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Executive summary 
Accounting standard setters and behavioral accounting researchers have lately focused on the 

quality of financial information and the still-rising volume of information in annual reports.  

Various studies have been conducted, in order to investigate how the quality of information 

affects investor’s decisions; however, very little is done in terms of investigating how the 

amount of information affects these decisions. Previous studies have used traditional research 

methods to address these issues, such as surveys and observational research.  

Lately, the research field within economics has met neuroscience and psychology; this has led 

to two new, highly-successful research fields: neuroeconomics and neuromarketing.  These 

fields draws on the knowledge of the human brain to address questions related to economic 

decision-making.  So far, very little has been done to establish this type of research within the 

field of behavioral accounting, known as neuroaccounting.  This thesis uses methods from 

neuroscience and psychology, combined with methods from traditional accounting research, 

to investigate how the amount of information and perceptual quality of financial information 

affects decisions. 

The results from this thesis show that when the amount of financial information is low, 

investors provide more extreme valuations.  This means that when the company performance 

is good, the valuations are higher, and when the company performance is bad, the valuations 

are lower.  The main reason for this valuation behavior is the cognitive load, during the 

information processing, which was measured using a well-established eye tracking technology 

and electroencephalography.  Lower cognitive load acts as a heuristic cue, which convinces the 

investor that the information is more reliable and sufficient, leading to more extreme 

valuations.  Results from a traditional survey conducted at the same time confirm this theory.  

The change in the perceptual quality was found to have no significant impact in either the 

valuations or the cognitive load. 

Further results show that novice decision-makers generally have a higher cognitive load than 

experienced decision makers; however, no difference was found in their reactions to the 

different amounts of information.  

  

2 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

Table of Contents 
Research objectives 

1 The Introduction ................................................................................. 5 
1.1 Neuromarketing, Neuroeconomics, and the Emergence of Neuroaccounting ........................................... 9 

1.2 The Aim of This Study ............................................................................................................................... 10 

1.3 Reader’s Guide.......................................................................................................................................... 11 

Theory 

2 The working memory ........................................................................... 13 
2.1 How multitasking affects overall performance ......................................................................................... 16 

2.2 Cognitive load ........................................................................................................................................... 16 

2.3 Information overload ................................................................................................................................ 17 

2.4 Consequences of information overload.................................................................................................... 19 

2.5 The neuroscience behind working memory ............................................................................................. 20 

2.6 Summary of the working memory ............................................................................................................ 21 

3 The measure of cognitive load ................................................................... 22 
3.1 Visual fixations .......................................................................................................................................... 23 

3.2 Eye blinks .................................................................................................................................................. 24 

3.3 Pupillary responses ................................................................................................................................... 25 

3.4 EEG and other neuroimaging techniques ................................................................................................. 26 

3.5 Measuring cognitive load with EEG .......................................................................................................... 29 

3.6 Summary of the measure of the cognitive load ........................................................................................ 30 

4 The dual-process theory ........................................................................ 31 
4.1 Automatic and rational reasoning ............................................................................................................ 32 

4.2 The dual-process approach to decision-making ....................................................................................... 34 

4.3 The dual-process approach to processing fluency .................................................................................... 35 

4.4 The dual-process approach to learning and experience ........................................................................... 36 

4.5 Summary of dual-process theory .............................................................................................................. 37 

Study 

5 The background and hypothesis development ..................................................... 38 
5.1 Disclosure readability ............................................................................................................................... 39 

  

3 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

5.2 Amount of information ............................................................................................................................. 41 

5.3 The perceptual quality .............................................................................................................................. 43 

5.4 Reliability and sufficiency ......................................................................................................................... 47 

5.5 Experience ................................................................................................................................................ 47 

5.6 Summary of background and hypothesis development ........................................................................... 48 

6 The Research Design............................................................................ 50 
6.1 Exposure time of the disclosure information ........................................................................................... 53 

6.2 Ensuring a valid measure of pupillary responses with interslides ............................................................ 54 

6.3 The equipment used in this experiment ................................................................................................... 54 

6.4 The disclosure information and the manipulations .................................................................................. 56 

6.5 The participants ........................................................................................................................................ 62 

