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Abstract
The modern-day consumer is exposed to an almost infinite amount of information every day. The
rise of the internet and the introduction of digital shopping opportunities have boosted this
development even more. This progression makes it more and more difficult for marketers and
business decision makers to create an e-commerce environment, which enables their own products
to stand out and get recognized by the consumer. In our world of nearly endless choice options, it is
crucial to capture the attention of human individuals in order to make them aware of specific
products and eventually stimulate a potential purchase decision. Various researchers conducted
studies assessing the possibilities to capture human visual attention and influence the decisionmaking process. However, most of the existing literature only considers that topic in an offline
context. So far, only an insufficient amount of literature dives into that topic from an online point of
view.
This thesis deploys concepts and models from the research fields of neuroscience as well as
psychology and combines them with modern technologies of the emerging area of neuromarketing.
By setting up a quantitative eye-tracking study in a laboratory environment, we assessed the
influence of manipulations of different visual design features on human visual attention in an online
shop environment.
The experimental results display an influence of various manipulated website design
elements on the initial and the further visual attention of human individuals. The affixation of a
promotional element to a product picture decreases the time to first fixation and increases the total
fixation duration towards that product and, therefore, captures the initial and prolongs the further
visual attention. Similar observations could get made for a surface size increase of a price element
which resulted in a decrease of time to first fixation towards that element and an increase in total
fixation duration. Therefore, individuals looked faster and longer on those two elements if they got
manipulated. A manipulation of colour contrast between the product colour and the web shop
background colour has no significant effect on initial and further human visual attention.
Additionally, the experiment showcased a clear tendency that the product picture captures the initial
attention of the individual, whilst the product description receives a higher amount of further
attention in a web shop environment. The findings provide guidelines for marketers, web shop
designers and business decision makers to optimize the design of their online shops in order to
maximise consumers’ visual attention.
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The Introduction
The amount of information a modern-day consumer is exposed to is almost infinite. Especially the
rise of the internet and the inexorable digital change fundamentally alters the purchase behaviour of
human individuals. According to the statistics portal Statista (2019), the global e-commerce retail
sales nearly tripled over the last five years up to 3.45 trillion US-dollars and are predicted to hit the
5 trillion US-dollars barrier in two years. The share of e-commerce sales as a percentage of total
retail sales worldwide constantly increased between 2015 and today from 7.4% to 13.7%. This
upwards trend is expected to continue in the next years with an expected share of e-commerce retail
sales of 17.5% in 2021 (Statista, 2019). Those numbers underline the economic importance of ecommerce platforms in today’s business environment. Therefore, the question arises how marketers
and business decision makers can optimize their e-commerce platforms in order to increase sales
and as a result the profitability of their businesses. Especially in a world where the consumer is
exposed to myriad choice options and a sheer endless offer of various products, a crucial
prerequisite for profitability is the capture of consumers’ visual attention in order to make them
aware of the own products and eventually stimulate the purchase. This can be a challenging task
due to constant information overload and fast content consumption especially in today’s online
world.
Due to the increasing importance of the attention capturing challenge, various researchers
conducted studies concerning the influence of several design elements on human visual attention in
order to get insights in the purchasing behaviour of the consumer online. Abrams and Christ (2003)
highlighted how the onset of motion captures the attention in a bottom-up, stimulus driven manner
and Wang, Yang, Liu, Cao and Ma (2004) illustrated how the website design complexity level
influences the attention and behaviour of individuals. Nielsen (2006) studied the way people look at
a text-based website and showcased an ‘F-shaped attentional pattern’. Another factor that has quite
an impact on the visual attention of the consumer is the choice of colour used for an object
(Panigyrakis & Kyrousi, 2015) and level of brightness-saturation (Camgöz, Yener & Güvenç,
2003).
However, the majority of studies regarding the influence of various design elements on
human visual attention were made without an online presence in mind. Rossiter (1981) compared
the attraction capturing capabilities of pictorial versus textual elements, while Pieters and Wedel
(2004) contrasted the attention keeping abilities of pictorial vs textual elements and outlined the
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effects of promotional elements on attention. The findings of Lohse (1997) proofed that the surface
size of an object influences the time to first fixation towards that object, whilst Theeuwes and Kooi
(1994) highlighted the importance of contrast in this manner.
While all these findings give an indication how e-commerce platforms could make use of
those elements, most of them were not tested with an online presence in mind and got tested in an
offline environment. In order to be able to convey those findings to an e-commerce environment, a
research tailored to an online presence needs to be performed. Once this research is conducted,
website designers are enabled to draw on statistically proven design methods instead of only relying
on personal experience.

Neuromarketing in General
The field of neuromarketing, also called consumer neuroscience, is an emerging interdisciplinary
research area which includes the fields of neuroscience, marketing as well as psychology
(Sebastian, 2014). Neuromarketing studies the human brain and evaluates the cognitive and
emotional reactions of consumers to different marketing stimuli (Karmarkar, 2011; Vashishtaa &
Balajib, 2012) in order to predict or even manipulate consumer behaviour and the decision-making
process. According to Sebastian (2014), neuromarketing methods differ from traditional marketing
methods by including neuroscientific methods and technologies which enable to measure and record
the electrical and metabolic activity of the human brain. Lee, Broderick and Chamberlain (2007)
mention functional magnetic resonance imaging (fMRI), electroencephalography (EEG), positron
emission tomography (PET), galvanic skin response (GSR) and magnetoencephalography (MEG)
as the most common measuring technologies. Additionally, biometric devices like eye-trackers
which enable an analysis of the human ocular dynamics can produce some valuable insights in the
field of neuromarketing (Sebastian, 2014). Sebastian (2014) states, that eye-tracking devices are
helpful tools in assessing how stimuli influence the human visual attention and cognitive processing
and enable to see eye movements, which showcase the attentional bias and the focus degree (Du
Plessis, 2011).
A general goal in marketing is the presentation of a product in the most appealing way in
order to reach the target group (Kushaba et al., 2013). Conventional marketing research methods
cannot provide marketers with sufficient information about subconscious and non-rational
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consumer behaviour (Ariely & Berns, 2010). Scientists and business decision makers are not
satisfied by traditional marketing methods anymore which emerged in the need for a more precise
and scientifically waterproof data collection method (Sebastian, 2014). This need led to the
increasing interest of researchers and business decision makers in the field of neuromarketing or
consumer neuroscience because it reveals the subconscious reactions of human individuals on
marketing stimuli (Ariely & Berns, 2010; Sebastian, 2014). One of the biggest advantages of
neuromarketing techniques is the fact that they provide the possibility to collect objective
quantitative data (Sebastian, 2014). This quantitative data offers a way higher accuracy degree
regarding the decision-making process compared to subjective qualitative data collected through the
classical marketing tools like for example focus groups or questionnaires (Ariely & Berns, 2010;
Sebastian, 2014). Conventional methods used for the prediction of the effectiveness of marketing
investments were not specific enough because of existing subjectivity, whilst neuromarketing offers
the possibility to explore the human mind without cognitive or conscious participation of the
individual (Morin, 2011).
Therefore, neuromarketing is a significantly valuable field for marketers, business decision
makers and researchers, because it offers them access to the unconscious processes which trigger
individuals to purchase a product. A better understanding of those processes regarding the decision
making of individuals is precious input for optimizing future marketing strategies.
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The Research Question

“The impact of selected visual design features on human visual attention during the
decision-making process in an e-commerce environment - a quantitative research study by using
eye-tracking technology.”

The aim of the study is to fill the above-mentioned research gap regarding the influence of
selected visual design features on human visual attention in an e-commerce environment. This
thesis focuses on the most common form of e-commerce namely the business-to-customer (B2C)
online shop environment. A lot of the existing literature corpus is dedicated to the assessment of the
influence of visual design features on human visual attention in classical advertisements and
primarily the offline world. However, insufficient research exists regarding its influence in an
online shop surrounding even though this area is predicted to double in retail sales worldwide up to
the year 2021 (Statista, 2019). This growth highlights the importance of conducting more in-depth
research regarding that topic. By combining knowledge from neuroscience and psychology with the
modern technologies of the emerging area of neuromarketing, we designed a quantitative
experiment using an eye-tracking device in order to answer the research question above and fill the
outlined research gap. For the assessment of the research question, several hypotheses derived from
existing literature get tested through our research study and eventually either accepted or rejected.
The evaluation starts with a comprehensive review of existing theories, methods and models
regarding the consumer decision-making process in which visual attention gets identified as crucial
driver for human decisions.
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The Master Thesis Reader’s Guide
This paragraph will provide the reader with an overview over the structure of this master thesis. The
following figure visualizes the overall layout of this paper:

Figure 1: Reader's Guide

For better clarity the thesis is structured in four main parts namely the ‘Research Objective’, the
‘Theory’, the ‘Study’ and the ‘Conclusions’. The ‘Research Objective’ paragraph gave already a
quick insight into the topic, the motivation for conducting this research, the research gap and the
goal of the study. Besides, the research question got derived.
The second part ‘Theory’ dives into existing literature about the underling topics which are
relevant for assessing the above defined research question and the following hypotheses derivation
for the upcoming study. This literature review is divided into three sections. The ‘Theory’ section
gets concluded by presenting the methodology of the experiment.
13

The first section touches upon the theories about the consumer decision-making process
including the concepts of cognitive load and information overload as well as shedding light on the
most common consumer decision-making strategies. Additionally, theories and literature about the
unconscious influences on decision making get reviewed. Another part of this paragraph is the
presentation of the dual process theory, which is a crucial element for understanding the human
decision-making process. For a holistic assessment of the human decision-making process, the
concept of perceptual and processing fluency on preference formation is included as well and a
specific focus on decisions in the online environment completes the literature review about the
human decision-making process.
During the previous assessment of the literature about decision making, the concept of
human visual attention gets identified as important driver for humans in making decisions which
makes up the second section of this literature review. Therefore, the literature review narrows down
by focussing on the presentation of existing theories and models regarding human visual attention.
This includes a general definition of human visual attention as well as the definition of the topdown and bottom-up processing concept. Besides, an overview of common visual search strategies
by human individuals gets presented and the influence of originality and familiarity on visual
attention gets evaluated. For a holistic understanding of human visual attention, this paragraph also
includes the role of saccades and eye-movements.
The literature review gets completed by the third part which focuses on the effects of visual
design features on human visual attention. In this part, the hypotheses for the upcoming study get
derived based on the findings in the existing literature about the influencing power of visual design
features on human visual attention. This ranges from a general presentation of various design
elements like text elements, pictorial elements, colour, contrast, shape, complexity, surface size and
moving elements up to the classification of visual design features into stimulating either top-down
or bottom-up processes. Subsequently the hypotheses get developed based on the combination of
the presented findings, theories and literature insights above.
In the methodology section, this paper dives into the philosophy we based our research on
and touches upon the deductive approach to research. Additionally, general information about eyetracking and the experimental set-up and findings about existing studies regarding eye-tracking in
online environments get presented. The eye-tracking metrics like heat maps and gaze plots also play
a role in this section of the paper as well as the eye-tracking data quality criteria which get quickly
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presented here. The data quality criteria get described in detail and applied to the specific
experiment in the ‘Study’ section.
The ‘Study’ section consists of two main parts namely research design and research
results. The research design framework presents the experimental design of the study including the
manipulations, the participants, the task description given to the participants and a detailed technical
presentation of the used eye-tracking device. Additionally, it sheds light on the precautions made
before the actual study start and the within-subject design of the experiment. Another crucial part of
the ‘Study’ section is the experimental quality assurance part already quickly mentioned above.
This part ensures that the study shows high validity and can be replicated by assessing construct
validity, internal validity, external validity and several biases which may occur when executing the
study. We also presented our solutions for adapting our research design in order to minimize those
biases and, therefore, increase the validity of our specific study. The research results section
addresses the topics regarding data export, data cleaning and area of interest (AOI) definition. A
heat map and gaze plot analysis get followed by the detailed quantitative statistical analysis of the
collected data from the eye-tracking experiment. The ‘Study’ section concludes with the
presentation of additional findings.
The last paragraph ‘Conclusions’ rounds up this thesis by discussing the results and
bridging the gap back to the existing literature. Managerial implications get derived which can be
used as guidelines for marketers and business decision makers to optimize their online shop
presence in order to capture human visual attention and eventually increase sales. Besides,
limitations regarding our study get highlighted and recommendations for further research are
outlined.
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The Theory
The Consumer Decision-Making Process
In order to develop an effective web shop design strategy, it is necessary to understand the manner
in which consumers choose amongst several alternatives and how they develop preferences for
specific options. Therefore, this paragraph outlines the consumer decision-making process including
relevant topics like cognitive load, information overload and common consumer decision making
strategies. Subsequently, existing findings regarding the non-conscious processes of decision
making including the dual process theory as well as the perceptual and processing fluency concept
get assessed. Especially the very moment of the decision making, and the underlying unconscious
processes are thus far inadequately assessed in the existing research. The paragraph concludes with
the specific situation of online decision making and touches upon the need for new insights
regarding that decision-making environment.

The Concepts of Cognitive Load and Information Overload
In order to develop an effective web shop design strategy, it is necessary to understand the manner
in which consumers choose amongst several alternatives and how they develop preferences. Du
Plessis et al. (1991, p.11; as cited in Karimi, 2013) define decision making as “behaviour patterns of
consumers, that proceed, determine and follow on the decision process for the acquisition of need
satisfying products, ideas or services”. Human decision making gets challenged by the increasing
complexity of the market place with a constant increase of new options. In addition to the sheer
infinite number of choice options, the amount of evaluation criteria in order to assess an option are
increasing as well (Fasolo, McClelland & Todd, 2007). This gets summarized by Clement,
Kristensen and Grønhaug (2013, p.235) who state that “consumers look too short and decide too
fast in order to make a full-informed decision”. Several studies mention that the human brain has a
fixed cognitive capacity. Research from Miller (1956) states that the human brain can cognitively
process a maximum of nine attributes at the same time and Cowan (2000) reduces this number in
his research to only four features so called the ‘magical number of four’. The ability to process
various stimuli simultaneously highly depends on the situation regarding moving objects or other
distractions (Alvarez & Franconeri, 2007). Those cognitive limitations in the human working
memory are also described in the ‘cognitive load theory’ which basically states that the human brain
is very limited in simultaneously processing attributes (Sweller, Van Merrienboer & Paas, 1998).
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Cognitive load has a direct impact on the decision performance as it refers to the invested amount of
human working memory and the user’s involvement level (Sweller et al., 1998). Sweller et al.
(1998) divide cognitive load into intrinsic (content of the stimulus), extraneous (presentation of the
stimulus) and germane (information merging). The intrinsic cognitive load describes the difficulty
or complexity of the stimulus content itself. That implies higher intrinsic cognitive load for more
complex stimuli. The extraneous cognitive load refers to the presentation and design of the
stimulus. Irrelevant information and repetition result in high extraneous cognitive load. Germane
cognitive load is the amount of cognitive load which is necessary for the processing of the stimulus
and creating a permanent knowledge store or schema. It can be supported by low intrinsic and
extraneous cognitive load.
Insufficient information result in poor decisions which imply that the decision quality
positively correlates with the amount of additional information (Hoq, 2014). In other words, the
information processing ability of an individual increases with an increase in environmental
complexity to a certain point (Schroder, Driver & Streufert, 1967). However, if the additional
amount of information reaches a certain point, the individual has to cope with more information he
or she can cognitively process. As soon as this point gets trespassed, humans are overwhelmed by
additional information and the decision-making quality decreases (Hoq, 2014). Therefore, it can be
assumed that this turning point equals the capacity limit of the working memory. Any additional
information may cause confusion or negatively influence the prioritization of individuals (Eppler &
Mengis, 2004). Information overload emerges when the information offering exceeds the working
memory capacity. High levels of information load can be dysfunctional because individuals may
overlook relevant information for a high-quality decision (Jacoby, Kohn & Speller, 1973).
According to Schneider (1987), additionally to the amount of information, the quality of the
information which includes novelty, complexity or vagueness also contributes to information
overload. It gets argued that the main perpetrator of information overload is the failure to create
‘high quality’ value adding information (Simpson & Prusak, 1995). Therefore, it can get assumed
that the degree of information quality influences the likelihood of the occurrence of information
overload. Schick, Gordon and Haka (1990) stress the significant effect of the time factor on
information overload. According to them, information overload occurs when “the demands on an
entity for information processing time exceed its supply of time” (Schick et al., 1990, p.215). The
scarcity of time causing information overload gets supported by Hoq (2014) who adds the existence
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of multiple sources of information, over-abundance or irrelevance of information and the challenge
of managing information as further factors causing information overload.
Consumers form their preferences through the combination of their base-values with preexisting values regarding former choices made by the consumer (Scarpi, 2008). A perfectly
‘rational decision maker’ is not existent (Scarpi, 2008) and the limited cognitive capacity of humans
therefore makes their preference development and decision-making process highly dependent on the
context of the choice situation (Clement, Aastrup & Forsberg, 2014). According to Scarpi (2008),
this dependency implies the opportunity to influence the final decision of the individual by shaping
and creating a choice set for one’s own end. Previous research documents that individuals tend to
choose options which facilitate the choice tasks in complex situations of uncertainty and vagueness
(Sheng, Parker & Nakamoto, 2005). This gets underlined by Brown and Carpenters’(2000) research
which proposed a reason-based model in which consumers sometimes tend to base their choices on
trivial features which are assessed as significantly important for the choice. In uncertain choice
situations consumers have to rely on information which in some cases is not rationally relevant but
at least cognitively available and easy to originate (Brown & Carpenter, 2000). The consumer
decision-making process has been of interest in a lot of existing literature especially the information
search and the evaluation of alternatives stages. Nevertheless, there is a lack of knowledge
regarding the very moment of the decision which offers an opportunity for further research.

Human Decision-Making Strategies
Regarding the shaping and creation of choice sets, Scarpi (2008) mentions the attraction effect,
background information and phantom options as the most common strategies. Simonson (1989)
uses the attraction effect to predict a compromise effect. Consumer decisions are influenced by the
alternatives they are exposed to. That gets obvious through the attraction effect. By adding an
additional irrelevant option to the choice set of the consumer the likelihood of an already existing
option to get chosen increases, due to the fact that the additional option gets outpaced in all
characteristics by the target option (Scarpi, 2008). This created asymmetric dominance sheds a
more positive light on the target option and makes it seem more attractive for the consumer.
According to Simonson (1989), this asymmetric dominance relationship is the only element of a
choice that is independent from knowledge or the preference of the consumer. The asymmetric
dominance plays a superior role for a consumer compared to other preference criteria like attributes
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or trade-offs when it comes to a justification of the choice towards other individuals (Simonson,
1989). The choice of an asymmetrically dominating alternative is easy to justify and less eager to
receive criticism for. The background effect refers to the influence of past experiences, whilst
comparing options that might be in line for a purchase (Scarpi, 2008). The contrast-effect emerges
and connotes that the product may get apprehended differently in a different context which means
that the contrast between past experience and current choice situation influence the consumer
decision (Scarpi, 2008). A phantom option or decoy is a superior alternative to the target option
which is not available for the consumer in the specific choice situation (Scarpi, 2008). Research
shows that the inclusion of such a phantom option leads to an increased preference of the individual
for the inferior target option to the disadvantage of the competing alternative which is not related to
the decoy (Scarpi, 2008).
The compromise effect can be defined as tendency to avoid an extreme decision. According
to Simonson (1989), a choice alternative that is a ‘safe’ compromise between two extremes of the
choice set gains market share. The compromise effect offers the opportunity to direct the consumer
towards the most profitable alternative by offering a middle option between two extremes. This
middle option suggests the consumer a reduction of the inner conflict which gets associated with an
extreme alternative and makes it easier to justify that the compromise alternative is the best
combination of two worlds (Simonson, 1989). A common decision strategy of humans in complex
choice situations with limited cognitive capacity is compensatory evaluation (Clement et al., 2014).
The alternative gets assessed by trading-off one attribute for another one. A good attribute
compensates a bad one. An example is exclusiveness of a limited product which compensates the
higher price. This strategy helps the individual to minimize the information processing effort. Olson
and Jacoby’s cue utilization theory from 1972 describes the decision-making process under
circumstances of insufficient information and inchoate decision rules. The decision process gets
characterized through a linear assessment of attributes resulting in the selection of a cue value of
significant importance for the consumer. Products which do not match this cue value get eliminated
(Bettman & Park, 1980) and, therefore, information regarding those products gets ignored by
consumers. According to Fasolo, Misuraca and McClelland (2003), the consumer has to facilitate
the decision process due to limited cognitive capacity whilst being exposed to too many product
attribute stimuli. Main critique of this theory is the fact that it badly integrates the effect of
interfering visual elements on visual attention of the consumer during the decision-making process
(Clement, 2007).
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Gaze Bias on Preference Formation
According to Shimojo, Simion, Shimojo and Scheiers’ (2003) ‘gaze cascade effect’, gaze allocation
has a causal influence on preference formation because a gaze tendency directs to enhanced
exposure to one of the stimuli, which translates into enhanced preference. The gaze cascade effect
showcases a direct contribution of orienting behaviour on the decision-making process due to the
fact that the long gaze time reinforces the perception of attractiveness for the preferred object which
results in a conscious decision (Shimojo et al., 2003).

