts. The 

path coefficients in Figure 5.4 show support for this hypothesis (d1: t=1.59, p<.10; d2: 

t=3.65, p<.001). Thus, participants in the control condition experienced more task-related 

thoughts than those in conditions 2 and 3, respectively. Furthermore, 14% of the variance 

in task-related thoughts was explained by the experimental conditions.  

Hypothesis 6 was a competing hypothesis predicting errors would lead to (a) more 

or (b) fewer mind-wandering thoughts. Neither of these competing hypotheses was 

supported (d1: t=.11, p>.10; d2: t=1.60, p>.10). Although participants in condition 3 

spent the most amount of time on mind-wandering thoughts (see Table 5.8), these 

differences were not significant. Furthermore, participants in conditions 1 and 2 

experienced similar amounts of mind-wandering thoughts. Approximately, 27% of the 

variance in mind-wandering thoughts was accounted for by the existence of errors. 
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Hypothesis 7 predicted that errors would relate to higher cognitive load. Although 

the path coefficients from the dummy variables to cognitive load were positive, they were 

not significant (d1: t=.98, p>.10; d2: t=.32, p>.10) and thus, hypothesis 7 was not 

supported. Only 1% of the variance on cognitive load was explained by the model. 

Hypothesis 8a, which stated that errors would lead to higher mouse use, was 

supported (d1: t=4.68, p<.001; d2: t=4.89, p<.001) (see Figure 5.4). As it was predicted, 

participants in condition 3 spent the most time using the mouse, followed by participants 

in conditions 2 and 1, respectively. Furthermore, approximately 33% of the variance in 

mouse use was explained by the experimental conditions.  

Hypothesis 9, stating that errors would relate to less amount of time spent typing, 

was partially supported. The path coefficient from the D2 to typing was negative and 

significant (d2: t=3.96, p<.001), whereas the path coefficient between D2 and typing was 

negative and not significant (d1: t=.03, p>.10); that is, participants in condition 3 showed 

the lowest amount of typing behaviors when compared with conditions 1 and 2 (see Table 

5.8). Interestingly, Table 5.8 shows that participants in conditions 1 and 2 spent similar 

amounts of time typing. A total of 19% of the variance was explained by the 

experimental conditions.  

Hypothesis 10 was a competing hypothesis predicting that negative computer-

related events related to (a) lower or (b) higher inactivity. Although the path coefficients 

from the dummy variables to inactivity were negative, none of these competing views 
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was supported (d1: t=1.49, p>.10; d2: t=1.27, p>.10). The results also show that 14% of 

the variance in inactivity was explained by the conditions.  

Hypothesis 11 to 13 predicted the effects of the emotional variables on task 

performance. Hypothesis 11, which stated that affect positively relate to performance, 

was only supported for self-reported task performance (t=2.53, p<.01). Interestingly and 

contrary to the expectations, the relation between affect and the more objective 

performance measure, grades, was negative and non significant (t=1.17, p>.10). 

Hypothesis 12 was a competing hypothesis stating that heart rate would relate (a) 

positively or (b) negatively to task performance. Part (b) of this hypothesis was 

marginally supported for self-reported performance (t=1.66, p<.10), but neither of the 

parts were supported for grades (t=.55, p>.10). Hypothesis 13, which stated that 

engagement would positively relate to performance was supported for self-reported 

performance (t=3.08, p<.01), but not for grades (t=1.15, p>.10). These results suggest 

that perceptions of performance might relate to positive emotional constructs as people 

might feel more optimistic about their work when they are experiencing positive feelings. 

With respect to the effects of thoughts on performance, the results were as 

follows. Hypothesis 14 stated that the more people experience computer-related thoughts, 

the worse their performance in the task. This hypothesis was supported for grades 

(t=1.90, p<.05), but not for self-reported task performance (t=1.24, p>.10). Hypothesis 

15, which predicted that the more task-related thoughts the higher performance, was 

supported for both self-reported task performance (t=2.01, p<.05) and grades (t=1.66, 
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p<.05). Hypothesis 16 was a competing hypothesis arguing for either (a) negative or (b) 

positive effects of mind-wandering thoughts on performance. Neither of these competing 

views was supported (self-reported performance: t=.36, p>.10, grades: t=.32, p>.10). 

Finally, hypothesis 17, which predicted a negative relation between cognitive load and 

performance, was supported for grades (t=1.86, p<.05) and marginally supported for self-

reported task performance (t=1.60, p<.10). 

The last set of hypotheses of the overall model (hypothesis 18 to 20) predicted 

effects of the behavioral measures on task performance. Hypothesis 18, which stated that 

mouse use would positively relate to task performance, was marginally supported for 

self-reported task performance (t=1.55, p<.10) but not for grades (t=.70, p>.10). 

Hypothesis 19, which predicted that typing would positively relate to task performance 

was supported for both self-reported task performance (t=2.51, p<.01) and grades 

(t=3.57, p<.001). Finally, hypothesis 20 was a competing hypothesis regarding either (a) 

positive or (b) negative effects of inactivity on performance. Neither of these competing 

views was supported (self-reported performance: t=..32, p>.10, grades: t=.52, p>.10). 

Overall, the exogenous variables explained 42% of the variance in self-reported 

task performance and 36% of the variance in grades.  

Results for the Changes Before and After Errors 

The hypotheses regarding changes before and after errors were tested through 

repeated measures ANOVA. Repeated measures ANOVA has been used for the study of 

both social adjustment and psycho-physiological change (Bolger 1990; Eisenberg et al. 
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1989; Het et al. 2007; Taly et al. 2002) and has been recommended for the study of 

physiological changes as a result of exposure to controlled stimuli (Jennings et al. 1987). 

For the repeated measures ANOVA, Type III sum of squares was used due to the 

unbalanced experimental design (Field 2005; Tabachnick et al. 2007). Since all the 

hypotheses regarding changes are directional, the results are assessed using one-tailed 

tests (this was done by dividing the reported p values by two). 

Hypothesis 1a predicted that there would be a decrease in affect in conditions 2 

and 3 after errors. Because the affect measure was not a continuous measure (measured at 

all times) and we are interested in the changes before and after errors, a series of repeated 

measures ANOVAs were performed to see how each error impacted perceived affect. 

The results show that Hypothesis 1a was supported for errors 1 and 3 since the interaction 

between conditions and time significantly related to affect (time  x condition for error 1: 

F(2,99)=2.35, p<.05; time x condition for error 3: F(2,94)=2.56, p<.05), but not for error 

2 (time x condition for error 2: F(2,98)=.27, p>.10; time: F(1, 98)=.30, p>.10). That is, as 

it can be seen in Figure 5.5, affect decreased significantly for conditions 2 and 3 after 

error 1 and 3 when compared with the control condition. These results are interesting. 

Recall that for error 2, the paragraph was changed to double spaced, as opposed to the 

half-spaced change for errors 1 and 3. Thus, it seems that this change was not as 

annoying for participants as the other errors. For example, in condition 3, where 

participants were likely not to have overcome the previous error, Figure 5.5 shows an 

increase in affect after error 2 (although this increase is not significant).  
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Figure 5.5. Changes in Affect Before and After Errors 
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Note: Error 1 occurs between times 1 and 2; error 2 occurs between times 3 and 4; and 
error 3 occurs between times 5 and 6. 

 

Hypothesis 2b predicted that there would be an increase of heart rate in conditions 

2 and 3 after errors. Because the heart rate was standardized for the 20 seconds before 

and after each error, and not for the whole time, a series of repeated measures ANOVAs 

were performed to see how each error impacted the heart rate data. The results indicate 

that Hypothesis 2b was not supported. Interestingly however, an interaction between the 

conditions and time on the heart rate data in the opposite direction was found for error 1, 

(F(2,96)=20.42, p<.001) and error 2 (F(2,96)=3.32, p<.05), but not for error 3 (F(2,93) = 
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1.46, p>.10). As it can be seen in Figure 5.6, the results show that heart rate data 

decreased for conditions 2 and 3 after error 1 and 2 while it increased for condition 1. 

Furthermore, the heart rate data for all conditions decreased after error 3 (time: 

F(1,93)=7.34; p<.01). An interpretation of these results will be given in the discussion 

section. 

Figure 5.6. Changes in Heart Rate Before and After Errors 
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Hypothesis 4b and 8b dealt with changes in computer-related thoughts and mouse 

use after errors, respectively. Because these two measures were coded for each minute of 

the experimental task, an overall trend analysis through repeated measures ANOVA was 

performed. Repeated measures ANOVA with more than 1 degree of freedom for the 

repeated measures, which is the case here, requires sphericity. The sphericity assumption 

requires “equality of variance of the differences between treatment levels” (Field 2005, p. 
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428); that is, “[a]ll pairs of levels of the within-subjects variable need to have equivalent 

correlations” (Tabachnick et al. 2007, p. 329). However, whenever time is a within-

subjects independent variable, which is the case here, the assumption of homogeneity of 

covariances is likely to be violated (Tabachnick et al. 2007). In these cases, the use of 

significance tests that adjust for violations of the sphericity assumption and provide a 

valid F-ratio, such as Greenhouse-Geisser or Huynht-Feldt, is suggested (Field 2005; 

Tabachnick et al. 2007). More specifically, Girden (1992) recommends the use of the 

Huynh-Feldt correction when estimates of sphericity (denoted as ε ) are greater than .75, 

and the use of the Greenhouse-Geisser adjustment when sphericity estimates are less than 

.75. Consequently, this recommendation was followed. In addition, the repeated measures 

ANOVAs for computer-related thoughts and mouse use were conducted including the 

coders of audios and videos as covariates.  

Hypothesis 4b, which predicted that computer-related thoughts would increase for 

conditions 2 and 3 after each error, was supported. Mauchly’s test indicated that the 

assumption of sphericity had been violated, 2χ (299) = 1842.85; p<.001. Thus, following 

Girden’s (1992) recommendation, the degrees of freedom were corrected using the 

Greenhouse-Geisser estimate of sphericity (ε =.39). The results indicate an interaction 

effect between time and conditions on computer-related thoughts (F(18.46, 904.76)=8.50; 

p<.001) and no interaction between time and the covariate coder (F(9.232, 904.76)=.44; 

p>.10). That is, computer-related thoughts varied over time depending on which 
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Figure 5.7. Changes in Computer-Related Thoughts Before and After Errors 

0

5

10

15

20

25

30

1 3 5 7 9 11 13 15 17 19 21 23 25

time

C
o

m
p

u
te

r-
re

la
te

d
 t
h

o
u

g
h

ts

condition 1 - control

condition 2

condition 3

 Note: Error 1 occurs at time 7, error 2 occurs at time 15, and error 3 occurs at time 21. 

 



220 

conditions participants were in. To break down this interaction, contrasts were performed 

to see whether the variation of mouse use occurred after each error. These revealed 

significant interactions between time and condition for error 1 (F(2, 98) = 110.622; 

p<.001), error 2 (F(2,98) = 24.765; p<.001), and error 3 (F(2, 98)= 15.81; p<.001). That 

is, as it can be seen in Figure 5.7, computer-related thoughts increased after each error for 

conditions 2 and 3. 

Hypothesis 8b, which predicted that mouse use would increase for conditions 2 

and 3 after each error, was supported. Mauchly’s test indicated that the assumption of 

sphericity had been violated, 2χ (299) = 901.17; p<.001. Thus, following Girden’s 

(1992) recommendation, the degrees of freedom were corrected using the Greenhouse-

Geisser estimate of sphericity (ε =.55). The results indicate an interaction effect between 

time and conditions on mouse use (F(26.26, 1286.81)=3.94; p<.001) and no interaction 

between time and the covariate coder (F(13.13, 1286.81)=.34; p>.10). That is, mouse use 

varied over time depending on which conditions participants were in. To break down this 

interaction, contrasts were performed to see whether the variation of mouse use occurred 

after each error. These revealed significant interactions between time and condition for 

error 1 (F(2, 98) = 38.48; p<.001), error 2 (F(2,98) = 16.88; p<.001), and error 3 (F(2, 

98)= 14.25; p<.001). That is, as it can be seen in Figure 5.8, mouse use increased after 

each error for conditions 2 and 3 when compared to condition 1. 
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Figure 5.8. Changes in Mouse Use Before and After Errors 
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Finally, examining the patterns of mouse use and computer-related thoughts 

together for conditions 2 and 3 respectively, we can see that they take place at the same 

time (see Figures 5.9 and 5.10). This supports the notion that cognitions and actions are 

deeply coupled together and occur simultaneously. 

Figure 5.9. Mouse Use and Computer-Related Thoughts in Condition 2 
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Figure 5.10. Mouse Use and Computer-Related Thoughts in Condition 3 

0

5

10

15

20

25

30

35

1 3 5 7 9 11 13 15 17 19 21 23 25

time

condition 3 - mouse use

condition 3 - computer-

related thoughts

 



 

223 

Summary of Results 

A summary of the results is provided in Tables 5.9, 5.10, and 5.11. 
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Table 5.9. Summary of the Results Regarding Overall Effects of Errors 

Dimension Hypothesis 

 

Support? 

H1a: Overall: computer-related events relate to lower affect (condition 1>condition 2 
≈ condition 3) 

Partial support (condition 1 and 3 > 
condition 2) 

H2a:Overall: computer-related events relate to higher heart rate (condition 1> 
condition 2 ≈  condition 3) 

No. Significant effects on the opposite 
direction (condition 1 > condition 2 and 3) 

Emotion 

H3: Computer-related events relate to lower engagement (condition 1> condition 2> 
condition 3) 
 

No 

H4a: Overall, computer-related events relate to more computer-related thoughts 
(condition 1< condition 2 < condition 3) 

Yes (condition 1< condition 2 < condition 
3) 

H5: Overall, computer-related relate to fewer task-related thoughts (condition 1 > 
condition 2 > condition 3) 

Yes (condition 1> condition 2 (marginal) > 
condition 3) 

H6a: Overall, computer-related relate to more mind-wandering thoughts (condition 1 
< condition 2 < condition 3) 
H6b: Overall, computer-related relate to fewer mind-wandering thoughts (condition 
1 > condition 2 > condition 3) 

No 

Thoughts 

H7: Overall, computer-related events relate to higher cognitive load (condition 1 < 
condition 2 < condition 3). 
 

No 

H8a: Overall, computer-related events relate to more mouse use (condition 1 < 
condition 2 < condition 3) 

Yes (condition 1< condition 2 < condition 
3) 

H9: Overall, computer-related events relate to less typing (condition 1 > condition 2 > 
condition 3) 

Partial support (condition 1 and 2 > 
condition 3) 

Behaviors 

H10a: Overall, computer-related events relate to less inactivity (condition 1 > 
condition 2 > condition 3) 
H10b: Overall, computer-related events relate to more inactivity (condition 1 < 
condition 2 < condition 3) 

No 
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Table 5.10. Summary of the Results Regarding Effects on Task Performance 

Support? Dimension Hypothesis 

Subjective: Self-reported 

task performance 

Objective: 

Grades 

 
H11:Affect is positively related to performance 

 
Yes 

 
No 

H12a: Heart rate is positively related to task performance 
H12b: Heart rate is negatively related to task performance 

Yes for H12b (marginal) No 

 

Emotions 

H13: Engagement is positively related to task performance Yes No 

 
H14: Computer-related thoughts are negatively related to task 
performance 

 
Yes (marginal) 

 
Yes 

H15: Task-related thoughts relate to higher task performance  Yes Yes 

H16a: Mind-wandering thoughts are negatively related to task 
performance 
H16b: Mind-wandering thoughts are positively related to task 
performance 

No No 

 

Thoughts 

H17: Cognitive load is negatively related to task performance Yes (marginal) Yes 

 
H18: Mouse use is negatively related to task performance 

 
Yes (marginal) 

 
No 

H19: Typing is positively related to task performance  Yes Yes 

 

Behaviors 

H20a: Inactivity is positively related to task performance 
H20b: Inactivity is negatively related to task performance 
 

No No 
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Table 5.11. Summary of the Results Regarding Changes After Errors 

Dimension Hypothesis Support? 

 
H1b: Affect decreases for conditions 2 and 
3 after errors 

 
Partial: Support for errors 1 
and 3. 

 

Emotion 

H2b: Heart rate increases for conditions 2 
and 3 after errors 

No. Significant effects on the 
opposite direction for errors 
1 and 2. 

 

Thoughts 

 
H4b: Computer-related thoughts increase 
for conditions 2 and 3 after errors 

 
Yes 

 

Behaviors 

 
H8b: Mouse use increases for conditions 2 
and 3 after errors 

 
Yes 

 

Discussion 

The objective of this study was to test a causal relation between negative 

computer-related events and affective, cognitive, and behavioral processes. At the same 

time it was hypothesized that these processes would in turn determine the performance of 

users in a task. As the results show, some model hypotheses were supported by the data 

while others received no support. These results are interpreted and possible causes of the 

unexpected results are examined below. Throughout this section, specific limitations and 

strengths of this study are acknowledged and suggestions for future research are 

presented.  

The first part of the model, examining the effects of conditions on processes 

found significant relations for perceived affect, heart rate (arousal), computer-related 

thoughts, task-related thoughts, mouse use (coping behaviors), and typing (task-related 

behaviors). As hypothesized, the existence of negative computer events led to lower 

perceived affect but only for those participants in the “format error” condition (condition 
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2). When examining the specific changes of perceived affect before and after errors, there 

was a decrease in affect in the error conditions as compared to the control for errors 1 and 

3. Learning effects and/or the fact that error 2 was different than the other errors might be 

at work here. Furthermore, it appears that as people in the “format error + can’t change” 

condition (condition 3) realized that they could not fix the errors to which they were 

exposed, their affect did not decrease. This is further supported by evidence from the 

post-hoc analyses in Appendix I. These post-hoc analyses showed how individuals in 

condition 3 who were able to overcome the errors showed more variation in affect than 

those individuals in the same condition who were not able to fix the errors. According to 

these analyses, both set of individuals experienced similar drops in affect after the first 

error. However, those who got around the error experienced a significant increase in 

affect after fixing it and a significant decrease of affect after the occurrence of the second 

error. 

The heart rate data should provide a more objective measure of emotional 

reactions to negative computer-related events. However, contrary to what was 

hypothesized, there was a significant negative relation between the conditions and heart 

rate as well as significant decreases in heart rate following each of the errors. 

Nonetheless, there is a possible theoretical explanation for these findings. Physiological 

changes prepare our bodies for appropriate appraisal of the environment and subsequent 

action. It has been argued that “the first step in emotional registration is attention - not 

necessarily conscious attention but literally that the actor’s sensory organs are oriented to 
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take in the stimulus” (Elfenbein 2007, p. 322). Heart rate deceleration has been associated 

with attentional or orienting responses to emotionally-evocative stimuli (Beauchaine 

2001; Hamann et al. 2002; Lansing et al. 1997; Porges 1995; Richards et al. 1997). That 

is, emotionally-evocative stimuli that require participants to pay attention to the stimuli 

and orient their behaviors is associated with heart rate deceleration (Beauchaine 2001; 

Porges 1995). Thus, heart rate deceleration as an attentional response might not be due to 

lower arousal but to the reduction levels of bodily activity, which are also known to be 

related to decreases in heart rate (Obrist 1981). This is because much of the coupling 

between arousal (somatic activity) and heart rate is mediated by changes in respiratory 

sinus arrhythmia (phasic vagal tone) (Beauchaine 2001; Obrist 1981). Consistent with 

this is the fact that under attentional responses to emotionally evocative stimuli, heart rate 

deceleration has been associated with other physiological measures of arousal, such as 

increases in skin conductance and decreases in finger pulse amplitude (Gross et al. 1993). 

All in all, this indicates that the heart rate deceleration could be due to participants trying 

to ascertain the relevance of the error and to orient their behavioral responses 

accordingly, since these responses are typically elicited in very controlled stimuli 

presentations (such as errors) rather than more naturalistic paradigms (i.e., a discussion) 

(Hollenstein 2008b). The results regarding the effects of negative events on the heart rate 

data are consistent with this notion, suggesting that the findings still provide support for 

the emotional perspective. Nonetheless, this is a post-hoc explanation of findings and as 

such should be interpreted with some caution.  
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Significant effects of computer-related events on some of the thought processes 

were found. It appears that unless there were errors, users did not spend much time 

thinking about the application at hand. This stands in contrast to conclusions from the 

deliberative perspective, which assumes that in one way or another users proactively 

think about the system and update their cognitive beliefs about it to decide its future use 

(Bhattacherjee 2001; Bhattacherjee et al. 2004; Karahanna et al. 1999; Taylor et al. 

1995). This reflection about the future use of the system might happen as a matter of 

removed reflection on past or vivid experiences with the system, but as this study shows, 

it does not take place during IS use. At the same time, the more pervasive the negative 

computer-related events are, the more computer-related thoughts users experience.  