6.6 Preparing the test ..................................................................................................................................... 64 

6.7 Task and procedure .................................................................................................................................. 65 

6.8 The experimental quality .......................................................................................................................... 66 

7 The Results .................................................................................... 71 
7.1 Cognitive load ........................................................................................................................................... 73 

7.2 Valuations ................................................................................................................................................. 83 

7.3 Reliability and sufficiency ......................................................................................................................... 86 

7.4 Experience ................................................................................................................................................ 90 

7.5 Cognitive load and valuation .................................................................................................................... 94 

7.6 Reliability, sufficiency, and valuation ........................................................................................................ 95 

7.7 Summary of results ................................................................................................................................... 98 

Conclusions 

8 The Conclusion and discussion ................................................................... 99 

8.1 How do the amount of information and the perceptual quality in disclosures affect users decisions ... 100 

8.2 Why does the amount of information affect users’ decisions ................................................................ 100 

8.3 Why does the perceptual quality not affect users’ decisions ................................................................. 102 

8.4 Implications and limitations.................................................................................................................... 103 

Bibliography and apendix 

9 The Bibliography ............................................................................. 105 

10 The Apendix ................................................................................. 116 
  

  

4 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

1 The Introduction 

  

1 
The introduction 

  

5 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

For the past several years, the readability of annual reports has been an important topic for 

many researchers around the globe. It began to propagate in 1998 when the Plain English Rule 

421(d) came into effect, accompanied by Security and Exchange Commission’s Plain English 

Handbook (SEC, 1998). This rule requires that issuers use plain English principles in the 

composition of disclosures, and the Plain English Handbook provides linguistic and formatting 

suggestions for preparing disclosures. This has led many researchers to turn their attention 

towards disclosure readability (Li, 2008; Lehavy, et al., 2011; Rennekamp, 2012; Tan, et al., 2013; 

Loughran, et al., 2014). 

Rennekamp (2012) and Tan, Wang, and Zhou (2013) demonstrated that more readable 

disclosures led to more extreme valuations by investors, depending on the valence of the 

information. This means that when the company performed well, more readable disclosures led 

to higher valuations, and when the company performed poorly, it led to lower valuations. Tan, 

Wang, and Zhou also showed that the effect is stronger when the actual earnings are 

inconsistent with prior management guidance. They both find answers to this effect in 

psychology literature. However, they both lack a more detailed explanation of why this effect 

occurs.  

Li (2008) found that managers make bad news costly by writing annual reports that are 

unnecessarily long and use excessively long words and long sentences. Using the Fog1 Index from 

computational linguistics, he found that annual reports with lower earnings are harder to read. 

However, it is not only costly to write less readable reports. Lehavy, Li, and Merkley (2011) also 

found that less readable disclosures are more costly to interpret. Because annual reports with 

less readable disclosures are harder to interpret, investors demand more analyst coverage of 

these companies. They also used the Fog Index to measure the readability of different 

disclosures. Furthermore, they found that analysts who cover firms that provide less readable 

disclosures take a longer time to issue their reports. 

1 Also referred to as Gunning Fog Index. In linguistics, this index measures the readability of English 
writing. The calculation is based on number of words, complex words, and sentences in a text. The 
output score describes the years of education needed to understand the text on a first reading. 

  

6 

                                                           



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

Many researchers use the Fog Index to measure the readability of disclosures. Biddle et 

al. (2009) even defines the Fog Index as “a measure of financial statement readability.” In 

contrast to this, Loughran et. al (2014) argue that this index is not the appropriate measure of 

readability. They suggest that something as simple as the number of words is better at 

measuring readability. However, they compare these two measures even if they are very 

different. The Fog Index measures the textual complexity in disclosures, thus the difficulty of the 

information, whereas word count only measures the length of the disclosure, thus the amount 

of information. These are both very interesting measures, which can be used in different 

contexts to measure disclosure readability, but we find them inappropriate to compare directly.  