Unconscious Influences on Decision Making
Common marketing literature describes the consumer choice process as a conscious and deliberate
operation (Bettman, 1979 as cited in Fitzsimons et al., 2002). Nevertheless, the decision maker gets
influenced by unnoticed factors outside of conscious awareness (Fitzsimons et al., 2002). ‘Gut
feeling’ or ‘human intuition’ outline the existence of behaviour influencing factors which are
beyond the field of awareness (Newell & Shanks, 2014). Fitzsimons et al. (2002) argue that
decision making is characterized through the interplay of conscious and unconscious components.
According to them, the evaluation of choice information in a choice situation which pits alternatives
against each other proceeds automatically (Fitzsimons et al., 2002; Petty & Wegener, 1993 as cited
in Fitzsimons et al., 2002). Therefore, the rating of a feature gets highly influenced unconsciously
by the level of the competing reference alternatives. The final decision making is affected by this
reference dependency (Fitzsimons et al., 2002). Winkielman, Berridge and Wilbarger (2001)
demonstrated the effect of subliminal priming on the consumption and decision-making behaviour
of individuals which got underlined by a study of Strahan, Spencer and Zanna (2002). Subliminal
exposure to photos of happy respectively angry faces led to the higher respectively lower
consumption of a drink. The reactions of the consumers to those subtle primes were unconsciously
affective (Fitzsimons et al., 2002).
Multiple-cue judgment, deliberation without attention, decisions under uncertainty and
priming are the four focal study areas in the current literature regarding unconsciousness factors in
human decision making (Newell & Shanks, 2014). A critical review of those study areas regarding
the unconscious effects on decision making by Newell and Shanks (2014) highlights that there is
only weak evidence in the current literature regarding the influence of unconscious effects on the
human decision-making process. Existing key findings regarding this interrelation either outline the
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direct conscious control of behaviour or explain behaviour without referring to unconsciousness
(Newell & Shanks, 2014). Therefore, they conclude that the current research about unconscious
effects on decision making has more or less failed. On the other hand, the research about conscious
influence has proven consistently the effect of awareness on decision making and behaviour
(Newell & Shanks, 2014). One of the challenges mentioned by Newell and Shanks (2014) is the
‘measurement’ of unconscious processing. They define unconscious as independent from top-down
attentional control which gets criticized in the same breath. According to Rees, Frith and Lavie
(1997), even low-level automatic processing tasks like motion processing require high cognitive
load. Not even, often as unconscious termed automatic processes like visual adaptation or word
processing are truly unconscious (Newell & Shanks, 2014). The research of Dijksterhuis (2004)
engages with the effects of unconscious thoughts on preference development and decision making.
According to his studies, the quality of complex decisions of humans improved by unconscious
thinking instead of conscious thinking which contradicts to the common understanding that
thorough conscious thinking leads to good decisions (Dijksterhuis, Bos, Nordgren & van Baarens,
2006). Dijksterhuis et al.’s ‘deliberation-without-attention’ hypothesis (2006) got confirmed in four
different consumer decision making studies in laboratory as well as real life settings and showcased
the more favourable effects of unconscious thinking on the purchase of complex products.
Unconscious thought led to superior results with a more global judgment due to more information
(Dijksterhuis, 2004). Dijksterhuis (2004) explained those findings with the fact that conscious
thinking people are focusing their attention to a few attributes at cost of others which may result in
missing the whole picture of incorporating the other attributes. The findings of Acker (2008)
contradict to Dijksterhuis by outlining no significant effect of unconscious thoughts on normative
decision-making performance. Acker goes even further and denotes Dijksterhuis claim that
unconscious thinking is the superior way of processing information for complex choices as
unqualified.
Existing literature often describes non-conscious decision-making processes as emotional or
irrational. According to William James (1894) conscious emotions are highly influenced by
unconscious prior reactions to the emotional stimulus. Berridge and Winkielman (2003) argue that
the existence of unconscious emotions influences the consumption and decision-making behaviour
of humans without them even noticing. Subcortical brain systems convey unconscious emotions in
order to generate a so-called unconscious ‘core-liking’ reaction to sensory pleasure stimuli
(Berridge & Winkielman, 2003). Therefore, the reaction of the brain is affective without awareness
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of the mind. The results of evolutionary research and findings from affective neuroscience display
that emotions are ‘tools’ to appropriately react to a positive or negative event which does not
necessarily demand consciousness (Winkielman & Berridge, 2004). The reaction to a threatening
stimulus for example gets steered by brain structures that lie below the cortex (nucleus accumbens,
amygdala, hypothalamus) and even lower brain stem (Berridge, 2003; LeDoux, 1996). Those
subcortical brain systems are results of early development and can only process limited preconscious activities in comparison to the human cortex at the top of the brain which is capable of
conscious emotional processing (Winkielman & Berridge, 2004).
To sum up, the results of existing research about non-conscious processes in human decision
making are very fragmentary and, in some points, even contradictory. Further research regarding
the unconscious processes in human decision making could result in better understanding of
consumer purchase behaviour and, therefore, be a valuable source for the optimization of web-shop
designs.

Dual Process Theory of Decision Making
Regarding the psychology of decision making, the dual process theory distinguishes between
intuition and reasoning. The theory assumes two modes of cognitive processing namely an
unconscious ‘system 1’ and a conscious ‘system 2’ (Kahneman, 2003; Stanovich & West, 2000).
System 1 operates intuitive, fast, automatic and effortless, whilst system 2 is characterized by slow,
sequential, effortful and conscious controlled processing (Kahneman, 2003). Evans (2008) outlined
the characteristics and differences of system 1 and system 2. A selection of those characteristics and
differences are showcased in Table 1 below:
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Characteristics and differences of system 1 and system 2 (Evans, 2008)

Table 1
Characteristics and differences of system 1 and system 2 (Evans, 2008)
System 1
System 2
Unconscious
Conscious
Automatic
Controlled
Low effort
High effort
Implicit
Explicit
Fast
Slow
Large capacity
Small capacity
Associative
Rule based
Domain specific
Domain general
Contextualized
Abstract
Pragmatic
Logical
Independent of working memory
Limited by working memory capacity
Independent of general intelligence
Linked to general intelligence
Parallel
Sequential
Holistic, perceptual
Analytic, reflective

Table 1: Characteristics and differences of system 1 and system 2 (Evans, 2008)
The dual process theory is closely tied to the limited capacity of working memory which results in a
mutual disruption tendency of competing effortful processes, whilst effortless processes run
independently (Kahneman, 2003; Kahneman, 1973). According to Evans (2008), processes of
system 1 are independent of working memory whereas system 2 processes are limited by the
capacity of the working memory. This leads to the assumption that only system 2 requires access to
the working memory and is dependent on it which serves as explanation for the slow and effortful
processing of system 2 (Evans, 2008). According to Kahneman (2003, p.699), system 2 is
responsible for all judgements because “judgements are always intentional and explicit”
independently if they are caused by impressions generated unconsciously through system 1 or
deliberate reasoning. The task of system 1 is limited to generating intuitive impressions of the
characteristics of objects of perception and thought (Kahneman, 2003). System 1 and system 2 are
not completely independent from each other which get emphasized by Kahneman’s (2003)
definition of intuitive judgements. Intuitive judgements reflect impressions without getting
modified by system 2. This definition leads to the assumption that system 2 waits for suggestions,
intuitions or impressions generated automatically by system 1 and modifies them if necessary.
When system 2 adapts the suggestions made by system 1 with very little to no modifications the
label intuitive gets attached (Kahneman, 2003). The conscious operations of system 2 can
eventually override the generated impressions of system 1 but in a lot of cases system 1 still
dominates system 2 (Kahneman, 2003). Kahneman’s research (2003) displays poor performance of
system 2 in monitoring system 1 during intuitive judgements due to the tendency of individuals to
trust the first seemingly plausible judgement without further assessment. According to Kahneman
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and Frederick (2002), the monitoring of those intuitive judgements is not properly given through
missing intervention of system 2 which allows some of them to be flawed. In general, Kahneman
and Frederick (2002) mention that people are not used to think complex and often prefer to trust a
plausible answer which comes to mind quickly and does not require additional effort which serves
as explanation for the domination of system 1 over system 2 in some cases. The limited working
memory capacity of human beings mentioned by Evans (2008) is another reason for the
predominant position of system 1 over system 2 in many cases. It therefore can be assumed that
there may be simply too much information or a too little individual working memory capacity
which leads to information overload and trespasses the capacity of the individual working
memory. Despite the attested poor performance above, Kahneman (2003) also mentions the
powerful strength of intuitive judgement by referring to Klein (2003) which outlined the superior
choices of skilled decision makers trusting their intuition and relying on acquired experiences
instead of analysing extensively.

Influence of Perceptual and Processing Fluency on Preference Formation
Regarding human preference formation and for the further understanding of unconscious effects in
system 1 during the decision-making process, it is worth taking a closer look at the perceptual and
processing fluency of stimuli and information. According to Karzazi (2014), perceptual fluency and
processing fluency are actually the same term. Perceptual fluency is more specific and only refers to
the visual quality of the information, whereas processing fluency describes the overall facilitation
with which information is processed. Reber and Schwarz (2006, p.16) define perceptual fluency as
“phenomenal experience of how easily an object can get perceived”. The results of their
experiments showed a preference of individuals for symmetric shapes, continuous surfaces and high
figure ground contrast without any biological significance (Reber & Schwarz, 2006). Arak and
Enquist (1993) displayed the ease of perception of symmetrical features compared to asymmetrical
features which led Reber and Schwarz (2006) to the conclusion that the selection for signal
recognition applies for every perceptual feature that is easy to perceive. The preferences for
symmetry, surface continuity and contrast get explained by a Gestalt notion of simplicity of stimuli
(Arnheim, 1974; Reber & Schwarz, 2006). Therefore, symmetric shapes and continuous surfaces
are easier to process for the human brain than asymmetric and discontinuous ones which lead to the
perception of being more beautiful. The preference for contrast can get explained by human
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preference for exaggerated forms (Arak & Enquist, 1993) which results in a redundancy increase
that enhances perceptual fluency (Biederman, Hilton & Hummel, 1991). In short, perceptual
fluency gets elevated by simple and exaggerated forms. Reber, Winkielman and Schwarz (1998)
outline that perceptual fluency increases liking and gets experienced affectively positive by human
individuals which got displayed in three different experiments regarding visual priming, contrast
and exposure duration. The presentation of a matching rather than non-matching prime, high versus
low contrast and the presentation duration of the stimulus manipulated the perceptual fluency.
Perceptual fluent stimuli with a matching prime, high contrast and long exposure time got judged as
more pretty (Reber et al., 1998). All three experiments facilitate the processing of the stimulus
through high perceptual fluency which leads Reber et al. (1998) to the assumption that perceptual
fluency and preference are linked to each other. Higher perceptual fluency operates as heuristic cue
connoting an individual that the underlying information is more trustworthy and reliable (Reber &
Schwarz, 1999). Their experiment presented various statements in different colours, making the
statement easy or difficult to read, to individuals which had to judge the trustworthiness of those
statements. The results showcased, that the likelihood of a statement getting rated as true was
significantly higher for highly visible colours with high contrast which led Reber and Schwarz
(1999) to the conclusion that perceptual fluency affects judgments of truth. In reference to the
processing fluency, Lee and Labroo (2004, p.163) show that “people’s attitude towards an object
becomes more positive when they can easily process the object”. According to Winkielman,
Schwarz, Fazendeiro and Reber (2003), the facilitation of perceptual processing elicits positive
affect which results in more favourable evaluations. This positive affect links fluency to the positive
preference judgements (Winkielman et al., 2003). Those fluency-triggered affects form the
foundation for unconscious intuitions and intuitive judgements (Topolinski & Strack, 2009). This
can be explained with the dual process theory because the suggestions for system 2 are
unconsciously generated by system 1 through impressions, intuitions and emotions (Karzazi, 2014).
Therefore, a stimulus which is easy to process gets cued to the logical and analytic system 2 by the
automatic and subconscious system 1 (Karzazi, 2014).

Decision Making in the Online Environment
This section sheds light on the decision-making process of individuals in an online environment due
to the fact that online behaviour does not necessarily follow traditional norms (Karimi, 2013). The
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behaviour of online consumers is not only influenced by purchase related factors but also by the
interaction with the internet itself (Karimi, 2013). The main difference between an online shop and
a physical shop is the nearly endless number of alternatives available online which makes it difficult
for consumers to process this large amount of information due to limited cognitive capabilities
(Häubl & Trifts, 2000). This information overload has been found to be the main factor for a change
of consumer behaviour due to the bounded rationality theory (Karimi, 2013). The information
overload leads to simplification of choice processes which may impair the quality of the decision
(Karimi, 2013). Häubl and Trifts (2000) mention a two-stage process used by humans to cope with
information overload. The first stage serves as superficial monitoring of the alternatives, whilst the
second stage is characterized through detailed screening of the most promising alternatives.
Additionally, online shopping is characterized through low search costs and the accessibility to
nearly all competitors (Daniel & Klimis, 1999). The possibility to shop 24/7 at nearly every location
in the world fundamentally changed how individuals search for information, evaluate alternatives
and make their purchase decisions. The character traits of online shops led to consumers being more
sophisticated (Karimi, 2013). Online shop decision making differs in many factors from the
classical in-store decision making due to the evaluation of a large amount of information, the
existence of online decision aid systems like recommender or search functions and a self-service
environment (Karimi, 2013). The online decision-making process is unstructured and highly
dynamic which makes it a complex phenomenon (Bucklin et al., 2002; Karimi, 2013). Before a
purchase decision, consumers interact with the online shop of the online retailer which makes the
online shop design quality a crucial part for influencing online purchase intentions (Wells, Valacich
& Hess, 2011; Karimi, 2013). A user-friendly online shop design leads to customer satisfaction
(Flavian, Guinaliu & Gurrea, 2006).
Understanding the online decision-making process can improve the knowledge about the
online consumer (Karimi, 2013) and forms a prerequisite for the effective design of a web shop. In
order to investigate online decision making, visual attention is a key component because it serves as
coordination mechanism for cognitive and behavioural processes (Pieters, Wedel & Zhang, 2007).
The ‘attentional drift diffusion model’ displays how the simple perceptual decision-making process
is guided by visual attention and highlights the interrelation between visual attention, choices and
reaction times (Tavares, Perona & Rangel, 2017). Nevertheless, there is only fragmentary research
available regarding the influence of visual attention on decision making in an online shopping
environment. Due to the competitive and information overloaded surroundings of the online
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marketplace, the understanding of human visual attention and especially of how to attract human
visual attention is of enormous importance and, therefore, gets examined in the following
paragraphs.

The Human Visual Attention
As already outlined in the paragraph above, visual attention is a key component for investigating
consumer decision making because visual attention acts as a guide for this process (Tavares et al.,
2017). Therefore, the following paragraph is devoted to human visual attention. After defining the
concept of human visual attention, it gets broken down into a two-component construct consisting
of top-down and bottom-up processing. Additionally, human visual search strategies get displayed
concluding with insights regarding the influence of originality as well as familiarity. Due to the
significance of visual design features for web shop designs, the following paragraph is solely
dedicated to the impact of visual design features on human visual attention.

In today’s world, human beings are confronted with hundreds or even thousands of messages every
day through an enormous amount of different communication channels. There is way too much
sensory information for the human brain to simultaneously process. Since individuals are exposed
to such an environment, visual attention serves as filtering mechanism to identify the most relevant
areas of the visual field and fade out minor visual information (Le Meur, Le Callet, Barba &
Thoreau, 2006). According to Sheliga, Riggio and Rizzolatti (1994), visual attention can be
described as a limited capacity process which forms the foundation for all information acquisition
and processing tasks. Attention affects not only the performance of individuals in visual tasks but
also changes their experience of the visual environment (Carrasco & Barbot, 2019). Attention
reinforces the human perception by changing the prioritization between relevant attributes at the
expense of less relevant features (Carrasco & Barbot, 2019). In a historical context, different
authors defined visual attention with the words ‘where, what or how’ (Clement, 2007). The theory
of Helmholtz (1925, as cited in Clement, 2007) describes the human being as inquisitive and
interested in ‘where’ to find something new, which results in the usage of the human field of vision.
‘What’ individuals are searching for got outlined by William James in 1890 who described visual
attention as an entity connected to thoughts and visions related to expectations or target identity
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(Clement, 2007): “Everyone knows what attention is. It is taking possession by the mind, in clear
and vivid form, of one out of what seem several simultaneously possible objects or trains of thought
(James, 1890 as cited in Le Meur et al., 2006, p.802). ‘How’ individuals react to visual attention
regarding deliberate managed thoughts got introduced by Gibson (1941) with a high-level attribute
driven visual search called ‘the intention of seeing’ (Clement, 2007). Therefore, visual attention can
be characterized as mediator involving competing elements of the visual scene and eventually
selecting the most essential elements over less important ones (Le Meur et al., 2006). In the
marketing environment, capturing the attention of the consumer plays a crucial role which gets
obvious by its illustrious positioning in many advertising models (Milosavljevic & Cerf, 2008). The
first advertising model AIDA (Attention, Interest, Desire, Action) introduced in 1898 by Elmo
Lewis includes attention as the very first step an individual goes through when getting confronted
with an advertisement and before even considering a purchase (Rawal, 2013). Other hierarchy of
effect models cover this view and define attention as necessity before higher level processes
(Milosavljevic & Cerf, 2008). Human visual attention consists of initial attention, which defines the
very moment of the first eye contact with an object and further attention, which is the following
gaze time on that specific product which got initial attention first (Clement et al., 2013).
According to Posner, Snyder and Davidson (1980), visual attention can get described in
cognitive neuropsychology as orientation- or discover-attention. Orientation-attention is a parallel
sub-conscious (low-level) pre-attentive search process that can be closely referred to as reflex. By
fast working pace and the processing of many inputs simultaneously, it enables people to get an
overview of the visual field (Clement et al., 2014; Clement et al., 2013). An example is a grocery
store where orientation-attention enables the consumer an overview of the product range within a
certain product category. The discover-attention is characterized through slower working speed but
high-level serial processing which enables individuals to focus on one single object at a time and
fully interpret its meaning (Clement et al., 2014). Discover-attention therefore applies for example
in the case of the detailed exploration of one specific product within a grocery store. Both systems
are used simultaneously, and the consumer is able to change quick and simple in order to benefit
from the interrelation of both systems (Duncan & Humphreys, 1989; Clement et al., 2014).
Therefore, efficient visual search is a mixture of parallel and serial search depending on the
situation (Wolfe, 1998). Taking a closer look on the human eye, orientation-attention is related to
the peripheral eyesight (the parafovea area of retina), whilst discover attention refers to the central
eyesight (the fovea area of retina) (Clement, 2007). This separation of visual attention regarding the
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different eye areas showcases that consumers can parallel search (‘where’ - parafovea) for a specific
product e.g. on a supermarket shelf but shift immediately to serial search (‘what’ - fovea) once the
product is spotted, to focus on this specific one (Clement, 2007).