Negative computer-related events were associated with all of the behavioral 

variables, except with inactivity. Specifically, computer-related events had significant 

positive effects on mouse use (coping behaviors) and the more pervasive error condition 

had a negative significant effect on typing (task-related behaviors). As the errors 

occurred, participants modified their behaviors accordingly. Furthermore, the results 

show a high relation between mouse use and computer-related thoughts. This challenges 

the deliberative perspective assumption that cognitions occur prior to behaviors (i.e., “we 

plan and then we act”). In contrast, it provides support for the ecological perspective and 

the notion that actions and cognitions are strongly coupled as users simultaneously make 

sense of and adjust their actions to demands in their environments.  
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Interestingly, no significant effects of negative computer-related events were 

found for four of the mediating variables regarding emotions, thoughts, and behaviors: 

engagement, mind-wandering, cognitive load, and inactivity. It appears that although 

participants perceived that their control over the interaction with the system differed 

across conditions, this did not translate into different levels of engagement. It may have 

been that the multiple interruptions in all conditions (e.g., popup questions) did not allow 

the participants to become engaged in the task or that these interruptions were enough to 

cause the same levels of engagement in all conditions regardless of the existence of 

errors. A potential explanation for the lack of relation between computer-related events 

with both cognitive load and mind-wandering thoughts can be found in the literature. 

Specifically, the literature on cognitive load suggests that the amount of mind-wandering 

thoughts decreases as cognitive load increases (Giambra 1995). Furthermore, since the 

complexity of a task or event requires individuals to engage in higher mental effort 

(Wood 1986), it is possible that the task or the errors lacked the complexity necessary for 

computer-related events to influence these two variables. Thus, it appears that the specific 

errors that the participants faced had no impact on cognitive load nor on mind-wandering 

thoughts. Finally, the lack of a relation between computer-related events and inactivity 

(avoidance behaviors) can be explained by the nature of the errors in the experiment. 

Since none of the errors in the experiment were fatal, users could still either continue to 

perform the task (task-related behaviors) or continue trying to fix the problem (coping 
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behaviors), and therefore, they might not have felt the need to stop their activities 

(avoidance behaviors).  

All in all, the effects of negative computer-related on affect, heart rate, computer-

related thoughts, task-related thoughts, mouse use, and typing partially support the meta-

theory proposed in this thesis, that is, the combination of the ecological and emotional 

perspectives to model users’ post-adoption behaviors with IS. The emotional perspective 

states that emotional responses to environmental stimuli trigger behavioral changes. It is 

important to note that although the causality between emotions and behaviors was not 

explicitly tested, it was shown that lower affect and changes in heart rate followed the 

occurrence of computer-related events. The ecological perspective states that people 

adjust their cognitions and behaviors to environmental demands simultaneously. The 

combination of the two theories proposes that environmental events affect affective, 

cognitive and behavioral changes. That is, as we register emotional stimuli we 

simultaneously modify our thoughts and behaviors to respond appropriately. 

The last part of the model dealt with the effects of the different affective, 

cognitive, and behavioral processes on task performance. Interestingly, there were 

significant effects of the three emotional variables (significant effects from affect and 

engagement, and marginally significant effects from heart rate) on self-reported task 

performance, but no significant effects on the more objective performance measure, 

grades. There is a potential explanation for this. When individuals are experiencing 

positive feelings, they might be more optimistic in the evaluation of their work. 
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Consistent with this is the fact that research on human performance has found that self-

reported performance accounts for unique variance in emotions beyond that due to other 

predictors, such as skills or task complexity (Fisher et al. 2004).  

The model proposed several relations between thoughts and performance. As 

expected, significant effects were found between computer-related thoughts, task-related 

thoughts, and cognitive load on objective performance. Furthermore, a significant 

positive relation was found between task-related thoughts and subjective performance as 

well as marginally significant negative effects of computer-related thoughts and cognitive 

load on subjective performance. No significant relation between mind-wandering 

thoughts and performance was found. Thus, it seems that when assessing other types of 

thoughts on performance in a controlled environment in which there is limited time, 

mind-wandering thoughts are not important. It is possible that mind-wandering thoughts 

might actually impact performance in real work environments, and as such, this relation 

can be explored in future research. 

Finally, the model hypothesized a relation between behavioral processes and task 

performance. As expected, the results showed a significant relation between typing 

behaviors (task-related behaviors) and both ‘subjective’ and ‘objective’ measures of 

performance. Mouse use, reflecting an ‘action-based’ coping mechanism by which 

individuals engage in behaviors aimed at solving unexpected problems (Lazarus et al. 

1984), positively affected ‘subjective’ performance marginally but not the more 

‘objective’ performance measure, grades. It could be the case that while mouse use 
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(coping behaviors) might make users believe that they are dealing well with the 

interruption and that, as a result, they have performed fine, these behaviors might not be 

actually increasing their performance. Interestingly, no effects were found between 

inactivity and performance. It might be the case that when assessing performance in a 

controlled environment in which there is limited time, inactivity is not important. 

Inactivity might be important thinking time in some cases and mind-wandering in others. 

As it was the case with mind-wandering thoughts, inactivity periods might relate to 

performance in real work settings and this possibility warrants future research.  

As with any research, this study is not free of limitations. One limitation is the 

unequal sizes in the experimental conditions. However, every effort was made to use 

statistical techniques that adjust for this fact and to minimize any potential effects of the 

unbalanced design. Furthermore, the smaller sample size for condition 3 would have 

resulted in a more conservative test. Other limitations exist that arise from the intrinsic 

characteristics of experimental research. Experiments provide more control over the 

setting than other methodological designs, and in doing so, they restrict the degree of 

reality of the study and thus, its generalizability (Jarvenpaa et al. 1985). Nonetheless, the 

use of an ‘artificial’ setting might actually make the results of this study more telling in 

this situation. In this experiment there were few consequences for participants’ lack of 

effort and/or performance in the task, or for their withdrawal at any point of the 

experiment. In an organizational setting this is often not the case. Because of the 

existence of pressure to perform well, it could be the case that affective, cognitive, and 
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behavioral responses to negative computer-related events might have been even greater 

had this research been conducted in a work environment. Another often acknowledged 

limitation within the management discipline is the use of students as employees 

surrogates (Gordon et al. 1986). There are two reasons for why this limitation is of less 

concern here. First, students, just like employees, are technology users, and as such, are 

likely to show the same affective, cognitive, and behavioral processes during IS use as 

any other human being. Second and most importantly, many researchers have claimed (1) 

that concerns about representative samples can be sacrificed in favor of minimizing 

internal validity threats in theory testing research and (2) that external validity in 

experimental research should be reached by generalizing from theoretical explanations 

rather than from the experimental effects (Campbell 1986; Cook et al. 1979; Gordon et al. 

1986). 

Despite the limitations and opportunities for future research, this study makes 

significant contributions and has several strengths. First, the double-blind design for this 

study reduces experimenter and response biases (Shadish et al. 2003). Second, the multi-

method approach for data gathering (e.g., the use of heart rate, self-reported measures, 

and ‘objective’ measures, such as the coding of the videos, audio, and grading of the 

essays) enhances the validity of the results (Jick 1979; Podsakoff et al. 2003), and 

responds to past criticisms regarding mono-method bias in the study of IS use (Sharma et 

al. 2004b; Straub et al. 1995; Straub et al. 2007). Third, the data collection methods 

allowed for the measurement of physiological, affective, cognitive, and behavioral 
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phenomena at the time at which they occurred ensuring a lack retrospective bias (Golden 

1992) or priming and consistent artifacts (Salancik et al. 1977). Fourth, this study 

introduces to IS research measurement instruments (i.e., heart rate sensors during use) 

that, to my knowledge, have been rarely used within the IS field. These devices allow for 

the measurement of affective processes that individuals might be unaware of and thus, 

unable to report. By including such devices, this study responds to recent calls for the 

inclusion of instruments capturing physiological states in the study of emotions within the 

management field (Elfenbein 2007; Heaphy et al. 2008). However, as this study shows, 

the analysis of physiological data, such as heart rate, is difficult. In addition to emotion, 

other things relate to HR, such as face expressions and activity in certain parts of the 

brain (i.e., amygdala, hippocampus, and thalamus) (Critchley et al. 2004; Napadow 

2008). As a result, future research should include this type of measurement with caution 

and might benefit from a triangulation of heart rate data with an analysis of participants’ 

facial expressions during the task. Furthermore, future research can be enriched by the 

utilization of multiple sources of physiological data, such as skin conductance, 

respiratory rhythm, and brain activity, rather than relying on only one source (heart rate) 

as this study did. Finally, most past and current IS research relies on self-reported 

behavioral measures for the conceptualization of IS user activities and their relation to 

performance (e.g., Barki et al. 2007; Burton-Jones et al. 2006). This study, however, 

investigated actual behaviors and provided both theoretical rationale and empirical 

evidence for their relation to performance.  
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In summary, the results of this study increase our understanding of the affective, 

cognitive, and behavioral processes that follow from negative computer-related events, 

and their relation to task performance. This study provides support for the proposed 

theory and for the results found in the experience sampling study. As a result, the results 

from the two studies in this dissertation have to be viewed in their entirety along with the 

proposed theory in order to gain a full understanding of the post-adoption IS use process. 

The final chapter will discuss the proposed theory and the results of the two studies 

altogether and propose avenues for future research.  
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CHAPTER 6. DISCUSSION 

This final chapter examines the theory developed in this thesis along with the 

results from my two studies. First, the original research questions are revisited. The 

progress made in addressing them through both theoretical development and the 

empirical studies is explored. Furthermore, re-specifications of the process and variance 

models introduced in Chapter 3 are introduced, taking into consideration the results of the 

two studies as well as potential opportunities and directions for future research. In 

addition, the limitations of this program of research as well as its strengths are discussed. 

Finally, suggestions for future avenues of research and practical implications are 

presented. 

Original Research Questions Revisited 

Research Question 1 

The first research question asked, “How do different theoretical perspectives help 

in the understanding of IS post-adoption behaviors?” An overall theory of post-adoption 

IS use is proposed combining research from the ecological and the emotional 

perspectives. It is important to note that this research did not test the ecological, 

emotional or deliberative perspectives separately, but instead developed an overall theory 

based on conclusions drawn from these perspectives. This process-based and dynamic 

theory of post-adoption IS use is built upon a range of literatures that focus on behavioral, 

affective, and thought processes in order to understand how use unfolds over time and 
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departs considerably from previous theorizing efforts on the topic. Previous theorizing 

efforts, mostly based on planned behaviors and psychological research on habit, portray a 

view of IS use that is centered in the individual: his/her perceptions, his/her cognitions, 

and his/her intentions for future use. That is, the literature has investigated IS use as a 

behavior resulting from decisions by individuals based on their perceptions, cognitive 

evaluations, deliberative plans, and repeated learned behavioral acts with the technology 

at hand. In contrast, the theory proposed here is centered in the environment. That is, the 

proposed theory looks at different technological events occurring in the environment as 

triggers of individuals’ affective, cognitive, and behavioral processes. This is a 

substantial conceptual contribution to the field that returns emphasis to the core element 

of Information Systems research: the IT artifact (Benbasat et al. 2003). As a result, this 

theory highlights the role of the different events associated with the technology at hand as 

drivers of individuals’ affective, cognitive, and behavioral changes.  

As a result, this theory goes beyond decision-centric variance theories often 

applied within the IS deliberative perspective (Bhattacherjee et al. 2004; Davis et al. 

1992; Karahanna et al. 1999; Kim et al. 2007; Kim et al. 2005a; Limayem et al. 2007). 

My theory takes a behavior-centric approach that characterizes use as an ongoing activity 

encompassing multiple behaviors. This theoretical development contributes to the IS field 

by examining the notion that users’ everyday interactions with IS involve behavioral, 

cognitive, and affective processes that are dynamic, unfold, and are adjusted over time.  
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The results of the two studies show that the ecological and emotional perspectives 

appear well suited for studying post-adoption IS use at the very moment at which it takes 

place. For example, when an unexpected computer-related event continues, behavioral 

changes occur in the form of an activity that does not involve the ‘problematic’ part of 

the system. That is, parts of the system might still be used or the user might engage in an 

activity that uses the system differently, especially when users feel that they have an 

alternative. Thus, use is defined as dynamic and relative, instead of as a static decision 

(e.g., quantity, frequency).  

This theory reconsiders and challenges the basic conceptual foundations around 

which much of IS research has been built: the user as a rational being that proactively and 

reflectively evaluates a system and decides to use it or not (Bhattacherjee 2001; 

Bhattacherjee et al. 2004; Karahanna et al. 2006). The majority of past literature on IS 

post-adoption behavior takes the acceptance literature as its main theoretical foundation 

(e.g., TAM and extensions) and thus highlights the conscious cognitive processes by 

which individuals make decisions about their everyday IS use (Jasperson et al. 2005; Kim 

et al. 2005a). This literature states that as an individual becomes familiar with a 

technology, habit and past use also shape usage intentions (Cheung et al. 2005; Kim et al. 

2005a; Kim et al. 2005b; Limayem et al. 2003a; Limayem et al. 2003b). However, even 

when use has become habitual, cognitive beliefs and intentions still shape use. When 

interruptions occur, users consciously think about the system and it is those conscious and 

reflective evaluations (e.g., cognitive beliefs) that form the decision-making process to 
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continue using or not continue using the system (Bhattacherjee 2001; Bhattacherjee et al. 

2004; Jasperson et al. 2005). In contrast, my theory de-emphasizes the role of such 

cognitive belief evaluations in the determination of use behaviors. For example, in the 

case of interruptions, it was shown how individuals took steps directed towards solving 

the problem and dealing with it so they could continue their work. Even when they used 

an alternative system to do their work (e.g., Notepad), this use was context-specific and 

temporally bounded.  

Not only does this theory de-emphasize the role of cognitive beliefs during IS use, 

it also highlights the role of affect in shaping use behaviors. Within the IS use literature, 

affect has been studied mainly as a developed attitude stemming from cognitive beliefs 

(Bhattacherjee 2001; Bhattacherjee et al. 2004; Bhattacherjee et al. 2006; Karahanna et 

al. 2006). In contrast, I conceptualize affect as a more transient state. That is, whereas the 

concept of affect within deliberative IS models generally follows the traditional 

psychology approach in that affect (attitude) results from cognition (cognitive beliefs 

such as ease of use) (Bhattacherjee 2001; Bhattacherjee et al. 2004; Bhattacherjee et al. 

2006; Karahanna et al. 2006), my conceptualization of affect occurs at the moment in 

which the individual feels it, an immediate factor shaping users’ attentional processes and 

behaviors.  

This theory does not assume a positive influence of use on outcomes (e.g., task 

performance). In contrast, much of the IS literature implies that use (as a frequency 

and/or quantity) leads to positive outcomes such as individual task performance (Straub 
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et al. 2007). However, I demonstrate that there is no logical reason or empirical evidence 

for linking use as a quantity to performance.  

My theory is mainly process-based. One recurring criticism of process theories is 

that they lack the capacity for predictive power (Van de Ven 1992). I disagree. Because 

the use process was examined as a whole, analyzing the events that occurred, and 

identifying regularities associated with each of them, this theory has predictive potential 

(Langley 1999). The data from the two studies also support the predictive potential of the 

theory.  

My theory can also be assessed against Thorngate’s (1976) and Weick’s (1979) 

classifications of criteria for theory evaluation: accuracy, parsimony, and generality. 

First, the strategy of building theory by identifying regularities for certain events is one in 

which the resulting theory can provide ‘modest’ accuracy – but much better accuracy 

than questionnaire-based research (Langley 1999). The results from the two studies also 

support this modest accuracy claim. Second, theories built based on this strategy are 

likely to be relatively simple and hence, parsimonious (Langley 1999). The results of the 

two studies also demonstrate the parsimony of the theory. Finally, since a wide range of 

research that characterizes the generalities of human functioning was used to build this 

theory – from psychology, neuroscience, and physiology – my theory is moderately 

general. The results of the two studies also support its generality: affective, cognitive, and 

behavioral patterns were identified with two sets of IS users: employees in organizations 

and students. Overall, the proposed theory appears to be well suited for understanding 
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and studying post-adoption IS behaviors. It draws from novel theoretical perspectives that 

have rarely been applied to IS and provides an innovative understanding of post-adoption 

IS use. 

Research Question 2 

The second research question asked, “How do affective, cognitive and behavioral 

processes unfold during individuals’ interactions with a system?” Again, the theory and 

results from the two studies address this question. Specifically, users’ affective and 

cognitive processes during IS use are often unrelated to the system at hand (see Figure 

6.1 for a re-specified process model). That is, users appear to interact with the system in 

an automatic way for the most part, in which minimal cognitive and affective processes 

are directed towards the system at hand. However, once a negative computer-related 

unexpected event occurs, users’ affective, cognitive, and behavioral processes are 

directed towards dealing with the event.  

The longitudinal analyses in the experiment allow for testing the processes of the 

theory and demonstrate how certain physiological, affective, cognitive, and behavioral 

processes follow a negative computer-related unexpected event. These analyses show that 

physiological arousal changes immediately after a negative computer-related unexpected 

event occurs. Further, perceived affect also changes following some of the events. The 

differences between changes and physiological arousal and self-perceived affect are 

interesting because they show that although physiological responses to the environment 

might be automatic, the actual emotions attached to it might be consciously regulated. As 
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Figure 6.1. Re-Specification of the Process Model of Post-Adoption Behaviors with IS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The shaded box represents an opportunity for future research. 
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Elfenbein (2008) points out, for a stimulus to evoke an emotional reaction it has to be 

registered. This registration of the stimulus often occurs at a subconscious level of 

awareness and processing that can include an automatic subconscious reaction (e.g., 

physiological arousal) as well as a more explicit interpretation (e.g., perceived affect) 

(Zajonc, 1998). Thus, it appears that although physiological changes take place after each 

event, changes in perceived affect only follow from some of the events as a result of a 

more controlled emotional process and learning (Elfenbein 2007).  

The longitudinal analysis also showed that there are significant changes in some 

thought processes, more specifically in those related to the system being used. In 

addition, significant behavioral changes take place following a negative unexpected 

computer-related event. These are in the form of problem-focused coping behaviors 

aimed at solving the problem at hand. Finally, the quantitative results show that these 

thoughts and behaviors appear to occur simultaneously.  

The experience sampling study provides more insights into these changes and 

processes. Users appear to show high frustration (negative affect) towards the system at 

hand during negative computer-related unexpected events (see Figure 6.1). Furthermore, 

their thoughts are directed to different aspects of the event: they seek solutions and 

wonder why the event is occurring or they think about the negative consequences that the 

event is having on their work. At the same time, these cognitive processes are not aimed 

at evaluating the system at hand to form future intentions to use or not use the system. 

Instead, they are aimed at how the specific event can be solved and dealt with, indicating 

that users do not question the long-term use of the system while they interact with it. In 



 

245 

terms of behaviors, users engage in problem-focused coping behaviors in order to 

overcome the incident. These coping behaviors are diverse: they follow a trial-and-error 

form or they ask others for help in order to overcome the incident. 

Interestingly, two different groups of processes appear to emerge when an 

incident is solved, depending on the origin and cause of the incident (see Figure 6.1). If 

the incident is due to a lack of knowledge about the system (a knowledge slip), users 

appear to feel positive affect towards the solution, direct their thoughts towards how the 

solution can be further applied to their work or can be further improved, and appear to 

add the learned behavior to their range of interactions with the system. Positive 

unexpected computer-related events also appear to follow this process pattern. In 

contrast, if the incident is due to a technological malfunction (technological slip), users 

still feel negative affect towards the event and think about the incident, even after the 

incident is solved. As a result, it appears that users’ affective, cognitive, and behavioral 

phenomena after overcoming a negative computer-related event depend on what users 

attribute to be the origin of these events. This is an important finding and raises a number 

of opportunities for future research, including the introduction of attribution theory to 

study individuals’ reactions to technological interruptions. Attribution theory (AT) 

explains how individuals make causal explanations about events that they encounter 

(Kelley 1973; Kelley et al. 1980). That is, attributions are the causal inferences that 

individuals associate with particular outcomes or events (Kelley 1973; Kelley et al. 

1980). According to Weiner (1986), the dimension of attribution that has the strongest 



 

246 

empirical support is locus of control or activity. Locus of control is the extent to which a 

cause is believed to be determined by factors within the person (dispositional 

characteristics, internal) or by the environment (situational characteristics, external) 

(Weiner 1986). Because people usually interpret their environments in ways that 

maximize positive self-images, it is possible that individuals are predisposed to 

transferring blame when they experience a problem (i.e., a technological slip) but to 

internalize credit when they experience a win (i.e., overcoming a knowledge slip). As a 

result, future research should look at the different reactions that stem from overcoming a 

negative computer-related event from an attribution theory standpoint.  