With regard to disclosure length, a new concern has arisen over the recent years, namely, 

the increasing length and complexity of corporate reports. The Financial Reporting Council (FRC, 

2009) found that users are worried that the reports more poorly reflect the underlying business, 

with important messages lost in the clutter of these lengthy and complex disclosures. However, 

they found that users generally are not concerned about the increasing length and complexity, 

but more about the relevance. On the other hand, they also found that management thinks that 

the process of compiling a report is too complex, and thereby too costly. The increasing length 

and complexity is mainly due to the increasing reporting requirements by standard setters, but 

it is also an attempt to please as many users as possible (FRC, 2009; pwc, 2011) 

A couple of yeas later, the FRC (2011) conducted an initiative, to make the annual reports 

less complex and lengthy by advising managers to remove unnecessary text and data from 

annual reports. They emphasized again that unnecessary information undermines the 

usefulness of annual reports and obscures the underlying business. However, even if they have 

been focusing on this issue and how to address it, they do not account for the influences the 

increasing length and complexity have on valuations of the companies. Very little research has 

been done in terms of how the length and the amount of information in disclosures affect 

earnings guidance. One of the few studies is done by You and Zhang (2009), who by using 

historical data, showed that investors’ underreaction to 10-K filings are greater, the longer these 

reports are. This finding can be linked to the readability research, suggesting that disclosures 

that are difficult to process (whether they are less readable or more lengthy), lead to an 

underreaction by users. 
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Another field that has been left out in accounting research is how the perceptual quality 

of disclosures affects analysts’ behavior. In psychology the perceptual quality refers to the visual 

perception of an object. In this context, it refers to the visual quality of disclosures, that is to say, 

lines, font type, contrast, and all the things that affect the visual perception of the disclosure 

without affecting the content. As mentioned before, there are endless amounts of reporting 

requirements regarding what must be disclosed (mandatory disclosures), how to calculate the 

various elements in disclosures, where to disclose different elements (structure), and so on. 

Beyond these requirements, companies have free reign to design the visual structure of 

disclosures. Of course, the Plain English Rule, with the Plain English Handbook providing 

guidance and examples, places some requirements on the visual layout, such as using tabular 

presentation of complex information and bullet lists when ideal. However, these requirements 

concern greater use of English and the structure of the disclosure and do not contain any 

requirements or guide to the visual quality, such as the use of lines, contrast, and font. 

Psychology and neuroscience research provides substantial evidence that the perceptual 

quality affects decisions. People prefer things that are easy to process to those that are hard. 

Objects that have clear lines, are represented in better colors, are clearly distinguishable from 

their background, contain better fonts, and so on, are judged as more attractive and reliable 

than the opposite cases. However, the processing fluency2 from the perceptual quality also acts 

as a cue to the reliability and usefulness, which is unconsciously included in the overall 

assessment when judging on the basis of the content (Novemsky, et al., 2007; Unkelbach, 2007; 

Song, et al., 2008).  

The dual-process theory, which is widely used in psychology, can help explain how 

processing fluency affects judgments. The theory suggests that we hold two systems in our brain 

– a slow, rational system and a fast, intuitive system. When judging, we use both the rational 

and intuitive systems (Kahneman, et al., 2002; Evans, 2008; Kahneman, 2011). The intuitive 

system is making suggestions to the rational system, based on impressions and feeling, and the 

rational system, in most cases, adopts them with very little modification. This can lead to biased 

2 Processing fluency is the subjective ease or difficulty of an experience in which our brain processes 
information (Oppenheimer, 2008). 
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decisions, since the intuitive system uses, among other things, the processing fluency (which is 

affected by both the readability, amount of information, and perceptual quality) as a cue to the 

reliability and usefulness of the information (Novemsky, et al., 2007; Unkelbach, 2007; Song, et 

al., 2008; Rennekamp, 2012).  

1.1 Neuromarketing, Neuroeconomics, and the Emergence of Neuroaccounting 

In extension of the increased use of psychology in business studies, new fields have emerged 

that combine brain science with economics and marketing, namely neuroeconomics and 

neuromarketing. These fields study consumer behavior and decision making and apply 

techniques and methods of brain science, such as brain-imaging techniques3 and eye tracking, 

to provide more detailed answers to existing marketing questions or to answer new question. 