Bottom-up and Top-down Processing
Further research draws upon the strategy of human visual attention by outlining attention as a twocomponent construct consisting of equally important processes (Milosavljevic & Cerf, 2008).
Pieters and Wedel (2004) describe those two components of attention as bottom-up and top-down
attention. Bottom-up attention is defined as a quick, automatic form of selective attentional
deployment dependent on the salient attributes of the input (Milosavljevic & Cerf, 2008). This
saliency-based attention leads to a higher probability of an object getting noticed if it contains
salient bottom-up features (Milosavljevic & Cerf, 2008; Clement et al., 2014).
Top-down attention is a volitional, duty-dependent mechanism controlled by the mind
(Milosavljevic & Cerf, 2008; Clement et al., 2014). As a result of this theory, attention gets viewed
as a two-component process consisting of the bottom-up component as a form of pre-attention and
the top-down component as focal attention which directs the ‘spotlight of attention’. According to
Kim and Cave (1999), bottom-up attention is based on the characteristics of the stimulus and
independent from prior knowledge, intentions, goals or a particular task which makes it purely
stimulus driven or exogenous controlled. Top-down attention gets defined as goal-directed or
endogenous controlled and is highly dependent on already existing knowledge of the individuals,
their intentions and intrinsic motivations (Kim & Cave, 1999). Bottom-up and top-down attention
are defined by the origin of information, the sensory periphery as well as higher cortical areas and
are related to the unambiguous neural processes and needs of the individual (Katsuki
& Constantinidis, 2014). According to Katsuki and Constantinidis (2014, p.518), “both attention
modes act upon visual cortical areas in the dorsal and ventral pathways, and their simultaneous
influence is often integrated in processes such as visual search”. It can get assumed that both
mechanisms get activated simultaneously in real life settings and not necessarily sequentially
(Wolfe, 1994, 1998; Milosavljevic & Cerf, 2008). The interrelation between bottom-up and topdown attention mechanisms gets obvious due to the fact that the same set of brain areas, namely the
posterior parietal cortex and the prefrontal cortex, are engaged in both attention mechanisms
(Katsuki & Constantinidis, 2014). Regarding the selection of stimuli, those brain areas provide
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some kind of priority map by the intertwining of bottom-up and top-down attention (Katsuki &
Constantinidis, 2014). A good example for the interplay of bottom-up and top-down attention is an
experiment of Theeuwes (1992), which showcased that the search of individuals that had to find a
predefined target, unique in visual shape (e.g. a green circle amongst green squares), got disrupted
by the presence of an irrelevant distractor (e.g. one unique coloured square among otherwise green
elements) which was more salient than the target itself. Even though the task was pre-specified and
goal-driven, a complete top-down selection towards a specific feature was not possible due to the
fact that the attention got captured by a salient ‘popping out’ bottom-up feature. Nevertheless, those
findings do not imply that initial attention is solely stimulus driven by bottom-up features. If
individuals know the identity of the target in advance, they respond faster to its appearance
compared to the situation when the target identity is unknown (Treisman & Sato, 1990).
Regarding the definition of orientation- and discover-attention mentioned above it can get
assumed, that bottom-up processes are in line with orientation-attention, whilst top-down processes
can get referred to discover-attention. Bottom-up processing is involuntarily stimulus driven and the
attention gets effortless drawn to salient features in the visual field (Le Meur et al., 2006). Bottomup activation is accentuated in parallel pre-attentive search like for instance simple feature search
when the specific feature ‘pops out’. Top-down activation on the other hand, depends on the
existing knowledge of the individual and is essential in a more attentive, serial search for the
guidance of attention (Kim & Cave, 1999). According to Henderson, Weeks and Hollingworth
(1999), initial fixation which equals attention in a complex natural environment is not controlled by
a semantic analysis of the individual object and the human eye tends to focus on semantically
incoherent objects instead of coherent ones. That implies that bottom-up features can capture
consumers’ attention even though they actively search for a specific product.
The concept of top-down processing is based on the fact that many aspects of cognition and
behaviour are to a large proportion based on expectations deduced from previous experience instead
of being stimulus driven in a reflex-like manner (Engel, Fries & Singer, 2001). Those aspects of
cognition and behaviour are rooted in “generalized knowledge stored in the architecture of cortical
and sub-cortical networks” (Engel et al., 2001, p.705). Top-down processing therefore enables the
cognitive system to decouple itself to a certain degree from the environmental stimuli situation and
choose only the inputs which may seem meaningful for the control of action and are in line with the
intrinsic goals and motivations (Engel et al., 2001). Top-down mechanisms to visual attention are
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individual and reside in the person and his or her attentional process itself (Pieters & Wedel 2004).
Personal factors like product involvement or brand familiarity are crucial for top-down mechanisms
and influence to which degree the individual voluntarily pays more or less attention to a specific
object (Rayner et al., 2001, as cited in Pieters & Wedel, 2004; Rosbergen, Pieters & Wedel, 1997).
Previously experienced elements are stored in memory and supply hints which enable the voluntary
allocation of attention resting upon what got already attended (Yantis 2000; Yarbus 1967). The
efficient use of top-down resources allows the human brain to make rapid and reliable decisions and
create predictions regarding impending stimuli by constantly matching expectations against
environmental signals (Engel et al., 2001).

The Human Visual Search Strategies
Existing literature distinguishes between different visual search types,
namely feature and conjunction search (McElree & Carrasco, 1999).
Feature search as showcased in Figure 2 concentrates on a target object
that differs by one simple feature (e.g. shape, colour) from the distractor
objects therefore pops out. This leads to shorter reaction time and high
accuracy (Treisman, 1993; McElree & Carrasco, 1999). Besides, the
short reaction time is independent from the number of distractors in case

Figure 3: Feature Search
(Rittel, 2004)

of a ‘pop-out’ effect (Treisman & Gelade, 1980). A conjunction search,
as displayed in Figure 3, focuses on a target that shares one or more
common features with the distractors (e.g., searching for a blue
horizontal line amongst green horizontal (same shape) and blue (same
colour) vertical lines) which results in no ‘pop-out’ effect, increased
reaction time and lower accuracy because the individual has to evaluate
serially feature after feature (Treisman, 1993; Wolfe, 1994, McElree &
Carrasco, 1999). Therefore, the reaction time increases linearly with the

Figure 2: Conjunction Search
(Rittel, 2004)

amount of elements.

Treisman’s feature integration theory (Treisman & Gelade, 1980; Treisman & Souther,
1985) which consists of a pre-attentive and attentive processing stage was one of the first theories to
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describe the human visual search process. In the pre-attentive stage, characteristics of the not yet
recognized objects are only detected and ‘free floating’. According to Treisman, this detection runs
automatically and parallel without any active effort of the individual. Similar elementary stimulus
attributes like the colour red form dimensions (e.g. colour) which are organized in so called
‘feature-maps’. Each dimension has its own ‘feature-map’ of the visual field not containing any
conjunction information about the different object characteristics. The cross-dimensional
conjunction links become available in the attentive stage which enables individuals to focus on a
particular part of the visual field and combining the information to the perception of an object.
Therefore, this necessary directed, serial attention to one attribute after the other makes the second
stage comparable to a ‘spotlight’ which moves over the stimulus and combines several recognized
features. After the combination of information in the attentive stage, the recognized object gets
compared with previously recognized and stored objects within a top-down process and in case of a
match an identification of this object gets enabled (Treisman & Gelade, 1980). As a result, Duncan
and Humphreys (1989) infer that the difficulty of visual search highly depends on whether the
target is unique in elementary stimulus attributes or only in the linkage of elements. Treisman’s
feature integration theory got controversially evaluated in the psychological society, because there
have been disagreements if a clear separation of feature detection from other searches is existent or
not.
Jeremy M. Wolfe (1994) discovered in his further research on visual search that the strict
separation mentioned by Treisman between the first parallel stage and the following serial stages
cannot be maintained. He refined the feature integration theory of Treisman which resulted in the
‘guided search theory’ (Wolfe, 1994). This theory describes a model of visual human search
behaviour consisting of two stages whereas the first pre-attentive parallel process passes
information to the following serial process. The focal attention therefore gets ‘guided’ by the
parallel process which focuses on the region which already delivered results in the first phase. The
pre-attentive, parallel stage processes simple visual information across a large ratio of the visual
field like colour and motion and gets followed by the limited capacity stage which is capable of
more complex processing like face recognition, reading or object identification within a confined
portion of the visual field. Only the second stage is under conscious attentional control and
attentional deployment is guided by the earlier parallel processes (Wolfe, 1994). To cover the
overall visual field, the limited capacity processes in the second stage must get serially applied
regarding the situation (Neisser, 1967). Wolfe emphasizes, that visual information from the parallel
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front-end stage gets used by individuals to “restrict the deployment of the limited-capacity
processes to those parts of the visual field most likely to contain items of interest” (Wolfe, 1994,
p.203). Information from bottom-up and top-down processing of the stimuli form a ranking
regarding the attentional priority of elements. This results in attention direction to the items with the
highest priority during visual search (Wolfe, 1994).
Nevertheless, those bottom-up processes are mostly relevant for the identification of new or
relatively unfamiliar objects. Most visual search situations in real life are top-down processes
affected by familiarity as well as prior knowledge about the specific target.

The Influence of Originality and Familiarity on Visual Attention
Pieters, Warlop and Wedel (2002) emphasize the effect of originality and familiarity on attention.
According to their research, original designed advertisements increase visual attention to the
advertised brand. Originality captures consumers’ attention and sinks into the memory which makes
it an efficient advertising tool to break through the competitive clutter (Caples 1997; Kover 1995;
Moriarty 1986, Reid, King & DeLorme, 1998). Original advertisements differ from the norm which
gives them a unique character that makes them ‘pop-out’ and attract attention (Johnston, Hawley,
Plewe, Elliott & DeWitt, 1990). The unconventional nature of original advertisements challenges
consumers and requires their focal attention to understand the message (Morrisson & Dainoff,
1972). As a result, this increased amount of attention improves information storage about the
advertised brand (Pieters et al., 2002). Familiar advertisements are known by the consumer due to
prior exposure. Therefore, the attracted attention amount is lower than for unfamiliar ads because of
minor processing effort and less new stimuli (Pieters et al., 2002). If consumers are exposed to the
same objects over a longer time period, the visual attention may even vanish and those objects may
get ignored (Pieters, Rosbergen & Wedel, 1999). Nevertheless, according to Pieters et al. (2002),
familiarity simplifies retrieval and originality activates multiple retrieval lanes for the brand from
memory. Therefore, ads with the combination of familiar and original elements attracted the largest
amount of attention and consequently enhanced and promoted brand memory.
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Eye Movements and the Role of Saccades in Human Visual Attention
According to Deubel and Schneider (1996), the assessment of a visual scene is characterized
through periods of fixations which get interrupted by fast ballistic eye movements. Those fast eye
movements are defined as saccades. Cassin, Rubin and Solomon (1990) define a saccade as fast and
simultaneously moving process of both eyes in the same direction between two or more fixation
periods. Saccades are voluntary eye movements which need a decision of an individual as instigator
(Fischer, 1986). The task of saccades is the guidance of the fovea to specific spots of the visual
scene (Deubel & Schneider, 1996). Saccades are characterized through high target accuracy which
results in a proper localization of the target (Fischer, 1986). The research results of Deubel and
Scheider (1996) displayed the connection of saccade target selection and visual attention in the form
of prioritized visual processing. Hoffman and Subramaniam (1995) state, that visual attention is a
crucial mechanism for the generation of voluntary saccadic eye movements. Their experimental
research displays the necessity of orienting the attention to a specific location before the actual
execution of the saccade. The human visual attention shifts to the upcoming saccade landing point
prior a saccadic eye movement is executed (Kristjánsson, 2011). This gets supported by the research
results of Kowler, Anderson, Dosher and Blaser (1995) which showcase attention as necessary for
saccadic programming. According to them, it is impossible to plan a saccade to a specific target,
whilst giving another one unrestricted attention. Fischer (1986) states, that the visual information
generated by visual attention gets processed into a system for localizing the target. This localization
system forwards the information to the motor system which includes the saccade system enabling
the human eye a movement or no movement dependent on the corresponding individual decision.
Therefore, the orientation of visual attention is essential for the preparation and execution of the
saccade which implies that the individual is not capable of orienting the visual attention to one
location whilst simultaneously executing a saccade to another location (Hoffman & Subramaniam,
1995). Those findings get supported by Deubel & Schneider’s (1996, p.1834) research results which
suggest that “both processes are strictly coupled, both temporally and spatially”. The programming
of a saccade and the visual attentional focus on the target are interrelated and cannot get separated
(Deubel & Schneider, 1996). The consensus of the research conceptualizes visual attention as
‘premotor’ in order to move the centre of gaze to the target location (Kristjánsson, 2011). The
orientation of attention towards a specific location is the basis for the preparation of the saccadic
system to execute a saccade towards this location (Walker, Kentridge & Findlay, 1995). Rolfs,
Jonikaitis, Deubel and Cavanagh (2010, p.1) discovered an attention shift towards the targets of
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upcoming saccades as well as towards “retinal locations that the targets would cover once the eyes
had moved” prior to the actual eye movement process which results in the facilitation of future eye
movements. They conclude that this shift of visual attention accelerates eye movements to the new
location after the saccade and enhances the perceptual processing before the saccade (Rolfs et al.,
2010).
Reichle, Pollatsek, Fisher and Rayner (1998) deployed a controversially discussed
assumption that saccades can be programmed without a necessary, forerun attentional shift which
conflicts with the research findings regarding the coupling of saccade programming and visual
attention (Deubel, O'Regan & Radach, 2000). According to Reichle et al. (1998), whilst reading a
sentence, the programming of a saccade to the following word is implemented while the visual
attention is still on the word which is currently fixated. The given explanation by Reichle et al.
(1998) is the hypothesis that saccade programming and visual attention are two different cognitive
processes. But in general the majority of the research represents a close and obligatory coupling of
human visual attention and eye movement control respectively saccade programming which makes
the “presaccadic shift of attention an equivalent to the selection of the peripheral item as the target
of the saccade” (Deubel et al., 2000, p.4).
The findings of Shepherd, Findlay and Hockey (1986) indicate that the process of visual
attention allocation before executing the saccade can get accelerated by visual stimuli at the target
position. This finding is crucial for this study because it may explain to a certain degree the
influence of manipulated visual design stimuli on human visual attention allocation in a web shop
environment. Nevertheless, Shepherd et al. (1986, p.489) advise caution in generalizing eye
movements as straightforward indicators for cognitive processes because it “is possible to shift the
focus of attention without moving the eyes, but there is no evidence that it is possible to make eye
movements without moving the focus of attention appropriately”. However, eye movements are
indicators for the distribution of visual attention during tasks that require visual acuity because
those tasks require activity from the eye-movement system (Shepherd et al., 1986).
To sum up, the findings of the conducted research displayed above makes the saccades a
reliable indicator for preceding human visual attention. This relation between saccades and visual
attention justifies the saccades as a crucial measurement variable regarding visual attention for the
upcoming eye-tracking study. The significance of saccades as measurement variables gets
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underlined by Pieters and Warlop (1999) who display that the reception of saccades combined with
long fixation duration increases the likelihood of a brand being chosen by a consumer.

The Visual Design Features
The Visual Design Features stimulating Top-down/ Bottom-up Processes
A study about the influence of package designs on human visual attention in an in-store
environment carried out by Clement et al. (2013) revealed that design attributes like contour, shape,
contrast and ratio stimulate bottom-up processing. Therefore, they simplify the visual search
process and reduce the risk of being overlooked between the competing products. Semantic content
loaded design features like text-elements did not attract the initial attention of the consumer.
Another way to attract consumers’ attention was the optimization of product packages by reducing
the amount of design elements. The likelihood to get the initial attention of the consumer increased
significantly by diminishing elements (Clement et al., 2013). Nevertheless, these findings followed
from an in-store experiment set-up which does not necessarily imply the same results in an onlineshopping environment.
Additionally, many experiments have demonstrated the ‘pop-out’ effect of objects with a
high level of contrast which increases the likelihood of catching customers’ first initial attention
(Theeuwes & Kooi, 1994; Theeuwes, Kramer, Hahn, & Irwin, 1998). Sudden, unexpected visual
changes in the environment attract attention in a reflex-like manner and are solely stimulus driven
(Müller & Rabbitt, 1989; Theeuwes et al., 1998). According to Whittlesea and Williams (2000), all
bottom-up features overrule the top-down controlled search process of humans by attracting
spontaneous attention and temporarily distract the individual from the search for a specific object. It
can get assumed that this reflex-like character of immediate attention deployment is rooted in
primal instincts of human individuals in order to react to unexpected threats. Previous studies
highlight the importance of picture illustration as efficient design feature to capture the initial
attention of people (Edell & Staelin, 1983).
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The Influence of Visual Design Features on Human Visual Attention
Referring to the importance of capturing human visual attention in the decision-making process,
numerous studies assessed the effects of visual design features on human visual attention. Those
studies got conducted primarily in real life in-store scenarios and advertisements in offline
environments like magazines, billboards or newspapers. Since the last two decades were
characterized by societies’ adaption of the personal computer and the enormous increase of online
purchases, the question of how design elements can influence the visual attention of a consumer in
an online shop environment became highly relevant.

This paragraph presents existing findings regarding the influencing power of visual design
features on human visual attention. It touches upon various design elements like textual elements,
pictorial elements, colour, contrast, shape, complexity, surface size and moving elements and
subsequently results in the hypotheses development which serves as essential basis for the
following quantitative study of this research paper.

The Impact of Visual Motion
Researchers like Abrams and Christ (2003) discovered that visual motion can seem salient, but
motion per se does not automatically attract attention. Instead, the onset of motion captures
attention in a bottom-up, stimulus-driven manner. That means that as soon as something starts
moving, the element immediately receives the attention of the individual, whilst an already moving
element is not nearly as effective in this manner. Motions usually occur in the online context as
visual animations, which are capable of attracting attention to specific elements on the website
(Chimera & Shneiderman, 1994). This is reinforced by Theeuwes et al. (1998) who figured out that
as soon as new objects are presented on a website, people look at them without even consciously
realizing. Hong, Thong and Tam (2004) affirmed these findings by showcasing that a flashing effect
attracts users' visual attention as well as facilitates the localisation of the target item in tightly
packed screen displays. Li and Bukovac (1999) argue that animation does not only lead to more
attention but also enhances the memory of those elements. They explain this finding with the
distinctiveness theory which states that distinctive events are easier to remember because they
attract more attention. This results in additional processing which enhances the memory (Hunt &
Worthen, 2006). Based on this theory, it can be assumed that moving objects are distinctive from
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static objects and thus are more likely to attract the viewer's attention as well as create unique
memory traces.

On the other hand, Hong et al. (2004) argue that there is no evidence for an increase recall of
flashed items as it is generally assumed. They claim that it might even decrease the overall recall
because users need to use their limited additional resources to process information. Moreover, they
state that the processing of an item does not only depend on the attention that it attracts per se, but
correspondingly on the attention that other items on the same screen attract. Flashing may not
increase the recall of that item but can reduce the recall of other items, especially the non-target
items on the screen. Moreover, it is argued that flash has negative effects on users’ focal attention
and attitude whilst using the website. A similar study by Chapman, Selvarajah and Webster (1999)
evaluated if animation can be helpful for user’s attention and displayed that it rather distracts the
users from what they were actually planning on doing.

The Impact of Complexity
According to Wang et al. (2004), the online purchase behaviour is also affected by the level of web
site design complexity. Web site design complexity indicates the level of difficulty for consumers to
navigate around the website. They illustrate that attention towards a website does not only depend
on the used elements but also on the complexity level of the website which results from the
arrangement of those elements. The complexity level gets determined by three factors namely the
number of used elements, the level of dissimilarity between those elements and the level of unity
between those elements (Wang et al., 2014). A small number of elements as well as high unity
between the elements indicate a website which is characterized through a low complexity level.
Wang et al. (2004) display that users' attention can get easily distracted by increasing website
complexity since it leads to more fixation counts. However, the lowest website complexity level
also leads to the shortest task completion time when tasks are effortless solvable. According to
Wang et al. (2004), medium complexity levels are perfect in terms of task completion time when
the complexity level of the website increases.
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The Impact of Textual Elements
How a website is perceived also highly depends on the outline of the text and how that text is
written. Nielsen (2006) discovered that users display an ‘F-shaped’ viewing-pattern when they first
pay attention to a text-based website. Pernice (2017) elucidates that users first read in a horizontal
direction and usually across the upper part of the content area. Afterwards, users tend to move down
the page and read across it in another horizontal manner that typically covers a shorter area than the
previous one. Lastly, users scan the left side of the webpage with a vertical movement that can
appear as a solid stripe or spottier heat map depending on the speed of the user. Thus, first lines of a
text tend to receive more gazes than the subsequent lines of text on the same page and the first
couple of words on the left side of each text line receive more fixations than subsequent words on
the right side of the same line. Since the right-hand side of the page and the content below the fold
is typically ignored, pages should be structured in a way that the important content is arranged in
the ‘F-shaped’ viewing-pattern (Shrestha & Lenz, 2007). These findings describe the users’
behaviour when they first visit a web page and assess its content, not their behaviour when they are
in a new section of the website and inspect the navigation bars. For right-to-left languages the
pattern changes to a flipped F-shape (Pernice, 2017). While browsing a picture-based web page, the
‘F-shaped’ viewing-pattern does not seem to hold true. It is argued that for picture-based web
pages, positioning the important or featured products above the fold is most effective (Shrestha &
Lenz, 2007).

The Impact of Shape and Contrast
Some other studies were also not explicitly made with an online presence in mind but still give an
indication on how the assessed elements could have an impact in the online environment. The study
of Aronoff, Woike & Hyman (1992) evaluated the influence of different shapes on human attention
based on evolutionary findings. The results showed that an angular V-shaped image conveyed an
angrier meaning due to its similarity to angry impressions like angels in the eyebrows, cheeks, chin
and jaw. From the evolutionary point of view, humans pay more attention to those V-shapes
because they were an indicator for danger. Angry looking counterparts were more likely to attack
compared to happy counterparts. Another study found out, that stimuli that signal a potential threat
capture attention faster than less threatening stimuli (Williams, Watts, MacLeod, Mathews & 1997).
Larson, Aronoff and Stearns (2007) reinforced these findings by providing evidence that
downwards pointing triangles captured more attention than upwards pointing triangles. This goes
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hand in hand with the findings of Theeuwes and Kooi (1994), which state that physical features like
contrast and shape have a large impact on the attention of a consumer. The findings of Clement et
al. (2013) display that features like contrast and shape have a significant influence on the early
visual search process of humans in a store. Those design attributes stimulate bottom-up processing
and, therefore, simplify the visual search process and reduce the risk of being overlooked between
the competing products. In contrast, semantic content like textual elements does not stimulate
bottom-up processes and is therefore not suitable for attracting the consumer’s first eye contact in
store. However, the shape of an element does not only have an influence on the way it attracts the
human visual attention but also on the emotions connected to it. Bar and Neta (2006) discovered
that people tend to significantly prefer curved objects over sharp-angled ones. They used pairs of
objects that were identical but manipulated the contours so one was sharp-angled and the other one
was curved. Each participant got to see only one object of the pair and a significant preference for
the curved-shaped object got apparent. Bar and Neta (2006) assume that this preference for curved
contours stemmed from the fact that objects that imposed a threat for human beings in the past had a
tendency to be sharp-angled. Vartanian et al. (2013) affirm their claims by discovering that pleasant
emotions stem from an effective response to curved spaces and argue that they are judged as more
beautiful compared to rectilinear counterparts.

