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The understanding of human emotions in online 
activities including e-commerce, information acquisition, 
decision making, and social networking is increasingly of 
interest to information systems (IS) research and 
practice. A number of studies have tackled the issue of 
online emotional experiences, such as exploring the role 
of “pleasantness” for designing web interfaces (Deng & 
Poole, 2010), and applying the construct of “enjoyment” 
to investigate online users’ intention of using interactive 
technology (Lin & Bhattacherjee, 2010). Further, the 
advent of neuroscience techniques in IS research 
promises new and exciting means for understanding and 
assessing constructs such as human emotions (Dimoka, 
Pavlou, & Davis, 2011). 
 
Theories of emotion, however, offer a very complex view 
of human emotional sub-systems, emotional states and 
how emotions can be measured. Measures of emotions 
across different systems (e.g., language and physiological) 
do not necessarily converge and even multiple measures 
within a system give response discordance (Larsen & 
Prizmic-Larsen, 2006). Further, an understanding of 
emotional responses should be linked to the specific 
domain of concern (see Richins, 1997). In the interests of 
research rigour, the methods and instruments developed 
and used to appraise emotions in IS, especially with 
novel neuroscience methods, need to have a firm 
theoretical base so that they are fit for purpose and have 
validity in the IS research context. 
 
This study aims to facilitate understanding of emotion- 
linked constructs in IS research within a nomological 
network. A nomological network shows the constructs of 
interest in a domain of study, how these constructs are 
manifested and measured and the “lawful” linkages 
amongst constructs. The development of such networks 
is deemed necessary for construct validity (Cronbach & 
Meehl, 1955) and is an indispensable ingredient for 
sound theory development. 
 
Three experiments were conducted to investigate models 
based on the underlying nomological network, with a 
multi-method approach to the assessment of emotions. 
The methods used for measurement address subjective 
experience (self-report) and physiological (electro- 
encephalography, EEG) responses. Two emotions, 
happiness and fear, are selected in investigations as they 
have been implicated in prior studies of online commerce 
(Hwang & Kim, 2007; Li, Sarathy, & Xu, 2011). 
 
 

Simulated web pages for the experiments were developed 
with different experimental conditions involving neutral, 
positive and negative emotion inducement. The web 
pages differed in terms of the images they incorporated. 
To increase nomological validity, the images used were 
taken from the International Affective Picture System 
(IAPS) (Lang, Bradley, & Cuthbert, 2008). These images 
have been extensively tested and norms established for 
their usage in terms of emotions elicited. 
 
The study develops a number of theory-based models 
that link stimuli, various measures of human emotions 
and expected behavioural outcomes in a nomological 
network. These models are used to assess convergent, 
discriminant, predictive, and nomological validity of 
diverse measures. As applying multi-method approaches 
to measure and understand human emotions in IS 
research is still at an early stage, we believe that great 
care is needed in choosing one or more measurement 
approaches in any specific IS study, particularly with 
novel neuroscience measures. The study contributes by 
highlighting how the understanding and assessment of 
emotions in IS can be improved by considering the 
emotions within a nomological network. 
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We investigate the emotions of market participants and 
their impact on economic decision-making in first-price 
sealed-bid (FPSB) auctions. Using the NeuroIS 
methodology as described in Dimoka et al. (2010), we 
measure skin conductance response (SCR) and heart rate 
(HR) of participants during an electronic market 
experiment. The experiment is separated into two 
treatments: one with human and one with automated 
counterparties. The physiological measures serve as 
proxies for emotions and are combined with market 
results to provide insight into the interplay of decision-
making and emotions–particularly arousal–during the 
auctions and at discrete events, such as submitting a bid 
and winning or losing an auction. We can show that 
arousal is stronger in human only markets and when the 
stakes of the experiment are higher. Moreover, higher 
arousal leads to riskier bidding behavior in human only 
markets.  
 
The experiment was conducted at the Karlsruhe Institute 
of Technology (KIT) in Karlsruhe, Germany. In total 120 
subjects, 27 females and 93 males, participated in the 
experiment. The experiment was set up with two 
treatments, a computer opponent (CO) and a human 
opponent (HO) treatment. Subjects knew which 
treatment they were in. Each subject participated in 30 
FPSB auctions. In FPSB auctions participants submit 
bids simultaneously and do not see the other 
participants’ bids. The highest bidder wins the auction 
and pays a price equal to her bid. Each auction is set up 
with 3 bidders all of which are informed about their 
independent private value (IPV) of the good being 
auctioned. The IPV experimental setup is the workhorse 
of experimental research on auctions (Kagel, 1995). IPVs 
are independently drawn from a uniform distribution 
with support on the discrete integer interval (11, 12, 13, … 
110). Participants know their own IPV and the general 
distribution of IPVs. 
 

 

Figure 1.  Auction Process 

 
Figure 1 graphs the different phases of the auction 
process. Each auction starts with an IPV information 
display. Participants then start the actual auction by 
submitting their bids (E1), followed by a screen that 
indicates that all bids have been made and the result will 

appear soon (E2). Eventually, the participants are 
informed, whether they have won or lost the auction 
(E3). In order to capture the participants’ emotional 
states and the intensity of their emotional reactions, we 
measure SCR and HR of each participant throughout the 
experiment. 
 
We find that participants in HO markets are significantly 
more aroused than in CO markets in terms of SCR 
amplitudes. This holds for all value levels and for all 
events (E1–E3). Our results indicate that bidders 
perceive a more competitive atmosphere during auctions 
with human opponents (Malhotra, 2010). The SCR 
amplitudes are stronger in auctions in which the 
individual value for the commodity is higher. The bidders 
are more aroused if more money is at stake. In economic 
terms, we find that the bidders’ arousal has an impact on 
bidding behavior in HO markets, while it does not in CO 
markets. Using the average HR several seconds before 
placing a bid as a measure for a bidder’s general level of 
arousal, we can show that higher levels of arousal lead to 
riskier, i.e. lower bids. Thus, bidders in human only 
markets are willing to take more risk when they are 
aroused. 
 
The results have important implications for the broader 
IS community and in particular for studies of electronic 
markets where both humans and automated agents are 
active–eBay is the most obvious example. Our daily life is 
now permeated with interactions in human only, 
machine only, and mixed participant markets. We show 
that there are distinct differences in the behavior of 
human participants depending on the type of market 
they are in. These differences have an impact on bidding 
behavior, market outcomes, and emotional responses. 
One could imagine more complex interactions and more 
dynamic market settings (limit order markets). Focusing 
on a controlled and simple setting, our results present a 
first step towards understanding the dynamics of 
emotions in more complex electronic markets. 
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Web site delays have consistently been a major 
complaint of users online. To alleviate some of the 
problems associated with delays, users can be 
provided with various forms of feedback indicating 
system status. Examples of this feedback include text 
messages, static images, sequentially-moving dots, 
and percent-done progress bars.  
 
One form of feedback described by Buell and Norton 
(2011) is operational transparency. This feedback 
allows users to view the amount of work (i.e., 
processing) that is being done by a Web site during a 
delay. By making this work more salient, users 
perceive that the site is exerting greater effort on their 
behalf. Such effort then leads users to value the service 
offered by the Web site more highly. Given the ease 
with which effort can be simulated in online 
environments, operational transparency feedback 
(OTF) may not be reflective of actual effort. Instead, 
the mere appearance of effort—termed the labor 
illusion—can increase perceptions of value. 
 
Value is the trade-off between benefit (i.e., effort) and 
cost (i.e., time), but OTF has only been associated with 
perceptions of effort. Interestingly, the nature of OTF 
may also impact a user’s perceptions of wait time 
during a delay. This is because OTF is characterized by 
continually changing status messages. The effect of 
this feedback is largely dependent on the time 
estimation process being used by an individual. 
Attentional gate theory serves as a theoretical 
foundation here by describing two different time 
estimation paradigms: prospective and retrospective 
(Zakay and Block 1997). 
 
Under the prospective paradigm, individuals are 
aware that they will be asked to judge some duration 
of time a priori. An internal timing mechanism, called 
a pacemaker, produces a stream of pulses that are 
passed to a cognitive counter used to keep track of 
time. Pulses must first pass through an attentional 
gate—which is only open when an individual is 
attending to time—before they are accumulated by the 
counter. Thus attention to time would lead to longer 
estimates of time duration, whereas attention directed 
away from time would lead to shorter estimates of 
time duration. 
 