Brain imaging includes the use of various techniques to image the structure or function of the 

brain. These techniques are very different and will be discussed later. Eye tracking is a relatively 

new technique, which records the eye movements and pupil dilation while looking at a stimulus 

or performing a task. In neuroeconomics and neuromarketing studies, these two techniques are 

usually combined together or used separately to provide answers to human behavior and 

consumer decision-making. 

Lately, behavioral accounting researchers have begun to realize the benefits of combining 

brain science with economics. A small fraction of researchers have even begun using a new term, 

“neuroaccounting.” Dickhaut, Basu, McCabe, and Waymire (2010) use this term when 

investigating the origin of accounting principles and how they evolved culturally. They use 

findings from neuroscience in an attempt to answer this question. Birnberg and Ganguly (2012) 

discuss how this new combination of neuroscience and economics can be applied to behavioral 

accounting and what can be learned from neuroeconomics. They suggest that this new discipline 

can help in answering old questions with new research tools. However, they conclude that, even 

though behavioral accounting researchers can learn much from this new discipline, a separate 

neuroaccounting field will likely not emerge in the future, due to practical reason. By practical 

3 Brain imaging (or neuroimaging) techniques includes the use of various techniques to image the 
structure or function of the brain  
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reasons, they refer to the high cost of equipment, the requirement of experts, and in general 

the high cost of running such a study. 

1.2 The Aim of This Study 

This study will prove that, with the right knowledge within accounting, neuroscience, and 

psychology, it is not only possible to conduct a study combining techniques and theories from 

these areas, it is also quite interesting, as it provides answers that are otherwise not attainable. 

The aim of this study is to address the above-mentioned gaps in accounting research 

regarding the amount of information and the perceptual quality of disclosures. We will use 

earnings guidance to investigate what effect the amount of information and the perceptual 

quality have on company valuations. Adapting techniques from the newly emerging fields of 

neuromarketing and neuroeconomics and drawing on theories, perspectives, and methods 

developed within the broader fields of neuroscience and psychology, we will attempt to answer 

questions that, so far, have not been answerable within the field of accounting. 

As previously mentioned, many researchers use different linguistic and computational 

methods, such as the Fog Index, to measure the readability of a disclosure, thus the processing 

fluency. This study will present a new way to measure the processing fluency of disclosures – a 

measure that is widely used in neuroscience and neuromarketing studies, namely, cognitive 

load. Cognitive load refers to the burden on the working memory, which is the system in our 

brain where we process all information. This means that the cognitive load is higher when 

processing fluency is lower. The benefit of using this method is that we can measure the 

processing fluency of a disclosure directly in people’s brain, instead of using linguistic or 

computational methods. These methods measure the readability in different ways than is 

assumed to have an impact on the processing fluency. For instance, the Fog Index measures the 

readability of the information, whereas the word count measures the amount of information. 

Also, these measures are only assumed to be a decent measures of the readability, and thereby 

the processing fluency, and are only indirect evidence of the impact the processing fluency in 

disclosures has on decisions. By measuring the cognitive load in this study, we can measure the 

overall processing fluency of disclosures directly in people’s brains, instead of extracting it from 

the disclosures. We will try to provide understanding and explanations to some of the recent 
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concerns in terms of what impact the increasing length and the quality of disclosures has on 

decisions.  

The research question we will try to answer is: “How and why does the amount of 

information and the perceptual quality in disclosures affect users decisions?” 

We will conduct a conventional and traditional experiment, similar to those in previous 

accounting research. However, we will additionally use novel methods, such as 

electroencephalography (EEG) and eye tracking, along with other validated methods, to 

measure the cognitive load during the information processing and connect the findings to 

theories of neuroscience and psychology in order to provide a more detailed answer to this 

question. The research question will be elaborated in hypotheses in chapter 5 and the study 

design is outlined in chapter 6. 

1.3 Reader’s Guide 

This section will present the reader with the structure of this study, which is illustrated in Figure 

2-1.  

 

 

 

 

 

 

 

 

To provide a better overview for the reader to understand this study, it is divided into four main 

sections. The first section is the introduction, which presents an overview of previous findings 

and outlines the research question. Furthermore, it introduces the relatively new research fields 

Working 
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Figure 1-1 Reader’s guide. 
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of neuroeconomics and neuromarketing and a brief description of the tools used to conduct the 

experiment. 