The Impact of Colour
Another feature that helps elements to stand out of from the masses is colour. Colour cannot only
increase the visibility of an element by increasing the level of contrast to its surroundings, but it can
also have an impact on the feelings of people towards that element (Gorn, Chattopadhyay, Yi &
Dahl, 1997). Gorn et al. (1997) tested the effects of colour as an executional cue in advertising and
figured out that higher-value background colours enhance a feeling of relaxation. Those findings
were similar to Fernandez and Rosen (2000) who examined the effect of colours in adverts
published in yellow pages and discovered that ads with more colour were more likely to be
considered. However, only the adverts that used product-enhancing colours, which can be
considered as contrast, could increase the number of people that would actually call the advertising
company. Schindler (1986) argued that many people working in advertisement fail to optimize the
legibility and readability of their ads by the colours they select. He claims that most people in
advertisement use black and white headlines which fail to capture the consumers’ attention
compared to a more colourful headline choice. In 2004 Gorn et al. evaluated the effects of colour in
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an online environment in order to figure out how the computer screen colour affects the perception
of time. Their study tested the three different colour dimensions hue (the type of colour), chroma
(the continuous dimension from high to low pigmentation) and the colour value. Lower-value
colours have a blackish quality, whilst higher-value colours have a whitish or pastel quality. Their
results showcased that colour value has the greatest effect on feelings of relaxation and on the
perceived processing speed of the web page. Chroma on the other hand, only affected the attitudes
towards the ad and hue had no impact at all. Thus, Gorn et al. (2004) highlighted the importance of
focusing on the colour value and chroma when designing an advert. According to Panigyrakis and
Kyrousis’ research update from 2015, people working in marketing have been widely suggesting
that colour is an exceptional attention-attracting device. Nevertheless, only two studies got
conducted regarding that area using an eye-tracking device. Both studied the effects of colour on
human visual attention and resulted in different findings. Lohse (1997) found out that colour
captures the initial attention of human individuals but also increases the viewing time of the
coloured ads by 21%. Rosbergen, Pieters and Wedel (1997) discovered that the gaze-duration is the
same for full-coloured as well as black-and-white-coloured advertisements. Another study about the
in-store use of colours and materials displayed the attention-capturing abilities of selected colours
and materials which also influence the browsing tendency and purchase intention of the consumer
(Kerfoot, Davis, & Ward, 2003) A more recent study confirms these findings by showcasing that
viewers’ attention for sponsor signage increases with an increase in colour contrast between the
concurrently visible ones (Boronczyk, 2018).

A more generic study about the impact of colour on capturing visual attention by Camgöz et
al. (2003) offers useful implications for website design. The study argues that brightness-saturation
levels are more essential for the attraction of attention than specific hues on varying background
colours. The study outlines that the coloured squares with the maximum saturation and maximum
brightness levels were found to attract the highest amount of visual attention independently from the
chosen background colour. These findings demonstrate that brightness and saturation levels are
more important than hue components in this matter. The findings lead to the assumption that the
location of colour samples can be changed on the computer screen but nonetheless, some
brightness-saturation levels and hues will still attract more attention than others.
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The Hypothesis Derivation
All elements mentioned above have an effect on the human behaviour online. However, due to our
lack of advanced coding skills and limited capabilities of the used eye-tracking software, several
elements would have required extensive preparations for getting included into our testing procedure
that were simply not realizable in the given time frame. Moreover, testing all elements that could
have an effect on the online behaviour and visual attention of the consumer would go beyond the
scope of the paper. This could have caused a level of superficiality of the study because an in-depth
analysis of all elements would have gotten exacerbate. Moreover, an eye-tracking study of that
extent would have had an effect on the quality of the study due to the possibility that participants
may fatigue after a certain period of time which could have resulted in bad quality of the collected
data. Therefore, we decided to limit ourselves to four main elements which have a literarily proven
strong influence on human visual attention and developed our hypotheses based on existing findings
regarding those elements. Those four elements which served as basis for the hypotheses derivation
included the influence of pictorial vs textual elements on human visual attention, the impact of price
surface size on human visual attention, the influence of colour contrast on human visual attention
and the influence of the affixation of a promotional element on human visual attention. We
developed two hypotheses for each of the four elements and ended up with a total number of eight
hypotheses which formed the basis for the research design of the quantitative eye-tracking study.

The Impact of Pictorial versus Textual Elements
Pictorial elements that are stimulating the bottom-up processes are defined as non-textual
information that exclude indications related to the brand itself like trademarks and logos (Pieters &
Wedel, 2004). For a long time, it has been known that pictorial elements are of high strategic
importance and among the most efficient elements in capturing people's initial visual attention,
especially in printed advertisements (Edell & Staelin, 1983; Rossiter, 1981; Singh, Lessig, Kim,
Gupta & Hocutt, 2000). This led to the assumption by Wells et al. (2000) that pictorial elements
should be maximized in size following the thought that the larger the illustration the higher its
attention capturing capabilities. Pieters & Wedel (2004) contradicted to the findings of this study by
outlining that the surface size of the pictorial element has no demonstrable effect on the level of
attention given to the printed advertisement. Nevertheless, they argue that pictorial elements in
general draw significant amounts of human visual attention during ad exploration, regardless of
their size. They explain this finding by outlining that these pictures were usually pictures of the
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product, which are the elements, consumers are looking at first when they are shopping.
Furthermore, they state in another study conducted together with Zhang that the size of the pictorial
element has the largest effect on capturing the visual attention of the consumer (Pieters et al., 2007).
This gets reinforced by Clement et al. (2013) who discovered that consumers’ initial attention is
caught by simple physical design features with little semantic content, because they require less eye
fixations to be comprehended compared to a written text. Based on these findings, we assume that
similar effects can be expected in an online web shop environment. Using a pictorial element on an
online product detail page should attract the first fixation of the individual before a non-pictorial
element like a text. This leads us to our first hypothesis with time to first fixation as the dependent
variable and the presence of a pictorial element as the independent variable:

H1a: In a web shop environment, time to first fixation is lower for a pictorial element compared to
a non-pictorial element.

In terms of time to first fixation, a lot of studies exist which showcase that pictorial elements
are very effective in receiving the initial attention of the user in the offline context (Edell & Staelin,
1983; Rossiter, 1981; Singh et al., 2000; Pieters & Wedel, 2004). Nevertheless, it remains unclear if
pictorial elements or textual elements are more effective in maximizing the total fixation duration
towards picture or text. While there are numerous studies outlining that advertisers aiming to
maximize attention towards the entire advertisement should devote more of the surface space to text
(Pieters & Wedel, 2004; Rayner, Rotello, Stewart, Keir & Duffy, 2001), a different study by Ruy,
Suh and Dozier (2009) states that pictorial elements receive the highest amount of visual attention,
especially pictorial elements in which human models appear. Due to the fact that we do not make
use of human models in our web shop environment and the majority of studies argued that textual
elements in advertisements results in a longer fixation duration compared to pictorial elements, we
formulated the hypothesis H1b. The total fixation duration towards the element is the dependent
variable and presence of a textual element the independent one:

H1b: In a web shop environment, total fixation duration is longer for a textual element compared to
a pictorial element.
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The Impact of Surface Size and Price Element
Surface size as an element to increase visual attention towards an advertisement has been in the
interest of researchers for a long time. Already in the late 1910s, studies got conducted in order to
test how an increase of the advertisement size affects the way people look at it. The published
results argue that size is the most important determinant in advertising and accounts for 25 percent
of the variance in readership (Adams, 1917; Strong, 1914). Numerous studies on that matter were
conducted and all found some evidence for element size having an effect on human visual attention
(Troldahl & Jones, 1965; Lohse, 1997; Janiszewski, 1998; Rosenberg et al., 1997; Pieters & Wedel,
2004). How it exactly affects the visual attention differed though. Lohse (1997) showed that large
display ads were seen before smaller ones and were generally more likely to get noticed by
individuals. The study revealed that the number of fixations increased with the size of the
advertisement. However, it also showed that smaller advertisements maximised the number of
fixations per square inch. Rosbergen, Pieters and Wedel (1997) added that larger elements received
generally more attention and justified this claim by showing that larger ads had significantly longer
local gaze durations than smaller ones. One of the recent findings by Peschel and Orquin (2013)
argues that the effect of surface size on visual attention can get explained by an object’s signal
strength, which is a function consisting of visual acuity loss and distance to the centre. They argue
that the centre is the focal point of attention and objects that are further away from it loose signal
strength. However, increasing the size of an element can compensate for a higher distance to the
centre, since surface size has a bigger impact on signal strength than distance. Therefore, an
improved layout can be achieved by systematically organising the important information based on
the signal strengths of each element (Peschel & Orquin, 2013). Several other studies did not only
focus on how much visual attention is gained from increasing the size of an advert but also how the
surrounding adverts get affected by that increase. The results showed that time to first fixation, the
general likelihood of fixation, and the fixation duration are all affected negative. (Goldberg, Probart
& Zak, 1999; Pieters & Wedel, 2004; Boerman, Smit & Meurs, 2011).
Another element that has a crucial influence on consumers’ visual attention is the price tag
of a product (Pieters et al., 2007). Whilst the other above-mentioned elements are more directed
towards stimulating the bottom-up attention of the consumer through stimuli like salience, price
affects the top-down, goal-driven attention (Orquin & Mueller Loose, 2013). However, Menon,
Sirgurdsson, Larsen, Fagerstrøm and Foxall (2016) demonstrated that the consumer’s fixation on
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the price element is not solely goal-driven. Stimulus-driven variables like saliency of the price
affect the fixation as well. Menon et al. (2016) demonstrated that a price placed in a spatial location
that is further away from the product picture resulted in significantly less fixations on the price
element compared to a placement right next to the product picture.

This unclear classification of price fixation as solely goal- or solely stimulus-driven gets
underlined by the literature review above regarding the dual-process theory. The top-down, goaldriven processing of system 2 is responsible for judgements and system 1 is limited to the
generation of intuitive impressions of the characteristics of objects based on bottom-up processing
(Kahneman, 2003). Nevertheless, system 1 and system 2 are not completely independent from each
other, since system 2 waits for suggestions, intuitions or impressions generated automatically by
system 1 and modifies them if necessary (Kahneman, 2003; Karzazi, 2014). The findings of Yang,
Huang and Shanks (2017) showcase that words presented in larger size have a higher perceptual
fluency than their small-sized equivalents which makes them easier to process. This implies that an
increase in font size increases the perceptual fluency of the stimulus which makes it easier to
process for the human brain. Since salience and surface size highly correlate (Hoffman & Singh,
1997) and a larger surface size attracts visual attention (Pieters & Wedel, 2007), we assume that a
larger price surface size will result in a shorter time to first fixation towards the price element and a
longer fixation duration on it. These previous findings lead us to our next two hypotheses with time
to first fixation and total fixation duration as a dependent variables and surface size of the product
price as independent one:

H2a: In a web shop environment, an increase in surface size of the product price element decreases
the time to first fixation towards the price element.
H2b: In a web shop environment, an increase in surface size of the product price element increases
the total fixation duration on the price element.

The Impact of Colour Contrast
Another element that is attracting human visual attention according to Theeuwes & Kooi (1994) is
contrast. The human preference for contrast gets explained by a Gestalt notion of simplicity of
stimuli (Arnheim, 1974; Reber & Schwarz, 2006) which results in a redundancy increase that
enhances perceptual fluency (Biederman, Hilton & Hummel, 1991). These findings get reinforced
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by Clement et al. (2013) who showcased that design features that stand out have a higher likelihood
of attracting the attention of the viewer. This bottom-up ‘pop-out’ effect on human visual attention
is involuntarily stimulus driven and the attention gets effortless drawn to salient features in the
visual field (Le Meur et al., 2006) which got already evaluated in the literature review above (Kim
& Cave, 1999; Theeuwes & Kooi, 1994; Theeuwes et al., 1998). One option to increase contrast in
a web shop environment is the adaptation of the background colour the products get presented on.
We assume that products with a high colour contrast between product colour and background colour
stand out more compared to products with a low colour contrast. Thus, on a white background,
black products should get fixated faster compared to their white counterparts. Due to the effects of
processing fluency (Reber & Schwarz, 2006) the products with high colour contrast towards the
background should also receive a longer fixation duration, which led us to our next two hypotheses
with time to first fixation and total fixation duration as the dependent variables and the level of
colour contrast between the product colour and the background colour as the independent one.

H3a: In a web shop environment, a higher contrast between product colour and background colour
will lead to a lower time to first fixation towards the product.
H3b: In a web shop environment, a higher contrast between product colour and background colour
will lead to longer total fixation duration on the product.

The Impact of the Affixation of a Promotional Element
According to Pieters & Wedel (2007), promotional elements are another way of increasing the
visual attention towards an offline advert. Even though there are no other studies available about the
capabilities of promotional elements to attract attention, we believe that the affixation of a
promotional element to a product picture can have an effect on human visual attention in an online
shop environment. Based on the literature reviewed above, we believe that this might offer potential
which have not been investigated yet. We assume that a sign placed on a single product picture
which signals a promotion of that specific product influences visual attention in two ways. Firstly,
we expect a bottom-up effect due to the contrast it creates to the surrounding product pictures. We
base this assumption on a bottom-up ‘pop-out’ effect since the addition of a salient promotional
element to a specific product should draw human visual attention involuntarily and without any
efforts towards this product in the visual field (Le Meur et al., 2006). Secondly, we assume that it
affects the top-down processes of the brain by stimulating the memory. We expect the brain to have
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a positive attitude towards promoting elements in general, since it signals a possibility of saving
money. These assumptions lead us to our final two hypotheses, in which time to first fixation and
total fixation duration are the dependent variables and the presence of a promoting element is the
independent one:

H4a: In a web shop environment, time to first fixation towards a product picture gets lowered by
affixing a promotional element to the product picture.
H4b: In a web shop environment, total fixation duration on a product picture gets increased by
affixing a promotional element to the product picture.

The Methodology
The focus of this chapter is the general review of the methodology in order to give a framework for
the execution of the laboratory-based experimental study. The chapter touches upon the deductive
research approach, the pursued research philosophy, the existing online eye-tracking research
regarding websites and presents the basic metrics which are necessary for data acquisition in the
following laboratory-based experiment. Furthermore, some general advice for setting up an eyetracking study is provided in order to ensure the quality and accuracy of the data collection process.
The main parts of the methodology section are inspired by the research onion mentioned by
Saunders, Lewis and Thornhill (2009, see
Figure 4). The different layers get assessed
regarding the specific study of this paper
from the outer layer to the inside. The
methodology of this study is based on the
scientific philosophy of positivism and we
chose the deductive approach as the overall
worldview for the development of the theory.
The study got set-up as experiment with one
single

data

collection

method

(mono-

Figure
Figure 4:
4: Research
Research Onion
Onion (Saunders
(Saunders et
et al.,
al. 2009)
2009)

method). The time horizon was crosssectional due to time constraints. Saunders et al. (2009) mention that in practical reality a specific
research question does not always fit only into one philosophical category showcased in the onion

48

above. Nevertheless, we chose the most suitable category to give our research an appropriate
framework.
The Research Philosophy
The research strategy to collect data based on existing literature and to develop hypotheses which
get tested and eventually confirmed or rejected, reflects the scientific philosophy of positivism
(Saunders et al., 2009). In the paradigm of ontology, positivism is based on the objectivity and
independence of external social actors (Saunders et al., 2009). Within the paradigm of
epistemology, positivism refers to “philosophical stance of the natural scientist” (Saunders et al.,
2009, p.129). Positivist researchers prefer to work with “an observable social reality” which results
in “law-like generalisations similar to those produced by the physical and natural scientists”
(Remenyi, Williams Money & Swartz. 1998, p.32). Thus, positivism only accepts observable
phenomena and their properties and relations as a credible source for data collection (Saunders et
al., 2009). Regarding axiology, positivist research is conducted in a value-free way with an
independent and objective researcher (Saunders et al., 2009). It can be assumed that the researcher
does not engage or participate in the research and is not swayed by the research subject (Remenyi et
al., 1998). Overall, positivist research is characterized through quantifiable observations which form
a proper base for statistical analyses, which is conducted in a highly structured method that
facilitates replication (Saunders et al., 2009).
We did not choose the philosophy of pragmatism because the data collection was
quantitative and not a mix of qualitative and quantitative methods (Saunders et al., 2009). Besides,
values did not play a role for the interpretation of results and subjective points of view did not get
assessed through our research set-up. The philosophical view of realism relies on the idea of
independence of reality from the human mind which is based on a scientific knowledge
development and data collection as well as data understanding (Saunders et al., 2009). Realism
occurs in two forms, namely direct realism and critical realism, which differ in the way individuals
see the world (Saunders et al., 2009). The direct realist gets an accurate view on the world through
experiences, whilst the critical realist argues that those experiences are only the subjective view on
the world of the specific individual and not an objective view on the world (Saunders et al., 2009).
Therefore, the critical realist assumes that the things we can observe are only representing a part of
the reality. We did not choose the philosophy of realism because critical realism more or less rejects
the theory of causality which is essential for our research and crucial in quantitative research
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especially in the philosophy of positivism. Besides, the realism philosophy postulates that research
is value laden and the research is biased by cultural experiences which influence the research
(Saunders et al., 2009). This is not the case for our study.
We did not go for the interpretivist research philosophy because it criticizes the positivist
research philosophy by arguing that the reduction to law-like generalisations and simple elements is
oversimplifying and does not showcase the entire picture of the complex world (Saunders et al.,
2009). The socially constructed and subjective nature of the interpretivist philosophy within the
paradigm of ontology and the subjective meanings motivating actions in the paradigm of
epistemology (Saunders et al., 2009) did not qualify this philosophy as basis for our research
design. Besides, the interpretivist philosophical view is value bound and the researcher is subjective
as part of the research (Saunders et al., 2009). Due to the scope of our research study it was not
possible to adopt an empathetic stance and dive into the social world of all our research subjects in
order to understand their world from their point of view (Saunders et al., 2009). Therefore, it was
necessary to simplify which strengthened our decision for the scientific philosophy of positivism as
underlying philosophy for our research.

The Deductive Approach to Research
It can be assumed that a deductive approach to research can be considered as an appropriate method
to assess the research question due to the experimental character of the data acquisition. According
to Saunders et al. (2009), the deductive approach distinguishes itself through the hypothesis
development on the basis of existing literature and research. Subsequently, a research method
follows in order to test if that hypothesis can be confirmed or has to get rejected. Robson (2002)
mentions the five sequential stages of deductive research starting with the hypothesis deduction
from existing literature. This gets followed by the expression of the hypothesis to display a
relationship between two variables. Subsequently, the hypothesis gets tested in stage three and
confirmed or rejected in stage four. If necessary, the last stage serves for the revision or
modification of the theory regarding the findings in the earlier stages. Saunders et al. (2009)
mention the concepts of operationalization, reductionism and generalization as crucial
characteristics of the deductive approach. In short those three concepts ensure that facts can be
measured quantitatively (operationalised), that problems get reduced to their most simple elements
to facilitate their understanding (reductionism) and that the selection of samples need a sufficient
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numerical size in order to make a statistically generalizable point about regularities in human social
behaviour (generalization) (Saunders et al., 2009). Following the principles of deductive research, it
is necessary for our research to set-up an experimental study in order to confirm or reject the
hypotheses which got developed at the end of the literature review of this thesis. An experiment
offers the opportunity to study causal links between the independent and dependent variables
(Saunders et al., 2009; Hakim, 2000). The exact set-up of the experimental study and the
experimental groups will get described in the ‘Study’ section of this paper. It can be assumed that
one of the most significant benefits of the deductive research approach is the fact that a conclusion
can get reached relatively simple without evaluating a variety of evidence. Nevertheless, this
deductive approach can be very sensitive for errors because of this statement-based approach. If a
wrong statement serves as basis for the deductive conclusions, the conclusions are consequently
wrong as well.