Under the retrospective paradigm, individuals are not 
aware that they will be asked to judge time a priori. 
Attention to time is much less influential in 
retrospective time estimation. Instead, individuals 
must rely on memories of contextual information 

encoded during the focal time period. Contextual 
changes refer to discrete events that are perceived and 
stored in an individual’s memory. A greater number of 
contextual changes in memory are associated with 
longer durations of time. 
 
The visual characteristics of OTF (i.e., continually 
changing status messages) can have very different 
effects under each of these paradigms. For prospective 
estimation, OTF may serve as a distraction. Thus the 
feedback may direct attention away from the passing 
of time and lead to shorter perceived delays. 
Alternatively, OTF may increase a user’s arousal. This 
would increase the speed of the pacemaker and lead to 
longer perceived delays. For retrospective estimation, 
the visual changes of OTF may be encoded as discrete 
events (i.e., contextual changes) in working memory. 
Thus the feedback would lead to longer perceived 
delays. 
 
The goal of this study is to examine how OTF can 
impact various perceptions of a Web site by changing 
both perceptions of effort and perceptions of delay.  
 
The interaction of OTF and time estimation will be 
examined using a simulated Web-based search task. 
Three OTF conditions will be included (none, slow, 
and fast) to identify potential speed effects related to 
the feedback. Such speed effects may include 
increased arousal and/or increased perceptions of 
effort due to a greater number of status updates. The 
time estimation manipulation will be within-subjects, 
so each participant will engage in both a retrospective 
and prospective search task. Perceptual measures of 
delay, value, satisfaction, and intention to return will 
be collected. 
 
The current theoretical arguments rely on the effects 
of attention and arousal. Multiple measures of the 
subjects’ physiological responses will be captured then 
to more accurately evaluate how attentional gate 
theory applies to OTF. These measures include eye 
tracking, skin conductance, and 
electroencephalography (EEG). 
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Medical therapy suggests that music may increase 
interpersonal trust and cooperative intentions (Keen 
2005; Saroyan 1990). The theoretical reasons and the 
underlying physiology of the music to trust relationship 
are, however, unknown (Juslin and Västfjäll 2008).  

The objective of this study was to identify some of the 
underlying physiology of the music to trust relationship 
through functional neuroimaging, with the intention of 
introducing a preliminary physiology based theoretical 
understanding of the relationship. The neuroimaging 
was acquired during a trust game by recording changes 
in blood oxygenation measured from the frontal lobe by 
functional near infrared (fNIR) spectroscopy. fNIR is a 
field deployable and easy to use brain activity monitoring 
device that measures changes of oxy-hemoglobin 
(HbO2) to deoxy-hemoglobin (HbR) within the cortex. 
The fNIR uses a lightweight headband with continuous 
wave light sources and optical sensors placed on the 
forehead (Ayaz et al. 2012). Figure 1 shows the fNIR 
system.  

 

Figure 1. fNIR (courtesy of CONQUER at Drexel 
University) 

http://www.biomed.drexel.edu/fNIR/CONQUER/Welcome.html  

 
The results show that playing melodic classical piano 
music in the background while subjects were engaged in 
a trust game increased how much the subjects invested 
in the game by a ratio of almost 20%. Investing in others, 
and particularly in a trust game scenario, is typically 
considered as an indication of trust in the other player 
(Zak 2008). This observed behavioral change was 
associated with increased blood oxygenation levels in 
parts of the right dorsal region of medial prefrontal 
cortex (overlapping Brodmann Area 9 (Zysset et al. 
2003)). As illustrated in the Figure 2, the numbered 
circles overlaid on the frontal view of a brain show the 
approximate position of the fNIR sensors, adapted from 
Ayaz et al. (2012).  The turquoise circle shows the most 
pronounced change registered by these sensors when 
music is playing compared to when it is not. Regarding 
the functionality of the right dorsolateral prefrontal 
cortex, previous studies suggest it may be more active 
when subjects are requested to intentionally inhibit their 
intended behavior (Pliszka et al. 2006). 
 

 
Figure 2.  Areas of brain activity measured by fNIR 
and areas with significantly elevated blood 
oxygenation registered when music is playing.   

 
To the best of our knowledge, we present the first study that 
reports the link between music and increased blood 
oxygenation in the right dorsolateral prefrontal cortex as well 
as the effect of music on observed trusting behavior. It would 
be too early to speculate on the theoretical implications of our 
preliminary finding as of yet, but our functional neuroimaging 
results might imply that listening to at least certain types of 
music stimulates increased neurological activity in brain 
areas associated with some aspects of the self-referential 
decision not to partake in the behavior, and as such influence 
overall trusting behavior. 
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Information and communication technologies have 
dramatically changed the context in which interactions 
among humans take place. In particular, social 
interactions have become increasingly more often 
computer-mediated. As a result of this shift from face-to-
face conversation to Internet-based communication, 
traditional human-human interactions are becoming 
increasingly more often computer-mediated. Using 
computers and the Internet, however, usually increases a 
perception of uncertainty. A major reason for this fact is 
that an interaction partner’s face, which is typically not 
observable in computer-mediated interaction, serves the 
interpersonal function of allowing one person to predict 
another’s personality traits and behavior (Oosterhof and 
Todorov 2008), which has been demonstrated to apply, 
particularly, to trustworthiness predictions (Todorov  
2008; Winston et al. 2002). Thus, prediction of another 
person’s personality traits and behavior is more difficult 
in computer-mediated interaction than in traditional 
face-to-face interaction. 
 
To overcome the perception of uncertainty in online 
environments, interactions on the Internet occur 
increasingly more often via virtual humans who possess 
realistic faces, so-called avatars (Donath 2007). Because 
attention to a realistic portrayal of a human face is of 
particular importance for trust perceptions (Todorov et 
al. 2008), it has been theorized that the use of avatars 
may positively affect trust perceptions in computer-
mediated interactions, thereby mitigating uncertainty 
perceptions. In fact, recent research found that avatar-
based communication increases perceived social 
presence and interpersonal trust, although an avatar’s 
face does not need to resemble a computer user’s real 
face because it can be chosen freely (Bente et al. 2008). 
 
Against the background of the increased use of avatars as 
instruments for trustful online interaction, it is 
rewarding to study both the similarities and differences 
in trust behavior and underlying neural mechanisms 
between human-human and human-avatar interactions. 
To date, neurobiological research has already revealed 
insights into the genetical, hormonal, and brain 
mechanisms of trust (for a review on the biology of trust, 
see Riedl and Javor 2012). Most of these studies have 
used two-person exchange games, in particular the trust 
game, to reveal those insights. In this game trust is based 
on an individual’s inferences about the intentions of the 
other player to predict his or her trustworthiness (Berg et 
al. 1995). 
 

The ability to infer the internal states of other actors to 
predict their traits, intentions, and behavior is known as 
theory of mind, and the underlying inference process is 
commonly referred to as mentalizing (e.g., Amodio and 
Frith 2006). Hence, theory of mind and mentalizing are 
fundamental concepts in trust situations because the 
decision to trust involves thinking about an interaction 
partner’s traits, intentions, and behavior. In fact, 
neuroimaging studies based on the trust game found 
significant activation in the medial frontal cortex (for a 
review, see Riedl and Javor 2012). 
 
We studied individuals’ trust behavior and underlying 
brain mechanisms in a multi-round trust game setting. 
Participants played in the role of the investor against 
both humans and avatars. The findings reveal that a 
brain structure associated with theory of mind 
(mentalizing), the medial frontal cortex, was significantly 
more activated in the human versus avatar condition. 
Moreover, we found this enhanced mentalizing activity 
to be related to elevated abilities to discriminate between 
trustworthy and untrustworthy actors. However, we did 
not find a difference in participants’ trustworthiness 
learning rates. 
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A central goal of managing information systems is the 
assurance of the information’s security – its confidentiality, 
integrity, and accessibility – which comprises a plethora of 
activities to, among other things, implement and maintain 
technical, behavioral, and economic controls to prevent and 
deter threats arising from internal and external sources 
which may originate from human or nonhuman sources.  
Extensive research has pointed to the insider, typically the 
employee, as a primary source of threat to the information 
system’s security. Employee actions that threaten the 
security of organizational information resources may be 
accidental or they may be volitional but not malicious. 
(Willison & Warkentin, 2012). 