In order to investigate how the amount of information and the perceptual quality of 

financial statement affects users’ decisions, it is important to understand the key elements in 

psychology and neuroscience. The second section presents this theory and is divided into three 

chapters, which respectively represents the problem, how to measure the problem, and 

consequences of the problem. Chapter Two presents the problem, which is the working memory 

part of our brain, and the chapter draws upon neuroscientific and psychological research and 

also describes cognitive load, which is a key element in this experiment. Chapter Three presents 

how to measure the problem, namely cognitive load, with eye tracking and EGG. Chapter Four 

presents the consequences of the problem and what may be the most important aspect in 

understanding human decision behavior, namely, the dual-process theory. 

The third section presents this study and also consists of three chapters. Chapter Five 

presents a review of previous research within relevant research areas and the development of 

the hypotheses. This section is based on (behavioral) accounting literature, within decision-

making, but also reviews psychological findings that raise some interesting questions concerning 

the visual quality of disclosures. Chapter Six presents the experimental design of the study. It 

gives a clear description of the equipment used in the study, the participants, the manipulations, 

and the procedure. It also presents the experimental quality, which ensures that the study shows 

high validity and can be replicated. Chapter Seven presents the statistical analysis. This chapter 

is divided into smaller subsections, each containing statistical tests for one or a few hypotheses.  

The last section, which only consists of Chapter Eight, presents the conclusion, which 

draws upon the analysis, and a discussion of these results. This section also contains general 

discussion, limitations of this study, and suggestions for future research.  
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2 The working memory 
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The working memory 
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In order to investigate how processing fluency affects financial statement users’ decisions, it is 

important to understand the main way we process information, namely, in the working memory. 

This term will be presented and explained in this section, on the basis of earlier findings and 

theories from neuroscience and psychology. To explain it simply, the working memory refers to 

the system in our brain where information is stored for a limited amount of time, usually only a 

few seconds. This system is active in the frontal and parietal lobes in our brains (Smith, et al., 

1999). Working memory is crucial and fundamental to various cognitive tasks such as attention 

control, remembering a set of numbers, solving a puzzle or finding directions (Klingberg, 2009). 

The term “working memory” was already being used in the 1960s by the neuroscientist 

Karl Pribram (Klingberg, 2009). Later on Graham Hitch and Alan Baddeley (1974) divided working 

memory into three components: the visuospatial sketch pad is responsible for visual 

information; the phonological loop is responsible for verbal information, and the central 

executive coordinates the visual and verbal components. According to this theory, when 

remembering a phone number, we use the verbal component, and when remembering a chess 

move we use the visual component. In both cases, they need some kind of coordination, and 

this is where the central executive comes in. 

Working memory plays a critical part in our ability to solve problems and make decisions. 

It works as a buffer while our brain is processing information. In the technical world, it can be 

compared to the random access memory found in almost every electronic device. If we try to 

solve the equation 85 + 7 – 13, our working memory remembers these three numbers. We solve 

the equation one step at a time. First, we start by adding 7 to 85 and get 92. We then store the 

information while consulting our memory about the next task, namely, to subtract 13 from 92. 

That is to say, working memory stores information about the task for a short period of time while 

the brain is solving it (Klingberg, 2009). 

Information about logical problem solving is another task that is stored in our working 

memory. An example could be: “if company A performs well, the share price will increase. If the 

share price has increased, we can conclude that the company has performed well.” Such tasks 

require manipulation of information stored in our working memory while remembering the 

instructions. That is to say, working memory is a brain system that provides temporary storage 

  

14 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

and manipulation of the information necessary to solve problems and make decisions (Hitch, et 

al., 1974). 

Unlike long-term memory, which refers to the system where all experience and memories 

are stored, working memory has a limited capacity. If this capacity is exceeded, it will cause 

information overload, which will be explained later. The ability to solve cognitive problems or 

make good decisions depends on how much information we are able to retain in our working 

memory (Kyllonen, et al., 1990). For this reason, Heinz-Martin Süß (2002) stated the working 

memory’s capacity is the best indicator of human intelligence. 