Eye Tracking in General
An eye-tracking device measures the eye movements and gaze points of individuals and showcases
where the individual is looking at and for how long, as well as the shift of sight between different
locations when being exposed to stimuli (Poole & Ball, 2006; Borys & Plechawska-Wójcik, 2017).
According to Maughan, Gutnikov and Stevens (2007), eye-tracking technology enables the
researcher to identify the specific area where the participant is looking at for almost every visual
stimulus on a webpage, billboard, product package, grocery store shelf, magazine or TV
commercial set-up. The ability to reverberate the human visual search mode and, therefore, display
the cognitive processing mechanisms provoked an increasing popularity of eye tracking
experiments in the human-computer interaction research (Wang et al., 2014). Eye movements are
tightly connected to visual attention (Wedel & Pieters, 2008) and, therefore, eye-tracking
experiments enable the assessment of the course of human visual attention (Wang et al., 2014).
Since eye tracking does not depend on self-reported data from individuals, it gives an objective
outcome which qualifies it as a reliable tool for evaluating visual attention and interference data
(Poole & Ball, 2006). In contrast to conventional methods like click analysis or questionnaires
which are conscious and, therefore, have a validity problem, eye-tracking experiments display the
part of attentional processes which individuals are not aware of (Schiessl, Duda, Thölke & Fischer,
2003). A drawback of the eye-tracking technology is the fact that the measurement of visual
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attention does not give sufficient insights if the individual likes or dislikes the observed object
(Velásquez, 2013).
The most common eye-tracking devices are video-based and usually head-mounted or
remote/ table-mounted systems coming in several different
set-ups from various manufacturers (Duchowski, 2007). The
optics of head-mounted and remote devices is identical
(Duchowski, 2007). The remote eye-tracking device consists
of an ordinary monitor with integrated camera and infrared
LED optics beneath or above (Duchowski, 2007). By entering
the retina, a large proportion of the infrared light gets
reflected which gives the pupil a luminous appearance (Poole
& Ball, 2006). Besides, the infrared light results in a
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reflection on the surface of the cornea of the human eye
which is technically defined as ‘glint’ (Poole & Ball, 2006, Figure 5), which thereafter gets used as
reference point (Morimoto, Amir & Flickner, 2002; Zuh & Ji, 2007). Regarding a spherical cornea,
this reference point stays stable with cornea rotations although the pupil position changes
(Morimoto et al., 2002). The vector from the reflecting reference point and the pupil centre gets
mapped to computer screen coordinates during the calibration process and serves as basis for the
computation of the point of regard (Morimoto et al., 2002). Through further trigonometric
calculations, the point of regard can be identified (Poole & Ball, 2006). Most eye-tracking devices
use light or dark spot tracking by shining low levels of infrared light on the face of the participant in
order to localize the position of the pupil (Maughan et al., 2007). Light and dark spot eye-trackers
differ in the positioning of the infrared light source in relation to the camera (Maughan et al., 2007).
In the light spot device, the infrared light source is positioned closely to the camera in order for the
light to get reflected of the retina which creates a light area marking the pupil (Maughan et al.,
2007). The dark spot device is characterized through a more remote positioning of the infrared light
source from the camera so the light enters the eye at an angle relative to the camera without
bouncing off the retina which results in a dark spot showcasing the position of the pupil (Maughan
et al., 2007). The point of regard of the participant can get identified through a calibration process
on a perpendicularly planar surface which includes calibration points (Duchowski, 2007). This
calibration process is necessary in video-based eye-tracking device set-ups to adapt to the individual
research subject and is usually characterized through the display of a dot on the screen which the
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research subject has to fixate for a defined time in a defined area (Poole & Ball, 2006). The need for
diverting head-mounted experimental equipment gets eliminated by using a remote eye-tracking
device which contributes to a realistic simulation of an everyday task in front of a computer and
enables the inconspicuous measurement of cognitive load (Klingner, Kumar & Hanrahan, 2008).
Drawbacks of remote eye-tracking devices towards head-mounted devices are less precision and
more measurement noise (Klingner et al., 2008). Besides, the need for user calibration is an issue of
remote eye-tracking devices because the user has to fixate a predefined set of reference points in a
particular order before each session which takes a few seconds (Morimoto et. al., 2002).
Additionally, too extensive head movement of the subject may cause a need for recalibration which
may result in uncomfortable head positions for the subjects (Morimoto et al., 2002; Zuh & Ji,
2007). According to Duchowski (2007, p.56), two reference points are necessary in order to
distinguish eye- from head-movements because “the positional difference between the pupil centre
and corneal reflection changes with pure eye rotation but remains relatively constant with minor
head movements.”

The Existing Eye-Tracking Research in the Online Environment
The existing eye-tracking studies regarding design features in an online environment have several
focal areas. Cyr, Head, Larios and Pan (2009) conducted a combination of eye-tracking
experiments, interviews and questionnaires in order to examine the effect of human images on the
perception of website design. With the help of an eye-tracker and manipulated websites of online
shops, Schmutz, Roth, Seckler and Opwis (2010) assessed the influence of different presentation
types of online product listing pages on the human decision-making process. The research of
Leuthold, Schmutz, Bargas-Avila, Tuch and Opwis (2011) goes in a similar direction by evaluating
the effect of different navigation interfaces online on user performance with an eye-tracking device.
Beymer, Russell and Orton (2008) conducted an eye-tracking study on how font size and font type
influence the reading process on websites. Another eye-tracking study by Beymer, Russell and
Orton (2007) evaluated the effect of adding pictures to online texts on the online reading process.
Chu, Paul and Ruel (2009) examined the influence of design features on news websites with the
help of an eye-tracking device. The eye-tracking research of Djamasbi, Siegel and Tullis (2010)
showcase that members of generation Y prefer websites with pictures of prominent people, a main
large image, a search function and a limited amount of text. An eye-tracking study of Roth, Tuch,

53

Mekler, Bargas-Avilan and Opwis (2013) outlines that the positioning of web objects at expected
locations of online shops and websites with an appearance congruent to user expectations facilitates
their orientation which results in more satisfaction.
The existing research shows the value-adding function of eye-tracking technology in order
to optimize website design. Therefore, it seems only logical to use this technology for the
improvement of online shop designs by assessing the influence of different visual design features on
the visual attention and the decision-making process of human individuals. This precise research
has not been conducted yet which opens potential for further examination and forms the basis of
this experimental study.

The Eye-tracking Metrics, Heat Maps, Gaze Plots
The outcome of a typical eye-tracking study are raw data regarding where (x, y pixel coordinates),
when (milliseconds) and for how long (milliseconds) the subjects looks at an element of the
stimulus (Maughan et al., 2007). Eye-movement metrics are process measures which provide the
researcher with insights into the cognitive processes of human beings during an evaluation task
(Duchowski, 2007). Most common eye-tracking process metrics to evaluate cognitive activities and
human visual attention are time to first fixation, total fixation duration, fixation count and saccades
(Wang et al., 2014; Borys & Plechawska-Wójcik, 2017). The information about fixation is a very
valuable source for measuring the individual’s visual attention towards a certain stimulus (Vertegaal
& Ding, 2002 as cited in Wang et al., 2014). Doherty, O`Brien and Carl (2010) define fixations as a
focus of the human eye on a specified object and fixation count as the total number of fixations on
that object. Just and Carpenter (1975) mention, that the locus of eye fixations is an indicator for
what information is getting processed. They argue that the duration of gaze is an indicator for the
time spent on encoding and processing information and, according to Doherty et al. (2010), it
displays the human cognitive effort in many disciplines. Cognitive load and cognitive effort impact
the length of the fixations (Shojaeizadeh, Djamasbi & Trapp, 2016). Therefore, it can get assumed
that fixation duration showcases the intensity of information altercation which implies that long
fixation duration equals either being attracted to the object or having difficulties in processing the
information (Wang et al., 2014). Saccades are the movement of the eye between the different
fixations (Borys & Plechawska-Wójcik, 2017). Visual information is not getting processed during
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saccades contrary to fixations which make them not as relevant regarding visual attention and
perception (Borys & Plechawska-Wójcik, 2017).
Currently the most popular eye-tracking devices are video based enabling non-invasive data
collection (Borys & Plechawska-Wójcik, 2017). They produce coordinates which display where the
individual is looking at with a sampling rate between 50 Hz up to 250 Hz which results in new
coordinates every 20 ms to every 4 ms (Räihä, Aula, Majaranta, Rantala & Koivunen, 2005). The
most common visual representations of eye-tracking data are heat maps and gaze plots (Burch, Kull
& Weiskopf, 2013). A heat map is a statistical and participant-aggregated visualization of fixation
concentrations with the help of colour coding (Burch et al., 2013; Špakov & Miniotas, 2007). Warm
colours usually represent a longer observation time (Špakov & Miniotas, 2007). Therefore, the heat
map is a useful tool to comprehend how visual attention is distributed to different areas of the visual
field. A flaw of the heat map is the information loss about the sequential order in which the areas of
interest (AOIs) got visual attention (Burch et al., 2013). A gaze plot (also called scan path)
visualizes this order and the duration of fixations of the individual. The gaze plot consists of
fixations which are usually visualized as circles (the size of the circle visualizes the fixation
duration) and saccades which are usually visualized as connecting lines between the circles (Räihä
et al., 2005; Špakov & Miniotas, 2007). Through overlapping of several fixations and saccades as
well as the two-dimensional depiction of three-dimensional data (x-, y-coordinate, time), this
visualization can get confusing quite fast (Räihä et al., 2005). Gaze plot visualizations can be
therefore cluttered, whilst heat maps are more lucid but do not give information about the time
dimension (Räihä et al., 2005).

The Experimental Set-Up in General
In order to measure exactly the effect that is supposed to get measured, it is crucial for the
experimental set-up that all possible factors which could cause a variation are eliminated except for
the one influencing factor which is investigated (Duchowski, 2007). According to Duchowski
(2007), that means that one factor gets modified, whilst all other factors remain stable which gives
the researchers control over the experiment. The degree of possible control determines the
experimental type that is most suitable for data acquisition (Duchowski, 2007). Laboratory settings
offer the highest degree of control which results in high internal validity. On the other hand, the
laboratory set-up does not enable generalizable results because it is too remote from real life
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situations which results in low external validity (Duchowski, 2007). It is crucial that the experiment
is set-up in a way that the independent variables can get manipulated so that the effect or non-effect
on the dependent variables is measurable (Duchowski, 2007). In the interest of reproducibility of
the results, most experiments follow a standard procedure including criteria like hypothesis and
variable definition (independent and dependent), presentation of the research design, demographic
data about the participants, detail presentation of the used device, experimental set-up and task
definition (Duchowski, 2007).
According to Duchowski (2007), task selection is one of the most critical aspects for setting
up an eye-tracking experiment due to the fact that eye movements are task dependent and, therefore,
the nature of the task highly affects the data acquisition and outcome. As a result, the definition of
the task needs to be detailed, clear and consistent throughout all subjects (Duchowski, 2007). In
order to keep the amount of acquired data on a manageable level, it is advisable to design the
experimental iterations short because the rapid increase of recorded data within minutes or even
seconds lies in the nature of eye-tracking experiments (Duchowski, 2007). Another advantage of
short experimental trials is a more frequent calibration of the experimental set-up which guarantees
high quality and accuracy of the collected datasets (Duchowski, 2007).

The Eye-Tracker Data Quality
In order to draw statistically relevant conclusions from the acquired data of eye-tracking
experiments, it is crucial to get an understanding for data quality criteria (Holmqvist, Nyström &
Mulvey, 2012). This section touches upon those criteria in a general sense quickly presented here.
The data quality criteria get described in detail and applied to the specific experiment in the ‘Study’
section. Reliability and validity are the most common quality criteria in quantitative research
(Golafshani, 2003) and are “tools of an essentially positivist epistemology.” (Watling, as cited in
Golafshani, 2003, p.598). Quantitative research is characterized through experimental
measurements with the goal to test hypotheses (Hoepfl, 1997). According to Hoepfl (1997, p.48),
quantitative research seeks for “causal determination, prediction, and generalization of findings”. It
is crucial that the experimental results of quantitative research are replicable and repeatable
(Golafshani, 2003). This notion of replicable and repeatable results gets underlined by Joppe (2000,
as cited in Golafshani, 2003) who defines consistent and reproducible results over time under
similar set-ups as reliable. Therefore, “reliability refers to the extent to which your data collection
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techniques or analysis procedures will yield consistent findings” (Saunders et al., 2009, p.156).
Factors that may threat the reliability of the results are the subject bias as well as the subject error
(Saunders et al., 2009). This includes the fact that some subjects behave in a way they think they are
supposed to behave instead of behaving naturally and that mood fluctuations may influence the
results when the experiment is conducted again (Saunders et al., 2009). Additionally, the observer
error whilst collecting the data and the observer bias whilst interpreting the results can threat the
reliability of the research (Saunders et al., 2009). According to Joppe (2000, as cited in Golafshani,
2003), validity in quantitative research stipulates if the research measures what it is supposed to
measure and if the results are accurate. Validity in experimental research differs between internal
and external validity. According to Roe and Just (2009), internal validity occurs when observed
correlations are causal. In other words, internal validity occurs when variations of the dependent
variable are clearly attributable to variations of the independent variable. Saunders et al. (2009)
define external variability as the possibility to generalize the results or relationships to different
environments or individuals which makes the findings equally applicable to other research settings.
Possible threats for the validity of an experiment are the so-called demand characteristics
which result from “the subject's active attempt to respond appropriately to the totality of the
experimental situation” (Orne, 1962, p.779). In other words, the subject forms an interpretation of
what is expected from him or her in the experiment and changes the behaviour accordingly.
Demand characteristics cannot be eliminated from experiments but studied in order to evaluate their
effect on the results (Orne, 1962). This phenomenon is closely linked to the ‘Hawthorne Effect`
which describes changes in the subject behaviour due to an awareness of being in an experimental
set-up and getting observed (Wickstrom & Bendix, 2000). This may result in “active compliance
with the supposed wishes of researches because of special attention received, or positive response to
the stimulus being introduced” (Wickstrom & Bendix, 2000, p.363). Therefore, it can get assumed
that the ‘Hawthorne Effect’ may distort the results of a study through the study itself. Another
factor that may negatively influence validity of the experimental results is the ‘ObserverExpectancy Effect’. This effect occurs when the researcher somehow communicates the hypothesis
or the expectations of how the subjects should react to the participants before the execution of the
experiment (Rosenthal, 1966). This may influence the participants to adapt their behaviour in order
to be congruent to the expectations which make the hypothesis a self-fulfilling prophecy (Rosenthal,
1966).
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The Study
The Research Design Framework
The main objective of this experimental research is testing the effects of different visual design
features in a web shop environment, particularly their attention capturing abilities. The results of
the experiment are supposed to give recommendations to marketers, business decision makers and
web shop designers. They give them a pattern on how to design web shops more effectively in order
to capture the visual attention of consumers and consequently influence their decision-making
process in favour of increasing sales figures. In order to get provable results, we decided to set-up
an eye-tracking study for quantitative data collection. Subsequently, these results can get evaluated
statistically which gives them a scientific eligibility and makes them a valuable information source.
The following paragraph elucidates the details of the experimental design of our conducted eyetracking study. This includes the manipulations, the participants, the task description given to the
participants and a detailed technical presentation of the used eye-tracking device. Additionally, the
precautions taken before the actual study start get presented. Other crucial focal points of this
section are the within-subject design of the experiment and the assurance of the experimental
quality. The experimental quality assurance part showcases that the study has a high validity and
ensures that it can be replicated as long as construct validity, internal validity, external validity and
several biases which may occur while executing the study are taken into consideration. Several
precautions get displayed in order to minimize those biases and maximise the validity of our study.

The Research Design
The proposed hypotheses got tested by a remote, table-mounted, video-based eye-tracking device in
a laboratory environment. Much current eye-tracking research got performed in a laboratory
environment with subjects looking at computer screens. The reduced external validity of those setups often got criticized because the laboratory setting does not replicate real life situations in
dynamic environments (Duchowski, 2007; Clement et al., 2013). For the specific situation of this
research, reduced external validity of the laboratory setting is only a minor issue. The placement of
subjects in front of a computer screen adequately replicates the real-life situation of subjects sitting
in front of their personal computers and browsing through online shops. The laboratory eye-tracking
experiment was conducted in the ‘SenseLab’ at the Decision Neuroscience Research Cluster
(DNRC) at the Department of Marketing of Copenhagen Business School, Denmark.
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To assess the effect of the manipulated visual design features on the human visual attention,
it was necessary to run the study with two research groups. We decided for a within-subject
research design in which the different participants got assigned to two different groups. Each group
consisted of 26 participants. Two groups were a prerequisite in order to have one group as control
group. The control group served as basis for the research in order to evaluate the gaze plot and,
therefore, visual attention without any manipulations. The second group showcased if and how that
gaze plot and, therefore, the human visual attention changed, when a certain design element got
manipulated. Each participant got assigned randomly to either Group 1 or Group 2. To make a
reliable assertion about the effect of one specific visual design feature on human visual attention,
the manipulation for each web shop interface had to get limited to the modification of only one
specific element. Therefore, each hypothesis got tested with different product categories and
different web shop manipulations which are shown in the following Table 2. The used product
categories got randomly chosen and had no connection to each other because the product type was
not relevant for this research. The ‘C’ stands for the control group and the ‘M’ for the manipulation.
Each hypothesis got tested with four different product categories and each research group got
exposed to all of those 16 categories.
Table 2
Research Design
Hypotheses
Pictorial vs Text (H1a +H1b)

Price Surface Size (H2a + H2b)

Colour Contrast (H3a + H3b)

Promotional Element (H4a + H4b)

Product Category
Wine
High Heel
Cupboard Wood
Hammock
Helmet
Carpet
Lipstick
Piano
Phone Cases
Headphones
T-Shirts
Towels
Toothbrushes
Sunglasses
Caps
Suitcases

Table 2: Research Design
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Group 1
C
M
C
M
C
M
C
M
C
M
C
M
C
M
C
M

Group 2
M
C
M
C
M
C
M
C
M
C
M
C
M
C
M
C

Interface Design
Productdetail Page

Productdetail Page

Product Overview

Product Overview

The Web Shop Manipulations, Task and Research Procedure
In order to ensure that the visual attention of the participants did not get influenced by already
known web shops or brands and to prevent the results from the familiarity and originality effect
mentioned above, a purist design language got chosen. We relinquished to take existing web shop
designs that the participants could be familiar with, since this could cause biased results. The
different web shop interfaces for the experiment got designed with the help of the online website
creation tool ‘wix.com’. The created interfaces had a realistic appearance but were purely fictional.
Screenshots of the different web shop interface set-ups got imported into the iMotions software and
served as stimuli for the eye-tracking experiment. Two different interface types, namely a product
overview interface and a product detail page interface, got created with some inspiration of existing
real-life web shops.
The product detail page interface consisted of one product picture of a product category, the
product name, the product price in Danish kroner, a quantity selection text box, a blue ‘ADD TO
CART’ button and a text box with product details. The prices got inspired by common market
prices for that product category in order to eliminate effects of very high or low prices on the visual
attention of the participants. The product details got inspired from real web shop product
descriptions. The content of those product details was irrelevant for the experiment but had to refer
to the product to suggest a real web shop environment to the participants.
The product overview interface setup consisted of eight similar products only differing in
the colour and the respective product name. They got retrieved from a website that specializes on
transparent pictures. The price of each product within a product category was similar and given in
Danish kroner. The prices got defined by common market prices for that product category so they
were not extraordinary high or low which may have had an effect on the experiment. The sizes of
the individual product pictures within the product categories have been identical and the font size,
font colour and font type were congruent for each of the eight products within a category. The
header of each product overview interface page, independent if it was a control page or a
manipulated page, was an identical black bar with the four flush-left oriented tabs ‘SHOP’ (yellow
font), ‘ABOUT’ (white font), ‘FAQ’ (white font) and ‘CONTACT’ (white font). A yellow
shopping cart symbol with a round yellow zero items symbol was positioned flush-right on the
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black header bar to give the interface a more realistic web shop appearance. The product pictures
for the different product categories got consulted from various internet sources. One product picture
got chosen as basis for each category and for the product overview interfaces the hues of the
products got changed with the help of Adobe Photoshop to ensure merely a colour change without
influencing any other pictorial factors like positioning, angle et cetera. Due to the findings of
Camgöz et al. (2003) regarding the impact of the saturation level on human visual attention, we kept
the saturation level for all product pictures constant.
Therefore, each participant got exposed to eight different product overview interface
screenshots and eight product detail page interface screenshots during the experiment. Depending
on the group affiliation, they were either in a control or manipulated state. After each screenshot, a
slide got presented which showed that exact same screenshot again in a smaller size combined with
a possibility to choose which alternative the participant would be most likely to purchase. In the
product detail page interface case, the participants had to position a slider on a scale from one to
seven regarding how likely they would add the displayed product to the shopping cart (1: not at all,
7: very likely). These tasks had nothing to do with the actual research goal and served as distractors
in order to veil the actual aim of the study. The answers were necessary to proceed with the
experiment. In order to ensure that the eyes of the participants were always located at the same
position before being exposed to the stimuli, fixation cross slides got presented for 0.5 seconds in
front of each new product category screenshot. These fixation cross slides consisted of a black cross
on a white background and assured the same starting position of the participants’ eyes before each
new product category. Before the actual start of the presentation of the stimuli, the participants were
greeted and thanked for their participation through a welcome slide. Besides, they were asked for
their age. The last slide asked the participants to type in their nationality and favourite colour.
Besides, they had to choose if they were students, workers, unemployed or retired.
Therefore, 50 slides got presented to each participant in total. Those 50 slides consisted of
eight product overview interface slides, eight product overview choice slides, eight product detail
page interface slides, eight product detail page choice slides, 16 fixation cross slides before each
product category, the welcome slide and the final question slide. The welcome and final question
slide as well as the fixation cross slides were identical for both research groups. The other slides
differed which will be shown below in detail. Therefore, each group got exposed to the same stimuli
but always only one version of it, control or manipulated.
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The Stimuli Manipulations
The Pictorial vs Textual Manipulation
To test the hypotheses H1a and H1b comparing the time to first fixation as well as the total fixation
duration between a pictorial element and a textual element in an online shop environment, a
manipulation is not necessary. Each displayed product got presented with a product picture next to a
textual product description. Nevertheless, we created a ‘manipulated’ set-up where the position of
the textual element and the pictorial element got swapped in the product detail page interface to
make sure that the position of the elements had no influence on the assessment of the hypotheses.
The products for the assessment of these hypotheses were a bottle of wine, a high heel, a wooden
cupboard and a hammock. The product descriptions were product specific but got randomly picked
from existing web shops and had no connection to a specific brand. On the control web page, the
pictorial element was positioned flush-left and the textual element was positioned flush-right. The
textual element consisted of the product name, the product price in Danish kroner, the product
details, a quantity selection text box and a blue rectangular ‘ADD TO CART’ button with white
font. On the manipulated web page, it was the other way around with the textual element on the left
side and the pictorial element on the right side. All other elements remained unchanged. The control
product detail page screenshots of wine and the wooden cupboard got presented to research group 1
and research group 2 looked at the control product detail page screenshots of the high heel and the
hammock. Regarding the manipulation, research group 1 saw the manipulated product detail page
screenshots of the high heel and the hammock, whilst research group 2 got exposed to the
manipulated product detail page screenshots of the wine and the wooden cupboard. Each screenshot
got presented to each participant for exactly 15 seconds to give them enough time for taking in the
textual elements like product description, price etc. Afterwards, the participants had to rate via a
slider how likely they would be willing to add the displayed product to their shopping cart (1: not at
all, 7: very likely). An exemplary manipulation is displayed in the following figures regarding the
product category wine. The three remaining product categories regarding H1 (cupboard, hammock,
high heel) can be found in Appendix 1.
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Figure 6: Product detail page ‘Wine’ control group (pic vs text H1a+H1b)

Figure 7: Product detail page ‘Wine’ manipulated group (pic vs text H1a+H1b)
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Figure 8: Decision slide ‘Wine’ control group

The Price Surface Size Manipulation
For the assessment of hypotheses H2a and H2b regarding the influence of the price surface size on
the time to first fixation and the total fixation duration towards the price element in an online shop
environment, the price surface size got manipulated on the product detail page interfaces of the web
shop. In the control web shop page set-up, a price font size of 20pt got chosen for each four product
categories helmet, carpet, lipstick and piano. In the manipulated set-up, this font size got doubled to
40pt. All other web page elements like product picture size, the product name, the product
description, the price amount in Danish kroner, the quantity selection text box, the font sizes of all
other elements except the price and the blue rectangular ‘ADD TO CART’ button with white font
remained completely unchanged. The positioning of the different elements remained the same for
the control and the manipulated set-up. Research group 1 got exposed to the control product detail
page screenshots of the products helmet and lipstick, whilst research group 2 saw the control
product detail page screenshots of carpet and piano. In the manipulated set-up, research group 1
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looked at the manipulated product detail page screenshots of carpet and piano, whilst the
manipulated product detail page screenshots of helmet and lipstick got presented to research group
2. Each screenshot got presented to each participant for exactly 15 seconds to give them enough
time for taking in the textual elements like product description, price etc. Afterwards, the
participants had to rate via a slider how likely they would be willing to add the displayed product to
their shopping cart (1: not at all, 7: very likely). An exemplary manipulation is displayed in the
following figures regarding the product category carpet. The three remaining product categories
regarding H2 (lipstick, piano, helmet) can be found in Appendix 2.