Straub (2009) called for more creative research approaches 
to understanding the cognitive and affective processes of 
both so-called “white hat” and “black hat” IS security policy 
violators. The focus of the present study is the “white hat” 
insider (employee, student, contractor, agent, customer) 
who is expected by the organization to comply with various 
IT security policies and procedures, including engaging in 
protective behaviors such as backing up important data, 
avoiding suspect emails and websites, scanning for 
malware, selecting strong passwords that cannot be easily 
guessed, maintaining up-to-date software (patch 
management), encrypting mobile data, and other activities. 
Insiders are typically influenced to engage in these activities 
by managers through the use of security education, training, 
and awareness (SETA) campaigns and by the use of 
persuasive communications, including fear appeals 
(Johnston & Warkentin, 2010). Fear appeals seek to 
increase the message recipient’s perceptions of a specific 
threat’s severity and one’s susceptibility or vulnerability to it 
(known as “threat appraisal”), while also seeking to boost 
the recipient’s efficacy levels by recommending a response 
(response efficacy) that is said to be easy to perform (self-
efficacy). The latter mediating process is termed “coping 
appraisal.” This complex cognitive and affective process, 
depicted in Figure 1, is the focus of our investigation. 

For fear appeals to be effective, the message must 
manipulate the neural regions responsible for cognitively 
processing perceptions of threat and efficacy. Threat 
appraisal is a cognitive assessment of vulnerability which 
may or may not be associated with the intense affective 
response to immediate danger (the “fight or flight” response 
that is activated by neural activity in the amygdala, and 
which is characterized by a massive release of adrenaline). 
Coping appraisal is a parallel cognitive mediating process in 
which the message recipient engages in an assessment of his 
or her own ability to cope with the threat (self-efficacy) and 
of the efficacy of the recommended response. The theory, 
supported by extensive research in several domains, 
suggests that in order for the message recipient to form the 
intention to engage in the recommended protective 
behavior(s), he or she must believe that “it is bad, it can 

happen to me, but this response works, and I can do it,” 
while also determining that the response costs do not 
impose a prohibitive constraint. We seek to establish the 
first efforts at understanding the neural activities associated 
with each of these cognitive mediating processes. 

 
FIG 1: PROTECTION MOTIVATION PROCESS 

(Adapted from Floyd, et al. 2000) 

In order to understand the proximal biological sources of 
these cognitive mediating processes in the context of 
individual assessment of IS security threats and the 
recommended responses, we adopt a functional magnetic 
resonance imaging (fMRI) design to isolate and assess the 
individual neural processes associated with exposure to the 
stimuli components of IS security fear appeals.  Subjects 
will be exposed to stimuli consisting of ten sets of five 
screens. After fixation is presented, a general IT statement 
is displayed (e.g. “Computer cases are sometimes made of 
plastic.”). Third is an IT threat (e.g. “USB drives have 
recently been stolen.”) and fourth is a recommended IT 
response (e.g. “Encrypting USB drives keep data safe”). On 
the fifth screen, subjects indicate their intention to engage 
in the response behavior. We then investigate whether there 
are neural correlates of IT threats and IT responses, as 
compared to the reaction to simply reading general IT 
statements (the baseline). Further, we investigate whether 
fear appeals really invoke fear in the sense of activating 
known fear areas of the brain such as the amygdala and 
hypothalamus, or whether the threat appraisal process 
activates other centers of activity. We expect this initial 
knowledge will enable deeper understanding of IT user 
decision making in the context of protection motivation. 
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This study presents a novel design theory for software 
interaction design, focused upon less-conscious human 
visual processes which have been identified in cognitive 
neuroscience. A meta-triangulation of existing human-
centred IS software design research reveals three 
dominant engineering approaches focusing upon highly-
conscious and individualistic model-based formulations 
of cognition. However, a sparsely populated and less 
acknowledged fourth category of design approach is also 
observed, which focuses on relatively homogenous less-
conscious processes. It is found that the lack of 
proportionate cognitive coverage in design research has 
resulted in designs that are acutely user-specific and 
incapable of accommodating diverse or unforeseen 
audiences, an inability reflected by growing concerns in 
the design community (Norman 2005). Thus, this study 
builds and evaluates a design theory exploiting some of 
the most relevant less-conscious cognitive processes 
involved in software interaction, i.e. those pertaining to 
the visual decomposition of an interface. This is done 
both to address the paucity of literature in the area 
directly, as well as to lay a path for future design research 
exploiting the types of less-conscious cognitive processes 
documented in cognitive neuroscience literature. 
 
The design process behind the development of such a 
theory presents a number of novel methodological 
challenges. To address such challenges, an innovative, 
rigorous and repeatable Design Science methodology is 
developed, based upon the assimilation of key IS design 
literature, in particular that of Hevner et al. (2004) and 
Walls et al. (1992). This methodology promotes the 
theoretical and technical validity of a design theory by 
evaluating the output of each stage of development 
against a series of requirements. The authors 
subsequently apply this Design Science methodology to 
develop the ‘Shape, COlour and Position for Effective 
Decomposition’ (or ‘SCOPED’) design practice theory, 
building upon existing literature surrounding the Guided 
Search model of visual search (Wolfe 2007) from 
cognitive neuroscience. This Guided Search model 
provides a neurologically grounded model of the process 
involved in early visual attention, beginning with the 
receipt of retinotopic representations of a visual scene 
and culminating in the recognition of visual objects and 
saccadic movements.  
 
Building upon this descriptive understanding of early 
vision, the SCOPED design practice theory provides a set 
of five concrete and complementary design principles, 
each of which allows users to more efficiently locate 

individual software interface items. These design 
principles state the conditions under which interface 
items should be relatively and absolutely positioned, as 
well as how distinct or shared colours and shapes should 
be allocated to items. The set of design principles is 
developed over several iterations of testing, whereby the 
utility of individual design principles is evaluated 
empirically using response times from a specifically 
designed quantitative laboratory experiment.  
 
Finally, the findings, contributions and implications of 
the research are discussed. This discussion focuses upon 
the utility of the design theory for industrial 
practitioners, the implications for software interface 
design research, the implications for Design Science 
research, as well as how this study impacts upon the 
emerging stream of NeuroIS research (Dimoka et al. 
2011).  
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Models are indispensable tools in IS design work. In 
addition to the IT-artefact itself, its organizational 
context needs to be modelled, since the artefact cannot 
be designed in isolation. Examples of such organizational 
models are business process models and Enterprise 
Architecture (EA) frameworks (Wikipedia, 2012).  
 
The importance of modelling has brought about an 
increasing interest in the quality of models (Recker, 
2007; Rittgen 2010), and several criteria have been 
suggested for evaluating model quality (Moody, 2005). 
However, the suggested criteria have been criticized as 
insufficient for capturing the social and purposeful-
oriented character of modelling, which in turn can be 
traced back to unclear epistemological foundations of 
modelling approaches (Recker, 2007).  
 
As a consequence, crucial modelling aspects may be 
overlooked.  For example, the complexity of existing EA 
frameworks makes it extremely hard for stakeholders to 
agree on models at the level of detail necessary for 
implementing the IS in the organization.  Consequently, 
virtually no practical results of IS design based on EA-
models are reported in the literature.  
 
Thus, if we wish to advance modelling practices beyond 
its current state of play, we need to reconsider the very 
foundation models are based on. Models should be 
useful and easy to grasp for the human mind. This 
instrumental character of models implies that model 
quality must be ultimately grounded in our innate 
predispositions for acting. I have proposed that such 
faculties can be comprehended as activity modalities: 
objectivation, contextualization, spatialization, 
temporalization, stabilization, and transition (Taxén, 
2009). The activity modalities can be seen as the brain’s 
way of integrating sensations arriving in various sensory 
modalities into a coordinated and purposeful action 
percept.  Differently put, the activity modalities provide 
an analytical instrument for investigating the entire link 
from neural and biological predispositions to purposeful 
acting in social contexts. 
 
For IS design, the perspective of activity modalities 
implies that models should be aligned with the 
modalities and their interdependencies for maximum 
efficiency. Thus, models should render at least the 
following dimensions: the object in focus, i.e. the IT 
artefact (objectivation), its context (contextualization), 
relevant information in that context (spatialization), 
actions towards the object (temporalization), rules for 
proper actions (stabilization), and the transition to other 
relevant contexts (transition). 