Astrid Fry and Sandra Hale 

(1996) assessed the working memory 

capacity of a large sample. They 

showed how our problem-solving 

ability, thus our working memory 

capacity, improves during childhood. 

At about the age of twenty-five, the 

capacity peaks and enters a decline, 

and by the age of fifty-five, we are back 

to the level of a twelve-year-old (see 

Figure 2-1). So, theoretically, a twelve-year-old can solve the same problems as a fifty-five-year-

old.  

W
or

ki
ng

 m
em

or
y 

Age 

0

1

2

3

4

5

6

7

8

0 5 10 15 20 25 30 35 40 45 50 55 60
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2.1 How multitasking affects overall performance 

The term multitasking performance refers to the ability to process two or more task 

simultaneously in our working memory. For example, when listening to my partner while writing 

this thesis, both tasks put demand on my working memory, and according to Michael Posner 

(1978), this can be illustrated with a simple model (see Figure 2-2). According to this model, the 

performance will lie somewhere along this 

curve. When (A) I am writing without (B) 

listening to my partner, my task A will be at 100 

percent and B will be at 0 percent. If I then start 

listening, my task B will increase sharply from 

0, while I’m only writing a little slower. That is 

to say, task A will only decrease a little. 

According to Michael Posner’s graph, when 

performing task A at 90 percent, we would be 

performing task B at about 44 percent. This 

means that we have suddenly increased our 

total work capacity from 100 to 134 percent. That is why he suggests that multitasking is a 

quicker way to get tasks done. The reason for this is that we can quickly switch between the two 

tasks and only sacrifice a certain degree of efficiency. Kingberg (2009) supports the idea that 

multitasking increases our total working capacity. However, our ability to multitask is still limited 

by our working memory capacity. 

2.2 Cognitive load 

Cognitive load, (also referred to as mental workload, working memory load, and cognitive 

workload) is of primary interest in neuroscience and neuromarketing and, most importantly, in 

this experiment, as it has a direct impact on users’ problem solving and decision performance. 

Cognitive load can be seen as the executive control of working memory. It simply refers to how 

much of the working memory is being used when performing a task, that is to say, the mental 

effort expended in executing tasks, including memory effort, decision-making, and alertness. 
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Figure 2-2 Multitasking increases the total working 
memory capacity. 
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Cognitive load is an indication of the amount of effort invested and the user’s involvement level 

(Chaouachi, et al., 2011; Sweller, et al., 1998) 

Cognitive load is commonly associated with people's ability to learn. Cognitive load theory 

is just one theory that provides guidelines intended to assist in the presentation of information 

and in optimizing a learner’s intellectual performance. Dr. John Sweller is the theorist behind 

the theory that our working memory is limited with respect to the amount of information it can 

hold and the number of operations it can perform on that information. His theory builds on the 

concept that we need to recognize the role and the limitation of working memory to help 

develop quality instructions in learning. Cognitive load theory suggests that learning happens 

best under conditions that are aligned with human cognitive architecture. That architecture is 

discernible through experimental research but is not yet known precisely (Sweller, et al., 1998).  

2.3 Information overload 

Yet another consequence of the very fast development in information technology is that our 

working memory is processing information like never before. However, as mentioned before, 

our brains have limited capacity to process information; that is to say, there are limits to the 

working memory. So what happens when the limit is reached and how does it impact decision-

making? This question is of primary interest in accounting research since the amount of 

information in disclosures, and thereby annual reports, has been soaring. 

Some of the first scientists 

to describe how the quality of 

decision-making varies with the 

amount of information we 

receive were Schroder, Driver, 

and Streufert (1967). They 

described the performance of an 

individual, and thus the quality 

of the decision-making, as an 

inverted U-curve (see Figure 

2-3). This curve shows how the quality of the decisions correlates positively with the amount of 

Information 
overload 

Limit of working memory 

Information load 
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ci
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n 
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cu
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Figure 2-3 The quality of decisions decreases when the limit of our 
working memory is reached. 
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information up to a certain point. Every piece of information received beyond this point will 

cause information overload, and the quality of decisions will decline rapidly. This point is the 

capacity limit of our working memory. That is to say, more information is good, but too much 

information will have a negative impact on the quality of decision-making. 