In the case of long-term unexpected events, users have a wide range of behaviors 

to adapt to the circumstances (see Figure 6.1). When they feel they have alternatives, they 

either seek other work to be done or they work around the problem using other 

applications in order to continue performing their tasks. In these situations, they engage 

in task-related behaviors. However, when they feel they do not have alternatives, they 

slow down their interactions with the system or engage in avoidance behaviors. 

Nonetheless, in both cases, users’ negative affect and computer-related thoughts appear 

to fade over time, as they focus on other work or on trying to accomplish their tasks 

regardless of the incident.  

Overall, the two studies show that there are behavioral, affective, and cognitive 

changes associated with computer-related unexpected events. Furthermore, although 



 

247 

users show a wide range of behaviors in adjusting to these environmental demands, there 

are some regularities in these behavioral, affective and cognitive responses.  

Research Question 3 

The third research question asked, “How do individuals’ affective, cognitive and 

behavioral processes relate to their task performance during IS post-adoption use?” The 

results of the two studies indicate that certain affective, cognitive, and behavioral 

processes are important in determining task performance. More specifically, the results 

indicate that perceived affective processes influence perceptions of task performance: the 

more positive affect that users report, the better they rank their performance (see the re-

specification of the variance model in Figure 6.2). This is consistent with past research in 

organizational behavior which emphasizes the interplay between affect and performance 

(Lubbers et al. 2005; Reio et al. 2004) and a positive relation between the two constructs 

(Fisher et al. 2004). On the other hand, physiological arousal measured by heart rate only 

influences self-reported task performance marginally. Thus, it seems that the conscious 

emotional responses that users experience following computer-related events are a better 

predictor of their perceptions of performance than the automatic physiological reactions 

they experience. 

Interestingly, engagement was a factor influencing perceived performance only in 

the second study. This result is still interesting for a number of reasons. The majority of 

research has explored the association between engagement and performance in  
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Figure 6.2. Re-Specification of the Variance Model of Effects on Task 

Performance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Note: Shaded boxes represent opportunities for future research, and dotted lines represent 
relations for which only marginally significant support was found. Note that the link 
between computer-related thoughts and perceived performance was significant for the 
experience sampling study but only marginally significant for the experiment. 

 

experimental settings and has found a positive association between the two constructs 

(Webster et al. 2006; Webster et al. 1997; Webster et al. 1995). Although it is important 

to acknowledge that the majority of this engagement research belongs to training studies, 
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the lack of support for an association between engagement and perceived performance in 

real work settings warrants future research. 

With respect to cognitive processes, both the experience sampling study and the 

experiment demonstrate a negative relation between computer-related thoughts and 

perceived performance. Furthermore, there is support for a negative influence of 

computer-related thoughts on objective performance (see Figure 6.2). This supports the 

notion that as users spend more time thinking about the computer, their short-term 

performance decreases. This result is important because it points out that when users are 

freed from having to reflect about the application at hand, they have more cognitive 

resources to spend in actually accomplishing the task for which the application is being 

used, and thus, perform better at least in the short term. As a result, this finding is 

consistent with pervious research on the benefits of automatic and habitual behavior such 

as better short-term performance and less cognitive processing (Topping et al 2007); 

automaticity allow us to perform behaviors in a an immediate, reliable, and efficient way 

freeing other resources for more important matters (Bargh 1997). 

In contrast to these findings, it might be possible that computer-related thoughts 

could have a positive impact on longer-term performance, as users learn how to deal with 

different events and are more efficient at performing their tasks. For example, in the 

experience sampling study, users sometimes felt that they learned something useful from 

the negative event. Although their thoughts at the time might have had a negative impact 

on their short-term performance, it could be the case that when faced with similar 
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situations in the future, their performance would improve. As a result, future research 

should consider the positive effects that computer-related thoughts might bring to long-

term task performance.  

As expected, task-related thoughts had a positive impact on both perceived and 

objective performance. However, no significant effects of mind-wandering thoughts were 

found. As was explained earlier, mind-wandering thoughts might have effects in real 

work environments, and as a result, this relation should be further explored in future 

research. Further, the influence of task-related thoughts and mind-wandering thoughts on 

task performance could only be tested in the experiment, and as a result, this warrants 

future research in real work settings.  

Interestingly, cognitive load negatively influenced objective performance and 

marginally influenced perceived performance in the experiment. In contrast, cognitive 

load was positively associated with perceived performance in the experience sampling 

study. It has been argued that cognitive load exhibits a curvilinear relation with 

performance, following an inverted U-curve depending upon the criticality and 

complexity of the situation (Griffeth et al. 1992). That is, performance might relate 

positively to cognitive load to a certain point, beyond which performance of the 

individual will decline (Chewning et al. 1990). The differing results for the two studies 

concerning the relation between negative computer-related events and cognitive load may 

be due to complexity. That is, in the experience sampling study, complexity may have 

been low. In contrast, complexity may have been higher in the experiment. Complexity 
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requires individuals to process more information cues (Wood 1996) and may have 

resulted in the negative relation between cognitive load and performance. Nevertheless, 

Such a view of the cognitive load-performance relation is not free of controversy 

(Malhotra et al. 1982) and future research might be aimed at further exploring this 

relation by including moderators operationalizing the complexity of the specific situation 

The impact of behavioral processes on task performance was only tested in the 

experiment. Nonetheless, some of the results are encouraging. As proposed by the theory, 

task-related behaviors positively relate to both subjective and objective performance (see 

Figure 6.2). Furthermore, problem-focused coping behaviors marginally and positively 

relate to perceived performance. This appears consistent with recent literature showing 

that adapting behaviors relate to perceived benefits (Barki et al. 2007). The lack of effects 

of coping behaviors on objective performance is interesting. Although users might 

perceive their performance as better since they coped with the interruption, it seems that 

these behaviors do not improve objective short-term performance. As a result, more 

research on the topic is needed to both further explore the relation between coping 

behaviors and objective performance and study the effects of these behaviors on longer-

term performance measures. Finally, there was no support for a relation between 

avoidance behaviors and task performance. It could be the case that this relation is 

dependent upon the criticality of the computer-related negative event. In the experiment, 

none of the errors were fatal in that users could still use the system at hand to perform 
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their tasks. In situations in which this is not the case, avoidance behaviors might play a 

more relevant role in determining performance.  

Overall, the proposed theory and the findings from the two studies suggest that it 

is in part how individuals use a system and how they feel and think which determine 

performance outcomes when using IS. Interestingly, perceived affective processes are 

important for perceived performance measures, whereas some thought processes appear 

to influence both objective and subjective measures of performance. Finally, some of the 

different behavioral steps individuals take while they use a system are also important in 

partially determining their performance. 

Limitations and Strengths 

As with any research program, this thesis has some limitations. When looking at 

the studies as a whole, one limitation is the fact that processes associated with some 

events (long-term computer-related negative events and positive computer-related events) 

were only examined in the experience sampling study. As a result, although the data 

appear to support the predictions proposed by the theory, no causality can be inferred 

from these accounts.  

A related limitation in the experience sampling study was the use of recalled data 

for negative events that were fixed. These recalled data might suffer from retrospective 

bias (Golden 1992; Schwenk 1985). Although this was partially addressed by asking 

participants to recall an event occurring during the previous two weeks, the existence of 

different results for real-time data and recalled data for the long-term events suggest 
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some degree of retrospective bias. Hence, this warrants future research aimed at capturing 

these processes as they occur in a real work setting.  

A final limitation of this program of research is its exclusive focus on the 

individual and the user-system interaction as the main levels of analysis. Although this 

thesis employed multi-level statistical techniques, this was only done because of the 

hierarchical structure of the data, and no multi-level theory was tested or proposed. As a 

result, it is important to study how specific organizational or group settings might 

influence different affective, cognitive, and behavioral processes during post-adoption 

use, as well as how different individual-level phenomena associated with IS post-

adoption use might impact group and organizational processes and outcomes23. As a 

result, research in post-adoption IS behaviors can be enriched with the inclusion and 

empirical examination of theories that account for multi-level explanations of human 

behavior (Burton-Jones et al. 2007; Jasperson et al. 2005), such as sensemaking 

approaches, institutional theory, and structuration theory.  

In spite of these limitations, this thesis has several strengths. Some of its strengths 

have already been presented in the discussion following each of the two studies and when 

revisiting the research questions in the discussion above. Besides these, this thesis has 

several other strengths. For example, the methods used in this study complemented each 

                                                 

23 For in-depth discussions of multi-level theory in organizations, see Rousseau (1985) and Klein 
et al. (2000). 
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other by compensating the weaknesses of each one with the strengths of the other (Jick 

1979). The combination of both qualitative and quantitative research methods provides a 

vivid and rich understanding of the affective, cognitive, and behavioral processes 

associated with post-adoption IS use (Mingers 2001).  

The most important contribution of this thesis might be the recommendation to 

refocus research away from the traditional IS view to another that emphasizes the role of 

technology and associated events in modifying behavioral, affective, and cognitive 

processes. As explained previously, the literature on IS acceptance has dominated the 

study IS post-adoption behaviors (Silva 2007) and has centered exclusively on the 

individual user. The existence of this dominant theoretical orientation is a matter of 

concern for academic inquiry because theoretical orientations not only condition the way 

we conduct scientific inquiry but also what phenomena we choose to study (Preston 

2005). This orientation has discouraged the IS field from shifting to a more 

environmentally centered view of IS use and from studying the rich and wide range of 

ways of IS post-adoption use (i.e., “how do people use an IS? how do people cope with 

interruptions and how do these interruptions direct affective, cognitive, and behavioral 

changes?”). As a result, the main strength of this thesis might be the fact that by 

proposing an alternative theory of post-adoption IS use, it allows for an environmentally 

centered examination of affective, cognitive, and behavioral  phenomena.  
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Future Research 

Throughout this discussion and in the discussions following each of the studies, 

ideas for future research were offered. The limitations outlined above also represent 

opportunities for future research. Several other avenues for research exist and are 

outlined next.  

It was argued earlier that the nature of a negative computer-related event that is 

fixed (knowledge or technological slip) could affect results. That is, the so-called 

‘knowledge slips’ appear to stem from a lack of users’ knowledge about how to do 

something with the application at hand and were followed by positive affect and 

computer-related thoughts. In contrast, ‘technological slips’ appear to stem from a  

technological malfunction and were followed by negative affect and computer-related 

thoughts. The literature on learning can provide another explanation (in addition to the 

nature of the event) for these differing results. It is possible that the processes were 

dependent on individual differences. For example, the literature on learning states that 

learners’ goal orientations influence learning processes and their outcomes (Ford et al. 

1998). Thus, individuals with a mastery orientation who are concerned with developing 

new skills and understanding of their task, are likely to enjoy challenging tasks (Ames 

1992) and show tolerance for ambiguity (Kroll 1988). On the other hand, individuals with 

a performance orientation are likely to believe that ability is fixed, dislike challenging 

tasks (Dweck 1988), and are less tolerant of ambiguity (Kroll 1988). It is possible that 

individuals who reported having learned something and having experienced positive 
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affect after the error was solved had high mastery orientations, whereas those who 

reported major annoyance and few learning outcomes had performance orientations. As a 

result, future research should be aimed at exploring how individual differences, and 

specifically goal orientations, might shape the different affective and cognitive processes 

associated with IS use in general, and with negative computer-related events that are 

fixed in particular. 

In this thesis, only three positive events were captured and examined in the 

experience sampling study. As a result, future research should focus on gaining a better 

understanding of positive events. More specifically, future studies could be aimed at the 

examination of the affective, cognitive, and behavioral processes that follow the 

occurrence of a positive event. For instance, observations can be carried out in real work 

settings from an ethnographic point of view and complemented through in-depth 

interviews about positive recalled events with technology users. Furthermore, positive 

events could also be examined in a more controlled environment through the design of 

experiments that include new built-in features in an application that the users are 

implicitly asked to employ for properly accomplishing their tasks. This future research 

can provide not only a better understanding of IS use behaviors during positive events but 

also complement our scarce knowledge on how users learn and adapt to new 

technological features.  

Another potential direction for future research concerns the study of behavioral 

processes that might be transferable automatically from one application to a new one. It is 
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important to note that the ecological perspective is particularly useful in highlighting the 

benefits of minimally conscious processes. This allows individuals (and their 

organizations) to focus on the goals of using a particular IS (i.e., performing a particular 

task) rather than on the use of the IS itself. For example, research in automaticity points 

out that what becomes automatic and habitual over time is the activation of goal-oriented 

sequences (Bargh et al. 1994; Bargh et al. 2001), and not necessarily practiced behaviors 

as the literature in IS research portrays (Kim et al. 2005b; Kim et al. 2005c; Limayem et 

al. 2003a; Limayem et al. 2003b; Limayem et al. 2007). These goal-oriented sequences 

do not need to be identical to behaviors a person has practiced in the past, but can 

represent ‘generalizations’ in which behaviors learned in one situation are transferred to 

new situations. For example, a user might be able to unconsciously generalize from 

inputting and saving data in one application to a newer one. As a result, research might be 

aimed at exploring how generalizations occur, how IT features of new applications might 

enable users to employ generalizations, as well as how users learn new features 

automatically without having to engage in deliberative reflection. Further, this research 

could also provide some answers for the emergence of persistent avoidance behaviors as 

well as for why users often spend time customizing new technology to work the way their 

old technology did (Markus 2008). 

Finally other theoretical perspectives that highlight the mind-body-environment 

connection, could be considered in the study of IS post-adoption use. One of these, 

embodied cognition, appears to be particularly well suited. Embodied cognition 
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approaches the study of the human mind from the view that our cognitive capabilities are 

shaped by our body’s interactions with the world (Wilson 2002). That is, in order to study 

cognition, one has to look at the interplay among mind, body, and the environment 

(Wilson 2002). Within this perspective, the way in which we are embodied constrains 

both the way we interact with the world and the way in which perceive the world (Wilson 

2002). For example, research in this area has found that individuals holding tools only 

perceive distances as shorter when they intend to use the tools but not when they do not 

(Witt et al. 2005). This perspective also states that the moving and the thinking inform 

and interfere with each other: although people select the right answers to different 

scenarios portraying motor information, their selection is faster if the scenarios match 

sensory-motor activities that they perform often (Holt et al. 2006). As a result, the 

embodied approach is a holistic way in which IS post-adoption use can be studied. From 

this theoretical standpoint, research might answer important questions about the IS post-

adoption process such as why different patterns of use with the same application co-exist 

and emerge among different individuals and groups, and how body functions and 

contextual characteristics might shape perceptions of IS. Thus, future research could be 

aimed at looking at IS post-adoption from an embodied cognition lens. 

Practical Implications 

The findings suggest several implications for practice. The first concerns training. 

For instance, technological training of users could include tips for managing interruptions 

and emotional reactions during IS use. More specifically, training could be focused less 
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on error avoidance and more on helping users reframe negative computer-related events 

as opportunities for learning (as knowledge slips rather than as technology slips). This 

could be done in different ways. For example, the trainer could be used as a role model 

(Compeau et al. 1995a) showing how interruptions can be handled. Further, training 

could emphasize that computing ability is an acquirable skill (Martocchio 1994) and as 

such can be improved through practice and the overcoming of difficulties. In addition, 

training sessions could include general explanations about coping mechanisms for the 

management of emotions and frustration when negative computer-related events take 

place (Sein et al. 1996). 

Another implication for management stems from the finding that better 

performance takes place when users do not have to think about the system at hand. If 

users perform better when the technology appears inconspicuous to them, IS design and 

update of applications should be aimed at minimizing the attention drawn towards to the 

system. This could be accomplished by avoiding major interface changes or by making 

updates and new applications look like old ones. This would minimize the amount of 

time and effort that users spend thinking about the technology at hand, and thus, 

maximize the attention paid to accomplishing the task for which the technology is being 

used.  

Earlier it was stated that most costs associated with IS are attributable to the post-

adoption stage. Although a link between computer-related events and (monetary) costs 

was not tested in this thesis, the results with respect to computer-related thoughts, task-
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related thoughts, and task-related behaviors can be used to draw some conclusions 

regarding this matter. For example, it appears that there are time costs associated with 

technological malfunctions or interruptions that prevent users from effectively 

accomplishing their work duties in the short term. Furthermore, when these interruptions 

repeat over time, the potential for a long-term impact of performance is greater. It is 

hoped that the findings for negative computer-related events and the suggestions 

regarding training and IS design will help reduce costs attributable to the IS post-

adoption phase.  

Conclusion 

After twenty years of research on IS use, our understanding of the phenomenon is 

still quite limited (Markus, 2005). This research proposes a paradigm shift from which to 

study the different behavioral, affective, and cognitive phenomena during IS post-

adoption use. In doing so, this thesis introduces new theoretical perspectives and an 

overall theory of IS post-adoption behaviors. This theory highlights the importance of 

environmental demands in shaping affective, cognitive, and behavioral processes and 

changes during IS use, as well as the impacts of these processes on task performance. 

This theory was tested by employing innovative research methods. Overall, the majority 

of the hypotheses from the proposed theory were supported. It is hoped that this thesis 

provides a rich and original understanding of individuals’ post-adoption behaviors with 

IS.  In doing so, this thesis also opens the door for exciting and promising options for 

future research. 
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APPENDIX A: EXPERIENCE SAMPLING: Questions and 

Measures in the Booklet 

There were two main parts with questions in the booklet. The first part contained 

approximately 30 entries. Each of these entries contained a set of open and close-ended 

questions that participants were asked to fill out every time they were paged. The second 

part was to be completed at the end of the two-week period and contained open-ended 

questions about a negative or positive event with a computer application that participants 

had experienced in the past two weeks.  

1 - Questions in Each Booklet Entry 

Participants had to complete this set of questions every time they were paged.  

A. General and Open-Ended Questions 

These questions made up the first half of each booklet entry page. 

 

Date:________________ (mm/dd)     Time:_____________ □ am   □ pm 

 

Activity:  

   □ Working at my desk 

   □ At a meeting 

   □ Personal time (i.e., lunch/coffee break, etc.) 

   □ Other. Please specify: 

________________________________________________________________________ 

________________________________________________________________________ 
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Are you using any computer-based device (i.e., laptop, desktop, Blackberry, etc.)? 

   □ Yes 

   □ No 

If yes, please indicate the type of the computer application/software (such as Word,  

Email, Excel, Internet, etc.): 

________________________________________________________________________ 

 

Are you experiencing any difficulties (e.g., a function of an application is not working 
properly) or any unexpected discoveries (e.g., the discovery of a function that will make 
your task easier) with your computer device or with the application while performing the 
activity? 

   □ No          □ Difficulties          □ Unexpected discoveries 

If difficulties or unexpected discovery,  please explain: ___________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

What are your feelings (if any) while performing the activity (when the pager went off)? 
Please explain. (If you are not feeling anything in particular, please write “N/A” below) 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

What are you thinking (if anything) while performing the activity (when the pager went 
off)? Please explain. (If you are not thinking about anything in particular, please write 
“N/A” below) 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 
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B. Measures 

In the second half of each booklet entry page, there were a set of close-ended 

questions capturing the following measures: task performance, affect, 

engagement and cognitive load. 

 

Self-Reported Task Performance (developed by the researcher based on other 
semantic differential measures of task performance used in ESM studies, e.g., 

Fisher et al. 2004): 

Please rate your performance while accomplishing this activity: 
 

Very Poor 1 2 3 4 5 6 7 Excellent 
Unsatisfactory 1 2 3 4 5 6 7 Satisfactory 

Below Average 1 2 3 4 5 6 7 Above Average 
Inferior 1 2 3 4 5 6 7 Superior 

 

Affect: adapted from Hoption (2003) - the last item was added by the researcher: 

 Please rate your feelings at the moment the pager went off: 
 

Sad 1 2 3 4 5 6 7 Happy 
Bad 1 2 3 4 5 6 7 Good 

Stressed 1 2 3 4 5 6 7 Relaxed 

 

Engagement: adapted from Webster et al., (1993); 7-point scales: 

This activity arouses my imagination 
I am totally absorbed in the activity 
This activity is engaging 
This activity is intrinsically interesting 
This activity holds my attention 
This activity excites my curiosity 
This activity is fun 

 

Cognitive Load: adapted from Cameron (2007); 7-point scales: 

During this activity, I expend a lot of mental effort 
This activity requires a great deal of mental effort 
This activity requires a great deal of concentration 
Completing this activity does not require much mental effort 
I have to work mentally to accomplish this activity 
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2 - Questions at the End of the Booklet 

Participants had to complete this set of questions at the end of the two-week period. 

 

Please list one computer application/software that you have used for your work over 
the past two weeks: 
________________________________________________________________________ 

________________________________________________________________________ 

 

For the following questions, please think about the computer application you specified 
above. This computer application will be referred to as “software” in the questions 
below. 