With the construct of activity modalities as a guiding 
framework, mainstream modelling approaches can be 
analysed. In particular, I focus on the Business Process 
Model Notation (BPMN, 2012) and the Zachman EA 
framework since these are dominating modelling 
practices today. The investigation shows that neither one 
is particularly well aligned with the activity modalities. 
For example, BPMN lacks modelling constructs for 
information modelling (spatialization) and modelling of 
business rules (stabilization).  
 
I also investigate an alternative set of models that appear 
to be better aligned with the activity modalities. 
Examples of such models are the system anatomy 
(Taxén, 2011), DEMO (Dietz, 2006), and Information 
Flow Diagrams (Taxén, 2009). Each one of these models 
displays certain qualities in line with the modalities.   
 
The conclusions of the investigation can be summarized 
as follows. Mainstream modelling practices are not 
grounded in human predispositions for action. As a 
consequence, these practices aggravate IS design work 
rather than facilitating it. If this trend is to be reversed, 
an alternative modelling foundation has to be developed, 
which is able to integrate all aspects of human action. 
The construct of activity modalities is an attempt to 
proceed in that direction.  
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The concept of Organizational Memory (OM) has been 

evolving for decades, drawing upon contributions from 
psychology, sociology, organizational behavior and 
information systems. This article presents a model of 

organizational memory based upon neuroscience and 
current understanding of human memory (Baddeley, 
1997). Human memory is used by analogy and as a 
metaphor for conceptualizing collective memory. This 

concept of collective memory, in conjunction with theory 
on how knowledge is captured and stored by 
organizations and social groups, comprises the 

organizational memory model—and its sensory, 
communicative, cultural, and political components.  
 

If the term memory is also used in an organizational 
context, then it should be possible to observe functions 
and dysfunctions similar to those that have been 

attributed to human memory, particularly with regard to 
the distributed capabilities of experience encoding and 
storage as well as recalling past experience. 
 

We begin with a review of the literature that highlights 
precepts and assumptions associated with the study of 
organizational memory, identifying those aspects that 

have been explored separately by researchers (Hirst and 

Manier, 2008; Rowlinson et al., 2010; Assmann and 
Czaplicka, 1995; Barnier et al., 2008; Hirst and Manier, 

2008; Ricoeur, 2004; Halbwachs, 1992). These studies 
show that many of the functions of the human memory, 
such as rapid recognition of external "objects," creation 
of coherent experiences and storage of autobiographical 

memories, have been identified in organizations. 
Similarly, disorders attributed to human memory, for 
example delusions, false memories and attention deficit, 

have also been associated with organizations (Girard, 
2005; Pollitt, 2000; Othman and Hashim, 2005; 
Wentworth, 2002). 

 
Recently, much has been said about collective 
intelligence and the tools to achieve this. However, there 

is no existing framework for understanding how people 
collectively and seamlessly, store, reason and apply 
knowledge to act more intelligently (Ackerman and 

Halversin, 2004; Lehner and Maier, 2000; Casey and 
Olivera, 2003; Nevo et al., 2008). Our OM model is 

intended as a starting point to define a framework that 
can support the development of information technology 

tools that can more effectively support organizational 

cognition. 

 
In this article, we explore the potential value for this 
holistic understanding of organizational memory to 
intervene in organizations more assertively in order to 
improve systems and the way knowledge is managed—
and how it is encoded, stored and retrieved. Suggested 
next steps for validation studies of the organizational 
memory model and its implications are offered.  
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In the highly competitive online gaming market, gaining 
user game engagement, i.e., the act of users being 
involved in playing with an online gaming application is a 
vital factor for success in attracting and retaining 
customer base. Bulk of the prior studies has 
predominantly applied self-report data to measure the 
user game engagement. In this study, we deployed 
pluralistic methods to refine the measurement of the 
game engagement, including self-report survey, 
electroencephalography (EEG) technique, and in-depth 
interviews. To contextualize into our gaming setting, we 
reviewed the extant game literature and proposed two 
cognitive-related game elements, namely the game 
complexity and the game familiarity, to manipulate and 
measure the user game engagement. 
 
The game complexity refers to the extent to which the 
human cognitive capacity should be allocated when 
playing game, while the game familiarity defines the 
context (i.e., setting) in which the game is played. This 
research is empirically tested through two consecutive 
studies. In the first study, we use the 
electroencephalography (EEG) technique and self-report 
survey to quantitatively probe the neural activities of user 
game engagement and cognitive performance with the 
manipulation of the two focal cognitive-related game 
elements. Parallel, neural activities data involving real 
consumers has also been collected and analyzed from 
both desktop and mobile device platforms. 
 
The findings are summarized in the following statements: 
1) the lower level of game complexity will result in lower 
cognitive working memory load and the higher level of 
game engagement; 2) the higher level of game familiarity 
will result in lower cognitive working memory load and 
higher level of game engagement. The results also 
indicate that the mobile device platform could exemplify 
the difference of game engagement between high game 
familiarity and low game familiarity being detected in the 
presence of high game complexity condition. We then 
conduct the in-depth interviews to triangulate the 
previous findings with semi-structure questionnaires. We 
argue that different types of cognitive-related game 
elements could have joint impact on user game 
engagement and working memory load. 
 
 
 
 
 

More specifically, the user game engagement and 
working memory load are negatively correlated. We 
conceive and demonstrate that the cognitive-related 
game element do invoke specific routes of neural 
activities to affect users’ working memory load. 
Furthermore, we find different levels of cognitive-related 
game elements combinations have dissimilar impact on 
the users’ working memory load. 
 
The findings from this research could inform research 
and practice in two key ways. First, this paper 
complements the extant studies on game engagement by 
theoretical conceptualize and empirically compare the 
engagement measure from multilateral perspectives. 
Second, with respect to the context of gaming, this paper 
theorizes and demonstrates how cognitive-related game 
elements can be operationally assessed to affect user 
gaming behavior. By doing so, this paper also shows the 
neurophysiological research method can complement the 
traditional self-report method and observe the 
unobtrusive cognitive activities. 
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Playing with highly activating computer games is a huge 
pastime for male students at the age of 15 to 19 years. 
Particularly shooter-games are very popular and 
favoured by these individuals. The consequences of such 
behaviour are discussed most contradictory within the 
scientific community. One group posits a causal negative 
impact on aggressiveness, the other group competes 
against that proposition (cf. e.g. Spitzer, 2007, Köhler, 
2005, Batinic/Appel, 2008). A broad consensus was only 
reached in one point: “playing regularly with violent 
games” and the “readiness to use violence” is correlated 
positively (cf. e.g Anderson/Dill, 2000; Anderson/ Bush-
man, 2001, Roberts/Wickenhäuser, 2010, Kindermann/ 
Auinger, 2010). The most salient question of the real 
cause of higher aggressiveness of shooter-game-players 
is still not finally answered. So it could be assumed that a 
predisposition to violence is the pre-condition for 
choosing such games. Referring to a preceding survey (cf. 
Kindermann/Auinger, 2010), a second issue arises: A 
correlation has been identified between “shooter game 
playing” and “school performance”– regardless of the 
duration of playing. Assuming that shooter-game-playing 
is highly activating and stressful – the player is 
permanently threatened – it is obvious that the cortisol-
level, one of the most important stress hormones, will 
increase. Even though the effect of an acute elevation of 
cortisol levels on memory is complex and not yet fully 
understood (Het et al. 2005), our hypothesis of a 
negative influence (Takahashi et al. 2004) could explain 
the lower school performance of shooter-game players 
versus non-players. As to these two aspects – the certain 
predisposition to violent computer games and the 
reduced school performance – we are going to conduct 
an experimental study in April 2012 to get valid clues to 
reveal the real causal relations.  
 
The scheduled survey is designed as a monocentric pilot-
study. Therefore we are going to recruit 90 male students 
between 15 to 19 years, who play shooter games every 
day for more than one hour. On the day of the 
experiment these 90 students will be randomly separated 
into three groups. After a controlled physiological 
memory-test (LGT-3-Test by Bäumler) each group has to 
do 3 different activities for one hour: (1) playing counter 
strike (2) doing sports like running or walking (3) 
drawing pictures. Subsequently to these activities the 
memory test is conducted again (only the test part). Our 
hypothesis is, that the CS group will show a significant 
lower performance in recalling the answers than the 
other two groups. During the experiment we will collect 
saliva samples at different points in time to see how the 3 
activities affect the individual basal cortisol level (cf. 