The classic definition of information overload is suggested by Galbraith (1974) and 

explained by Nadler and Tushman (1988). This definition is based on the information-processing 

view and can be explained via the following formula:  

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑝𝑝𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝐼𝐼𝑝𝑝 𝐼𝐼𝑝𝑝𝑟𝑟𝑟𝑟𝐼𝐼𝐼𝐼𝑝𝑝𝐼𝐼𝑝𝑝𝐼𝐼𝐼𝐼𝑝𝑝 > 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑝𝑝𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐼𝐼𝐼𝐼𝑝𝑝 𝑝𝑝𝐼𝐼𝑝𝑝𝐼𝐼𝑝𝑝𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝 

The requirement is defined by the amount of information that has to be processed within a 

certain time period. If the capacity only allows a smaller amount of information to be processed, 

then information overload occurs. This lays the foundation for Schick et al. (1990), who stress 

the time factor as the most important issue to information overload. Other researchers in the 

field of marketing define information overload by comparing the volume of information supplied 

with the information processing capacity of an individual. Information overload occurs when the 

supply exceeds the capacity. According to Everett Rogers (1986), information overload is the 

state of an individual or system in which excessive communication inputs cannot be processed, 

leading to breakdown.  

All these definitions have one thing I common. They describe information overload as 

when the amount of information available exceeds the capacity of the working memory in 

human brains, but that is not the only factor that causes information overload. Various 

researchers (Schneider, 1987; Sparrow, 1998) stress the fact that the amount of information is 

not the only cause of information overload but also the characteristics of the information. This 

includes the ambiguity, novelty, complexity, and intensity of the information. Several 

researchers ague that modifying the quality of the information can decrease the likelihood that 

information overload will occur. Improving the quality of information can improve processing 

fluency, as one can process high-quality information more fluently than unclear information 

(Simpson, et al., 1995; Rennekamp, 2012; Tan, et al., 2013). This clearly suggests that the quality 

of decisions will be higher if they are based on information of higher quality. However, these 
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theories only suggest that information overload has an impact on decision quality but do not 

describe exactly how.  

2.4 Consequences of information overload 

When too much information confronts us, we pay attention to some of it while ignoring the rest 

(Paisley, 1993; Miller, et al., 1960). This is a natural, human information-processing approach, 

and it would be wrong to characterize it as always problematic because we naturally choose only 

a small portion of all possible inputs for our attention, as our working memory is limited. We 

filter the information in two groups: what we “need to know” and what would be “nice to know”. 

Miller, Galanter, and Pribram (1960) describe the consequences of information overload and 

classify them into seven categories: 

1. Omission—failing to process some of the inputs 

2. Error—processing the information incorrectly in some way 

3. Queuing—delaying the processing of some information with the intention of catching 

up later 

4. Filtering—processing only that information identified as having “high priority” 

5. Approximation—lowering standards of discrimination by being less precise in 

categorizing inputs and responses 

6. Multiple Channels—splitting up the incoming information in order to decentralize the 

response 

7. Escaping—giving up the burden of attending to inputs entirely. 

In addition to bad performance, information overload has some medical and psychological 

consequences too, especially in situations where adjustment is not possible, that is to say, where 

the filtering mechanism above is suppressed, for example when a person does not have the 

freedom to abandon tasks. Such situations could be in an audit office where all tasks, deadlines, 

and costumers need to be attended to. Stress and anxiety are by far some of the most troubling 

consequences (Pifalo, et al., 1997; Klingberg, 2009). A typical result of stress and anxiety is 

lowered performance and less enjoyment, and thereby diminished decision quality. In this way, 

information overload also has an indirect impact on decision quality; however, it requires 

frequent information overload over a longer period of time. It is a vicious circle, but so far 
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medical and psychological consequences will be left out of our concern, since long-term 

experiments would be necessary in order to measure this kind of impact. 