 

Please describe either a positive or a negative incident that you have experienced with 
the application/software that you specified above (e.g., a time that a function was not 
working properly, or a time when you discovered a new function that would make the 
completion of your tasks easier, etc.): 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 
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Please explain what steps you took, if any, in order to deal with the incident: 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

Please explain what you felt, if anything, when the incident occurred: 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 
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Please explain what you were thinking, if anything, when the incident occurred: 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 
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APPENDIX B: EXPERIENCE SAMPLING: Pilot Studies 

Before the main experience sampling study took place, two pilot studies were 

conducted to improve the data gathering instrument and procedure. Furthermore, these 

studies also helped in the development of the coding scheme for the qualitative data. 

Pilot Study 1 

The first pilot study was conducted with five volunteer graduate students. No 

pagers were used in this pilot study. Instead, these participants were asked to complete 

one page of the booklet each time they were messaged through MSN by the researcher. 

Participants were contacted through MSN approximately 3 times per day over three 

weekdays. After the three days were over, participants were informally interviewed in 

order to get their comments and concerns about the booklet and the procedure used to 

gather the data.  

Booklet 

The booklet used in this pilot study had several entries. Each entry had open-

ended questions about the 1) participants’ activity at the time, 2) whether they were using 

any software applications, 3) whether they were having difficulties with the application(s) 

being used, 4) what they were feeling at the moment, and 5) what they were thinking. 

Moreover, each entry in the booklet had close-ended questions that included measures 

about 1) emotions (via PANAS scales, Watson et al. 1988), 2) task performance 

(developed by the researcher based on Fisher et al. 2004), 3) cognitive load (Cameron 
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2007), and 4) engagement (Webster et al. 1997). Every time they were contacted through 

MSN, they were expected to answer the above set of questions. These observations are 

called “real-time events”. 

At the end of the three days, there was a final set of questions in which 

individuals were asked to recall a negative or positive event with an application that they 

had experienced over the past two weeks. Within this part, participants were asked to 

describe the recalled event and their feelings and thoughts at that moment. These 

observations are called “recalled events”. 

The analysis of the qualitative data was conducted in conjunction with the data 

gathered in the second pilot test (and it will be explained later in this appendix).  

Participants’ Comments 

The most valuable information from this pilot study was what was learned after 

participants gave their insights about the booklet and procedure used to gather data. The 

following paragraphs summarize their views and comments, and provided the basis for 

the modification of the booklet instrument for the next pilot study. 

First, participants pointed out that the questions used to gather data during use (for 

“real time events”) did not include any references to positive computer-related events; 

they just included references to negative computer-related events. Second, some 

participants tried to match their words in the open-ended questions regarding their 

feelings with the words used in the close-ended question about feelings (PANAS scales). 

For example, the PANAS scales provide 20 descriptive words about emotions (e.g., 
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interested, irritated, upset, nervous, etc.), and participants commented that they often tried 

to use those words while answering open-ended questions about feelings. This suggests 

the possibility that the PANAS scales were priming participants in their reports of 

feelings. Third, participants also pointed out that the PANAS scales had many items that 

they felt were irrelevant for their context. For example, items such as “proud”, “hostile”, 

“ashamed”, and “alert” were thought of out of context for all the participants. Fourth, 

they also commented that the time for filling each entry was approximately 5 minutes and 

demanding. They felt the PANAS scales with 20 items made the procedure too long. 

Finally, they said that the final questions regarding “recalled events” were appropriate 

and they did not provide any reasons or comments for their modification.  

Changes in the Booklet 

As a result of the above comments, some changes were made in the booklet’s 

entries in order to improve it. First, the question about their computer experience at the 

moment was changed to include a “positive event” option. That is, the question was 

changed to ask whether participants were experiencing a positive (e.g., a discovery of a 

new feature) or a negative event (e.g., difficulties with the application(s), malfunction, 

etc.); if they did, then they were asked to describe this experience. Finally, the close-

ended PANAS scales measuring positive and negative affect were dropped. Instead a 

simpler measure measuring affect with three semantic differential scales (Hoption 2003) 

was added. This was done for two reasons: 1) to prevent priming effects of the close-
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ended questions in the open-ended questions regarding feelings and 2) to reduce the 

amount of time taken to fill out each booklet entry.  

Pilot Study 2 

The second pilot study was conducted with eight volunteer university staff for 

four workdays. This time participants were given pagers and asked to fill out an entry in 

the booklet every time they were paged. Furthermore, participants were asked to write 

down how much time it took them to fill out each entry in the booklet. After the four days 

were over, participants were informally interviewed in order to get their comments and 

concerns about the booklet and the procedure used to gather the data.  

Booklet 

Two versions of the booklet were developed. The first version of the booklet 

contained the changes made after the comments gathered in the first pilot study. The 

second version of the booklet contained entries with only open-ended questions about the 

experiences of the participant at the moment. This second version of the booklet was 

developed in order to see if the qualitative data gathered with the first version differed 

from the one gathered from this second version as a result of potential priming effects of 

close-ended questions. Four university staff were given the first version of the booklet 

and four were given the second version of the booklet. 
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Participants’ Comments 

After the pilot was completed, participants were asked to provide comments about 

the booklet and the procedure used to gather data. Participants stated that they felt that the 

procedure to gather data was not as disruptive as they first thought. That is, they stated 

that the first two times they were paged, it took them approximately 3 to 4 minutes to fill 

out the entries in the booklet. After, they stated that filling out entries was not as time 

consuming, being able to complete each entry in less than two minutes. They also 

commented that the pagers were easy to use and that they did not have any problems 

handling them when they were paged. Finally, participants did not report any difficulties 

with the questions in the booklet entry. That is, they felt that the questions being asked 

were clear and easy to answer. Furthermore, the participants who were given the booklet 

version with close-ended questions stated that they felt these questions had no priming 

effects on how they answered the open-ended questions.  

Changes in the Booklet 

From the comments of the participants, no modifications were made in the 

booklet because of the lack of critical comments about it. However, it was noticed that 

the recalled events should include a question about the behavioural steps taken during the 

reported positive or negative event, since this would give data about behaviors. As a 

result, a question about behavioral steps was added to the final recalled event part of the 

booklet.  
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Another issue considered was to include a question about behaviors to each 

booklet entry (the “real-time events”). It was decided not to include any questions about 

behaviors in the booklet entries for two reasons. First, there was a question about the 

activity being performed already included in the entry, and adding another question could 

be seen by participants as redundant and might make them annoyed. Second, there was a 

practical reason for not including this: adding another open-ended question could 

increase the amount of time participants spent filling each booklet entry, which could 

make the recruiting of employees in organizations more difficult.  

A decision also had to be made about which version of the booklet to use for the 

main experience sampling study: the one containing only open-ended questions or the 

one with both open-ended and close-ended questions. To decide this, the qualitative data 

gathered from the two versions of the booklet were entered into two spreadsheets. The 

principal researcher examined both sets of data, looking for any differences in the use of 

words or patterns of reported experiences. Except for the fact that the answers from the 

open-ended version only either more text or dramatically less text in some occasions, no 

differences were found in terms of text content. In order to check this, a graduate student, 

who was a PhD candidate from the Psychology department, was given the two sets of 

data and asked to read them carefully and report any differences s/he could see between 

them. The graduate student’s conclusions were the same as the researcher’s: no 

differences in content were found, only differences in the amount of text, with the open-

ended version having either more or less text than the other version. As a result, a 
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decision was made to use the booklet with open-ended and close-ended questions in the 

main experience sampling study for one main reason: the inclusion of the close-ended 

questions would provide the data necessary to test some of the quantitative propositions, 

and thus, enhance the richness of the study.  

Results and Development of a Coding Scheme 

Once the two pilot studies were completed, the qualitative data were entered into 

a spreadsheet to be analyzed. It is important to note that there was no possibility for 

conducting statistical analyses on the quantitative data due to the small sample size as 

well as the different versions of the booklet with respect to close-ended questions. 

With respect to the qualitative data, a coding scheme was developed from the 

literature review and the theoretical development of the thesis, containing three main 

themes: emotions, cognitions, and behaviors. This coding scheme followed a hierarchical 

tree-like structure (see Table B.1). Within each theme, there were subthemes, such as 

positive, negative, and computer-related, and non-computer-related.  

Each time a new subtheme was discovered through the analyses of the data it was 

added to the coding scheme. For example, in terms of emotions, if participants reported 

feeling upset or disappointed, these emotional states were added to the development 

scheme.  

The open-ended questions for the real-time events referred to two main 

categories: cognitions and emotions. As it was explained before, the open-ended question 
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about a recalled event also included questions about behaviors besides those dealing with 

emotions and cognitions.  

Table B.1. First Coding Scheme Based on the Literature 

Main Theme Subthemes 1 Subthemes 2 Subthemes 3 

Evaluation of the 
Application 

 

Solution Seeking  

Computer-
Related 

Other  

Task-focused  

Mind-Wandering  

Cognition 

Non-Computer 
Related 

Other  

Frustration 

Stress 

Negative 

Other 

Satisfaction 

Relief 

Computer-related 

Positive 

Other 

Sad 

Stress 

Negative 

Other 

Happy 

Excited 

Emotions 

Non-Computer 
related 

Positive 

Other 

Giving Up  

Solution Seeking  

Behaviors Behavioral 
Change 

Other activity  

 

Results 

Because of the small number of recalled events, eight, a decision was made to 

analyze only the real-time observations. A total of 85 real-time observations were 

reported. These observations were divided into three main categories based on the 

participants’ reports: expected events (events in which the computer was behaving as 
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expected), negative computer-related events (events in which the participant was 

experiencing a difficulty with the application), and positive computer-related events 

(those in which the user discovered a new function or feature of the application useful for 

his/her task). This division was made based on the reports of the participants: 1) if they 

reported having no computer-related difficulties or experiencing no computer-based 

discoveries at the moment of the event, this was classified as an expected event; 2) if they 

reported having difficulties with the application(s) at hand, this was classified as a 

negative event; and 3) if they reported discovering new features or new ways in which to 

use the software, this was classified as a positive event. The results of the analyses of 

these types of events are presented next.  

Expected Events 

A total of 68 interactions were coded as expected events. With respect to 

cognitions, in all cases except one, participants reported having non-computer related 

thoughts during this type of experience. In most cases, the object of these thoughts was 

the task at hand (Participant 2: “I was thinking about the work I was doing. That is, I was 

trying to think of examples for my project and then typing them into Word, and also 

thinking about how they fit together into the larger project”) or to other issues not related 

to work - mind-wandering thoughts - (Participant 1: “I am thinking about what I want to 

watch on TV at 10pm”). On only one occasion was the technology the object of a user’s 

thoughts. In this occasion, the user’s thoughts were focused on the evaluation of the 

computer application at hand; this was one of the first times in which s/he had used it 
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(Participant 12: “I have only used this program very few times, and I am discovering how 

user friendly it is and how useful”).  

With respect to emotions, most users’ feelings were not related to the 

application(s) being used at the time, and they fell into one of two main categories: 

negative and positive. Most users reporting negative emotions described feelings of stress 

about the work or task (Participant 6: “Stress. Unexpected delays this morning, so trying 

to catch up and multitask”). On three occasions, users reported feeling happy and excited 

about their non work-related events (Participant 7: “Happy to have found the news 

release I was looking for”; Participant 3: “I just got an email from a friend about using 

cloth diapers (I had sent her a question), which makes me think about the baby and this 

in turn makes me exited!”).  

Finally, an unexpected discovery was made when analyzing the data. During 

events in which the computer was behaving as expected, two users reported the 

experience of physical discomfort unrelated to the application(s) being used (Participant 

1: “cold”) and were thinking of ways in which to get those physical needs attended 

(Participant 1: “I am thinking of ways to get warmer”).  

Negative Events 

In a total of 15 interactions, users reported having some sort of difficulty while 

using their software application(s). Difficulties varied and ranged from “not being able to 

print”, “printer printing extremely slowly” to a function of an application not behaving as 

expected. The majority of participants’ cognitions were computer-related. However, none 
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of the user’ thoughts dealt with the evaluation of the computer application itself. Instead, 

most users thought about the consequences and impact that the negative computer-related 

incident was having on their tasks and jobs (Participant 2: “I was thinking how much time 

I was wasting”). In a few cases users’ thoughts were focused on understanding or seeking 

a solution for the computer-related incident (Participant 4: “Why isn’t this function 

working? I am doing what I am supposed to do to delete a line, but it isn’t working”).  

With respect to emotions, users reported feeling emotions directly related to the 

computer and the difficulty being experienced, for the majority of these interactions. In 

most cases, users experienced negative affect, such as strong frustration, irritation, and 

disappointment (Participant 11:”Frustrated! Going to give up my search”; Participant 5: 

“Irritated. I have to do more work than I really feel I should”; Participant 12: 

“Disappointed, as the information I was looking for was not there”). Only in one 

occasion a did a participant reported a positive emotion and that was when the difficulty 

had been overcome (Participant 7: “Relief that I finally retrieved the information I 

needed”).  

As with expected events, physical needs were mentioned. In this case, a 

participant reported feeling hungry as a result of a computer-related difficulty (Participant 

8: “I am feeling hungry since I had to delay my lunch due to the technical glitch”).  

Only one behavior was reported for negative events. A participant reported 

engaging in another activity as a result of a technological problem (Participant 2: “I also 

started working on something else at the time”).  
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Positive Events 

Only two interactions dealt with users reporting unexpected discoveries about a 

software application. For example, when working with a database application, a user 

reported the discovery of being able to “put together meeting notes regarding the process 

of designing a new database”. The thoughts and emotions reported in both occasions 

were unrelated to the discovery or application being used (Participant 11: “positive and 

excited about the end result of the project and the possibilities it will introduce”). 

Summary 

The results indicated some preliminary support for some of the propositions, 

especially those focused on expected events and short-term negative events. Thus, during 

expected events the majority of feelings and cognitions were unrelated to the 

application(s) being used at the moment (Proposition 1 and 3, respectively). Furthermore, 

in most cases most emotions and thoughts following a negative event were negative and 

computer-related (Proposition 4 and 5, respectively).  

As a result of the analyses of the pilot study, more themes were added to the 

coding scheme as they were discovered while analyzing the data. Table B.2 provides a 

list of these themes. It is important to notice that sub-themes did not represent mutually 

exclusive categories. That is, a user could report being “sad” and “upset” about 

something but “content” about something else; or a user could be thinking about the 

“task” as well as thinking about the weekend (“mind-wandering”).  

 



 

301 

Table B.2. Coding Scheme for Analyzing Qualitative Data 

Main Theme Subthemes 1 Subthemes 2 Subthemes 3 

Evaluation of the 
Application 

 

Solution Seeking  

Consequences of 
Negative Event 

 

Computer-
Related 

Other  

Task-focused  

Mind-Wandering  

Cognition 

Non-Computer 
Related 

Other  

Frustration 

Stress 

Irritation 

Upset 

Mad 

Disappointment 

Negative 

Other 

Satisfaction 

Relief 

Computer-related 

Positive 

Other 

Sad 

Stress 

Negative 

Other 

Happy 

Excited 

Optimism  

Curiosity 

Emotions 

Non-Computer 
related 

Positive 

Other 

Giving Up  

Solution Seeking  

Behaviors Behavioral 
Change 

Other activity  

Physical Needs Hunger   

 Cold   
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APPENDIX C: EXPERIMENT: Review of Physiological Measures 

Please see next page.
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Table C.1. Review of Physiological Measurement Devices 

 

Device 

 

Measure of  

 

Proxy of 

 

Pros 

 

Cons 

 
Very time sensitive: it 
provides many readings per 
second 

 
Very sensitive to noise (i.e., head and neck 
movements, and thus, participants cannot move) 

 
EEG (Electroen- 
cephalography) 

 
Electrical 
voltages 
generated by 
neurons – 
brain activity  

 
Cognition 

Quite portable devices, not 
requiring participants to be 
in the lab 

Because of its sensitivity, it records a lot of noise. 
Thus, the stimuli for which brain reaction is being 
recorded need to be repeated many times over time 
(i.e., 100 times) and matched with behavioral data 
(videotape) at the times at which stimuli happened 

Not very time sensitive 

Very expensive 

Participants required to stay in the lab 

FMRI (functional 
magnetic 
resonance 
imaging) 

Magnetic 
signals in the 
brain – brain 
activity 

Cognition Detailed scans of the brain 

Very sensitive to any movement, so participants 
cannot move 

MEG (Magneto-
encephalography) 

Magnetic 
signals in the 
brain – brain 
activity 

Cognition Detailed scan of brain 
functionality 

It is highly sensitive to magnetic fields and thus, the 
experiment must be conducted in a shielded room to 
avoid magnetic and electrical disturbances from the 
stimulation unit (Huonker et al. 1996) 

Magnetic Source 
Imaging (MSI) 

Magnetic 
signals in the 
brain – brain 
activity 

Cognition It is a measurement of MEG 
with source reconstruction 
and MRI, which allows it to 
integrate the pros of MEG 
and FMRI 

Same as FMRI and MEG 

Note: Most of the information in this table is based on conversations with Dr. Troje and Dr. Morris, who are professors of Psychology 
and Neuroscience respectively at Queen’s University. 
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Table C.1, Continue 

 

Device 

 

Measure of  

 

Proxy of 

 

Pros 

 

Cons 

Very intrusive: a radioactive substance needs to 
be injected into a subject’s bloodstream prior to 
the start of the experiment (Smith et al. 1997) 

Positron 
Emission 
Tomography 
(PET) 

Photons 
released by 
neurons – 
brain activity 

Cognition Very accurate 

Very sensitive to noise: it needs a comparison of 
experimental conditions (Smith et al. 1997) 

Not very intrusive Skin 
conductance 
sensor 
(SC/GSR) 
 

Skin 
conductance 

Affect 
(arousal) Sensitive 

Most skin conductance sensors are attached to the 
fingers. This can be a problem for an experiment 
in which people need to type. Also, it is quite 
expensive (around $5,000) to get an accurate skin 
conductance sensor that takes measurements 
every second. 

Not very intrusive HR sensor 
 

Heart rate Affect 
(arousal) Sensitive 

 

Respiration Rate 
and Amplitude 
Sensor (RR/RA) 

Respiration 
rate 

Affect 
(arousal) 

Sensitive Intrusive: a stretch sensitive device needs to be 
strapped to the participant’s torso to measure the 
relative expansion that occurs during respiration 
 

Note: Most of the information in this table is based on conversations with Dr. Troje and Dr. Morris, who are professors of Psychology 
and Neuroscience respectively at Queen’s University. 
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APPENDIX D: EXPERIMENT: Measures 

Manipulation Checks: 

1 - Categorical Question: 

Please check the one item that most applies to your experience during the experiment: 
  

□ a. Microsoft Word worked properly 
□ b. From time to time, Microsoft Word changed the format of my essay 

 

 If b:  

 

□ on at least one occasion, I tried to change the format back and Word allowed me to 
do so immediately (although I might have been interrupted by questions on my 
monitor) 
 

□ on at least one occasion, I tried to change the format back and Word did not 
allow me to do so immediately (although I might have been interrupted by 
questions on my monitor) 
 

□ I never tried to change the format back 
 

�ote 1: If participants chose ‘a’, this was coded as ‘1- Microsoft Word behaved 
properly”; if participants chose the first option after ‘b’, this was coded as “2- 

Format changed - allowed to change back”; if participants chose the second 

option after ‘b’, this was coded as ‘3 - Format changed - did not allow me to 
change back’. Nobody checked the last option after ‘b’. As a result, the three 

categories derived from this question match the three conditions in the 

experiment.  

 

2 - Perceived Control: adapted from Agarwal et al. (2000a); 7-point scales: 

 While writing this essay in Microsoft Word I felt in control of the interaction 
Microsoft Word allowed me to control my computer interaction 

 I felt that I had no control over my interaction with Microsoft Word 

 

�ote 2: This measure was not used in the pilot study, but was included in the 

main experiment as a second manipulation check.  
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Emotions 

1 - Affect: adapted from Hoption (2003) measure of affect; last 4 items added by the 
researcher as a result of the experience sampling study: 

    Please rate your feelings: 
 

Sad 1 2 3 4 5 6 7 Happy 
Bad 1 2 3 4 5 6 7 Good 

Stressed 1 2 3 4 5 6 7 Relaxed 
Frustrated 1 2 3 4 5 6 7 Contended 

Displeased 1 2 3 4 5 6 7 Pleased 

Upset 1 2 3 4 5 6 7 Peaceful 

 

2- Heart Rate: Heart rate during the experiment. The equipment used was a Polar RS800 

chestband and watch manufactured by Polar. This equipment allows for the recording of 

more than one observation of heart rate per second; it records 12 observations of heart 
rate per 10 seconds. The use of this equipment was recommended by Dr. Tschakovsky 

from the School of Kinesiology and Health Studies at Queen’s University (Tschakovsky 

2007). 