Figure 9: Product detail page ‘Carpet’ control group (price surface size H2a+H2b)
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Figure 10: Product detail page ‘Carpet’ manipulated group (price surface size H2a+H2b)

Figure 11: Decision slide ‘Carpet’ control group
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The Colour Contrast Manipulation
In order to test the hypotheses H3a and H3b regarding the influence of contrast between the product
colour and the background colour on the time to first fixation and the total fixation duration, we
manipulated the background colour in the web shop product overview interface screenshots.
Product categories for this hypotheses test were phone cases, headphones, t-shirts and towels. In the
control product overview interface screenshots, the different-coloured products got presented on a
white background, whilst the background colour of the manipulated product overview interface
screenshots was a dark grey. As a result, the contrast levels of the coloured products towards the
white respectively dark grey background varied, which made some products ‘pop-out’ more than
others. This opened the opportunity for the comparison of eye-tracking data from the control group
with the manipulated group resulting in potential findings regarding the influence of colour contrast
on human visual attention in an online shop environment. Research group 1 got exposed to the
control product overview interface screenshots with white background of the product categories
phone cases and t-shirts, whilst research group 2 saw the control product overview interface
screenshots with white background of the product categories headphones and towels. Regarding the
manipulated product overview interface screenshots with dark grey background, participants of
research group 1 got confronted with the product categories headphones and towels and participants
of research group 2 looked at the manipulated product overview interface screenshots with dark
grey background of the product categories phone cases and t-shirts. Therefore, each research group
got exposed to four different screenshots regarding the colour contrast hypotheses. Each screenshot
got presented to each participant for exactly ten seconds and afterwards, the participant had to
choose via a multiple-choice interface on the following slide which option he or she would be most
likely to choose. An exemplary manipulation is displayed in the following figures regarding the
product category phone cases. The three remaining product categories regarding H3 (headsets, tshirts, towels) can be found in Appendix 3.
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Figure 12: Product overview interface ‘Phone Cases’ control group (colour contrast H3a+H3b)

Figure 13: Product overview interface ‘Phone Cases’ manipulated group (colour contrast
H3a+H3b)
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Figure 14: Decision slide ‘Phone Cases’ control group

The Promotional Element Manipulation
For the assessment of hypotheses H4a and H4b regarding the influence of a promotional element on
the time to first fixation and total fixation duration in an online shop environment, the product
overview interfaces got manipulated by affixing a promotional element to one of the product
pictures in the product overview interface. In the control product overview interface screenshots, all
eight products of a category got presented in the same size with the same price just differing in
colour and colour description. Product categories for this hypothesis testing setup were
toothbrushes, sunglasses, caps and suitcases. In the manipulated product overview interface, a
rectangular orange coloured promotional element with white font got added to the left-up corner of
the product picture. In the product category toothbrushes the slogan ‘Back in stock!’ was added to
the green toothbrush. The label ‘NEW ARRIVAL’ got added to the orange sunglasses in the
sunglasses product category. In the product category caps the promotional element ‘Only 2 items
left!’ got affixed to the dark blue cap and the turquoise suitcase in the suitcase product category got
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equipped with a ‘NEW ARRIVAL’ slogan. Research group 1 got exposed to the control product
overview interface screenshots without promotional elements of the product categories toothbrushes
and caps, whilst research group 2 saw the control product overview interface screenshots without
promotional elements of the product categories sunglasses and suitcases. The manipulated product
overview interface screenshots, with affixed promotional elements to the product categories
sunglasses and suitcases, got shown to participants of research group 1, whilst the manipulated
product overview interface screenshots with promotional element to the product categories
toothbrushes and caps got presented to participants of research group 2. Each screenshot got
presented to each participant for exactly ten seconds and afterwards the participants had to choose
via a multiple-choice interface which option they would be most likely to choose. An exemplary
manipulation is displayed in the following figures regarding the product category suitcases. The
three remaining product categories regarding H4 (sunglasses, caps, toothbrushes) can be found in
Appendix 4.

Figure 15: Product overview interface ‘Suitcases’ control group (promotional element H4a+H4b)
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Figure 16: Product overview interface ‘Suitcases’ manipulated group (promotional element
H4a+H4b)

Figure 17: Decision slide ‘Suitcases’ manipulated group
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Exposure Time to the Stimuli
The exposure time was held constant for the different product overview and the product detail page
interface screenshots. After 10 seconds for the product overview, respectively 15 seconds for the
product detail interface screenshot the experiment continued automatically. The decision slides for
both interface types between the screenshots were not time limited and the participants had to
choose or rate a product in order to continue with the experiment. A fixed exposure time for the
interface screenshots got chosen to minimize threats to the internal validity of the research by
creating consistent procedures for all participants. Especially regarding the evaluation of the total
fixation duration of a visual design element, a constant exposure time was crucial. During the
execution of the pilot study, the time each participant took to complete the whole test did not differ
that much from participant to participant which supported our decision to set a constant exposure
time. Each product overview interface slide got presented to each participant for 10 seconds and
each product detail interface slide got presented for 15 seconds because of the high amount of
textual information. The decision slides were not time limited and each fixation cross slide got
presented for 0.5 seconds.

The Eye-Tracking Device
For our study we used the Tobii T60XL remote screenbased eye-tracking device produced by the Swedish
company Tobii Technology AB. The Tobii T60XL eyetracking device consists of a high-speed infrared camera
built into the frame of a computer monitor beneath the
LCD flat panel to capture the eyes of each participant
with infrared corneal reflection technology (see Figure
18). The infrared camera measures the point of gaze, the
Figure
Tobii
T60XLeye-tracking
eye-tracking
eye-to-screen distance, the fixation duration of the Figure
18:18:
Tobii
T60XL
device
(SenseLab,
CBS,
2019)
different elements and the motion of the eyes. The device (SenseLab, CBS, 2019)
following technical specifications have been retrieved from the use of the device and the product
description manual (Tobii Technology AB, 2010). The Tobii T60XL sampling rate is 60 Hz with an
accuracy of 0.5°, a drift of 0.1°, a spatial resolution of 0.35° and a head movement error of 0.2°.
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The tracking recovery time is 300ms and the latency time 33ms maximum. The eye-to-screen
tracking distance varies between 50 cm minimum and 80 cm maximum. Participants can move their
heads in a virtual box of width x height 44cm x 22 cm at an eye-to-screen tracking distance of 70
cm. A built-in user camera, operating at a frame rate of 640 x 480 at 30 frames per second, recorded
the participants’ head movement. The LCD flat panel has a size of 24 inches and operates with a
resolution of 1920 x 1200 pixels and 16.7 M (true 8-bit) display colours. The vertical
synchronization frequency varies between 46-63 Hz and the horizontal synchronization frequency is
situated between 69-78.5 kHz. The eye-tracker is connected to a computer running Windows 10 via
LAN + VGA/DVI and to a second monitor behind a visual cover. This second monitor served as
tool to trace the gaze plot and fixations of the participants in real time during the experiment and
constantly check if the head and eye position remained correct in order to guarantee high quality
data results. The eye-tracking device was connected to a separate mouse and a separate keyboard to
enable the participants to fill out the demographic questions at the end of the experiment. Figure 19
displays the setup of the eye-tracking device in the SenseLab of CBS. The eye-tracking data in the
experiment got recorded automatically by the eye-tracker and gathered by using the matching
tracking software iMotions by the Copenhagen-based company iMotions AS. Since the resources at
CBS SenseLab are limited to one remote eye-tracking device, participants conducted the
experiment independently from each other.

Figure 19: Laboratory setup at Copenhagen Business School
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The Preparation of the Study
Before the actual experiment, we ran a pilot study of the intended research set-up including test runs
with five different students from our network and our supervisor who is associated professor PHD
at the Department of Marketing of Copenhagen Business School. Their feedback gave us valuable
input for the optimization of the final research design. We shortened the exposure time of the
different interface slides from initial 20 seconds down to 10 seconds for the product overview
interface respectively 15 seconds for the product detail page interface. Besides, we downsized the
screenshot size on all slides in order to make the eye-tracking procedure more pleasant for the
participants. The implementation of the changes led to the final research design and the data
collection began.
After their arrival, the research participants were kindly asked to sign a declaration of
consent informing them about their right to withdraw from the experiment at any time and about the
anonymity of the data collection. Besides, they were informed that the collected data just got used
for scientific purposes. Before getting started, each participant got a brief introduction regarding the
functionality of the eye-tracking equipment, the research procedure and the fictional goal of the
study. The choice for giving the participants a fictional research goal gets explained in the
forthcoming. Besides, we told the participants that the session would get videotaped. To tell each
participant what is being done to them was of significant importance to us due to our personal
ethical comprehension. Nevertheless, we tried to keep the instructions to a minimum so that the
participants did not get overly sensitive regarding their eye-movements.
The participants got placed in a stationary chair without wheels and without leaning
variation capabilities in front of the eye-tracking monitor with an eye-to-screen distance of
approximately 60 cm. This distance ensured the highest quality regarding the collected data. To
prevent a distortion of the data through an uncomfortable seating position, participants were
instructed to get themselves in a comfortable position before the start of the experiment and move
the chair instead of their posture for the correct positioning. Due to different heights of the
participants, we used a vertically-adjustable desk on which the eye-tracking device got placed to
ensure a comfortable seating and head position of the participants. Those instructions where
necessary to ensure high quality data even though the eye-tracker allowed tolerances up to 15 cm
leaning back or forth. Each individual test started with a short calibration process of approximately
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20 seconds where the participant was instructed to follow nine white dots which appeared
automatically on a grey background. After the calibration process, the eye-tracking software gave
direct feedback about the calibration quality. We only started the experiment if we got ‘excellent’
calibration quality feedback from the iMotions software. Otherwise we ran the calibration process
for the specific participant again until the optimal quality got achieved. A huge help for a proper
calibration process was the track status window in iMotions that showcased the location of the
participant’s eyes from the point of view of the camera. A proper calibration got displayed by green
colouring of the status window and instructions were given to the researcher in case the participant
had to adjust the head position (e.g. higher or lower, move closer or move away) for high quality
data. In some cases, we had to tell certain participants to slightly adjust their head positions during
the experiment because they did not manage to keep their heads in a stable position without them
even noticing.

The Research Participants and Selection
Six individuals conducted a pilot test to assess the whole experimental procedure, the research setup and the given task. For the main study, a total of 52 participants (41 women and 11 men)
participated in the study, with ages ranging from 19 to 31 years. The average age of the female
research participants was 24.5 years, whilst the average age of the male participants was 26.2 years.
Most participants were Master students of economic sciences recruited during the semester at
Copenhagen Business School. The majority of the participants were citizens of European countries,
primarily born in Germany, Italy and Scandinavia. The remaining participants came from the Asian
and American regions.
The research participants were chosen and allocated to either research group 1 or research
group 2 in a random manner. Participants got recruited by personally asking fellow students on the
campus Solbjerg Plads at Copenhagen Business School and through communication via short
messages on social media. Participants of the experiment were kindly asked to limit the
communication about the research goal to a minimum in order not to jeopardise the internal validity
of the study
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The Within-Subject Design
In our within-subject design each participant of one group got exposed to two control and two
manipulated stimuli of the four product categories regarding one hypothesis. Therefore, every
participant saw each stimulus of each category even though the participants of group 1 looked for
example at the control version, whilst the participants of group 2 got exposed to the manipulated
version of it. This research design of exposing each individual to more than one of the treatments
being tested enables causal estimates by assessing how the behaviour of individuals changed when
the experimental environmental factors changed (Charness, Gneezy & Kuhn, 2012). According to
Charness et al. (2012), within-subject research designs are very powerful econometric techniques
which usually match very accurately with the underlying theoretical perspectives. The withinsubject design is characterized through a high level of internal validity because there is no
dependency on random assignments to different groups (Charness et al., 2012). Each participant
gets exposed to each stimulus anyways. This high internal validity pushes the statistical
meaningfulness of a study built upon a within-subject design (Charness et al., 2012). Additionally, a
within-subject design is “more aligned with most theoretical mind sets” because a theorist prefers
“to imagine an agent in a market reacting to a price change, not two agents in separate markets with
different prices” (Charness et al., 2012, p.2). On the contrary, the external validity of within-subject
designed experiments may suffer because an individual usually only faces one single decisionmaking situation in a real-world environment (Charness et al., 2012). The within-subject design
experimental results have high statistical force of expression because each participant does not only
provide one independent data point (Charness et al., 2012). Additionally, a within-subject design
requires a lower number of participants than a between-subject design in order to get statistically
significant results. This simplifies the recruitment process of participants and generates enough data
to potentially display a statistically significant difference between two conditions. The withinsubject design got criticized in the existing literature for non-independent tasks (Grice, 1966) and
the generation of carry-over- as well as practice-effects which may distort the causality (Greenwald,
1976). Therefore, it is crucial to consider the complexity level of the within-subject design in order
to ensure valid results (Charness et al., 2012).
Nevertheless, we decided for a within-subject design because it fitted our research the best.
Charness et al. (2012) motivated our decision by outlining the statistical power as main advantage
of a within-subject set-up. A potential drawback of a within-subject design is the extensive time

77

duration of the experiment which may lead to fatigue of the participants. We tried to counteract by a
lean and simple experimental design in order to keep the time duration for the participation of each
individual in an acceptable time frame of five to seven minutes. This made the session less tiring
and appropriate for a testing procedure without any interaction with the researcher. At the beginning
of the experiment, we randomly decided to include the participant in research group 1 or research
group 2. The presentation order of the stimuli to all participants in the different research groups of
our experiment always stayed the same to enable a direct comparison of the control interface and
manipulated interface. According to Charness et al. (2012), an optimal within-subject analysis
presents the stimuli in varying order to minimize the effect of carry-over biases. We did not include
that advice in our experimental set-up because a direct comparison is problematic when the stimulus
gets exposed at a different point in the study to two individuals.

The Experimental Quality Assurance
In order to achieve the highest possible validity of the experiment, many precautions were taken
before executing the study. Generally, validity in quantitative research refers to the level of
representation that is achieved in the experiment. In other words, it tests the degree to which the
study actually measures what it is supposed to be measuring (Joppe (2000, as cited in Golafshani,
2003). A more valid experimental design leads to a higher likelihood to get the same results in case
of repeating the experiment. In order to evaluate the validity of our research design, we took the
construct validity, the internal validity and the external validity into consideration.

The Construct Validity
According to Cronbach and Meehl (1955), construct validity is an essential part of the perceived
overall validity of a test and refers to the suitability of the experimental design to capture a specific
theoretical construct. In other words, construct validity drills down if a key figure behaves in a way
it is supposed to behave according to the theoretical foundation. Construct validity gets broadly
defined by Bagozzi, Yi and Phillips (1991, p.421) as “the extent to which an operationalization
measures the concept it is supposed to measure”. Whether test score interpretations are coinciding
with a nomological network of theoretical and observational factors is the main question of
construct validity (Cronbach & Meehl, 1955). Messick (1998, p.37) argues, that “all validity comes
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down to construct validity” which makes other validity types like content validity, criterion-related
validity or consequential validity no unpaired arguments for the validity of a test. Those validity
types can get integrated into the assessment of construct validity (Messick, 1998). Messick
describes construct validity as “unifying force that makes validity a coherent unitary concept and
validation a unified process for evaluating evidence of the adequacy and appropriateness of
interpretations and actions based on test scores” (1998, p.39). Therefore, construct validity can get
interpreted as judgement of the conclusions drawn from test scores to be appropriate, meaningful
and useful (Messick, 1998).
We tried to ensure high construct validity in our study by including various existing
literature and converted the findings into actual measurements. The literature got assessed
extensively and critically in order to strengthen the construct validity of this study. Factors which
may threat the construct validity of our study get discussed at the end of this paragraph. We tried to
minimize those threats to an absolute minimum by adapting our experimental design accordingly.

The Internal Validity
Internal validity describes the relationship between one or more independent variables and one or
more dependent variables. Roe and Just (2009) describe internal validity as existent, when observed
correlations are causal. Therefore, internal validity occurs when variations of the dependent variable
are clearly attributable to variations of the independent variable. A high internal validity can be
attributed as indicator for the ability of the study to determine if a relationship between the variables
is existent. Relationship in this case means the certainty that the change or the lack of change was
caused by the manipulation of the study and not due to poor design or other factors. Generally,
internal validity is higher for experiments made in a laboratory environment instead of a field data
(Roe & Just, 2009). The environment in a laboratory can be controlled and distracting factors like
lighting, noise and other diversions can get eliminated during the test. In order to ensure the highest
possible internal validity, the study was designed to reduce potential threats to internal validity like
instrumentation and selection of participants (Slack & Draugalis, 2001) which get illustrated below.
According to Roe and Just (2009), the presence of uncontrolled variation in unobserved variables
may threat the internal validity so they suggest giving subjects clear instructions regarding the
context and setting an order to reduce that risk. The limited time of laboratory experiments
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increases the internal validity of the study because learning effects of the research groups get
minimized or at least showcased and monitored (Roe & Just, 2009).

The External Validity
According to Saunders et al. (2009), external validity refers to the generalizability of a study to
different environments or individuals in order to make the findings applicable to other research
settings. A causal finding in one situation may not be applicable for another situation. As already
mentioned above, the laboratory setting usually has a high internal validity, but the external validity
suffers from the very sterile environment (Roe & Just, 2009). The decision towards a laboratory
setting instead of collecting field data always gets influenced by a trade-off paradigm between the
pursuit of internal and external validity (Roe & Just, 2009). The created web shop pages for this
experiment are designed very simplistic and reduced in order to create an environment in which a
change of a visual design feature can get linked directly to a possible occurring influence on human
visual attention. In a real-world web shop environment, there are various factors which also
influence human visual attention but are consciously not included into this study. These factors
include different product designs, different brands, existing knowledge of the participants about the
web shop design, existing knowledge of the participants about the products, a higher variety of
choice options, different prices et cetera. By including all of those additional factors into the
laboratory study it would get impossible to tell, if the change of one specific visual design feature
influenced the human visual attention or if that influence got caused by another visual design
feature. Therefore, we decided consciously to create those simplistic and reduced web pages which
reduced the external validity of the study but guaranteed a higher level of internal validity by
eliminating disturbing factors.