Figure 1). The increase of cortisol will then be compared 
to the results of the memory tests. 
 

Group 1 � playing CS

Group 3 � drawing

Group 2 �walking  

Cortisol level:
Baseline: C_11, C_12, C_13

Memory-Test:
Baseline: L_11, L_12, L_13

Cortisol level:
Learn-induced: C_21, C_22, C_23

Zeit
t1 t2 t3

30 students: group 1

30 students: group 3

30 students: group 2
90 Students:

„Emotional Leveling“

t0

Arrival

Learning phase Experimental phase

Retentiveness:
Gap: L_2i - L_3i

Memory-Test:
Longitudinal section : L_21, L_22, L_23

Delta_Cortisol level%:
(C_2i - C_1i)/C_1i

Cortisol level:
Activity-induced: C_31, C_32, C_33

 

Figure 1.  Experimental design 

 
Additionally to this briefly described experiment we will 
also use the saliva samples for genetic analyses in order 
to find polymorphisms linked to aggression and violence. 
Therefore we will analyse, if there are differences in the 
genotyp of shooter-game players vs. non-players. 
Preliminary results could be presented at the NeuroIS 
2012 in Gmunden. In case of confirmation our 
hypotheses coherences to the techno-stress study might 
become evident (cf. Riedl et al., 2012).  

Our study has been approved is approved by the ethical 
committee of Upper Austria. 
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Lean asynchronous media such as email have long been 
considered poor for tasks that involve communicating 
emotion (Kruger et al. 2005), yet research examining 
emotion during actual technology usage is limited. We 
draw upon Neuro-IS methodologies (Dimoka et al. 
forthcoming) to examine how the use of two different 
asynchronous communication media—email and 
voicemail—lead to different emotional responses and 
different message positivity and negativity when used to 
perform different tasks. 
 
Individuals use a variety of lean media to conduct 
business and personal—even romantic—communication 
(Johnson et al. 2008). Research has suggested that 
emotional messages received through lean media may be 
subtly distorted (Byron 2008) and that people prefer 
leaner media when communicating negative news 
(Sussman and Sproull 1999), yet we do not understand 
how the use of different media affects the emotion of the 
sender while composing messages. 
 
We chose to examine two very dissimilar types of tasks—
romantic and utilitarian—to investigate the influence of 
media on emotional arousal, emotional valence, message 
positivity, and message negativity in contexts where lean 
media may or may not be well suited.  Understanding the 
interaction of task and technology has been an important 
theoretical issue for several years and is crucial to 
explaining communication outcomes such as these 
(Goodhue and Thompson 1995; Dennis, et al. 2001).  
 
We used a lab experiment with 72 participants to 
investigate the influence of media and task on both the 
psychophysiological responses of the sender (using facial 
electromyography (corrugator) and skin conductance) 
and the positivity and negativity of the resulting 
messages (using content analysis). Subjects composed 
both utilitarian and romantic email and voicemail 
messages so that we could understand what senders feel 
and what they say when using the different media. 
 
Our results show that the use of different media had an 
important influence on the physiological response of the 
sender and the content of the message composed. When 
participants sent email messages, they experienced more 
negative physiological responses (corrugator) than when 
they sent voicemail messages (see Table 1). They also 
experienced more arousing physiological responses (skin 
conductance) when sending email messages than when 
sending voicemail messages. Task differences led to 
differences in the content of messages; romantic tasks 
led to messages that were both more positive and more 

negative than utilitarian tasks. There was an interaction 
between media and task such that the use of email led to 
more positive messages than voicemail for romantic 
tasks and less positive for utilitarian tasks.  
 
Email has long been considered a lean medium, yet our 
results show that its use triggered stronger, more 
negative, physiological responses than voicemail and led 
to more emotional romantic message content. More 
research is needed on the emotions triggered by different 
media, especially that using Neuro-IS methods. 
 

Table 1. Results 

Media Task 
Media x 
Task 

F 
(p-value) 

F 
(p-value) 

F 
(p-value) 

Corrugator 
3.992 
(0.05*) 

0.158 
(0.693) 

0.512 
(0.477) 

Skin 
Conductance 

40.438 
(<.001**) 

0.005 
(0.946) 

2.647 
(0.109) 

Positivity of 
Message 

9.566 
(0.003**) 

18.301 
(<.001**) 

91.671 
(<.001**) 

Negativity of 
Message 

0.05 
(0.824) 

16.593 
(<.001**) 

0.042 
(0.838) 

* p < 0.05; ** p < 0.01 
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The study of cognitive processes underlying how Internet 
users form impressions, such as usefulness and hedonic 
attractiveness, of briefly viewed website is important to 
understand as this information may inform ways to 
improve the impact of website design. To capture the 
transient processes in website impression formation, we 
applied dense-array (128 and 256 channels) 
electroencephalography (EEG) to conduct an experiment 
in two cultural groups (n=23 in USA vs. n=19 in Taiwan). 
Dense-array EEG technology has excellent temporal 
resolution (compared with fMRI) and is more powerful 
for the capture of transient EEG patterns than traditional 
low-channel count EEG systems. Furthermore, 
dense-array EEG allows researchers to conduct source 
localization to explore the brain sources of the EEG 
patterns. Based on IS studies of website evaluations and 
social psychology studies on impression formation, we 
developed an experiment to investigate the semantic and 
emotional component of the impression formation 
process. Subjects in USA and Taiwan made usefulness 
and hedonic evaluations of 160 website logos (presented 
at 1200 ms) indigenous to their cultural groups. Current 
analysis focuses on two EEG patterns that are related to 
semantic processing (N400) and emotional processing 
(P300). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The current analysis appears to indicate that in the USA 
group, participants employ both semantic and emotional 
components during hedonic evaluations, and only the 
semantic component for usefulness evaluation. However, 
in the Taiwanese group, participants adopted only the 
emotional component for hedonic evaluation, and the 
semantic component for usefulness evaluation. The 
finding suggests that semantic and emotional 
components are differentially used by the two groups to 
form website impressions and the implication to IS 
studies are discussed. In addition, the study 
demonstrates the ability of EEG to explore transient 
cognitive processes that cannot be shown in behavior 
responses. Source localization was also conducted to 
explore the brain areas responsible for these EEG 
patterns. 
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The quantity of available information in online media 
has been growing exponentially during the last decade. 
As a consequence, the Internet is constantly replacing 

traditional offline media and catalyzes the development 
of new behavioral strategies for coping with the large 
amount of information provided to information seekers 
in the context of organizational decision-making and 

sense-making tasks (Kim, 2009). However, not only the 
pure amount of information available via online media is 
rising, but also the variety of sources which are used to 

distribute this information to its requesters – such as e-
commerce websites, microblogging, social networking or 
company websites – is increasing continuously. Over the 

last 15 years, there has been a constant transformation 
process from static web pages to highly interactive ones, 
setting a focus on content created and rated by its users. 

Therefore, issues with respect to information quality are 
another important dimension influencing online 
information seeking activities: Information, visibly 
created and rated by a heterogeneous group of people 

seems to be highly appreciated by today’s Internet users, 
although it is often hard to judge the objective quality of 
the information delivered to the seeker (Bawden and 

Robinson, 2009). 
 
Hence, it is the goal of this study to explain why and 
when human information seekers stop seeking for 
information when solving corporate tasks. This 
termination – either purposive or unconscious – is 
mandatory as the amount of information available to the 
users in online settings commonly significantly exceeds 
the information processing capacity of the corresponding 
human beings (Browne and Pitts, 2004, Browne et al., 
2007, Prabha et al., 2007). Terminating seeking activities 
too early or too late, however, might lead to a sub-
optimal overall performance of the information seeker. 
While extant literature on information seeking stopping 
behavior focuses primarily on purely rational processes, 
the research at hand also sheds light on the importance 
of impulsive mechanisms affecting the termination of 
seeking activities. It is assumed, that the presence of 
social cues in the source information will activate 
heuristics in the information seekers mind which bias his 
or her behaviors and may finally lead to premature 
stopping. 
 