3- Engagement: adapted from Webster et al., (1993); 7-point scales: 

The essay aroused my imagination 
I was totally absorbed in the writing the essay 
Writing the essay was engaging 
Writing the essay was intrinsically interesting 
Writing the essay held my attention 
Writing the essay excited my curiosity 
Writing the essay was fun 

 
 

Thoughts 

 

1 - Categories of Thoughts: from the coding of the audio of the videos: 

Computer-related thoughts: Thoughts dealing with Microsoft Word. 
Task-related thoughts: Thoughts dealing with any aspect of the essay. 
Mind-wandering thoughts: Thoughts dealing with personal issues, schoolwork, or 

daydreaming. 
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2 - Cognitive Load: adapted from Cameron (2007); 7-point scales: 

 I expended a lot of mental effort writing the essay 
Writing the essay required a great deal of mental effort 
Writing the essay required a great deal of concentration 
Writing the essay did not require much mental effort 
I had to work mentally to write the essay 

 
 

3- Self-Reported Thoughts: These measures were used for the pilot study and included 
in the main experiment. However, the results of the experiment were performed with the 

coded audio from the video. This question is based on Buss et al.’s (1981) Act Frequency 

Approach (AFA): 

- If my total amount of thoughts during the study added to a 100, I would break them 
down in the following way:  

 
- Arguments for my essay……...... _______ 
- Microsoft Word related issues…. _______ 
- Flow of my essay………………. _______ 
- Daydreaming…………………… _______ 
- Other (Schoolwork)……….…… _______ 
- Other (Personal)………………... _______ 

 

  TOTAL     100 
 

- I experienced thoughts that were related to Microsoft Word issues/problems  
□ not at all 
□ once 
□ twice 
□ three times 
□ four times 
□ five times 
□ six or more times 

 
If you answered something other than “not at all”, please write two of those thoughts 
about Word here: 
__________________________________________________________________ 

 
__________________________________________________________________ 

 
__________________________________________________________________ 
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Behaviors: 

1 - Categories of Behaviors: from the coding of the videos: 
Mouse Use: Amount of time using the mouse. 
Writing: Amount of time writing/typing. 
Inactive: Amount of time not writing nor using the mouse.  

 

2 - Self-Perceived Behaviors: These measures were used for the pilot study and included 
in the main experiment. However, the results of the experiment were performed with the 

behaviors coded from the video. These questions were based on Buss et al.’s (1981) Act 

Frequency Approach (AFA): 

- I used (or tried to use) Word’s font-related functions (e.g., font size, font style [bold, 
italics], etc.) during the experiment: 

□ not at all 
□ once 
□ twice 
□ three times 
□ four times 
□ five times 
□ six or more times 

 
- I used (or tried to use) Word’s paragraph-related functions and (e.g., single-space, 
bullets, etc.) during the experiment: 

□ not at all 
□ once 
□ twice 
□ three times 
□ four times 
□ five times 
□ six or more times 

 

 

Performance: 

1- Grades of Essays: The essays were graded by two independent coders. 
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2- Self-Reported Task Performance (developed by the researcher based on other 

measures of perceived task performance such as Fisher et al. 2004; it is the same as the 
one used in the experience sampling study): 

Please rate your performance on the essay: 
 

Very Poor 1 2 3 4 5 6 7 Excellent 
Unsatisfactory 1 2 3 4 5 6 7 Satisfactory 

Below Average 1 2 3 4 5 6 7 Above Average 
Inferior 1 2 3 4 5 6 7 Superior 
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APPENDIX E: EXPERIMENT: Checklist and Script for 

Experiment Administrators 

PART A - WHE� YOU ARRIVE TO THE ROOM (30 minutes before the first 

participant is scheduled to come): 

 

• Unlock the office door. 

• Close window blind 

• Unplug the phone 
 

• Place mirror on the left side of the computer screen 
 

• Take two pens (one for you one for the participants) 
 

• Place folding chair outside the office 
 

• If the equipment and materials are not already set up in the room, get the key for 
the cabinet hidden in the clip container, and go to the bottom file drawer labeled 
“Experiment” and get out all the required equipment (camera, heart rate kit)  

 

• Take from the cabinet the “experiment administrator list” for the day. 
 

• Take from the cabinet the sign “Silence Please - Experiment in Progress” and put 
it on the door outside. 

 

• Set up the tripod, and attach camera to the tripod, plug the camera in. 
 

• Switch on the computer (including the computer screen) 

• Sign on to computer with: 
o ID: adearana 
o Password: XXXXXXXX 
 

PART B- BEFORE EACH PARTICIPA�T COMES: 

 

• Leave the door of the office open so the (next) participant knows that s/he is in the 
correct place.  

 

• Go to the folder C:/dataexperiment/Macro 
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o COPY (do not move nor cut) the Word document “Macro Experiment” on 
to the desktop 

o Rename it with the participant ID of the person coming to participate in 
the experiment at the time (this ID will be noted for you in the 
“experiment administrator list”). 

 

• Turn off computer screen 
 

• Take out one participant’s materials from the materials folder which will include 
all the materials needed for a participant: list of participants (so they can put their 
name and student number), letter of information, consent form, background 
questionnaire, instructions for the task, final questionnaire, post-debriefing letter) 

 

• Write the participant number of the participant in the background questionnaire, 
task instructions sheet, and final questionnaire. 

 

• Write the date and time on the background questionnaire. 
 
 

Checklist for when a participant comes in 

 

• Once a participant comes in and before the participant leaves, you will at all times 
have all the materials for the participant with you, and only give the participant 
one thing at a time. 

• Try to have the door closed at all times participants are in the office. 

• Welcome the participant: 
o Hi , how are you today? Please come in. 

o Let him in the room 

o Give him the letter of information: I am going to give you the letter of 

information for the experiment, if you have any questions, please let me 

know and I will be happy to answer them. 

o After s/he has read the letter, ask him/her if s/he has any questions 

o Tell the participant: “You can keep the Letter of Information for your 

records” 

o Ask if s/he has any skin allergies or heart related conditions that might 

compromise his/her safety if s/he wears the chestband; if so, dismiss the 
participant 

o Give him/her the consent form. I am going to give you the consent form. 

Please read it, and if you agree to participate sign it. Again, if you have 

any questions, please let me know 

� Participants might ask: will the video  be erased in the future? 
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� Answer: Because of research journals requirements, we will keep 

the video for 4 years after the submission of the study. After that, 

we will erase it. 

o Place the signed consent form in the correspondent folder in the cabinet 
 

• Briefly describe the study to the participant 
o As you have read in the letter of information this study has five parts. 

First, you will be asked to complete a background questionnaire. Second, 

you will be given an exercise kit, to wear (you will be given privacy for 

this); and you will then be asked to relax for three minutes. Third, you will 

be asked to write an essay on the computer. Fourth, you will be asked to 

complete a final questionnaire. Finally, you will be debriefed about the 

experiment. 
 

• Give the participant the background questionnaire. -ow I am going to give you a 

background questionnaire and ask you to please fill it out: 
o IF THEY ASK: “what version of Microsoft Word are you referring to?” 

Please answer the following: 
� For the essay, you will be using the 2003 version (not the 2007 

version); but you can answer in general. 

o IF they ask any questions (i.e., what is “feeling blue”? what is “stay in the 
background”?, what is “jittery”?)  

� I am sorry I cannot help you with the questionnaire; if there is a 

question you do not understand, please leave it blank. 
o IF they ask any questions about you (i.e., are you doing a PhD? What is 

your undergrad in?) 
� I am a student from another department hired to run this study. 

o IF they ask for more details, then say: 
� I am sorry I cannot answer these questions; please continue filling 

out the questionnaire. 

 

• Once this is done, place the background questionnaire in its correspondent folder 
in the cabinet 

• Take the heart sensors, explain how to place them (This is the exercise kit, you 

place it just underneath your chest, underneath your clothes, in direct contact 

with your skin. You can adjust the straps so it fits your size comfortably. -ow, to 

make it work properly I am going to the bathroom across the office, and dampen 

the end of the straps; after that, I will give it to you and ask you to go to the 

bathroom across from the hall and place it on). 

• Go to the bathroom. 

• Wet the straps 

• Come back to office 
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• Give the kit to participant and ask him to go to the bathroom to place it (-ow 

please go to the bathroom and place it in direct contact with your skin, just 

underneath your chest, and come back to the office). 

• Once the participant returns, explain to him that you are going to ask him/her to 
relax for three minutes so that you can record their baseline for their heart rate at 
rest (-ow, I am going to ask you to relax for three minutes in order to record your 

heart rate at rest. Please relax. You can read some magazines or newspapers if 

you want [point to where the newspapers are], or close your eyes, or just focus on 

your breathing. Please let me know when you are ready and I will start recording 

and then leave for 3 minutes). 
o When the participant says he or she is ready, Press Start TWO Times. 
o Check that the heart rate is being recorded (it should appear on the screen 

along with the chronometer). 
o Place the watch on the chair. 
o Leave the office. 
o Once the three minutes are over, knock on the door. 
o Enter the office, take the watch and press STOP twice. 
 

• Turn on computer screen. 

• Ask the participant to sit in the chair so you can adjust the camera and mirror, 
making sure that the view through the camera picks up the participant’s face, the 
computer screen, the mouse, and the keyboard 

o Please now sit down facing the computer as if you were working on it, so I 

can adjust the camera and make sure that it is focused properly. I will not 

start recording now, I just want to make sure that the camera is focused 
o Make sure you can record: their hands, the whole keyboard, the mouse, 

the computer screen, and the reflection of their faces on the mirror. 
o Ensure that the Circular button on top of the camera is in A (not M). 

• Give the participant the instructions for the task and ask him-her to read the 
instructions: 

o -ow, I am going to give you the instructions the essay. Please read the 

instructions and let me know once you have done this. Then, I will show 

you a video demonstration of what I am asking for. 

• Once s/he has read the instructions, show him/her the video: “Video Protocol 
Analyses Demonstration”. 

o -ow, I am going to show you a video demonstration of how to talk out 

loud. 

• Show video. Ask if the participant has any questions: 
o Do you have any questions? As you can see the idea is that you will talk 

out loud about anything that it is on your mind. You can talk about 

anything related to the task, or unrelated to the task; basically whatever 
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you are thinking, feeling or doing. You will not be judged on any of your 

comments; so please say aloud  whatever it is on your mind.  

• Once this is done, explain the following: 
o I am going to explain how everything works. Please do not do anything on 

the computer until I explain everything to you. As you can see there is a 

Word icon with your participant ID on the screen. Do not do anything yet. 

I want to explain to you how this works. When you open this icon, you will 

be given a message asking if you are ready. Please press ok when you are 

ready. Then you will be prompted with a message asking for your 

participant ID. Once you enter your participant ID and press “ok”, you 

will have 25 minutes to perform the task. The computer will save your 

essay automatically during the experiment and once the 25 minutes are 

over. Once I let you know that you can start, I will start recording your 

heart rate, and also the video through the video camera. I will quietly stay 

for the first minute to make sure you are talking aloud (or to remind you to 

do so) and then, I will leave the room. I will be outside the room. Please 

once you are done, come out of the office, and let me know. -ow, please 

wait until I tell you that you can start.  
o IF they click on the word icon before you are ready, tell them to press OK, 

to enter 1 and press OK, and to close it, and wait until you tell them to 
start. 

  

• Go stand right next to the camera with the heart rate watch in your hand. 

• Ask participant if he/she is ready: You can start now 

• Wait until they press ok. Once they enter their participant ID, and just before they 
hit ok, press `“Start“ TWICE on the watch, and the RED BUTTON in the camera.  

• Look at the screen in the camera and make sure it is recording. Look at the watch 
and make sure it is recording. 

• Place the heart rate monitor on your chair. Stay making sure the participant is 
talking, if not, say: Please remember to think aloud. 

 

• Stay outside the office, sitting down in the chair you placed before outside. 
 

• Write down the time and calculate 25 minutes from this time. 
 
 

Checklist during the experiment 

 

• If the participant contacts you with anything regarding Word issues or something 
else, please tell them: I am sorry, I cannot help you with anything about Word or 

the task; please continue with your essay. Unless there is an emergency.  
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• If participant says s/he wants to withdraw from the study ask him if he wants to 
still do the final questionnaire (part 4) and the debriefing (part 5). 

 
 

Checklist after one participant experiment: 

 

• After 26 minutes, return to the room, knock once, and enter. 

• Stop the video camera 

• Stop the heart rate watch 

• Give the participant the final questionnaire with her/his participant ID on it and 
ask him to fill it out.  

o Please fill out the final questionnaire. 
o Once the questionnaire is filled; take out the last page and place it in the 

“Record of participation” folder. Take the final questionnaire and place it 
in the “final questionnaire” folder. 

• Debrief the participant with the Debriefing protocol: 
 

Thank you for your participation. I think you did very well.  

 

One objective of this study was to examine people’s thoughts and emotions while 

they perform a task. Another objective of was to also capture your emotions, thoughts, 

and behavioral responses to interruptions/errors. 

 

Because we need to capture genuine emotions, thoughts, and behaviors, we could 

not tell you about any possible interruptions before the experiment. Otherwise, they 

would have primed your thoughts, emotions, and behaviors and the experiment would not 

have been valid. However, the interventions/errors you were exposed to are realistic and 

ones that sometimes occur with Microsoft Word. They sometimes happen while we are 

using a computer at work, at school or in our homes. Also, please notice that these 

interventions/errors were intended to elicit an emotional response on your part, and as 

such, they say nothing about your capabilities in performing the task or in using a 

computer properly. 

 

Because of this objective, we are giving participants a debriefing letter. In this 

letter, we ask that you do not talk about this other objective with other students the winter 

term is over. Also, this letter invites you to sign up to be considered for one of the gift 

prizes.  
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Thank you again for participating.  

 

• Give participant the Post-Debriefing Letter: 
o Please read and complete this letter 

• Place the Post-Debriefing letter inside its folder in the drawer. 
 

• Then, ask participant to remove the exercise kit. 
o Please go to the bathroom across from the office and remove the 

chestband. 

• Get chestband and say good bye: 
o Thank you for your participation. Good bye. 

 

• MOVE (do not copy nor cut) the icon with the participant ID from the desktop to 
C:/dataexperiment 

 

• For the participant ID of the person who just left, write in the “experiment 
administrator list” for the day whether they participated and/or quitted, etc. 
 

• Take one of the Lysol “kleenex” and clean the strap of the chestband with it. 

• Put the chestband in the exercise kit. 
 

• Take another of the Lysol “kleenex” and clean the keyboard and mouse of the 
computer with it.  

PREPARATIO� FOR �EXT PARTICIPA�T ����PLEASE GO TO PART B 

A�D START AGAI�) 

  

PART C – AFTER ALL THE PARTICIPA�TS FOR O�E DAY ARE DO�E 

 

• Place the “experiment administrator list” of the day at the end in the folder with 
the “experiment administrator lists” label. 

• Switch off the camera. 

• Unplug the camera 

• Un-attach the camera from the tripod 

• Undo tripod and place it in the corner against the shelves 

• Place the chestband and watch in the exercise kit 

• Place the exercise kit box, the camera, and the cable (plug in cable from the 
camera) in the bag in the drawer. 

• Take the chair outside, fold it, and place it against the wall behind the door. 
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• Take the sign (“Silence Please - Experiment in Progress”) from outside the door 
and place it in the cabinet 

• Lock the cabinet and place the cabinet key in the clip container 

• Place the two pens back. 

• Shut down the computer and switch off the screen  

• Plug the phone back in. 

• Lock the office door. 

• Leave the room, ensuring that the door is locked. 
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APPENDIX F: EXPERIMENT: Task Instructions 

Task Instructions 
 

In this study, you will be asked to write an essay on a current topic regarding Queen’s University.  
 

Your role is to write this essay and at the same time give a running commentary on what you 
are attempting to do, what procedures you are using, and your thoughts and feelings. In 
other words, you are being asked to “think aloud”. Since this does not come naturally to most of 
us, I will give you a demonstration of what I mean by thinking out loud. 

 
It is very important that you voice all your thoughts, actions, and feelings.  

 
Your topic: 

 

There has been much talk lately about whether Queen’s University should pay the 
City of Kingston for the police bill derived from Homecoming weekend. Some think 
Queen’s should pay this bill and some think it should not.  

 

Using Word, please write your opinion on this issue.  Clearly explain and develop arguments 
that support your opinion. 

 

You will have 25 minutes to accomplish this task.  

 

For this essay:  

• there are no wrong or right responses 
 

• it should be no longer than 1 page: 
o Times New Roman, 12-pt. Font 
o Margins: 1” or 2.54cm all around 
o The above is already set up by default in your essay 

 

• it will be marked based on quality of content:  
- Arguments in support of your opinion: 40% 

- Structure and flow of your arguments and ideas: 20% 

- Creativity of your ideas and arguments: 20%  

- Writing quality: 20% 

 

Although your essay will be marked, the grade will have no consequences for any of your studies: 
this essay is an extracurricular activity whose mark will not appear at any official documents of 
your studies or activities at Queen’s University. 
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Once the essays are marked, the students who have written the six best essays will be 
given $45 Amazon gift certificates. All students participating in the fall and winter semesters 
will be considered for these prizes, and the winning participants will be notified by email of their 
prizes in April 2008, after the winter term is finished.  

 

While you are writing the essay, please state out loud whatever you are thinking, doing, and/or 
feeling at any moment. There are no right or wrong out-loud comments (e.g., swearing, etc.) or 
topics (your thoughts about this essay or about other things), so I encourage you to be honest. 

 

In addition, while writing your essay you might be prompted with some questions that will 
randomly appear on your screen. Please answer them, and then continue writing your essay. 

 

The experimental administrator’s job is to remind you to speak, in case you stop speaking. S/he 
cannot help you in either writing the essay or using Microsoft Word.  Once you start the 
task, please do not contact or communicate with the administrator (unless the administrator 
communicates with you or you want to withdraw from the study).  

 

Please do not save your essay while you are writing it. The computer is programmed so it 
saves it automatically at different times during the task and at the end of the 25 minutes. If you 
finish before the 25 minutes, please let the experimenter know that you are done, but do not close 
or save the essay. 

 

Once the 25 minutes are over, please let the experimenter know you are done.  
 

Please do not forget to think out loud. <Video Demonstration of Thinking Out Loud Method> 
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APPENDIX G: EXPERIMENT: Pretest and Pilot Studies 

Before the experiment took place, two pretest studies and one pilot study were 

conducted to improve the experimental design. Furthermore, based on these studies a 

coding scheme was developed to code the audio and behaviors from the videos, to 

develop the marking key to grade the essays, and to develop the way in which to analyze 

the heart rate data (see Appendix H).  

Pretest 1 

Before the experiment was designed with the conditions and the characteristics 

explained in Chapter 5, an initial set of three conditions were developed. In the first 

condition, students faced Microsoft related errors. In the second condition, Microsoft 

Word was programmed to change the format of the essay that the participants were 

writing. This format error consisted of changing the font of the essay to 18 points, and the 

lines of the paragraphs to double spaced. In the third condition, Microsoft Word was 

programmed to freeze for a minute and participants were not able to write or type 

anything in Microsoft Word. These errors were programmed to occur at two different 

points of time. Furthermore, for the initial design, people were given 45 minutes to write 

the essay. Also, the popup questions that appear after the error would show up 7 seconds 

after the error (instead of the 20 seconds in the final experimental design).  

This design was tested with 9 volunteer graduate students. Each time one of these 

students participated in the experiment, the researcher asked for comments about the  
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Table G.1. Summary of Pretest 1 

Pretest 

Participant  

Condition 

Characteristics 

Objective Comments Changes Made After 

Each Participant 

1 Condition 3: Microsoft 
Word freezes at 3 
different times. 

To test the 
procedure of the 
experiment. 
 

The participant stated that if this was the real 
experiment, she would have quit the task because 
she would have thought that the experiment was not 
working. As a result, she stated that she would have 
called the administrator and would have left the 
study. She also stated that the 45 minutes time 
given for the task was too long. 

Changed the software so 
the third error would be 
format errors but the 
participant would not be 
able to change the errors. 
 

2 Condition 2: Microsoft 
Word makes format 
changes at 2 different 
points of time. 

To test the 
procedure of the 
experiment. 
 

The person finished the task in 20 minutes; she said 
that most people will finish the task soon, and that 
giving them 45 minutes was way too long. 
 

Changed the task to 20 
minutes. Started the heart 
rate sensor and the video 
tape at the exact moment 
in which the participant 
started the task. 