The Instrumentation
In order to achieve the highest possible internal validity, every potential disturbing factor needs to
get eliminated. It was crucial to ensure that no contextual problems associated with the instruments
and their administration occurred during the execution of the experiment. Those problems got
avoided by using identical materials, instructions and procedures throughout the whole experiment.
Thus, only one researcher executed the experiment, thereby minimizing the researcher’s bias and
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ensuring that the introduction given to the participant was always the same. Each experiment of the
study took place at the SenseLab of Copenhagen Business School. The research setup was kept
constant all the time by using the same eye-tracking device, the same computer, the same furniture
and the same room. For a correct usage of the eye-tracker, a manual got followed. In order to ensure
the same start of fixation on every slide, each participant got calibrated at the beginning of the
experiment and got exposed to a fixation cross before the presentation of each new stimulus.

The Biases
The Experimenter Bias
The experimenter bias displays the possibility of being biased towards the results as researcher in
order to get the desired output. As a researcher, the tendency may occur to engage a bit too much
with the participants which may distort the study results. The experimenter bias is also known as the
‘observer-expectancy effect’. According to Rosenthal (1966), this effect may emerge when the
researcher subconsciously or consciously communicates the goal of the research or the research
hypotheses about the expected participant behaviour in some way to the participants before the
study is finished. This information may motivate the participants to adapt their behaviour in order to
match with the expected behaviour which makes the hypothesis a self-fulfilling prophecy
(Rosenthal, 1966). Since the real research goal of this study did not get revealed to the participants
before they finished, this bias should not be a threat for the internal validity.

The Leftward Bias
According to Foulsham, Gray, Nasiopoulos and Kingstone (2013) referring to behavioural and
neuropsychological research, human individuals do not pay attention equally to the left and the right
sides of visual space. Foulsham and Kingstone (2010) showcase that the saccades of participants
moved towards the left side first when they were exposed to geometric patterns in a memory test.
This leftward tendency got underlined by Dickinson and Intraub (2009, as cited in Foulsham et al.,
2013) who showcased that human visual attention is biased to the left side of the picture. This
results in a lower time to first fixation towards elements on the left side and a higher likelihood of
those elements to get memorized by the participants. This leftward bias needs to get considered for
the analysis of our research results which is done by a research design with one control group and
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one manipulated group. According to the literature, the leftward bias should get obvious already in
the control group which is sensitizing the researcher for the analysis of the manipulated group.

The Central Fixation Bias
Generally, humans that observe view scenes at a computer monitor tend to look more frequently to
the middle of the screen than to the outer edges (Tatler, 2007). This got demonstrated firstly by
Buswell in 1935 and got validated numerous times after that. For our study that means that products
in the middle will generally earn more fixations compared to the ones in the outer edges not because
they attract more attention in general but because they are located in the centre. In order to
counteract that bias, the changing design elements are placed randomly at different spots of the
webpage. Furthermore, the study consists of two groups so the results can always be compared to
the control group, where the design element was not changed. In order to make sure every
participant has the same starting point from where he or she starts to scan the monitor, a fixation
cross is placed before every new product slide.

The Experimenter Demand Effect and Hawthorne Effect
The experimenter demand effect occurs in experimental studies when the participants change their
behaviour due to cues regarding the expected results of the study and appropriate behaviour (Zizzo,
2009). He distinguishes between the cognitive and social experimenter demand effect. The
cognitive dimension refers to the fact that the participants recognize the goal of the study during or
before the execution and adapt their behaviour accordingly (Zizzo, 2009). According to Zizzo
(2009), the social dimension of the experimenter demand effect covers the phenomenon that some
researchers consciously or even unconsciously create some kind of social pressure on the
participants by giving specific cues or instructions. In other words, this may result in a response
change of the participants in order to help the researcher to ‘find out’ the exact results he or she was
hoping for. Orne defines that experimenter demand effect as “the subject's active attempt to respond
appropriately to the totality of the experimental situation” (1962, p.779).
In order to minimize the experimenter demand effect, Zizzo (2009) proposes several
methods to improve experimental designs which we tried to integrate in the research design of this
eye-tracking study as well. He suggests a minimization of social interactions between the
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researchers and the participants and giving specific defined instructions to the participants before
the start of the study. Besides, Zizzo (2009) proposes to modify the decision task to misguide the
participants and, therefore, not give them any hints about the goal of the study. We included that
advice by defining our instructions very precise in advance. Each participant got the exact same
introduction. This introduction included a quick briefing about the used technology and instructions
regarding the optimal seating position in front of the LCD-screen in order to get excellent
calibration results and high-quality data.
The participants got a fake task and were told that the study assesses their purchase
behaviour in a web shop environment. We underlined that ‘task’ by including the decision slides
after each screenshot on which the participants had to decide for a product option in the product
overview interface or rate their willingness to buy the displayed product in the product detail page
interface. The only purpose of those decision slides was to put the participants on a false trail and
not give them any interpretation latitude regarding the research goal. The product the participants
chose eventually in the product overview interface or the likelihood to put the displayed product in
the shopping cart in the product detail interface was completely irrelevant for this research. We
assumed that any hints regarding the research goal of assessing the influence of visual design
features on human visual attention could have distorted the results. After finishing the data
collection, we told the participants about the real purpose of the study because most of them were
curious about that and in our eyes it is bon ton to tell them that they got ‘tricked’ for the sake of
science.
As already described in the methodology section above by Wickstrom and Bendix (2000),
the behaviour of participants may change due to the awareness of being in an experimental setup
and getting observed. This so called ‘Hawthorne Effect’ is very similar to the experimenter demand
effect and may result in “active compliance with the supposed wishes of researches because of
special attention received, or positive response to the stimulus being introduced (Wickstrom &
Bendix, 2000, p.363). We tried to minimize that effect in our eye-tracking experiment by reducing
the interaction with the participants to the necessary minimum and not giving any cues about the
research goal.
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The Research Results
This paragraph presents the results of the study and interprets them on a statistical basis by using
the statistics and analysing software JMP by the American based software firm SAS Institute. The
goal of the research is the assessment of the previously derived hypotheses. H1a and H1b address
the possibility that initial and further visual attention may differ for a pictorial design element
compared to a textual element in an e-commerce environment. H2a assesses, if the increase of price
surface size plays an essential role for decreasing the time to first fixation towards the price
element, whilst H2b evaluates, if an increasing price surface size prolongs the total fixation duration
towards the price element in a web shop environment. With H3a and H3b, the study tries to outline
a possible relationship between product-to-background colour contrast and initial as well as further
attention in an online environment. Finally, H4a and H4b take the possible influence of the
affixation of a promotional element on initial and further visual attention in a web shop into
consideration. Based on the following results, each hypothesis gets either accepted or rejected. This
paragraph addresses topics regarding the export and cleaning of the collected data and defines the
areas of interest (AOI). A heat map and gaze plot analysis gets followed by the detailed quantitative
statistical analysis of the collected data from the eye-tracking experiment.

AOI, Data Export, Data Cleaning
After the conduction of the experimental study, the relevant Areas of Interest (AOI) got marked on
the stimuli slides before the extraction of the data. The AOI enabled us to select specific areas of a
chosen stimulus and extract metrics especially for those regions. By marking the AOI, we got data
regarding the time to first fixation (TTFF) and total fixation duration (TFD) towards that specific
AOI. Within the stimuli of the product categories regarding the pictorial vs textual hypotheses
(wine, high heel, cupboard, hammock) we marked two AOI for each stimulus. One AOI covered the
pictorial element and the other covered the textual element in order to enable a comparison of those
two elements. This got done in the control set-up as well as in the manipulated set-up. The marked
AOI for the stimulus ‘Wine’ are displayed in Figures 20 and 21. The AOI for the other product
categories regarding the pictorial vs textual hypotheses can be found in Appendix 5.
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Figure 20: AOI ‘Wine’ control setup

Figure 21: AOI ‘Wine’ manipulated setup

Regarding the price surface size hypotheses, we marked one AOI per stimulus (helmet,
carpet, lipstick, piano) namely the price element in the control as well as in the manipulated set-up.
Therefore, a comparison between the data from the control stimuli and the manipulated stimuli was
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possible. The marked AOI for the stimulus ‘Carpet’ is displayed in Figures 22 and 23 and shows
exemplary how the AOI got marked for the assessment of the price surface size hypotheses. The
AOI for the other product categories regarding the price surface size hypotheses can be found in
Appendix 6.

Figure 22: AOI ‘Carpet’ control setup

Figure 23: AOI ‘Carpet’ manipulated setup
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A similar procedure got chosen for the hypotheses regarding colour contrast and affixation
of a promotional element. Each colour contrast stimulus got marked with one AOI (phone cases,
headphones, t-shirts, towels) namely the black version of the product in each product category. We
consciously decided for the black version because black created the highest contrast to the white
background of the control slide set-up. The AOI got marked in the control as well as in the
manipulated set-up to enable a comparison and draw possible implications from that. The figures 24
and 25 below show exemplary how the AOI got marked in the control and he manipulated setup of
the product category ‘Phone Cases’. The AOI of the other product categories regarding the productbackground colour contrast hypotheses can be found in Appendix 7.

Figure 24: AOI ‘Phone Cases’ control setup
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Figure 25: AOI ‘Phone Cases’ manipulated setup

Regarding the promotional element hypotheses, the AOI got marked on each stimulus on the
product version with the affixed promotional element in the manipulated set-up and exactly the
same product version without the promotional element in the control set-up in order to enable a
comparison. This was done for all other product categories as well (toothbrushes, sunglasses, caps,
suitcases). An exemplary visualization is showcased in figures 26 and 27 regarding the product
category ‘Suitcases’. The other product categories tested for the assessment of the promotional
element hypotheses can be found in Appendix 8.
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Figure 26: AOI ‘Suitcases’ control setup

Figure 27: AOI ‘Suitcases’ manipulated setup

We decided to go for strictly defined AOI specifically tailored to the chosen stimulus in
order to reduce extraneous gaze. By copy pasting the AOI from the control set-up into the
manipulated set-up, we ensured the same size for both in order to get comparable data.
After marking all relevant AOI, the data got exported from the iMotions software into an
excel sheet to prepare it for the import into JMP. Before importing the data into JMP, we cleaned
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the data in the excel sheet. Metrics which were not relevant for the further assessment got removed.
The cleaned excel sheet contained the relevant fixation results like time to first fixation (TTFF),
total fixation duration (TFD) and total fixation count (TFC). Additionally, the data got cleaned by
removing the fixations on AOI that were at 0 seconds. Fixations that started under 1ms got removed
from the data set in order to focus on the actual fixations that took place during the stimulus
exposure. Fixations below 1ms can get considered as noise because a human individual cannot
fixate an element under one 1ms.

Heat Map and Gaze Plot Analysis
Before we conducted our quantitative analysis, a heat map analysis got ran to assess qualitatively
the effects of the different manipulations on TTFF (Gaze Plot Comparison) and TFD (Heat Map
Comparison). Heat maps and gaze plots provide a visual representation of the fixation results. The
different colours in the heat maps display the different degrees of participant’s fixations. Red stands
for the highest fixation intensity followed by the varying shades of yellow and green. Therefore, red
represents the highest TFD in our case. The gaze plots show with numerical annotation the
chronological order of the fixation process of the different individuals. The lower the number, the
earlier the participant looked at the stimulus.
The heat map and gaze plot analyses provided a first glimpse on the direction in which the
following quantitative analysis might head. An exemplary heat map comparison of control and
manipulated set-up is visualized in Figures 28 and 29 below for the toothbrush stimulus evaluating
hypotheses H4a and H4b. Figures 30 and 31 are an exemplary visualization of the gaze plots
comparing the control and the manipulated set-up for the suitcase stimulus. We limited this section
to those two examples because it was only possible to showcase the heat maps for one single
product category and the gaze plots of single participants regarding one product category and not
accumulated for all four categories over all participants. This accumulation is necessary for a
general statement regarding the confirmation or rejection of a hypothesis. Thus, a quantitative
assessment for a reliable assertion regarding the confirmation or rejection of the different
hypotheses is inevitable.
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Figure 28: Heat map ‘Toothbrush’ control setup

Figure 29: Heat map ‘Toothbrush’ manipulated setup

91

Figure 30: Gaze plot ‘Suitcases’ control setup

Figure 31: Gaze plot ‘Suitcases’ manipulated setup

The General Analysis
The error margin was set to 5% which resulted in a significance level of α = 0.05.
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We started the analysis in JMP by analysing in general the distribution of the data of time to
first fixation (TTFF) and total fixation duration (TFD). The Figures 32 and 33 show in a clear way
that the collected eye-tracking data is far away from being normally distributed due to a high
number of outliers regarding the distribution of TTFF and TFD data across stimuli.

Figure 32: Distribution of TTFF across stimuli
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Figure 33: Distribution of TFD across stimuli

Due to the missing normal distribution of the data, we assessed the different product
categories separately and pairwise for the control as well as the manipulated set-up. In order to
evaluate if the central tendency of our two dependent set-ups were significantly different, we chose
the Wilcoxon Test for paired samples. This test is the non-parametric equivalent of the parametric ttest of paired samples. Normal distribution is a prerequisite of parametric statistical tests which
made us choose the Wilcoxon Test. If the resulting p-value was smaller than 0.05, the median of the
differences between the paired observations was statistically significant.
Table 3 displays the mean values for the TTFF for each product category separately
combined with the p-values resulting from the Wilcoxon Test. The mean values for TTFF show a
distinct trend that a manipulation of the set-up decreases the TTFF towards the AOI. This trend
applies to all categories except for headphones and t-shirts which are opposed to the trend. A
significant difference between the paired observations was only existent for the product categories
piano, toothbrushes and suitcases. In the picture vs text set-up, the pictorial element always had a
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lower TTFF than the textual element and the difference was always highly significant (all p-values
<0.0001).

Table 3
Mean Values TTFF CvsM
Helmet
Carpet
Lipstick
Piano
Phone Cases
Headphones
T-Shirts
Towels
Toothbrush
Sunglasses
Cap
Suitcases
Wine
High Heel
Cupboard Wood
Hammock

Control
2.44s
3.20s
4.24s
3.82s
4.28s
3.46s
2.92s
3.48s
5.21s
2.60s
2.15s
3.70s
Picture
1.61s
0.50s
0.79s
0.63s

Manipulation
1.40s
2.18s
1.99s
1.49s
4.05s
3.80s
3.28s
2.59s
2.88s
1.25s
1.92s
2.65s
Text
2.42s
2.82s
3.43s
2.86s

Wilcoxon Test/ ChiSquare
Χ²(1)=2.0552, p=0.1517
Χ²(1)=2.2307, p=0.1353
Χ²(1)=3.5138, p=0.0609
Χ²(1)=6.5356, p=0.0106*
Χ²(1)=0.1240, p=0.7247
Χ²(1)=0.8719, p=0.3504
Χ²(1)=0.2401, p=0.6241
Χ²(1)=1.9671, p=0.1608
Χ²(1)=11.3526, p=0.0008*
Χ²(1)=2.7898, p=0.0949
Χ²(1)=0.5263, p=0.4682
Χ²(1)=6.0828, p=0.0137*
Χ²(1)=22.4643, p<0.0001*
Χ²(1)=61.1216, p<0.0001*
Χ²(1)=55.6714, p<0.0001*
Χ²(1)=46.7881, p<0.0001*

Table 3: Mean Values TTFF CvsM
Table 4 displays the mean values for the TFD for each product category separately
combined with the p-values resulting from the Wilcoxon Test. The mean values for TFD show a
distinct trend that a manipulation of the set-up increases the TFD on the AOI. This trend applies to
all categories except for phone cases and t-shirts which are opposed to the trend. A significant
difference between the paired observations was existent for the product categories helmet, carpet,
piano, toothbrushes, sunglasses, caps and suitcases. In the picture vs text set-up, the textual element
always had a higher TFD than the pictorial element and the difference was always highly significant
(all p-values <0.0001).
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Table 4
Mean Values TFD CvsM

Helmet
Carpet
Lipstick
Piano
Phone Cases
Headphones
T-Shirts
Towels
Toothbrush
Sunglasses
Cap
Suitcases
Wine
High Heel
Cupboard Wood
Hammock

Control
0.36s
0.35s
0.46s
0.36s
0.76s
0.72s
1.06s
0.68s
0.40s
0.61s
0.87s
0.54s
Picture
1.83s
2.41s
2.67s
2.18s

Manipulation
0.76s
0.72s
0.55s
1.02s
0.65s
0.94s
0.82s
0.90s
1.11s
1.29s
1.58s
1.32s
Text
7.73s
5.29s
5.56s
6.26s

Wilcoxon Test/ ChiSquare
Χ²(1)=11.2463, p=0.0008*
Χ²(1)=4.0635, p=0.0438*
Χ²(1)=0.0335, p=0.8548
Χ²(1)=15.8247, p<0.0001*
Χ²(1)=0.0980, p=0.7543
Χ²(1)=0.8314, p=0.3619
Χ²(1)=0.7228, p=0.3952
Χ²(1)=2.4110, p=0.1205
Χ²(1)=22.1464, p<0.0001*
Χ²(1)=10.7611, p=0.0010*
Χ²(1)=9.0892, p=0.0026*
Χ²(1)=14.2679, p=0.0002*
Χ²(1)=67.3684, p<0.0001*
Χ²(1)=39.184o, p<0.0001*
Χ²(1)=34.9299, p<0.0001*
Χ²(1)=57.3416, p<0.0001*

Table 4: Mean Values TFD CvsM
Due to the fact that this analysis assessed the different product categories separately and we
did not always found a significant difference between the paired observations, a more detailed
statistical analysis got necessary in order to confirm or reject our derived hypotheses above.
The further data assessment required a regression analysis in order to quantify a relation
between the dependent and independent variables of our hypotheses. The regression analysis is a
parametric test and one of the prerequisites in order to conduct a proper regression analysis, is a
normal distribution of the data. The Figures 34 for TTFF and 35 for TFD show a right skewed
distribution which is far away from normal with a high number of outliers. Therefore, a
transformation of our data got indispensable. To solve that issue, a log10 transformation was
inevitable. After the transformation, the visual inspection confirmed normal distribution (see
Figures 36 and 37). Additionally, the residuals were normally distributed as well. Eye-tracking data
is usually quite robust which enables a parametric test without 100 percent perfect normal
distribution which enabled us to conduct the regression analysis.
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Figure 34: Distribution TTFF

Figure 35: Distribution TFD

Figure 36: Studentized Resid Log10 TTFF

Figure 37: Studentized Resid Log10 TFD
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We chose a regression analysis based on a linear mixed-effect model with restricted
maximum likelihood estimation (REML), random intercept and unbounded variance components
structure. REML offers the opportunity to produce unbiased estimates of variance and covariance
parameters. The assessment regarding a confirmation or rejection of the above-mentioned
hypotheses required a more in depth evaluation of the REML results.

Hypotheses H1a + H1b (Pictorial vs Textual)
H1a predicted that the time to first fixation is lower for a pictorial element in a web shop
environment compared to a textual element. The results displayed in table 5 confirm that
assumption by outlining a significant effect on the time to first fixation regarding the pictorial
element compared to the textual element with F=231.86 and p<0.0001 <0.05 with 1 NumDF and
51,55 DenDF. Therefore, the hypothesis 1a can be confirmed. This gets underlined by table 6 which
displays that people on average needed 0.87 seconds to look at the picture, while it took them on
average 2.90 seconds to look at the textual element. Figure 38 displays this significant effect by
comparing the TTFF on the pictorial vs the textual element accumulated over the product categories
cupboard, hammock, wine and high heel.

Table 5: Pic vs Text TTFF

Table 6: Pic vs Text means and std. deviation TTFF
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Figure 38: TTFF Pic vs Text

The expectation of H1b was longer total fixation duration on the product description text
compared to the product picture in a web shop environment. Table 7 shows a significant longer
fixation duration for the text element compared to the pictorial element with an F-ratio of 147.49
and p<0.0001 <0.05 with 1 NumDF and 50.78 DenDF. Thus, the hypothesis 1b can be confirmed as
well. Table 8 underlines the significant difference by showing that on average for all product
categories (wine, high heel, cupboard, hammock), people spent 2.26 seconds looking at the product
picture while they spent 6.20 seconds looking at the product description text. Figure 39 showcases
this significant effect by comparing the TFD on the pictorial vs the textual element accumulated
over the product categories cupboard, hammock, wine and high heel.

Table 7: Pic vs Text TFD
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Table 8: Least squares means Pic vs Text TFD

Figure 39: TFD Pic vs Text

Hypotheses H2a + H2b (Price Surface Size)
H2a predicted that an increase in surface size of the product price element would lead to a lower
time to first fixation towards the price element. The results shown in table 9 indicate that the surface
size of the price element has a significant effect on the time to first fixation towards that element
with an F=18.97 and p<0.0001 <0.05 while having 1 NumDF and 159.3 DenDF. Therefore,
hypothesis 2a can be confirmed. This gets showcased by the least square means table 10, which
shows that the average time to first fixation for all products (helmet, carpet, piano, lipstick) with a
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smaller price surface size was 3.40 seconds compared to the average of 1.77 seconds for all
products with the increased price surface size. This gets illustrated by figure 40 which lucidly
displays the significant decrease of time to first fixation for an increase in surface size of the
product price element.