For answering the aforementioned research question, a 
research model has been created based on dual 
processing theories and its derivates (Strack and 
Deutsch, 2004). These theories differentiate between 

implicit, automatic and explicit, rational activities of 
information acquisition. While in the former mode, 
problems are solved holistically and strongly based on 
heuristics, in the latter, the person has to invest a 
significant amount of cognitive effort to scrutinize all 

issue-relevant information cues. Information high in 
social richness is likely to convey cues which go “beyond 

objectively correct information” (p. 439) and activate a 
holistic approach for making sense of the acquired 
information without a thorough argument scrutiny (Petty 
and Cacioppo, 1986). 
 
Since it is difficult for subjects to verbalize if they 
followed a strongly heuristic or purely systematic 
approach of acquiring information and terminating the 
seeking process, it is essential to collect 
neurophysiological data beyond traditional ways of data 
collection. Thus, data on the subjects’ heart rate 
variability and brain activity (EEG) are included into the 
analysis of the results of a web-based laboratory 
experiment on information-seeking stopping behavior in 
addition to traditional questionnaires and interviews. 
Only by getting real-time data on the subjects’ 
physiological responses, it is possible to explain and 
predict the subjects’ behavior while at the same time 
reducing the risk of potential biases (social desirability, 
post-experiment questionnaires etc.). Finally, the 
subjects’ physiological reactions might also deliver 
insights into subconscious processes, which remain 
undetected when using traditional data collection 
approaches exclusively. 
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Shank and Abelson (1977) define a cognitive script as a 

“predetermined, stereotyped sequence of actions that 
define a well-known situation.” For instance, a consumer 
going to a fast-food restaurant may activate his or her 

“fast-food restaurant” script which consists of a series of 
steps such as placing the order, waiting, receiving the 
order, eating, paying, etc. The main function of a script is 
to facilitate cognitive processing (Smith and Houston 

1985). Basically, it allows people to understand and 
behave appropriately in a particular situation (Abelson 
1981).  

 
Although consumer researchers have used script theory 
to investigate consumer behaviors in offline settings, to 

the best of our knowledge, no research has yet 
investigated how consumers form and activate scripts in 
online settings. From a theoretical viewpoint, 

investigating online scripts is important because online 
interactions usually do not involve employees. Hence, 
instead of a human-human relationship, interactions are 
computer-mediated online, thereby possibly influencing 

scripts. Hence, a significant contribution of this research 
program is to validate whether consumers use scripts 
when using self-service technologies. From a managerial 

viewpoint, investigating online scripts is also important. 
A better understanding of how consumers form and 
activate scripts when visiting a website could help 

managers propose more satisfying online experiences. 
Also, it can contribute to better locking-in consumers 
with navigation designs that can be learned rapidly, and 

this, in turn, may positively affect purchases (Johnson 
and Bellman 2004). 
 
The proposed research program has three main 

objectives: 1) verify and validate that consumers activate 
cognitive scripts when shopping online; 2) understand 
how cognitive scripts are formed by consumers over 

multiple shopping trips; and 3) investigate how 
consumers activating different cognitive scripts respond 
when facing a novel shopping environment (e.g., a new 

store). 
 
Recent advances in neuroscience suggest that the human 
brain is proactive (Bar 2009), “it is continuously 

generating predictions that approximate the relevant 
future based on memories of past experiences and 
associative activation” (Bar and Neta 2008, p. 328). 

 

Hence, Bar (2009) suggests that the human brain can 

been seen as working under the following universal 

principle: analogy → associations → predictions. When 

encountering a situation, the brain tries to match the 
input information (e.g., Burger King) with a similar 

representation existing in memory. By activating a 
certain analogy, information that is associated with this 
analogy in memory is triggered, generating a prediction 

of what to expect next (Bar 2009, Bar and Neta 2008). 
Hence, Bar (2009, p. 1239) suggests that cognitive 
scripts could be at the basis of human brain activity and 

consequently human behaviors: “Information encoded in 
our memory guides and sometimes dictates our future 
behavior. One can look at our experience as stored in 

memory as scripts”. 
 
The objective of the pilot study is to validate that 
consumers do activate cognitive scripts while shopping 

online. To this end, we conduct a lab experiment. The 
following neurophysiological tools are used to collect the 
data: 1) EEG (Electroencephalography), 2) GSR 

(Galvanic Skin Response) and EKG (Heart rate), and 3) 
video capture to collect information about which 
webpages and page sections where processed during the 

experimental task. The lab experiment is conducted in 
HEC Montreal’s Tech3Lab. Results of this pilot study will 
be presented at the conference. 
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A healthy working relationship between IS analysts who 
develop an organization’s information systems and the 
users of these systems is an essential ingredient for 
system success. Further, a key factor that can influence 
this relationship is how analysts communicate with 
users. Yet, how analysts communicate is being changed 
by the increasing prevalence of communication 
technologies such as mobile email- and text-enabled 
devices. One work practice which has emerged is 
multicommunicating (MC), or being engaged in multiple 
overlapping conversations at the same time (Reinsch et 
al. 2008), such as text messaging while in a face-to-face 
meeting, emailing while on the telephone, or engaging in 
multiple instant messaging conversations. These 
emerging practices are often undertaken to increase 
productivity or availability, but can also have unintended 
consequences such as increased perceptions of incivility. 
While an analyst may pull out a mobile device and 
respond to text messages during a meeting with a user in 
order to enhance their own productivity and be more 
available to those needing to get in touch with them, this 
behavior may negatively impact the user-analyst 
relationship. The present studies examine the extent to 
which analyst MC behaviors during meetings with users 
influence users’ perceptions of analyst incivility. 
 
Study 1: Using a 2X2 factorial experiment with video 
vignettes depicting meetings between an analyst and a 
user, survey data was collected from 80 participants. The 
results indicate that when the analyst engaged in MC, the 
study participants perceived significantly higher levels of 
analyst incivility (ANOVA: F = 14.5, p < .001).  
 
Study 2: We hypothesize that attribution theory can be 
used to explain this result. Whether or not IS analyst MC 
increases perceptions of incivility depends on the various 
attributions that the user makes about the IS analyst’s 
behavior. If the user attributes the behavior to external 
or situational factors – such as the IS analyst’s 
demanding job – perceptions of incivility should not 
arise. If the user attributes the behavior to internal or 
dispositional factors they will believe that the behavior is 
a sign of the IS analyst’s personality and judge that the 
IS analyst is a rude person. Thus, dispositional 
attributions made by the user should be associated with 
increased perceptions of analyst incivility and situational 
attributions should be associated with no increase.  
 
Social cognitive neuroscience suggests that making 
attributions about others’ behavior involves two systems: 
the x-system responsible for automatic processing and 
the c-system responsible for controlled processing 
(Lieberman et al. 2002). When making an attribution, 

“people assume that an actor’s behavior corresponds to 
his or her disposition unless it can be accounted for by 
some aspect of the situational context” (Lieberman et al. 
2002, p. 200). Thus, dispositional attributions are often 
associated with the automatic processes of the X-system. 
On the other hand, the C-system “is typically invoked 
when the X-system encounters problems it cannot solve” 
(p. 219, Lieberman et al. 2002) and thus will be activated 
for situational attributions because more careful thought 
and reasoning are needed. Recent research has 
supported this distinction: internal attributions involve 
activations along the right temporoparietal junction 
(TPJ) and external attributions involve activations in a 
left lateralized parietofrontal network (Seidel et al. 
2010). We thus hypothesize that dispositional/internal 
attributions – as indicated by activity in the X-system – 
will be associated with increased perceptions of incivility 
while situational/external attributions – as indicated by 
activity in the C-system – will not. This hypothesis can 
provide an interesting approach to testing whether 
attribution theory provides a plausible explanation of the 
MC-incivility link.  
 
An fMRI study is proposed to test our hypotheses. 
Functional magnetic resonance imaging examines neural 
activity by measuring blood oxygen levels (Riedl et al. 
2010) and has been used to study attributions (Seidel et 
al. 2010). During an fMRI session, study participants 
will watch one of two video vignettes from Study 1 (MC 
vs. MC with compensating situational factors such as 
high status of the analyst). Following the fMRI session, 
participants will complete survey questions related to the 
analyst’s level of incivility. Survey responses will be 
compared to the fMRI results (X- versus C-system 
activation in the seconds following each MC occurence) 
to see if dispositional versus situational attributions are 
indeed the theoretical explanation behind differences in 
perceived incivility found in Study 1. 
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Our research questions are motivated by problems 
involved in interactive information retrieval. Current 
research tackles two fundamental problems i) measuring 
cognitive demands imposed on users engaged in 
information search, and ii) detecting relevance decisions. 
We employ three types of techniques: eye-tracking, 
functional magnetic resonance imaging (fMRI), electro-
encephalography (EEG). Our work thus far has focused 
mainly on measuring cognitive effort using traditional 
methods from experimental psychology (e.g., dual-task: 
Gwizdka, 2010) and eye-tracking (Cole et al. 2011; 2010). 