3 Condition 1: no errors.  To test the 
protocol 
analyses. 
 

The thinking out loud technique worked well. The 
pretester stated that the timing of the experiment 
was appropriate for the task. 

No changes made. 

4 Condition 2: Microsoft 
Word makes format 
changes at 2 different 
points of time. 

To test the 
procedure of the 
experiment. 
 

Length of the task appropriate; Protocol analyses 
went smoothly. Also, the pretester said that the idea 
of having popup with questions was good. Some of 
the comments of the pretester during the task 
involved the software ("why is this changing? this 
computer sucks") as expected. She also mentioned 
that people might not talk all the time. 
 

Added a reminder to keep 
thinking out loud at the 
end of the popup 
questions. Introduction of 
questions about actions 
and thoughts to the final 
questionnaire. 
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Table G.1., Continued 

Pretest 

Participant  

Condition 

Characteristics 

Objective Comments Changes Made After 

Each Participant 

5 Condition 3: Microsoft 
Word makes format 
errors at 2 points of time 
but no changes available 
for 1 minute. 

To test the 
procedure of the 
experiment. 
 

Length of the task appropriate. Protocol analyses 
went smoothly. Also, the comments were around 
the fact that it might not be possible to notice the 
"no change allowed" condition if put to 1 minute; 
since a lot of the times people will take more than 
20 seconds to answer the popup. 
 

Changed condition 3 
so the format errors 
cannot be changed 
back for more than 1 
minute; also, some 
minor adjustments 
with the timing of the 
software. 
 

6 Condition 2: Microsoft 
Word makes format 
changes at 2 different 
points of time. 

To test the 
procedure of the 
experiment. 
 

Length of the task appropriate; she also said that 
giving participants more time will negatively 
impact the amount of stress they might feel about 
the errors. She pointed out that only 2 time errors 
might not be enough; and that adding a 3rd one 
could actually increase the amount of stress. Further 
she stated that there might be a need to do more 
errors that were more critical or stressful for the 
participants. She also pointed out that undergrads 
might have more trouble than grads writing an 
essay in 20 minutes. Finally, she said that students 
might not care about the experiment, and thus that 
the intended effects might not be found. 
 

Adjustments with the 
timing of the software. 
Considered changing 
conditions to three 
points of time; and 
adding 5 minutes to the 
task for 
undergraduates. 
Considered adding a 
gift for the best essay 
to motivate students to 
take the experiment 
seriously. 
 

7 Condition 1: no errors. 
 
 

To test the 
procedure of the 
experiment. 
 

The idea of having popup questions is smart; the 
task went smoothly. 
 

No changes made. 
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Table G.1., Continued 

Pretest 

Participant  

Condition 

Characteristics 

Objective Comments Changes Made After 

8 Condition 3: Microsoft 
Word makes format 
errors at 2 points of time 
but no changes available 
for 1 minute. 

To test the 
procedure of the 
experiment. 

Problems with almost everything: the person 
(international student) could not understand most of 
the questions in the pre questionnaire and in the 
post questionnaire. Also in the protocol analysis the 
person would not talk; he had to be reminded to talk 
more than 5 times. The person contacted the 
experimenter during the task. Finally, the 
participant said that he never felt stressed because 
he knew he was in an experiment. 
 

No changes made. 

9 Condition 2: Microsoft 
Word makes format 
changes at 2 different 
points of time. 

To test the 
procedure of the 
experiment. 

Problems with the protocol analysis; person would 
not talk at all or would talk really low. 
 

No changes made. 
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timing of the popups, the errors, the background and final questionnaires, the amount of 

time given for the task, and the overall quality of the design. All of these comments were 

written down and analyzed, and changes were made to the design of the experiment 

accordingly. A summary of this pretest, the participants’ comments, and the changes 

made as a result of each of them is shown in Table G.1. 

The comments of all the participants in the pretests were taken into account and 

resulted in five overall changes to the experimental design: 1) the errors were changed to 

occur at 3 different points of time, 2) condition 3 was changed so it would yield the same 

format errors as condition 2, but it would also disable the format options so that  

Table G.2. Overall Changes from Pretest 1 

 

 

 

Change 

 

Objective 

1 Errors were changed to occur 3 
times during the task instead of 
twice. 

To ensure that the treatments were perceived 
and were pervasive enough to elicit the intended 
changes. 

2 Condition 3 was changed to 
format errors that cannot be 
changed for 3 minutes. 

To make comparisons across conditions fair, 
and to ensure that regardless of how much time 
participants took on answering the popup 
questions after each error, they could still notice 
that they could not change the format of the 
essay back for a while. 

3 The time at which popup 
questions appeared after the 
error was changed from 7 
seconds to 20 seconds. 

To make sure that there is enough time for the 
treatment to have an effect. Also, to make sure 
that there is no confound between the treatment 
and potential effects of the popup questions 
with the heart rate data. 

4 Gift certificates were added for 
the best six essays. 

To motivate participants to take the writing of 
the essay seriously. 

5 The time given for the task 
(writing an essay) was changed 
to 25 minutes for 
undergraduate students. 

To give participants enough time to write an 
essay but not too much time so they would not 
feel the pressure of having errors.  
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participants could not change the format of the essay for 3 minutes after the error, 3) the 

popup questions after errors were changed to appear 20 seconds after each error to make 

sure there was enough time for the treatment to take effect and also not to confound the 

popup with the error treatments when analyzing the heart rate data, 4) gift certificates for 

the best six essays were added, and 5) the time for the task was changed to 25 minutes for 

undergraduate students. All these changes are summarized in Table G.2. 

Pretest 2 

A second pretest took place with four undergraduate students in order to ensure 

that the experimental design that resulted from the first pretest worked properly. In this 

pretest, participant students were given 1 and a half credits for 1 hour and a half of 

participation in the study. Also, they were given the option to be considered for one of the 

six $45 Amazon gift certificates for the best written essays. One student was assigned to 

condition 1, two were assigned to condition 2, and one to condition 3. Again students 

were asked about their comments about the experiment. All of them stated that they felt 

that having 25 minutes to perform the task was appropriate. They also said that it was 

easy for them to focus on the task and forget about the camera. With respect to protocol 

analysis, they stated that for the first minute or two it was hard to verbalize their thoughts, 

but that after, it just came naturally to them and they did not have to think about it. With 

respect to the popup questions and their timing, they stated that they felt that they were 

not disruptive and that they were easy to answer without taking much time. All in all, the 



 

326 

comments of the participants of this second pretest were positive and no further changes 

were implemented in the experimental design.  

Pilot Test 

A pilot test took place before the main experiment was conducted. This pilot test 

was carried out with 15 undergraduate students from Queen’s School of Business. These 

participants received 1 and a half credits for the participation in the study, and they could 

sign up for their essays to be considered for one of the six gift certificates. The primary 

objective of the pilot test was to ensure that the manipulations or treatments administered 

to participants “worked”. That is, a manipulation check was included in the final 

questionnaire to check if participants perceived the different treatments (Jarvenpaa et al., 

1985). A second objective of the pilot test was a preliminary test of some of the 

hypotheses for the experiment.  

Participants were assigned randomly to one of the three conditions. Five 

participants were assigned to each condition. However, two of the students were dropped 

from the pilot test for the following reasons. First, one of the students was both a business 

and a computer science major, and thus had knowledge of Visual Basic programming. He 

discovered how the macros (software embedded in Microsoft Word) were programmed. 

As a result, he spent most of his experimental time trying to reverse code the macro, 

rather than working on his essay. The second participant who was dropped from the study 

was assigned to condition 3. Before the three minutes were up after each error, this 

person was able to change the format of the essay back. The computer science graduate 
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hired for the development of the software blocked format changes through Menus; he 

stated that it was technically impossible to control for all types of interactions that people 

might engage in, but expected that his macro would block almost all participants from 

making format changes. After removing the data of these two participants, there were 5 

participants in condition 1, 4 participants in condition 2, and 4 participants in condition 3.  

Manipulation Check 

The manipulation check consisted of a question in the final questionnaire 

administered after the experimental task was complete asking participants about how 

Microsoft Word behaved while writing their essays (see Appendix D). The results 

indicated that all participants chose the answer that aligned with their respective 

treatments. Thus, the five participants in condition 1 choose the answer stating that 

Microsoft Word did not change the format of their essays. The 8 participants in condition 

2 and 3, chose the answer stating that from time to time Microsoft Word changed the 

format of their essays. Further, the four participants in condition 2 subsequently chose an 

option stating that on at least one occasion they tried to change the format back and Word 

allowed them to do so immediately. Finally, the four participants in condition 3 

subsequently chose an option stating that on at least one occasion they tried to change the 

format back and Word did not allow them to do so immediately. These results indicated 

that the manipulations of the experiment worked.  
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Results 

Given the small sample size for the pilot test a series of non-parametric tests were 

conducted to preliminary examine some of the hypotheses of the experiment (Siegel 

1956). Because of the main focus of the experiment on the effect of errors on emotions, 

thoughts, and behaviors, hypothesis 1 to 8 were tested. The videos of the pilot test were 

not coded, but served for the development of the coding scheme (this will be explained in 

the next section). Similarly, the essays of the pilot test were not graded, but served for the 

development of the marking key for the essays. Consequently, all the results are based on 

self-reported measures instead of objective measures. 

Before preliminarily testing the hypotheses, the reliability of measures was 

assessed. As it can be seen in Table G.3, the reliability of measures was determined to be 

appropriate.  

Hypothesis 1a, 2a, 3, 4a, 5, 6a, 6b, 7, and 8 state that there will be overall 

differences across conditions on emotions, thoughts, and behaviors. The second 

component (part b) of hypotheses 1, 2, 4, and 8 looks at changes on emotions, thoughts, 

and behaviors before and after each error. Thus, the results are organized as follows. 

First, the results of the overall effects of the conditions on emotions, thoughts, and 

behaviors are explained. Second, the results of the analysis of changes before and after 

errors will be shown.  
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Table G.3. Reliability of Measures in the Pilot Test 

 
 

 

Measure 

 

Cronbach’s Alpha 

 
Affect 

 
Affect at time 1 

 
.89 

Heart Rate N/A 

 
Emotion 

Engagement .84 

Amount of self-reported computer related 
thoughts 

N/A 

Percentage of self-reported computer related 
thoughts 

N/A 

Percentage of self-reported task-related thoughts N/A 

Percentage of self-reported mindwandering 
thoughts 

N/A 

 
Thoughts 

Cognitive load .88 

 
Use of font-related functions 

 
N/A 

 
Behaviors 

Use of paragraph-related functions N/A 

 
Task 
Performance 

 
Self-reported task performance 

 
.97 

 

Overall Impact of Experimental Conditions on Emotions, Thoughts, and 

Behaviors 

The effects of errors on emotions were calculated as follows. First, affect from the 

popup questions after the three errors was averaged to give an overall measure of affect 

during the experimental task. Second, the standardized heart rate data (the standardization 

of the heart rate data is explained in Appendix H) for the 20 seconds after each error was 

averaged to give an overall measure of arousal during the experimental task. Finally, 

engagement was measured after the experiment via the self-reported measure.  
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For each of these measures a Kruskal Wallis test was performed. The results 

indicated that the errors had no significant effects on affect ( 2χ (2)=2.22; df=2; p>.10); 

heart rate ( 2χ (2)= .53; df=2; p>.10), and engagement ( 2χ (2)=.22; df=.2; p>.10). 

However, the results for affect and engagement point in the direction of the hypotheses. 

For example, for both affect and engagement, condition 1 had the highest mean and thus, 

the more positive affect; while condition 3 has the lowest mean and thus, the more 

negative affect. As a result, although there was no statistical support for hypothesis 1a 

and 3, the results pointed for the most part in the right direction. Contrary to the 

expectations, results for the heart rate data had the opposite direction from the one 

specified in the hypothesis. That is, results showed that condition 1 had the highest heart 

rate, followed by condition 2, and condition 3. These results appear to mean that the 

errors might have a direct impact on physiological changes about attention. Past research 

has found that attentional and orienting responses to stimuli are associated with lower 

heart rate (Hollenstein 2008b). All in all, this does not support Hypotheses 2a. 

With respect to thoughts (H4, H5, H6, H7), several Kruskal-Wallis tests were 

conducted. The first two tests showed significant differences in the amount of Microsoft 

Word related thoughts ( 2χ (2)= 6.85; df=2; p<.05) and in the percentage of Microsoft 

Word related thoughts during the task ( 2χ (2)= 6.85; df=2; p<.05); with condition 3 

having the highest percentage and amount of these thoughts, condition 2 in the middle, 

and condition 1 having the lowest percentage and amount of Word related thoughts. 

Consistently, there were also statistical differences in the percentage of mindwandering 
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thoughts during the task ( 2χ (2)= 5.94; p<.10), with participants in condition 1 having the 

highest percentage, condition 2 in the middle, and condition 3 having the lowest 

percentage. However, no statistical differences were found in the percentage of task 

related thoughts between conditions ( 2χ (2)= .70; p>.10) although as expected condition 

1 had the highest percentage of these thoughts, condition 2 was in the middle, and 

condition 3 had the lowest percentage. Contrary to the expectations, there were no 

significant differences in cognitive load between conditions ( 2χ (2)= 2.61; p>.10) and the 

means for each condition were not in the hypothesized direction. That is, condition 1 had 

the highest cognitive load followed by the same ranked mean in conditions 2 and 3. 

Overall, hypotheses 4a, and 6 were supported; hypothesis 5 was not supported but was in 

the right direction; and hypotheses 7 was not supported and was in the opposite direction.  

With respect to behaviors (H8), two Kruskal Wallis tests were conducted on the amount 

of self-reported behavioral acts with font-related functions and paragraph related 

functions. The results of this test indicated that participants in condition 3 used font-

related questions more often than those in the other conditions ( 2χ (2)= 8.12; p<.05). 

Participants in condition 2 used-font related functions less frequently than participants in 

condition 3, but more often than participants in condition 1. No significant differences 

between conditions were found for use of paragraph related functions ( 2χ (2)= 3.34; 

p>.10), although the results revealed that the use of this functions was highest for 

condition 3, followed by condition 2 and 1. These results indicate that it is likely that 

there would be differences across conditions for the use of the mouse (for using font- 
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Table G.4. Results of Overall Effects 
Dimension Hypothesis Measure Results 

H1a: Overall, computer-related relate to lower affect 
(condition 1< condition 2 ≈  condition 1). 

Affect 2χ (2)= 2.22; p>.10 

(condition 1 < condition 2 ≈  condition 3) 

H2a: Overall, computer-related events relate to higher 
heart rates (condition 1< condition 2 < condition 3). 

Heart Rate 2χ (2)= .53; p>.10 

(opposite direction: condition 1 > condition 2 > 
condition 3) 

Emotions 

H3: Overall, computer-related events relate to lower 
engagement (condition 1 > condition 2 > condition 3).  
 

Engagement 2χ (2)= .22; p>.10 

(condition 1 > condition 3 > condition 2) 

Amount of computer-
related thoughts 

2χ (2) = 10.49; p <.0 01  

(condition 1 < condition 2 < condition 3) 

H4a: Overall, computer-related events relate to more 
computer-related thoughts (condition 1 < condition 2 < 
condition 3) 

Percentage of computer-
related thoughts 

2χ  (2) = 6.85; p <.05  

(condition 1 < condition 2 < condition 3) 

H5: Overall, computer-related events relate to fewer task-
related thoughts (condition 1 > condition 2 > condition 3) 

Percentage of task-related 
thoughts 

2χ (2)= .70; p>.10 

(condition 1 > condition 2 > condition 3) 

H6a: Overall, computer-related events relates to higher 
mind-wandering thoughts (condition 1 < condition 2 < 
condition 3).  
H6b: Overall, computer-related events relate to fewer 
mind-wandering thoughts (condition 1 > condition 2 > 
condition 3). 

Percentage of mind-
wandering thoughts 

2χ (2)= 5.94; p<.10 

(H6a: condition 1 < condition 2 < condition 3) 

Thoughts 

H7: Overall, computer-related events relate to higher 
cognitive load (condition 1 < condition 2 < condition 3).  

Cognitive load 2χ (2)= 2.61; p>.10 

(wrong direction: condition 1 > condition 2 = 
condition 3) 
 

Use of font-related 
functions 

2χ (2) = 8.12; p <.05  

(condition 1 < condition 2 < condition 3) 

Behaviors H8: Overall, computer-related events relate to more mouse 
use (or behaviors aimed to fix errors)  (condition 1< 
condition 2 < condition 3).  

Use of paragraph-related 
functions 

2χ (2) = 3.34; p>.10  

(condition 1 < condition 2 < condition 3) 
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related functions and paragraph related functions, participants had to use the mouse and 

stop writing), writing behaviors, and moments in which the participants might be 

inactive. A summary of these results is provided in Table G.4. 

Changes in Emotions Before and After Errors 

Because the behaviors and thoughts (in the videos) were not coded for the pilot 

test (but were used to develop the coding schemes), only the effects of errors on emotions 

were tested. In order to test for the effects of errors on emotional changes (affect and 

heart rate), several analyses were conducted using the Friedman non-parametric test. This 

test allows for the examination of differences between repeated means, but it does not 

allow for grouping of cases into different conditions (Siegel 1956). As a result, Friedman 

tests were conducted for the overall sample, and then within condition 1, and within 

conditions 2 and 3. For the overall sample, the results indicated no significant differences 

in affect before and after each error (error 1: 2χ (1)=1.33; p>.10; error 2: 2χ (1)=.00; 

p>.10; error 3: 2χ (1)=.50; p>.10). However, the results were in the right direction with 

affect decreasing after error 1 and error 3 for conditions 2 and 3. No significant 

differences before and after errors 1 and 3 were found for heart rate (error 1: 2χ (1)= 

1.92; p>.10; error 2: 2χ (1)= .69; p>.10; error 3: 2χ (1)= 1.33; p>.10). However, as it 

occurred with the overall impact of errors in the heart rate data, the heart rate decreased 

instead of increasing after the errors. Again, this could indicate attentional responses to 

the occurrence of errors. 
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Table G.5. Results for Changes Before and After Errors 
Sample Hypothesis Measure Before and After 

Error 1 Differences 

Before and After 

Error 2 Differences 

Before and After 

Error 3 Differences 

Hypothesis 1b: Affect 
decreases for condition 2 and 
condition 3 

Affect 2χ (1) = 1.33; p>.10 

 

2χ (1) = .00; p>.10 
2χ (1) = .50; p>.10 

 

Overall Sample 

Hypothesis 2b: Heart rate 
increases for condition 2 and 
condition 3 

Heart Rate 2χ (1) = 1.92; p>.10 
2χ = .69; p>.10 

 

2χ (1) = 1.33; p>.10 

H1b Affect 2χ (1) = .00; p>.10 
2χ (1) = .33; p>.10 

2χ (1) = .00; p>.10 Condition 1 

H2b Heart Rate 2χ (1) = .20; p>.10 

 

2χ (1) = .33; p>.10 

 

2χ (1) = .1.00; p<.10 

 

H1b Affect 2χ (1) = 2.00; p>.10 
2χ (1) = .20; p>.10 

2χ (1) = .67; p>.10 Condition 2 and 3 

H2b Heart Rate 2χ (1) = 4.50; p<.05 

(heart rate decreases) 
 

2χ (1) = .50; p>.10 

 

2χ (1) = 1.29 p>.10 
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The Friedman tests within each condition yielded the following results. For 

condition 1, there were no significant differences in affect before and after the time at 

which errors occurred in the other two conditions (as expected for Hypothesis 1b). For 

conditions 1 and 3, there were no significant changes in affect, but the data showed that 

affect decreased after each error. With respect to the heart rate data, for condition 1, there 

were no significant changes before and after each error. For conditions 2 and 3, there 

were only significant changes on heart rate after error 1. Again, the heart rate decreased 

after each error.  

Overall, the results indicate that there may not be support for hypothesis 1b. That 

is, although there were some changes in emotions before and after in the right direction, 

these were not significant. At the same time, looking at the overall differences in affect 

after each error for the overall sample size, all the results point towards the right 

direction; that is, affect decreases after each error. The lack of statistical significance may 

be due to the small sample size. With respect to the heart rate data, the results indicate 

that there appeared to be differences in heart rate after each error. However, the heart rate 

was hypothesized to increase and the results indicated that the heart rate actually 

decreased after each error.  A summary of these results is provided in Table G.5.  