Table 9: Price surface size TTFF

Table 10: Least squares means table TTFF

101

Figure 40: TTFF on average in the control vs manipulated setup

H2b expected that an increase in surface size of the product price element leads to a longer
fixation duration on the price element. The results in table 11 proof that an increase in surface size
of the price element leads to a significant longer fixation duration towards that element with
F=15.57 and p=0.0001 <0.05 with 1 NumDF and 179.5 DenDF. Thus, the hypothesis 2b can be
confirmed as well. The least square means table 12 affirms this confirmation by showcasing that the
average total fixation duration for all product categories (helmet, carpet, piano, lipstick) with a
smaller price surface size is 0.39 seconds, while the average total fixation duration increases to 0.75
seconds for a larger sized surface of the price element. This gets illustrated by figure 41 which
lucidly displays the significant increase of the total fixation duration when the surface size of the
product price element gets increased.
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Table 11: Price surface size TFD

Table 12: Least squares means table TFD

Figure 41: TFD on average in the control vs manipulated setup
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Hypotheses H3a + H3b (Colour Contrast)
H3a assumed that the time to first fixation is lower for a product with a high colour contrast towards
the background colour of the web shop compared to a product that has a low colour contrast
towards the background colour of the web shop. As presented in table 13, the level of contrast
between product colour and background colour has apparently no significant effect on the time to
first fixation with F= 0.17 and p=0.682 > 0.05 with 1 NumDF and 129.8 DenDF. Therefore,
hypothesis H3a has to get rejected. According to the least squared means value table 10 the average
time to first fixation for all products (headphones, phone cases, towels, t-shirts) with a low colour
contrast towards the background colour was 3.38 seconds compared to 3.52 seconds for the higher
colour contrasted products. This indicates a small trend towards confirming the hypothesis, but the
difference is too small and not significant in order to exclude random chance. This gets illustrated
by figure 40 which lucidly displays that there is no significant decrease of time to first fixation for a
higher product-to-background colour contrast.

Table 13: Colour contrast TTFF

H3b expected that the total fixation duration is higher for a product with a high colour
contrast towards the background colour of the web shop compared to a product that has a low
colour contrast towards the background colour of the web shop. As the results in table 14 showcase,
the level of colour contrast has no significant effect on the total fixation duration with F=0.2723 and
p=0.6026 > 0.05 with 1 NumDF and 148.8 DenDF. Therefore, hypothesis H3b has to get rejected as
well. According to the least square mean table 12, the average total fixation duration for all products
with a lower colour contrast towards the background colour (headphones, phone cases, towels, tshirts) is 0.78 seconds compared to 0.83 seconds for the high colour contrasted products. Again, a
small trend was identifiable but not significant enough to exclude random chance. This gets
illustrated by figure 41 which lucidly displays that there is no significant change in total fixation
duration for a higher product-to-background colour contrast.
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Table 14: Colour contrast TFD

Hypotheses H4a + H4b (Promotional Element)
Regarding hypothesis H4a, we assumed that the time to first fixation towards a product in a web
shop environment gets lowered by affixing a promotional element to the product picture. Table 15
presents a significant effect on the time to first fixation by affixing a promotional element to the
product picture with F=11.78 and p=0.0008 <0.05 with 1 NumDF and 122.8 DenDF. This confirms
hypothesis H4a. As predicted, the time to first fixation gets lowered by the affixation of a
promotional element to the product picture. According to the least squares means values table 10,
the average time to first fixation throughout the product categories (toothbrushes, sunglasses, caps,
suitcases) for all control stimuli was 3.33 seconds compared to 2.18 seconds for all manipulated
stimuli of those product categories. This gets illustrated by figure 40 which clearly outlines the
significant decrease of the time to first fixation when a promotional element gets affixed to a
product picture.

Table 15: Promotional element TTFF

H4b predicted an increase in total fixation duration for a product in a web shop environment
by affixing a promotional element to the product picture. Table 16 showcases a significant effect on
the total duration fixation by affixing a promotional element to the product picture with F=76.62
and p<0.0001 <0.05 with 1 NumDF and 141.2 DenDF. This confirms hypothesis H4b as well.
These values support the prediction that the total fixation duration gets increased by the affixation
of a promotional element to the product picture. The least squares means values table 12 displays an
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average total fixation duration throughout the product categories (toothbrushes, sunglasses, caps,
suitcases) for all control stimuli of 0.62 seconds compared to 1.32 seconds for all manipulated
stimuli. This gets illustrated by figure 41 which lucidly displays the significant increase of the total
fixation duration for the affixation of a promotional element to a product picture.

Table 16: Promotional Element TFD

Additional Findings
Another interesting finding going above the scope of the hypotheses assessment is the total fixation
count regarding the different control and manipulated interfaces. Table 17 displays the comparison
between the control and the manipulated set-up. Regarding the price surface size, the AOI of the
control interface received on average 1.87 fixations, whilst the same AOI in the manipulated
version of that interface received 3.60 fixations on average in the same fixed time frame. Similar
results could get observed for the promotional element. In the control set-up, the AOI around the
product picture without affixed promotional element received 2.93 fixations, whilst the same AOI
around the product picture with an affixed promotional element in the manipulated setup received
6.00 fixations on average in the same fixed time frame. Such an obvious effect was not observable
for the AOI regarding the colour contrast with 3.27 fixations in the control setup and 3.45 fixations
in the manipulated one. These differences in total fixations get illustrated in figure 42 which lucidly
displays the significant increase in total fixations for the affixation of a promotional element to a
product picture and an increase in price element surface size in a web shop environment. According
to Doherty, O’Brien and Carl (2010), the fixation count is an indicator for cognitive load. They
displayed that a high fixation count equals a cognitively demanding task. Those findings do not
allow conclusions if a higher total fixation count can be judged positive or negative. Nevertheless, a
higher total fixation count is an indicator for the element to get more attention which results in a
higher exposure time of that element towards the customer.
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Table 17: Least square means table TFC

Figure 42: TFC CvsM
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The Conclusions
The Discussion
In this research study we assessed the impact of various visual design elements on the human visual
attention in the decision-making process in an e-commerce environment. Several hypotheses got
developed based on theories and concepts from psychology and neuroscience. Those hypotheses
addressed questions which could not get answered with the prevailing literature. This paragraph is
dedicated to the discussion of our obtained eye-tracking results in order to fill the research gap and
answer our research question formulated in the ‘Introduction’ of this paper.
The first two hypotheses (H1a + H1b) were focusing on the allocation of visual attention
between pictorial and textual elements in an online shop environment, in particular the differences
in time to first fixation and total fixation duration on those two elements. The power of capturing
the initial attention of the individual through pictorial elements is widely known and got proven in
different offline environments numerous times (Edell & Staelin, 1983; Rossiter, 1981; Singh et al.
2000; Pieters & Wedel, 2004). Therefore, it is not surprising that our results for H1a concerning the
time to first fixation towards a pictorial element compared to a textual element are in line with these
findings and confirm this effect in an online shop environment. As a managerial implication it can
be argued that everyone who wants to sell a product online needs to focus on the visual presentation
of the product in form of a pictorial element. An excellent formulated and informative product
description may get overlooked if the initial attention of the consumers does not get captured by
something that sparks their interest. A proper visual presentation of the product in form of a
pictorial element is crucial for the product to stand out and increases the likelihood of the product to
get noticed by the individual.
Regarding hypothesis H1b, the expected result was more uncertain. Although most studies
argued that the textual element receives a longer fixation duration compared to the pictorial element
(Pieters & Wedel, 2004; Rayner et al., 2001), a more recent study found that pictorial elements
receive most of the further attention, especially the ones containing human models (Ruy et al.,
2009). Due to the missing human models in our research design and the majority of literature
arguing that the textual element is receiving a longer fixation duration compared to the pictorial
element, we assumed the same. This assumption got confirmed by our results with a high
significance and led us to the managerial implication that the creation of an appealing product
description text is crucial for the presentation of a product in an online environment. Even though
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the textual element does not capture any initial visual attention, it obtains on average three times
longer further attention duration compared to the product picture. The ability of a pictorial element
to capture the initial attention of the human individual is crucial, whilst an appealing product
description text is essential for keeping the visual attention on that specific product. In order to
stimulate the consumer to purchase the product, capturing the initial attention through an attractive
pictorial element is only a small first step in the decision-making process. To keep the attention of
the consumer on the product, an appealing product description text for further nurturing the desire
for the specific product is essential.
Hypotheses 2a and 2b were focusing on the effect of surface size of a price element on the
initial and the further attention of a consumer in an online shop environment. The literature review
above displayed various studies which proved numerous times that a larger element surface size
leads to a shorter time to first fixation on that element in offline environments (Throldahl & Jones,
1965; Lohse, 1997; Janiszewski, 1998; Rosenberg et al., 1997; Pieters & Wedel, 2004).
Nevertheless, this phenomenon has not been tested in terms of price surface size or in terms of a
web shop environment. Furthermore, we wanted to assess if people spend a larger amount of further
attention on the price element when the surface size got increased.
By confirming both hypotheses H2a and H2b, we highlighted the possibilities web shop
designer have in governing the consumer attention towards the price. If the business model behind
the web shop is based on low prices as unique selling point, the price should get illustrated with a
large surface size since consumers end up seeing it earlier and spending more attention towards it. If
the price of the product has no or rather a negative influence on the decision-making process of the
consumer, a reduction of the surface size of the price element can be an appropriate option for the
web shop designer to minimize the attention of the consumer towards the price element. These
implications are beneficial for the strategic positioning of a web shop as low-cost option or
exclusive, high price alternative.
The rejection of hypothesis H3a displays that there is no significant decreasing effect on
time to first fixation regarding the contrast between product colour and web shop background
colour. Indeed, the experiment showcases a lower time to first fixation for a product with a high
contrast towards the background colour of the online shop compared to a product with a low
contrast. Nevertheless, this difference is very small and not significant. This finding was not
expected by the evaluation of existing literature regarding the attracting effect of colour contrast on
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human visual attention (Theeuwes & Kooi, 1994; Clement et al., 2013). According to the existing
literature, we expected a more significant effect of the colour contrast because of the ‘pop-out’
effect. Products with a high level of contrast should increase the likelihood of catching consumers’
first initial bottom-up attention (Theeuwes & Kooi, 1994; Theeuwes et al., 1998). In our specific
study, the effect of colour contrast on initial human visual attention in a web shop environment was
only marginal. Even though this effect was not significant, we would still take that element into
consideration because the results displayed a trend regarding the initial visual attention increasing
abilities of colour contrast. Nonetheless, we recommend shifting the focus on the other elements
which showcased a significant effect on the initial human visual attention but not disregard the
contrast element when designing a web shop.
Rejecting hypothesis H3b showcases no significant increase in the total fixation duration for
a product with high colour contrast towards the web shop background colour compared to a product
with low colour contrast. Comparable to hypothesis H3a, a small trend got obvious but not strong
enough for a significant influence. Similar to hypothesis H3a, this finding was not expected by
assessing the existing literature which outlined prolonged fixation duration due to the effects of
processing fluency (Reber & Schwarz, 2006). Therefore, the recommendation for future web shop
designs is congruent to the ones deviated from H3a. In our specific study, the effect of colour
contrast on further human visual attention in a web shop environment was only marginal and not
significant. Nevertheless, we would still take the colour contrast element into consideration because
the results displayed a trend regarding the further visual attention increasing abilities of colour
contrast. As for H3a we suggest focussing on the other tested visual design elements which
displayed a significant effect on the further human visual attention but still take the contrast element
into consideration when designing a web shop.
The confirmation of hypothesis H4a displays a significant decrease of time to first fixation
for a product picture with affixed promotional element in a web shop environment compared to the
same product picture without that element. This finding was expected by the review of the existing
literature above regarding an increase in visual attention through the affixation of a promotional
element to a product picture in an offline advertisement (Pieters & Wedel, 2007). The salient
promotional element causes a bottom-up ‘pop-out’ effect as already assumed in our literature
review above. The initial human visual attention gets drawn involuntarily and effortless towards the
product picture with the affixed promotional element in a web shop environment which got proven
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by the results of our research study. The recommendation for the design of future web shops can
therefore get derived clearly. By the affixation of a promotional element, the web shop operator
increases the likelihood to capture the initial attention of consumers significantly.
By confirming hypothesis H4b, a significant effect of the affixation of a promotional
element on the total fixation duration towards a product picture in a web shop environment gets
proven. The affixation of a promotional element leads to a significant higher total fixation duration
on the product picture. Therefore, the recommendation for the future design of web shops is similar
to the one derived from hypothesis H4b. The affixation of a promotional element can be beneficial
to increase the chances to hold the further attention of the consumer and, therefore, it can get
assumed that this also increases the likelihood that longer fixation duration might influence the
decision-making process. Therefore, we recommend the use of promotional elements when
designing a web shop in order to prolong the total fixation duration on a specific product.
Our study showcased that some elements are able to increase the chances that the consumer
takes a closer look to the product and it can get assumed that this eventually simplifies the decisionmaking process for that specific product. However, we cannot state that this simplification
eventually stimulates a purchase since human visual attention is just the first part of the whole
decision-making process. Human decision making in general is too complex to make a reliable
statement just based on visual attention. Visual attention is a crucial element to make the consumer
aware of the product, but the final decision gets influenced by various more factors like personal
preferences, financial abilities or emotional aspects.

The Limitations
Laboratory-conducted studies are usually not 100 percent valid in real life scenarios. They are
usually characterized by high internal validity but reduced external validity because the laboratory
setting does not replicate real life situations in dynamic environments (Duchowski, 2007; Clement
et al., 2013). The reduced external validity of the laboratory setting is fairly relevant in our study
because the participants got placed in front of a computer screen which replicated quite accurately
the real-life browsing situation of human individuals. It can get argued that the instruction not to
move the head during the experiment may have had an impact on the results because in real life a
certain level of body movement is unpreventable.
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Another limitation which has to get mentioned is the fact that our web shop design was very
lean. This usually does not depict a real-life online web shop and thus could have had an effect on
the external validity of our study. However, we decided consciously not to take an existing real-life
web shop design like the ‘amazon.com’ interface as basis for our research. The use of such an
interface would have contained the risk that a large amount of people would have been familiar with
the setup already from previous visits of the web shop. Therefore, their gazing behaviour would
have been biased by their existing knowledge and their previous gazing behaviour in this specific
web shop set-up. Moreover, in order to study the sole effect of one specific manipulated design
element on human visual attention, all other factors which may also have an influence on the visual
attention need to get minimized. Other elements that usually occur in a realistic online web shop
environment could simultaneously also have had an effect on the time to first fixation or total
fixation duration and, therefore, falsify the assessment of the influence of that one specific element,
which would make a proper analysis unattainable.
One effect that influenced the total fixation duration was the currency we used for the prices
of the products in the web shop set-ups. Since the study was conducted in Denmark, all prices were
set in Danish kroner. However, a large amount of the research participants were not growing up in
Denmark and were therefore more familiar to their native currency. This made a comprehension of
the product price harder and led some participants to cognitively demanding price converting
processes which in turn made them fixate the price element for a longer time span.
Another limiting factor could have been the product descriptions which were not original.
The pictures we used and edited as stimuli for our online shop got downloaded from a webpage that
offered a wide variety of transparent product stock photos without proper product descriptions.
Thus, we searched for inspiration online and used matching product descriptions as basic
foundation for the formulation of our own product descriptions.
Another possible noise which may have had occurred during the study could have been the
mouse cursor that was present on the computer screen during the stimuli exposure. We were not
able to eliminate that cursor. There is a chance it may have had an influence on the time to first
fixation due to its design. Its shape shows similarities to a sharp arrow, which historically signalled
danger and, therefore, may have had an effect on the bottom-up attention of the participants.
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Regarding the demographic composition, our study sample might not be a perfect
representation of society as a whole, because only students or young professionals took part in the
research and the large majority of the participants was female.

Direction for Further Research
While conducting the study, several topics that offer the potential for further research emerged. One
possible research direction would be testing the remaining design elements presented in the
literature review and assessing their effect on time to first fixation and total fixation duration. A
similar research design could be used for assessing the influence of those elements on human visual
attention by adapting the stimuli.

Another question which occurred from our research touches upon the effect of visual design
elements on the human decision-making process. It would be captivating and beneficial for
marketers to get insights if the increased visual attention actually leads to a higher purchasing
probability of the product. Therefore, researchers could test if design elements that reduce the time
to first fixation and increase the total fixation duration also lead to a higher probability of the
consumer to add the product to the shopping basket of the web shop and eventually buy it. For such
a study set-up, a combination of several research methods would be inevitable since visual attention
alone does not allow an adequate interference about the actual decision-making process. Even
though visual attention is a crucial part of the whole decision-making process, too many other
different factors can impact the journey.

Another finding of our study is the amount of total fixation counts which are clearly affected
by visual design elements in a web shop environment. It would be interesting to evaluate how the
total amount of fixation counts and total fixation duration correlate and how they influence the
decision- making process.

One last trend we discovered, that could be relevant for further assessment, is the tendency
of participants to fixate for a longer time period on the right side of the web page compared to the
left. This observation was surprising because it counteracts to the leftward bias theory presented
above. If the pictorial element was positioned on the right side, participants looked at it longer than
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if the same pictorial element was placed on the left side. Similar findings occurred for the textual
element. People tended to gaze for a longer duration when the textual element was located on the
right side of the screen compared to a placement on the left side. A significant proof of this
phenomenon through an additional scientific study would offer potential for web shop designers to
place objects more effectively in order to capture a higher amount of human visual attention.

The Conclusion
The aim of the study was the assessment of the research gap mentioned in the ‘Introduction’
regarding the influence of selected visual design features on human visual attention in an ecommerce environment namely the business-to-consumer online shop set-up.
The experimental results of our quantitative eye-tracking study proved a significant impact
of various website design elements on the initial and the further visual attention of human
individuals. Those include the affixation of a promotional element to a product picture and the
manipulation of the price surface size. Additionally, the study proved a different effect of a pictorial
element versus a textual element on the visual attention of consumers in an online shop
environment. A manipulation of the product-to-background colour contrast has no significant effect
on human visual attention in a web shop environment. The findings of this thesis provide guidelines
for marketers, web shop designers and business decision makers to optimize the design of their
online shops in order to capture the maximum amount of consumers’ visual attention.
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The Appendix
Appendix 1: ‘Pictorial vs Text’ Web Shop Design (H1a+H1b)

Product detail page ‘Cupboard’ control group

Product detail page ‘Cupboard’ manipulated group
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Product detail page ‘Hammock’ control group

Product detail page ‘Hammock’ manipulated group
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Product detail page ‘High Heels’ control group

Product detail page ‘High Heels’ manipulated group
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Appendix 2: ‘Price Surface Size’ Web Shop Design (H2a+H2b)

Product detail page ‘Lipstick’ control group

Product detail page ‘Lipstick’ manipulated group
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Product detail page ‘Piano’ control group

Product detail page ‘Piano’ manipulated group
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Product detail page ‘Helmet’ control group

Product detail page ‘Helmet’ manipulated group
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Appendix 3: ‘Colour Contrast’ Web Shop Design (H3a+H3b)

Product overview interface ‘Headphones’ control group

Product overview interface ‘Headphones’ manipulated group
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Product overview interface ‘T-Shirts’ control group

Product overview interface ‘T-Shirts’ manipulated group
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Product overview interface ‘Towels’ control group

Product overview interface ‘Towels’ manipulated group

142

Appendix 4: ‘Promotional Element’ Web Shop Design (H4a+H4b)

Product overview interface ‘Sunglasses’ control group

Product overview interface ‘Sunglasses’ manipulated group
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Product overview interface ‘Toothbrush’ control group

Product overview interface ‘Toothbrush’ manipulated group
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Product overview interface ‘Caps’ control group

Product overview interface ‘Caps’ manipulated group
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Appendix 5: AOI ‘Pictorial vs Textual’

AOI product detail page ‘Cupboard’ control group

AOI product detail page ‘Cupboard’ manipulated group
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AOI product detail page ‘Hammock’ control group

AOI product detail page ‘Hammock’ manipulated group
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AOI product detail page ‘High Heels’ control group

AOI product detail page ‘High Heels’ manipulated group
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Appendix 6: AOI ‘Price Surface Size’

AOI product detail page ‘Lipstick’ control group

AOI product detail page ‘Lipstick’ manipulated group
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AOI product detail page ‘Piano’ control group

AOI product detail page ‘Piano’ manipulated group
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AOI product detail page ‘Helmet’ control group

AOI product detail page ‘Helmet’ manipulated group
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Appendix 7: AOI ‘Colour Contrast’

AOI product overview interface ‘Headphones’ control group

AOI product overview interface ‘Headphones’ manipulated group
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AOI product overview interface ‘T-Shirts’ control group

AOI product overview interface ‘T-Shirt’ control group
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AOI product overview interface ‘Towels’ control group

AOI product overview interface ‘Towels’ manipulated group
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Appendix 8: AOI ‘Promotional Element’

AOI product overview interface ‘Toothbrushes’ control group

AOI product overview interface ‘Toothbrushes’ manipulated group
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AOI product overview interface ‘Sunglasses’ control group

AOI product overview interface ‘Sunglasses’ manipulated group
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AOI product overview interface ‘Caps’ control group

AOI product overview interface ‘Caps’ manipulated group
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