In the present projects we investigate the possibility of 
detecting relevance decisions. Information relevance 
judgment has been conceptualized mostly as an atomic 
judgment about the relation of an information object to a 
user's current information need. We hypothesize that 
there are fundamental neural processes associated 
relevance decisions and we propose that these processes 
can be detected by EEG or fMRI. Relevance decisions are 
important events during interaction with a search 
system. They can indicate user’s interest, user’s progress 
in a task, and reflect the search system's effectiveness. In 
experiments relevance is often measured in terms of 
cognitively-mediated explicit actions, such as saving a 
document, or through self-assessments of content 
relevance. Direct and non-intrusive detection of 
relevance decisions would provide an objective and 
deeper means to capture this important aspect of the 
user’s mental state while in the 'flow' of search and so 
enable study of search behaviour in natural settings. 

Cortical correlates of relevance decisions have received 
some attention. For example, Wakusawa et al. (2009) 
conducted an fMRI study comparing behaviours and 
objects that are relevant or irrelevant to a situation. 
Brain response regions were found to differ for 
behavioural and for object irrelevance, while relevant 
behaviours and objects activated the same regions. It is 
not clear if judgments of objects and behaviours are 
related to judgment of information relevance, but this 
work shows there is specific brain activation for both 
relevant and irrelevant judgments and so it is plausible 
that the brain activity in information relevance 
judgments is measurable. This hypothesis received 
partial support from EEG study conducted by Behneman 
et al. (2009), who showed that changes in the EEG (theta 
and alpha bands) can be used to distinguish relevant and 
irrelevant sentences to a given information need. 

We explore the hypothesis that the brain activity in 
information relevance judgments is measurable and we 
are presently conducting experiments in two settings: 

EEG+eye-tracking and fMRI+eye-tracking. The 
experiments have the same design (Figure 1). Each 
subject performs two types of tasks: 1) word search, and 
2) information search. The 1st task involves locating a 
given word in a short text displayed on screen and is 
expected to require low-level orthographic processing. 
The 2nd task involves finding relevant factual 
information in news stories and is expected to require 
high-level lexical/semantic processing. We hypothesize 
that the two tasks involve activity in different brain 
regions. To ensure that the subjects actually make 
relevance judgments, each information search task 
contains an additional review phase (Figure 1). Each 
session includes 30 pseudo-randomized trials of each 
task type, as well as a few training trials. 
 

 
Figure 1.  Experimental Design 

We believe that establishing fundamental distinctions in 
brain activity related to information search should lead 
to a better understanding of the search process and, as a 
consequence, to the design of better search engines.  
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How do images affect the on-line search process? 
Information foraging theory states that individuals rely on 
informational cues presented to estimate the relevance of 
information sources and adapt their search behaviour by 
focusing on sources perceived to be more relevant 
(information scent - Pirolli and Card 1999). We research the 
interaction of images relative to key words, rank order and 
text in search engine result pages culminating in a selection.  
 
An image of a product provides information to consumers 
when they relate expected product attributes to the image 
(Scott and Vargas 2007). When an information source is 
perceived to be relevant based on the cues associated with it, 
according to spreading activation theories of human 
memory (Anderson 1993), an activation mechanism occurs 
which spreads from one cognitive structure to another 
linked structure.  
 
Consumers typically use keywords related to product 
attributes to initiate their online search. Cognitive activation 
occurs when the consumer finds an image that matches the 
search key word (Scott and Vargas 2007). A high level of 
match between an image and a keyword is more likely to 
lead to activation, leading to greater amount of cognitive 
processing. Hence, we hypothesize a positive relationship 
between image keyword match and cognitive processing of 
an image (H1). The activation caused by the image-keyword 
match may provide enough confirmation that the product 
associated is worth further evaluation and the link to the 
product detail page needs to be selected to collect additional 
information (H3).  
 
Rank order of search results is perceived indicative of 
relevance (e.g. Joachims et al. 2005) with the first results 
receiving more attention. When an image with a high level 
of match to a keyword appears on the top of the results 
page, it is more likely to be noticed and processed. When 
this image appears lower, it is less noticed and cognitively 
processed. We posit that rank order moderates the 
relationship between image keyword match and cognitive 
processing of the image (H2). 
 
However, when activation from one cue (i.e. image-keyword 
match) is not strong enough to make the individual believe 
s/he should directly go to the product detail page, s/he may 
rely on a secondary cue (i.e. textual summary of the product 
listed in the search result). And the summation of 
activations from both image-keyword match and textual 
summary needs to be strong enough to trigger a link 
selection action (Pirolli and Card 1999). We hypothesize 
that cognitive processing of the image is more likely to lead 
to cognitive processing of the textual summary (H4). In 
addition, more cognitive evaluation of the textual summary 
is more likely to lead to product link selection (H5). 
 

 

Figure 1.  Research Model 

 
The experiment adopts a two (low vs. high image keyword 
match) by two (low vs. high rank order) within subject 
design. A mock online bookstore is used where subjects 
search using four keywords across multiple topics. Based on 
the search result, they select a book for further evaluation 
on the book detail page. We collect subjects’ responses on 
product link selection and physiological data (e.g., eye 
movements, pupil dilation (PD), Galvanic Skin Resistance 
(GSR), and heart rate (HR)) to capture real time cognitive 
information that is more reliable than self-report subject 
response and poses little interruption to the subject’s search 
effort. Post-experiment surveys and interviews will be 
conducted to further validate the findings. Our results will 
be presented at the 2012 Gmunden Retreat on NeuroIS. 
 

Construct Operationalization 

Product Link Selection: Act of selecting a link to evaluate a product. 

Image-Keyword Match: Judges to evaluate images relative to keywords. 

Cognitive Evaluation of 
Image: 

Eye tracking associated with image – Gaze 
duration/ pupil dilation - GSR with Heart Rate  

Cognitive Evaluation of 
Text 

Eye tracking data associated with text – Gaze 
duration/ pupil dilation - GSR with Heart Rate 

Rank Order: Experimental website with predetermined rank 
order listing of search results for selection 

Controls: Image Characteristics: High Contrast, Simple 
Composition Consistent SERP presentation 
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Although fMRI contrast analyses can measure task-
related neuronal activity, the measure does not account 
for individual variability in brain response to a task. 
Here, I will present the regression analysis from an 
experiment (Macedonia et al. 2010) we conducted in 
order to investigate areas of the brain whose activity was 
parametrically related with increasing levels of memory 
performance. 
 
First, we acquired behavioral data on memory 
performance. In a within-subjects paradigm, 
participants learned 92 vocabulary items under two 
conditions: one condition paired novel words with iconic 
gestures and the other with meaningless gestures. 
Memory performance was assessed through single word 
translation tests. High performers consistently learned 
more items than low performers, regardless of the 
training condition, the time, and the difficulty of the 
task. 
 
Thereafter, we acquired fMRI data. In the main contrast, 
i.e., words learned with iconic gestures versus words 
learned with meaningless gestures, we found that words 
learned with iconic gestures elicited greater signal 
intensity, bilaterally in the dorsal medial premotor 
cortex, during recognition/retrieval. These activations in 
the premotor cortices suggest motor simulation 
processes are occurring upon word presentation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Brain activity in the main contrast was then 
parametrically related to the behavioral data. As a 
regressor (Neumann and Lohmann 2003), we used the 
behavioral data related to performance of the single 
subjects. We expected the results to parametrically 
mirror the brain patterns present in the main contrast: 
Because all words were encoded through motor activity, 
it would not have been surprising if the increase in 
subjects’ performance correlated with an increase in 
activity in the premotor cortex. However, this was not 
the case. High performance correlated with activity in 
the left angular gyrus (Brodmann Area 39) and in the 
right extrastriate cortex (Brodmann Area 19). These 
cortical areas mediate integration of information across 
different modalities, as well as memory processes. Thus, 
high performance in vocabulary learning seems to 
depend on an individual’s capacity to integrate and 
associate a word’s semantics with sensorial stimuli. 
 