Summary and Decisions 

Only one change was made to the experiment. A measure of perceived control 

was introduced as a second manipulation check. No other changes were introduced either 

in the theory or in the experimental design as a result of the pilot study. Although it is the 

case that the pilot study did not support some of the proposed hypotheses, a decision was 
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made to carry on with the experiment with no modifications. This decision was based on 

several reasons. First, the manipulation check showed that the treatments work. Second, 

the results for hypothesis 1 to 8 were encouraging. All the results for affect were in the 

right direction; however, the results for the heart rate data in the wrong direction (and 

significant for effects after error 1). Third, the results for thoughts (except for cognitive 

load) were in the right direction, even significant in some cases in spite of the small 

sample size. Fourth, the results for behaviors were also the right direction, with one of the 

tests being significant. Fifth, even if hypotheses regarding the changes of emotions before 

and after errors (1b and 2b) are not supported, the results would still make a contribution. 

If this is the case, the results would show support for the conclusions drawn from the 

ecological perspective in detriment of those from the emotional perspective, which is a 

contribution to the field. Finally, given the small size of this pilot study, the preliminary 

results should be taken with caution. It is possible that power issues have prevented more 

promising results, and thus, further inquiry is appropriate. 
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APPENDIX H: EXPERIMENT: Development of Coding Schemes 

The data from the pilot study were used to develop different coding schemes. 

First, the videotapes were analyzed twice: the first time to develop the coding scheme for 

the audio (the analysis of the thinking out loud technique) and the second time to develop 

the coding scheme for the video of the behaviors. Furthermore, the essays completed by 

the students were used to develop the marking key with which to grade the essays. 

Finally, standardization of heart rate readings was determined from the pilot data. 

Development of the Coding Scheme for Audio 

The development of the coding scheme for audio drew on the results from the 

experience sampling study. These results demonstrated that users often experience a wide 

range of thoughts while performing a task. These thoughts can be related to different 

aspects to the task they are performing, to the technology they are using, or they can be 

related to other aspects of their lives that have nothing to do with the task at hand. Taking 

this into consideration, the main researcher viewed the tapes of the pilot study several 

times in order to listen to the participants’ thoughts while performing the task. Based on 

these audios, the researcher confirmed that most comments were of the three main types 

found in the experience sampling method: task-related, computer-related, and mind 

wandering. In order to reflect this, the following categories were used to code the audios: 

1) “Arguments about the essay” and “Flow and/or structure of the essay” for task-related 

thoughts, 2) “Microsoft Word related issues” for computer-related thoughts, and 3) 
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“Daydreaming”, “Other issues (Schoolwork)”, and “Other issues (personal)” for mind-

wandering thoughts. In order to control for possible times in which participants did not 

talk out loud, another category “Not talking” was added. Moreover, because it was 

sometimes hard to understand what the participant was talking about, another category 

“Unintelligible” was included. Finally, in order to not confound the possibility of 

“primed” thoughts that could take place when the participants had to answer the popup 

questions with those that were naturally occurring, a final category was added that 

reflected this period of time (“Answering Popup Questions”).  

Because one of the objectives of the experiment is to look at changes before and 

after errors and to test for those changes, it was decided to code the audio as the amount 

of time participants spent talking about each of the categories. Thus, for each participant, 

the number of seconds per minute that they spent talking about the different categories 

was coded. Also, the total amount of seconds during the study that participants spent 

talking about the different categories could also be calculated.  

Because amount of time that somebody spends talking about something is not a 

‘clear cut’ decision, some rules had to be developed for the coding of thoughts that would 

make the coding consistent across cases. Often, participants would start talking about 

something and momentarily stop their comments as they thought out loud or they typed 

in the computer. As a result, a rule was developed for the coding of the audio. This rule 

(the “10 second rule”) stated that if the participant stopped talking for 10 seconds or less, 

this break would not be reported in the “Not Talking” category.  
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Two coding sheets were developed to code the audio. The first coding sheet was 

for recording the time frames in which comments belonging to different categories were 

made (see Figure H.1). Once this coding sheet was complete, a second coding sheet was 

used. Based on the time frames entered in the previous coding sheet, the seconds per 

minute that a participant spent talking about each of the categories were added and 

inputted into this second coding sheet (see Figure H.2). Once the coding scheme was 

developed, three upper year psychology students who were all female and whose first 

language was English, were hired to do the coding of the audios for the main experiment. 

Each of them received four hours of training on how to code the audio from the tapes. 

Furthermore, in one of the training sessions, the principal investigator along with these 

three coders, analyzed and coded together one of the audios from the pilot study. During 

this session, coders discussed why they would put some comments under a certain 

category and not another, until they reached a consensus. After they did this, they were 

given a tape to code independently from each other. Once they had coded the audio, 

another meeting was held to go through the tape again as a group and to talk about any 

discrepancies between the coders. After this session, coders were given three tapes each 

to code independently. The inter-rater reliability of the audio coding reached .82 and is 

above the recommendation of .70 (Miles et al. 1994). For the main experiment, then, 

coders were given different videotapes to code for audio.  
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Figure H.1. First Coding Sheet for Audio 
Video ID:__________  Coder Name:_____________________________   
        

   TALK OUT LOUD - AUDIO CODING   

Essay/Content 
related  

Microsoft Word / 
Computer related School work Personal 

Daydreaming/ 
Other 

Answering Popup 
questions Unintelligible 

Not 
Talking 
at All 

Anything related to the 
essay and content. The 
essay is about whether 
Queen's should pay for 
the police bill of the 
Homecoming weekend. 

Anything related to 
the computer, 
formatting the 
document, or any 
other issue related 
to Microsoft Word. 

Anything 
related to 
exams, 
assignments, 
etc. 

Anything 
related to 
personal 
issues (e.g., 
roommate 
issues) 

Anything not 
related to the 
other 
categories 
(e.g., "I am 
hungry") 

Specify time frames 
they spent in the 
popup questions that 
appear on their 
computer. These 
questions appear 6 
times during the video. 

Audio you 
cannot 
understand. 

Periods 
of 
silence. 

                

                

                

                

                

                

                

                

                

        

RULES:        

  - 10 second rule: if the participant stops the talking for 10 seconds or less, DO NOT report this break in the "not talking category" 

  - Answering Popup questions : you should specify the times when the participant is answering questions on the computer whether s/he  

 is talking during or not      

      
Page _______ of 
_______ 
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Figure H.2. Second Coding Sheet for Audio 
 Video ID:__________ Coder Name:_____________________________    
          

    TALK OUT LOUD - AUDIO CODING    

Minutes 
Essay/Content 
related  

Microsoft 
Word / 
Computer 
related School work Personal 

Daydreaming/ 
Other 

Answering 
Popup 
questions Unintelligible 

Not 
Talking 
at All Totals 

0-1                   

1-2                   

2-3                   

3-4                   

4-5                   

5-6                   

6-7                   

7-8                   

8-9                   

9-10                   

10-11                   

11-12                   

12-13                   

13-14                   

14-15                   

E..                   

24-25                   

Totals                   

          

          

       Page _______ of _______ 
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Development of the Coding Scheme for Behaviors 

The development of the coding scheme for behaviors was carried out as follows. 

The principal investigator watched the videos of the pilot studies, looking at different 

behaviors and movements of participants. From analyzing the videos, three patterns 

emerged as the main categories: “Writing/Typing”, “Using the mouse”, and 

“Pause/Inactive”. The latter refers to those instances in which the user is not typing, using 

the mouse, or answering Popup questions. As with the audio, a category was added 

(“Can’t see/Tell”) to account for cases in which the actions of the participant could not be 

seen. This could occur if the participant had moved his position and his hands, or the 

keyboard and mouse could not be observed. Finally, in order to not confound behaviors 

triggered by the Popup questions with those that naturally occurred during the study, a 

final category was added that reflected this period of time (“Answering Popup 

Questions”).  

As was explained with the audio, it was decided to code behaviors as the amount 

of time participants spent performing behaviors in each of the categories. Thus, for each 

participant, the seconds per minute that they spent typing, or using the mouse, or doing 

none of these, were coded. Also, the total amount of seconds during the task that 

participants spent performing the actions of those categories could be calculated by 

adding those times per minute.  

As with audio, some rules had to be developed to facilitate the consistency of 

coding across videos. Often, participants would quickly (less than three seconds) and 

interactively intertwine the use of the mouse and typing behaviors. As a result, a rule (the 
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“embedded behavior rule”) was developed for the coding of behaviors. This rule stated 

that if somebody is typing and for a moment places a hand in the mouse and uses the 

mouse for less than 3 seconds and then continues typing, the mouse behavior is 

embedded in a larger behavior that is typing. Thus, this time frame should not be coded 

as “Using the mouse” but as part of the “Writing/typing” category. The same applied if 

somebody is using the mouse, types for less than 3 seconds, and then continues with the 

mouse: this would not be coded as “Writing/Typing” but as part of the “Using the mouse 

category”. The same applied for inactive periods of less than 3 seconds.  

Two coding sheets were developed to code the behaviors. The first coding sheet 

was used to record the time frames in which behaviors belonging to different categories 

were performed (see Figure H.3). Once this coding sheet was complete, a second coding 

sheet was used. Based on the time frames entered in the previous coding sheet, the 

seconds per minute that a participant spent performing behaviors belong to the different 

categories were added and inputted into this second coding sheet (see Figure H.4). 

Once the coding scheme was developed, four upper year psychology students who 

were all female, were hired to do the coding of the videos for the main experiment. Each 

of them received four hours of training on how to code the behaviors from the videos. 

Furthermore, in one of the training sessions, the principal investigator along with these 

four coders, analyzed and coded together the behaviors of one of the videos from the pilot 

study. During this session, coders discussed why they would put some behaviors under a 

certain category and not another, until they reached a consensus. In addition, they 
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Figure H.3. Fist Coding Sheet for Behaviors 
Video 
ID:__________  Coder Name:_____________________________  
     

    BEHAVIOR - CODING     

  
Non Answering 
Popup Questions    Answering Popup Questions 

Writing/Typing Using the Mouse Pause/Inactive Can't See/Tell   
Any typing/writing on 
the keyboard 

Any clicking with the 
mouse or moving the 
mouse 

They are not typing, using 
the mouse, answering 
popup questions (e.g., 
pulling hair, just talking, 
etc.) 

Use this if you cannot tell 
what they are doing 

Specify the time frames they spent 
in the popup questions that appear 
n their computer (do not count 
popup questions as any of the other 
categories like typing or using the 
mouse). These questions appear 6 
times during the video. 

          

          

          

          

          

          

          

RULES:     

    - Embedded Behavior Rule: if somebody is typing/writing and for a second places a hand in the mouse and uses the mouse for less  

 than 3 seconds and continues typing, the mouse behavior is embedded in a larger behavior that is typing,  

 and thus, this time frame should not be coded as "using the mouse" but as “writing/typing”. 

 The same occurs if somebody is using the mouse, types for less than 3 seconds, and continues using the mouse 

 (that. is, it would be coded as "using the mouse")  

   - Talking-out-Loud: do not code talking behaviors (these will be coded separately).  

                    Page _______ of  _______ 
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Figure H.4. Second Coding Sheet for Behaviors: Totals  
 Video ID:__________ Coder Name:_____________________________ 
       

     BEHAVIOR - CODING    

   
Non Answering Popup 
Questions    Answering  

Minutes Writing/Typing Using the Mouse 

Pause/Inactive Can't 
See/Tell 

Popup 
Questions 

Totals 
  

0-1             

1-2             

2-3             

3-4             

4-5             

5-6             

6-7             

7-8             

8-9             

9-10             

10-11             

11-12             

12-13             

13-14             

14-15             

EE.             

20-21             

24-25             

Totals             

       

    Page _______ of ______  
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discussed how the rule for coding (explained before) applied. After they did this, they 

were given a video to code independently from each other. Once they had coded the 

video, another meeting was held to go through the video again in the group, and to talk 

about any discrepancies between the coders. After this session, coders were given three 

videos each to code independently. The inter-rater reliability of the coding videos reached 

.88 and was deemed appropriate (Miles et al. 1994). For the main experiment, then, 

coders were given different videos to code the behaviors.  

Development of the Coding Scheme for Grading the Essays 

The development of the grading scheme was done in two steps. First, the main 

investigator developed a pre-conceived scheme for marking the essays based on her 

experience as a grader. In this coding scheme, 10% of the mark was assigned to the 

participant’s clear statement of opinion in the essay (e.g., “Queen’s should pay the police 

bill derived from Homecoming weekend”; “Queen’s should not pay the police bill 

derived from Homecoming weekend”). Another 35% was given for the arguments in the 

essay that supported the participant’s opinion. The flow and structure of the arguments 

and ideas were given 15% of the mark. The creativity of the ideas and arguments 

accounted for 20% of the mark. The writing quality, such as grammar mistakes and 

misspellings, were 20% of the grade.  

The second step involved getting advice from two graduate students on how to 

further develop the marking key. Two graduate students in English were hired for this 

and for grading the essays of the main experiment. A first meeting took place in which 

the investigator gave to these coders some essays from the pilot study along with the 
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marking key. The two graduate students were asked to revise the marking key while 

thoroughly reading the essays. The graduate students proposed some changes to the 

coding scheme based on their reviews of the pilot study’s essays. As a result, the total 

mark of each essay was divided as follows: clear statement of opinion (10%), arguments 

supporting author’s opinion (40%), structure and flow of author’s arguments and ideas 

(30%), creativity of arguments and ideas (20%), and writing/quality (grammar mistakes 

and misspellings) (10%). After these two steps, the marking key for the experiment 

underwent no further changes. 

For the main experiment, the first 10 essays were given to the coders to mark 

together to develop consistency. After these 10 essays were marked, another batch of 20 

essays was given to each of the coders. In this case, they were asked to mark the essays 

independently from each other. The inter-rater reliability was then calculated, resulting in 

.70 agreement between the two coders. In order to increase consistency, the coders were 

asked to get together to reconcile any disagreements on assigning the marks for each 

essay. Once this was done, the coders were given another batch of 25 essays to be marked 

independently from each other. This batch had an inter-reliability of above .90, exceeding 

the .70 reliability cutoff (Miles et al. 1994). From that point, the coders marked different 

essays for the remaining of the experiment.  

Standardization of the Heart Rate Data 

 The handling of the heart rate data represented a challenge. This is because heart 

rate data are not standardized. That is, a person at rest can have a heart rate of 77, while 
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another person at rest can have a heart rate of 55. Furthermore, heart rate data might vary 

with some variables, such as age, gender, and smoking. In order to handle the heart rate 

data appropriately two professors who use heart rate data for their research were 

contacted: Dr. Hollenstein from the Psychology department at Queen’s University and 

Dr. Tschakovsky from the School of Kinesiology and Health Studies at Queen’s 

University. 

The handling and the analyses of the heart rate data followed a conservative 

design used to account for the potential effects of control variables on heart rate data 

variability (Hollenstein 2008a; Tschakovsky 2008). This conservative method consists of 

standardizing the heart rate data with a baseline level: more specifically, to subtract the 

pre-task baseline levels from the heart rate data before and after each error, and to take 

these deviations and divide them by the baseline as well (Hollenstein 2008a; 

Tschakovsky 2008). In this case, the results would give a proportional deviation from 

baseline levels in actual units. According to Dr. Tschakovsky, it is very important that the 

heart rate starts at a similar place before any of the different interventions, so that they are 

at the same baseline conditions before the interventions are imposed. When looking at the 

heart rate data from the pilot studies, it was obvious that during the three minutes in 

which participants where asked to relax, participants did not have a constant heart rate. 

Some participants appeared to be aroused, while others appear to be relaxed. This could 

be because participants had just placed the chestband on themselves, and might be 

nervous or anxious about it or about the experiment. As a result, the heart rate readings 
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during these three minutes were not used as the baseline level. Instead, a decision was 

made to use the heart rate data from minutes 1 to 3 into the task. This would ensure that 

the heart rate data started at a similar place for all the participants before any of the errors 

occurred. Furthermore, this would ensure that participants had been wearing the 

chestband for at least 10 minutes and thus, got used to the wearing the equipment by the 

time the baseline was taken. 

The heart rate sensors used in the study recorded 12 observations of heart rate 

data per 10 seconds. As a result, the 24 observations (20 seconds) before each error were 

taken and averaged. The baseline level was then subtracted from this pre-error heart rate 

data. The result was also divided by the baseline level. The same was done for the 24 

observations (20 seconds) after each error. As a result, there was a pre-error standardized 

heart rate reading for the 20 seconds before each error and a post-error standardized heart 

rate reading for the 20 seconds after each error. Taking the 20 seconds after errors 

(instead of a longer time) ensured that the heart rate data would not be affected by the 

occurrence of the popup questions (which took part 20 seconds after each error). To 

calculate the change in heart rate data, a repeated measures test with each pre-error and 

post-error heart rate data had to be calculated. These tests are explained in the results 

section of the experiment (as well as in the pilot study). 
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APPENDIX I: EXPERIMENT: Results with the Whole Sample 

The results of the experiment for the whole sample (n=119) are reported in this 

appendix. As in the main body of this thesis, forty-two participants were assigned to 

condition 1 and thirty-eight to condition 2. In condition 3, there were thirty-nine 

participants. This condition was designed to disable the functions that enabled changing 

the format back for three minutes. However, as was explained before, seventeen out of 

the thirty-nine participants were able to change the format back before the three minutes 

were over, and these participants were removed from the main analyses. For comparison, 

the results for the whole sample are reported as follows. First, the results for the 

manipulation checks are reported. Second, the results of the overall effects are reported. 

Finally, the results for the changes before and after errors are explained.  

Manipulation Checks 

The two manipulations checks that were included in the experiment worked 

properly. The results for the close-ended question about the perceived behavior of 

Microsoft Word showed that there was a significant relation between the conditions and 

the manipulation check’s categories ( 2χ (4) = 140.44; p <.001).  

The second manipulation check involving a perceptual measure of participant’s 

control over the interaction with the computer also behaved as expected. The assumption 

of homogeneity of variance for ANOVA was met (Levene Statistic (2, 116)= 1.32; 

p>.10). The overall test indicated that there were significant differences in perceived 
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control between the three conditions (F(2,116)=28.18; p<.001). The post-hoc analyses 

indicated significant differences in perceived control between conditions 1 and 2 (p<.05), 

conditions 1 and 3 (p<.001), and conditions 2 and 3 (p<.001). As expected, these results 

indicate that participants in condition 1 (Mean: 5.56; S.D.: 1.18) perceived the highest 

control over their interactions with Microsoft Word as compared to participants in 

conditions 2 (Mean: 4.70; S.D.: 1.45) and 3 (Mean: 3.27; S.D.: 1.52).  

Analyses of the Results 

In this section, the results are reported in two stages. The same analyses as in 

Chapter 5 were conducted. That is, the research model encompassing the overall effects 

(depicted in Figure I.1) was analyzed with structural equation modeling (SEM) using 

PLS. Then, the hypotheses regarding changes before and after errors were tested in SPSS 

through repeated measures ANOVA. 

Results for the Overall Effects: Structural Model 

  Figure I.1 depicts the results of the overall hypothesized effects. Hypothesis 1a, 

which predicted that errors would relate to lower affect was partially supported. As 

shown in Table I.1, participants in condition 2 reported the lowest affect, and the 

significance of the path coefficient from D1 to affect (t=2.74, p<.01) supports this 

conclusion. The path coefficient in the figure (d2: t=.51, p>.10) and the means in the 

table show that participants in condition 3 did not report significantly lower affect than 

those in the control condition. The existence of errors explained 5% of the variance in 
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Figure I.1. Results for the Overall Effects: Structural Model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

¹Note: The significance of all competing hypotheses (marked with a ‘¹’) was determined with a two-tail test, whereas the significance of the rest of 
the hypotheses was determined by a one-tail test. 
²Note: In the paths on the right hand of the model, ‘s’ stands for Self-Reported Task Performance and ‘g’ for Grades. 

EMOTIONS 

COMPUTER-
RELATED 

EVENTS  

BEHAVIORS 

THOUGHTS 

H1a (-) d1:-.24**; d2:-.05 

H4a (+) d1:.42***; d2:.70*** 
 

Affect  R²=.05 

Engagement  R²=.00 

Computer-related  R²=.39 

Cognitive Load  R²=.01 

Mouse Use  R²=.32 

Typing  R²=.10 

Inactivity  R²=.13 

Heart Rate  R²=.08 

Task-related  R²=.14 

Mind-wandering  R²=.22 

H2a (+) d1:-.28***; d2:-.26*** 

H3 (-):d1:-.05; d2:-.02 

H7 (+) d1:.06; d2:.10 
 

H5 (-) d1:-.11; d2:-.26** 
 

¹H6 (a:+; b:-) d1:-.02; d2:.01 
 

H8a (+) d1:.41***; d2:.53*** 

H9 (-) d1:-.00; d2: -.24* 

¹H10 (a:-; b:+) d1:-.16; d2:-.22* 

H11 (+) s:.26**; g:-.10 

¹H12 (a:+; b:-) s:-.07 g:.02 

H13 (+) s:.25***; g:.07  

H14 (-) s:-.12; g:-.18† 

H15 (+) s:.12*; g:.08 

¹H16 (a:-; b:+) s:.04; g:.11 

H17 (-) s:-.12; g:-.19* 

H18 (+) s: 14†; g: .09 

H19 (+) s:. 32***; g:. 45*** 

¹H20 (a:+; b:-) s:.00; g:-.01 

TASK 

PERFORMANCE 

Self-Reported 
Task 
Performance  
R²=.40 

Grades  R²=.34 

D1 

D2 

    †: p<.10 
    *: p<.05 
  **: p<.01 

***: p<.001 
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affect. These results are similar to those reported in Chapter 5.  

Hypothesis 2a, which predicted that errors would relate to higher heart rates, was 

not supported. As was the case with the main analyses, the results showed that there were 

significant impacts in the opposite direction (d1: t=3.79, p<.001; d2: t=3.17, p<.001); that 

is, errors led to lower heart rates (see Figure I.1). Approximately 8% percent of the 

variance in heart rate was explained by the experimental conditions. 

Table I.1. Comparison of Means across Experimental Conditions 

 

Hypothesis 3 stated that errors would relate to lower engagement and was not 

supported (d1: t=.40, p>.10; d2: t=.18, p>.10), as in the main analyses. Table I.1 shows 

that the means for the three conditions were very similar, leading to the conclusion that 

errors did not have a significant impact on the level of engagement in the task. Consistent 

with this and the findings in Chapter 5, the conditions explained less than 1% of the 

variance in engagement.  

Hypothesis 4a, which predicted that errors would relate to higher computer-

related thoughts, was supported (d1: t=6.08, p<.001; d2: t=9.80, p<.001). The most 

Means Condition 1   

(control) 

Condition 2 Condition 3 

Affect 4.23 3.68 4.19 

Heart Rate -1.91 -5.38 -5.11 

Engagement 3.84 3.81 3.76 

Computer-related thoughts 23.62 125.26 187.49 

Task-related thoughts 952.70 856.74 796.31 

Mind-wandering thoughts 130.86 141.47 173.80 

Cognitive load 4.58 4.79 4.76 

Mouse Use 153.38 278.13 319.54 

Typing 638.79 637.76 560.05 

Inactive 439.07 387.03 359.90 
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pervasive errors (condition 3) led participants to spent the highest amount of time on 

computer-related thoughts, followed by participants conditions 2 and 1 (see Table I.1). 

Furthermore, the existence of errors explained 39% of the variance of computer-related 

thoughts. Similar results were found for the analyses in Chapter 5. 

Hypothesis 5, which stated that errors would relate to lower task-related thoughts, 

was partially supported. As in the main analyses, participants in condition 3 spent the 

experienced the lowest amount of task-related thoughts (d2: t=2.74, p<.01) (see Table 

I.1). Unlike the results in the main analysis, the path coefficient between the dummy 

variable D1 to task-related thoughts although negative was not significant (d1: t=1.16, 

p>.10). Furthermore, 14% of the variance in task-related thoughts was explained by the 

experimental conditions.  

Hypothesis 6 was a competing hypothesis predicting errors would relate to either 

(a) higher or (b) lower mind-wandering thoughts. Like in Chapter 5, neither conclusion 

was supported (d1: t=.17, p>.10; d2: t=.83, p>.10) although approximately 22% of the 

variance in mind-wandering thoughts was accounted for by exogenous variables. 

Hypothesis 7 predicted that errors would relate to higher cognitive load. Although 

the path coefficients from the dummy variables to cognitive load were positive, they were 

not significant (d1: t=.47, p>.10, d2: t=.86, p>.10) and thus, hypothesis 7 was not 

supported. Only 1% of the variance on cognitive load was explained by the model. These 

results are consistent with the main analyses. 
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Hypothesis 8a, which stated that errors would relate to higher mouse use, was 

supported (d1: t=5.33, p<.001; d2: t=6.54, p<.001) (see Figure I.1). As in the main 

analyses of Chapter 5, participants in condition 3 spent the most time using the mouse, 

followed by participants in conditions 2 and 1, respectively (see Table I.1). 

Approximately 32% of the variance in mouse use was explained by the experimental 

conditions.  

Hypothesis 9, stating that errors would relate to less amount of time spent typing, 

was partially supported, as was the case in Chapter 5. The path coefficient from the D2 to 

typing was negative and significant (d2: t=2.30, p<.01); that is, participants in condition 3 

showed the lowest amount of typing behaviors when compared with conditions 1 and 2 

(see Table I.1). Participants in conditions 1 and 2 spent similar amounts of time typing, 

and thus the path coefficient between D1 and typing although negative was not 

significant (d1: t=.06, p>.10). A total of 10% of the variance in typing was explained by 

the experimental conditions.  

Hypothesis 10 was a competing hypothesis predicting that negative computer-

related events related to either (a) lower or (b) higher inactivity. Unlike the results in 

Chapter 5, hypothesis 10a was partially supported (d1: t=1.46, p>.10, d2: t=2.07, p<.05). 

Participants in condition 1 and 2 were the most inactive, followed by participants in 3. 

The results also show that 13% of the variance in inactivity is explained by the 

conditions.  
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Hypothesis 11 to 13 predicted the effects of the emotional variables on task 

performance. Specifically, Hypothesis 11, which stated that affect would be positively 

related to performance, was only supported for self-reported task performance (self-

reported performance: t=2.87, p<.01; grades: t=.92, p>.10). Hypothesis 12 was a 

competing hypothesis stating that heart rates would relate either (a) positively or (b) 

negatively to task performance. Neither of these views was supported (self-reported 

performance: t=1.11, p>.10; grades: t=.18, p>.10) Hypothesis 13, which stated that 

engagement would relate positively with performance was supported for self-reported 

performance (t=3.73, p<.001), but not for grades (t=.07, p>.10). These results are similar 

to those in Chapter 5, except for a lack of support for a relation between heart rate and 

self-reported task performance. 

With respect to the effects of thoughts on performance, the results were as 

follows. Hypothesis 14 stated that the more people experience computer-related thoughts, 

the worse their performance in the task. This hypothesis was marginally supported for 

grades (t=1.62 p<.10), but not for self-reported task performance (t=1.24, p>.10). 

Hypothesis 15, which predicted that the more task-related thoughts the higher the 

performance, was supported for self-reported performance (t=1.80, p>.05), but not for 

grades (t=1.04, p>.10). Hypothesis 16 was a competing hypothesis arguing for either (a) 

negative or (b) positive effects of mind-wandering thoughts on performance; neither of 

these views was supported (self-reported performance: t=.52, p>.10; grades: t=1.15, 

p>.10) Finally, hypothesis 17, which predicted that cognitive load would be negatively 
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related performance, was supported for grades (t=1.95, p<.05) but not for self-reported 

task performance (t=1.22, p>.10). The results are similar to those in Chapter 5, except for 

the lack of support for effects of computer-related thoughts and cognitive load on self-

reported task performance, and for the lack of support for a relation between task-related 

thoughts and grades. 

The last set of hypotheses of the overall model (hypothesis 18 to 20) predicted 

effects of the behavioral measures on task performance. Similar results to those in 

Chapter 5 were found. That is, hypothesis 18, which stated that more mouse use would 

relate to higher task performance, was marginally supported for self-reported 

performance (t=1.56, p<.10) but not for grades (t=.84, p>.10). Hypothesis 19, which 

predicted that more typing would relate to higher task performance was supported for 

both self-reported task performance (t=3.23, p>.001) and grades (t=3.99, p<.001). 

Finally, hypothesis 20 was a competing hypothesis regarding either (a) positive or (b) 

negative effects of inactivity on performance. Neither of these competing views was 

supported (self-reported performance: t=.67, p>.10; grades: t=.04, p>.10). 

Overall, the exogenous variables explained 40% of the variance in self-reported 

task performance and 34% of the variance in grades.  

Results for the Changes Before and After Errors 

The hypotheses regarding changes before and after errors were tested through 

repeated measures ANOVA, as for Chapter 5. Except for a lack of interaction between 

time and condition for affect after error 3, the results are similar to those in Chapter 5.  
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Hypothesis 1a predicted that there would be a decrease in affect in conditions 2 

and 3 after errors. The results show that Hypothesis 1a was supported for error 1 since the 

interaction between conditions and time significantly related to affect (time  x condition 

for error 1: F(2,112)=2.41; p<.05), but not for error 2 (time x condition for error 2: 

F(2,113)=.22; p>.10; time: F(1, 113)=3.58; p<.05) or error 3 (time x condition for error 2: 

F(2,109)=2.15; p>.10; time: F(1, 109)=7.14; p<.01). That is, as it can be seen in Figure 

I.2, affect decreased significantly for conditions 2 and 3 after error 1 when compared with 

the control condition.  

Hypothesis 2b predicted that there would be an increase in heart rate for 

conditions 2 and 3 after errors. The same results were found as for Chapter 5.  

Figure I.2. Changes in Affect Before and After Errors 
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Note: Error 1 occurs between times 1 and 2; error 2 occurs between times 3 and 4; and 
error 3 occurs between times 5 and 6. 
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Figure I.3. Changes in Heart Rate Before and After Errors 
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Note: Error 1 occurs between times 1 and 2; error 2 occurs between times 4 and 5; and 
error 3 occurs between times 7 and 8. 
 
 
Specifically, the results indicate that Hypothesis 1b was not supported. Interestingly 

however, an interaction between the conditions and time on the heart rate data in the 

opposite direction was found for error 1, F(2,116)=23.05, p<.001 and error 2, 

F(2,113)=4.42, p<.05, but not for error 3, F(2,110) = 1.77, p>.10. As can be seen in 

Figure I.3, heart rate decreased for conditions 2 and 3 after error 1 and 2 while it 

increased for condition 1. Furthermore, heart rate decreased after error 3 for all 

conditions (time: F(1,110)=12.06; p<.01). 

Hypothesis 4b and 8b dealt with changes in computer-related thoughts and mouse 

use after errors, respectively. Hypothesis 4b, which predicted that computer-related 

thoughts would increase for conditions 2 and 3 after each error, was supported, and this 
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corresponds to that described in Chapter 5. Specifically, the results indicate an interaction 

effect between time and conditions on computer-related thoughts (F(28.62, 1087.69)= 

6.71; p<.001) and no interaction between time and the covariate coder (F(9.54, 

1087.69)=.56; p>.10). That is, computer-related thoughts varied over time depending on 

which conditions participants were in. To break down this interaction, contrasts were 

performed to see whether the variation of mouse use occurred after each error. These 

revealed significant interactions between time and condition for error 1 (F(3, 114) = 

64.87; p<.001), error 2 (F(3,114) = 20.15; p<.001), and error 3 (F(3,114)= 10.53; 

p<.001). That is, as it can be seen in Figure I.4, computer-related thoughts increased after 

each error for conditions 2 and 3. 

Hypothesis 8b, which predicted that mouse use would increase for conditions 2 

and 3 after each error, was supported, providing the same results as the main analyses. 

The results indicated an interaction effect between time and conditions on mouse use 

(F(26.74, 1527.62)=3.86; p<.001) and no interaction between time and the covariate 

coder (F(13.37, 1527.62)=.39; p>.10). That is, mouse use varied over time depending on 

which conditions participants were in. To break down this interaction, contrasts were 

performed to see whether the variation of mouse use occurred after each error. These 

revealed significant interactions between time and condition for error 1 (F(2, 115) = 

39.74; p<.001), error 2 (F(2, 115) = 16.72; p<.001), and error 3 (F(2, 115)= 12.65; 

p<.001). That is, as it can be seen in Figure I.5, mouse use increased after each error for 

conditions 2 and 3 when compared to condition 1.   
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Figure I.4. Changes in Computer-Related Thoughts Before and After Errors 
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Note: Error 1 occurs at time 7, error 2 occurs at time 15, and error 3 occurs at time 21. 
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Figure I.5. Changes in Mouse Use Before and After Errors 
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Note: Error 1 occurs at time 7, error 2 occurs at time 15, and error 3 occurs at time 21. 
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 Examining the patterns of mouse use and computer-related thoughts together for 

conditions 2 and 3 respectively, we can see that they take place at the same time (see 

Figures I.6 and I.7). As in Chapter 5, cognitions and actions occur simultaneously. 

 

Figure I.6. Mouse Use and Computer-related Thoughts in Condition 2 
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Figure I.7. Mouse Use and Computer-related Thoughts in Condition 3 
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Summary of Results 

A summary of the results is provided in Tables I.2, I.3, and I.4. 
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Table I.2. Summary of the Results Regarding Overall Effects of Errors 

Dimension Hypothesis 

 

Support? 

H1a: Overall: computer-related events relate to lower affect (condition 1>condition 2 
≈ condition 3) 

Partial support (condition 1 and 3 > 
condition 2) 

H2a:Overall: computer-related events relate to higher heart rate (condition 1> 
condition 2 ≈  condition 3) 

No. Significant effects on the opposite 
direction (condition 1 > condition 2 and 3) 

Emotions 

H3: Computer-related events relate to lower engagement (condition 1> condition 2> 
condition 3) 
 

No 

H4a: Overall, computer-related events relate to more computer-related thoughts 
(condition 1< condition 2 < condition 3) 

Yes (condition 1< condition 2 < condition 
3) 

H5: Overall, computer-related relate to fewer task-related thoughts (condition 1 > 
condition 2 > condition 3) 

Partial support (condition 1 and 2 > 
condition 3) 

H6a: Overall, computer-related relate to more mind-wandering thoughts (condition 1 
< condition 2 < condition 3) 
H6b: Overall, computer-related relate to fewer mind-wandering thoughts (condition 
1 > condition 2 > condition 3) 

No 

Thoughts 

H7: Overall, computer-related events relate to higher cognitive load (condition 1 < 
condition 2 < condition 3). 
 

No 

H8a: Overall, computer-related events relate to more mouse use (condition 1 < 
condition 2 < condition 3) 

Yes (condition 1< condition 2 < condition 
3) 

H9: Overall, computer-related events relate to less typing (condition 1 > condition 2 > 
condition 3) 

Partial support (condition 1 and 2 > 
condition 3) 

Behaviors 

H10a: Overall, computer-related events relate to less inactivity (condition 1 > 
condition 2 > condition 3) 
H10b: Overall, computer-related events relate to more inactivity (condition 1 < 
condition 2 < condition 3) 

Partial support for H10a (condition 1 and 2 
> condition 3) 
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Table I.3. Summary of the Results Regarding Effects on Task Performance 

Support? Dimension Hypothesis 

Subjective: Self-

reported task 

performance 

Objective: Grades 

 
H11:Affect is positively related to performance 

 
Yes 

 
No 

H12a: Heart rate is positively related to task performance 
H12b: Heart rate is negatively related to task performance 

No No 

 
Emotions 

H13: Engagement is positively related to task performance Yes No 

 
H14: Computer-related thoughts are negatively related to task 
performance 

 
No 

 
Yes (marginal) 

H15: Task-related thoughts relate to higher task performance  Yes No 

H16a: Mind-wandering thoughts are negatively related to task 
performance 
H16b: Mind-wandering thoughts are positively related to task 
performance 

No No 

 

Thoughts 

H17: Cognitive load is negatively related to task performance No Yes 

 
H18: Mouse use is negatively related to task performance 

 
Yes (marginal) 

 
No 

H19: Typing is positively related to task performance  Yes Yes 

 
Behaviors 

H20a: Inactivity is positively related to task performance 
H20b: Inactivity is negatively related to task performance 
 

No No 
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Table I.4. Summary of the Results Regarding Changes After Errors 

Dimension Hypothesis Support? 

 
H1b: Affect decreases for conditions 2 and 
3 after errors 

 
Partial: Support for error 1. 

 

Emotions 

H2b: Heart rate increases for conditions 2 
and 3 after errors 

No. Significant effects on the 
opposite direction for errors 
1 and 2. 

 

Thoughts 

 
H4b: Computer-related thoughts increase 
for conditions 2 and 3 after errors 

 
Yes 

 

Behaviors 

 
H8b: Mouse use increases for conditions 2 
and 3 after errors 

 
Yes 

 

Post-Hoc Results for Condition 3 

Another set of repeated ANOVAs were performed for the sample in condition 3 

in order to look at the differences between individuals who were able to overcome the 

error and those who did not. For these analyses, condition 3 was further divided in two 

different conditions: condition 4 (“format + changed back) for those individuals who 

were able to change the format back and condition 5 (“format + did not change back”) for 

those individuals who did not change the format back. Since these are post-hoc tests and 

no direction for the changes was specified a priori, the results were assessed with two-tail 

tests. 

With respect to affect, although no significant interaction between time and affect 

was found for the overall test, when looking at contrasts, a significant interaction was 

found between time and condition after error 2 (time x condition: F(1, 35)=4.73, p<.05; 
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time: F(1, 35)=3.708, p<.10) and 3 (time x condition: F(1, 37) = 4.32, p<.05; time: 

F(1,37)=2.46, p>.10),  but not after error 1 (time x condition: F(1, 37)= .232,  p>.10; 

time: F(1, 37) = 5.551, p<.01) (see Figure I.8). This indicates that participants 

overcoming the errors experienced a significant decrease in affect immediately after the 

occurrence of the second error when compared to those who did not, whereas after error 3 

occurred, affect significantly decreased for those who did not overcome the error when 

compared to those who got around it. Finally, most interestingly is the significant  

Figure I.8. Changes in Affect for Conditions 4 and 5 

 
Note: Error 1 occurs between times 1 and 2; error 2 occurs between times 3 and 4; and 
error 3 occurs between times 5 and 6. 
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interaction between time and condition found between times 2 and 3 (time x condition 

between time 2 and 3: F(1, 35) = 5.76, p<.05). This means that people who overcame the 

error experienced a significant increase of affect after fixing error 1 when compared to 

those who did not. 

Regarding heart rate, no significant interactions between time and condition  were 

found after each error, but a significant effect of time appeared after error 1 (time x 

condition: F(1, 37)=.16, p>.10; time: F(1, 37)=28.51, p<..001) and error 3(time x 

condition: F(1, 37)=.65, p>.10; time: F(1,37)=.6.62, p<.05), but not for error 2(time x 

condition: F(1,37)=.58, p>.10; time: F(1, 37)=.799, p>.10) (see Figure I.9). That is, for  

Figure I.9. Changes in Heart Rate for Conditions 4 and 5 

Note: Error 1 occurs between times 1 and 2; error 2 occurs between times 4 and 5; and 
error 3 occurs between times 7 and 8. 
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error 1 and 3 individuals in both conditions experienced a significant decrease in heart 

rate (see Figure I.9). This indicates that regardless of whether they were able to get 

around the problem, the physiological changes experienced by participants after each 

error, that is, heart rate deceleration, were similar. 

In terms of thoughts, the results indicate an interaction effect between time and 

the conditions on computer-related thoughts (F(9.04, 325.50)=2.97, p<.05). Interestingly, 

further contrasts show that there is a marginally significant interaction between time  

and condition immediately after error 1 (time x condition: F(1, 36)=2.97, p<.10; time: 

F(1, 36)=.85, p>.10), but not immediately after error 2 (time x condition: F(1, 36)= .72, 

p>.10; time: F(1, 36)= 1.05, p>.10) or 3 (time x condition: F(1, 36)= .58, p>.10; time: 

F(1, 36)=.543, p>.10) (see Figure I.10). This means that the increase of computer-related 

thoughts immediately after each error is similar for both conditions. There are some 

significant interactions between time and conditions in between errors indicating that 

individuals who did not overcome the error decreased their computer-related thoughts 

more slowly after error 1 and error 3, but more quickly after error 2, than those who did. 

Finally, with respect to behaviors, the overall test indicates a marginally 

significant interaction between time and condition (F(10.40, 374.24)=1.62; p<.10). 

However, contrast tests show no significant interactions between time and condition 

immediately after error 1 (time x condition: F(1, 36)=.30, p>.10; time: F(1, 36)= .09, 

p>.10), error 2 (time x condition: F(1, 36)=.29, p<.10; time: F(1, 36)= .73, p>.10) or error 

3 (time x condition: F(1, 36) = .16, p>.10; time: F(1, 36)= 1.98, p>.10) (see Figure I.11).  
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Figure I.10. Changes in Computer-Related Thoughts for Conditions 4 and 5 

 

Note: Error 1 occurs at time 7, error 2 occurs at time 15, and error 3 occurs at time 21. 
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Figure I.11. Changes in Mouse Use for Conditions 4 and 5 

 

Note: Error 1 occurs at time 7, error 2 occurs at time 15, and error 3 occurs at time 21.
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This shows that the increase in mouse use immediately after each error is similar for both 

conditions. There are some significant interactions between time and conditions in 

between errors 2 and 3 and after error 3, indicating that individuals who did not overcome 

the error decreased their mouse related behaviors more quickly than those who did. 