In sum, this experiment shows that regression analyses 
can account for individual variability in brain responses 
to a particular task. Therefore, regression analyses can 
represent an excellent tool to investigate topics in 
NeuroIS where the connection between brain response 
and behaviour is crucial. 
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Information Systems (IS) community is increasingly 
interested in employing neuroscience tools and methods 
in order to develop new theories concerning Human- 
Computer Interaction (HCI) and further understand IS 
acceptance models. The new field of NeuroIS has been 
introduced to address these issues thoroughly (Riedl et 
al., 2010). NeuroIS researchers have proposed 
encephalograph (EEG), among other neuroscience 
instruments, as a valuable usability metric, when used 
effectively in appropriately designed experiments (Riedl 
et al., 2010). Moreover, numerous researchers have 
shown that relatively greater left EEG frontal activity is 
associated with positive affect and approach related 
motivation, and that relatively greater right EEG frontal 
activity is associated with negative affect and 
withdrawal-related motivation. Based on the 
aforementioned evidence, this study aims to integrate 
frontal asymmetry with Technology Acceptance Μodel 
(TAM) (Davis, 1989). Particularly, we assumed that 
frontal asymmetry might predict users’ perceptions 
regarding Usefulness and Ease of Use in context of 
Computer Based Assessment (CBA). Furthermore, we 
hypothesized that frontal asymmetry might also define 
users’ Perceived Playfulness. Importantly, gender 
specific differentiations were also examined as part of the 
research methodology. This research in progress aims to 
contribute to the investigation regarding the correlation 
among IS acceptance constructs and brain activity (e.g. 
Dimoka and Davis, 2008).  

We used Perceived Usefulness, Perceived Ease of Use 
and Perceived Playfulness, since Computer Based 
Assessment Acceptance Model (CBAAM) highlighted 
them as the most important determinants of students’ 
behavioral intention to use a CBA (Terzis & Economides, 
2011). 

EEG frontal Asymmetry is actually the difference 
between left frontal vs. right frontal activation. Previous 
studies indicated that the difference of alpha frequency 
in frontal cortex is associated with individual’s positive 
vs. negative perceptions regarding the stimuli (Davidson, 
Taylor, and Saron, 1979). Particularly, greater scores 
indicate greater left frontal activity (1). For example, a 
value of 0.3 is actually a strong 30% right side 
asymmetry and therefore considerable left side 
activation.  

LeftRight

LeftRight

+
−

(1) 

Students’ experience during CBA could provoke positive 
or negative perceptions. These perceptions are 

formulated by the system’s ease of use, usefulness and 
playfulness. Therefore, we would expect that students, 
who had a higher sense of usefulness, ease of use and 
playfulness during their interaction with the system 
would also have greater left frontal activation. Thus, we 
supposed that higher left vs. right frontal activation 
would be positively related with students’ perceptions 
regarding usefulness, ease of use and playfulness while 
answering the questionnaire after the end of the CBA. 
Therefore, we hypothesized that (Figure1):  

The experiment consisted of eighty two (43 males and 39 
females) undergraduate students that used a Computer-
Based Assessment (while being connected to the EEG) in 
the context of an introductory informatics course. 
Results confirmed our hypothesis as well as points of 
theory about gender differences concerning Information 
Technology (IT) acceptance variables. This is the first 
study to suggest that frontal asymmetry could serve as a 
valuable tool for examining IT acceptance constructs and 
better understanding HCI. 
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Figure 1.  Research Model 
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Given the importance and criticality of instrument 
validation in IS research, the main objective of this 
study is to provide a systematic assessment of IS 
construct validity via a multitrait multimethod 
(MTMM). To do so, the paper uses structurally 
different methods – neurophysiological and self-
reported scales - to measure three commonly used IS 
constructs: engagement, arousal and cognitive load in 
two different experimental settings. The experiments 
involved seventeen (17) and twenty four (24) 
participants respectively and consisted in using 
different IS to execute a set of both instrumental and 
hedonic tasks. The neurophysiological measures were 
taken while participants performed their tasks, while 
the psychometric measures were taken immediately 
after the tasks were completed. The study’s results 
generally support MTMM expectations and shed light 
on the complexity of detecting the nature of mono-
method bias. More specifically, the study’s results 
show that primitive perceptual IS constructs such as 
arousal seem to be less affected by mono-method bias, 
whereas more complex perceptual constructs such as 
engagement or cognitive load have higher within 
method correlations. There are two alternative 
explanations for the within method correlations: a) a 
method bias, or b) a combination between trait and 
method.  
 
Finally, the study’s results prompt a series of 

potentially important questions for our field and for 

the scientific research process in general: What are the 

implications if no correlation is found between 

neurophysiological and self-reported measures? Are 

actual methods for detecting and/or controlling for 

mono-method bias reliable? Are we under or over 

estimating the impact of mono-method bias on 

research results? 
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Experience driven behaviors depend on the spatio-
temporal variation in the activity pattern of cortical 
neurons in the brain. This variation builds on those 
cellular properties that specify single nerve cells within 
the enormous complexity of their connections, their 
synaptic plasticities (i.e. experience dependent changes 
of synaptic contacts) and the electro-chemical signal 
variability behind these connections.  In this paper we 
apply some of the most recent findings in synaptic 
functionality to various relational aspects behind social 
network theories (Barnes, 1954). We raise one 
particularly challenging question that accompanies the 
recent progress in the understanding of cognitive 
modeling: how can the emerging models of a functional 
cortical architecture be mapped into ‘social space’?  Can 
the lectures learned from structure -function relations in 
the brain contribute to organizational theories in 
particular to the interpretation of e.g. communication 
structures in self-organizing, emergent and complex 
social networks? 
 
We start by assessing evidence from cognitive 
neurobiology that provides strong indications for a 
possible mapping of neuronal properties to social 
network structures.  For example, there is evidence that 
ranking and hierarchical orders within social 
communities are associated with synaptic strength in late 
stage processing areas of prefrontal cortices in animal 
models (Wang et al., 2011). This sheds light on the 
possibility to relate the cognitive infrastructure of the 
brain to the relational strength and topology of social ties 
between individual agents, companies or artificial 
processing units possibly in accordance with Actor 
Network Analysis (Latour, 2005), which by itself cannot 
explain why a certain network emerged. In particular, we 
investigate connectoms, sub-sets of hierarchically 
organized synaptic connectivity patterns, from diverse 
brain models. We show that particular non-random, 
skeleton features (Song, Sjöström, Reigl, Nelson, & 
Chklovskii, 2005) behind these connectoms may serve as 
the determinants for the importance of perceptual 
information in the brain. Connectoms are characterized 
by the product space of pairwise synaptic connections.  
By analyzing synaptic ‘strings’ extracted from these 
relations we can test and compare models of perception 
and cognition with available social networks, e.g. from 
affiliation networks on the web or in organizations. We 
demonstrate an important aspect organized along the 
hierarchy of synaptic strings, the gradually changing 
level of abstraction in the coding of perceptual 
information. This ‘bottom-up’ maturation of perceptual 

contents can be mapped into a network description of 
economically defined communities. 
 
We argue that the found resonation between neuronal 
principles underlying cognition with social structures 
and networks can help to disclose a number of frequently 
hidden aspects of traditional social network models. For 
example, the combination of ascending and recurrent 
processes along synaptic strings characterizes the nature 
of information held by individual actors as the residual 
discrepancy between lower and higher level codes (the 
‘predictive coding hypothesis’ (Rao & Ballard, 1999)).  
Further, the ‘cognitive network’ builds on properties that 
go beyond simple ‘reward’ and ‘punishment’ learning. 
The emerging functional skeleton combines layers at 
different levels of organization and evolutionary 
progression. It combines affective processes with 
associative learning processes as discussed previously 
(Bernroider & Panksepp, 2011), pointing into reward 
independent principles operative at the social level.  
Finally, we propose that functional neural connectomics 
can possibly help to reconcile the differences between 
relational and individual properties in social network 
concepts. The understanding of such social network 
characteristics has a number of important practical 
implications. For example, this would allow 
organizations to design social engineering mechanisms 
in the context of IT changes more effectively in 
accordance with the afore-mentioned properties of social 
networks for improved organizational learning and 
business/IT alignment. 
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