2.5 The neuroscience behind working memory 

Some of the first neuroscientific studies to locate the working memory in brains were conducted 

on animals. In the end of the thirties, Jacobsen (1938) showed that changes to the prefrontal 

cortex weakened working memory performance in monkeys. This showed that the prefrontal 

cortex plays a critical role in working memory. The 

prefrontal cortex is the thick outer layer of the 

prefrontal lobe, illustrated in Figure 2-4. Later, Joaquin 

Fuster (1973) did another experiment trying to localize 

working memory activity in brains. He used monkeys 

as well, but this time recorded the electrical activity in 

their brain. He performed a simple task, showing a 

monkey some food and then hiding it under one of two 

identical wooden blocks while the monkey is looking. 

Then a screen is lowered so that the blocks are 

invisible to the monkey for 7 seconds. This is the “delay 

period” where the brain activity is recorded as the 

monkey has to hold the location of the food in 

memory. After the screen is raised, the monkey is allowed to retrieve the food from under the 

blocks. Fuster found that neurons in the prefrontal cortex showed the most electrical activity 

during the delay period, suggesting that this part of the brain is most involved in working 

memory tasks.  

With the invention of modern, advanced brain imaging methods, such as positron 

emission tomography (PET) and functional magnetic resonance imaging (fMRI), recent modern 

research has made it possible to confirm these theories, which suggest that most of the activity 

of the working memory is located in the prefrontal cortex,. These methods have also revealed 

that not all of the activity of working memory is in the prefrontal cortex. Many studies shows 

that a large part of the cortex is activated during working memory tasks; for example, more 

Prefrontal cortex 

Figure 2-4 The location of the prefrontal 
cortex in the human brain. 
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right-hemisphere areas are activated during spatial4 tasks and more left-hemisphere areas are 

activated during verbal tasks (Smith, et al., 1999; Smith, et al., 1998). These can again be broken 

down into different subtasks, which activate specific parts of the brain. However, there is no 

doubt that most of the activity of working memory is located in the prefrontal cortex, which 

means that monitoring changes in this part of the brain are still the most effective and most 

common measurement of changes in working memory activity (Jensen, et al., 2002; Onton, et 

al., 2005; Berka, et al., 2007). 

2.6 Summary of the working memory 

The working memory is the system in our brain where information is stored for a limited amount 

of time when performing a cognitively demanding task. It works as a buffer while the brain is 

processing information, like random access memory (RAM) in a computer. In general, the more 

working memory we have available, the more complex problems we can solve and the better 

we are at multitasking, just like a computer. The use of working memory is referred to as 

cognitive load, which gives an indication of the amount of effort invested in solving a problem 

and thereby the difficulty of solving that problem. Receiving an amount of information that 

exceeds the limit of our working memory causes information overload, and this leads to an 

impaired ability to make decisions. One of the reasons for this is that we pay attention to some 

of the information while ignoring the rest. With the application of neuroimaging techniques, 

scientist have found that most of the activity of working memory is located in the prefrontal 

cortex.  

  

4 This is also referred to as spatial memory and is responsible for recording information about the 
environment and its spatial orientation (Smith, et al., 1999). 
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3 The measure of cognitive load 

  

3 
The measure of cognitive load 
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EEG and eye-tracking technology are becoming quite popular in psychology and neuromarketing 

research (Genco, et al., 2013; Khushabaa, et al., 2013; Zurawicki, 2010). The eye tracker 

measures eye movements by recording eye fixations and measures pupil dilation while viewing 

onscreen stimuli. The EEG monitors the electrical activity in the brain and tells which part of the 

brain is being activated when performing a task or viewing a stimulus. Eye trackers and EEG are 

often used together in psychology and neuromarketing studies to provide stronger evidence for 

underlying research questions (Genco, et al., 2013; Zurawicki, 2010) . The speed and direction 

of changes in gaze patterns, the change of pupil dilation, and brain activity can tell us many 

things, such as attention, interest, preference, cognitive load, and emotional states. In the 

following section, the major theories behind the measuring of cognitive load with eye tracking 

and EEG and their application to this study will be elaborated. 

3.1 Visual fixations 

One of the pieces of information gathered 

from eye tracking is visual fixation, which is 

the moment when eye movement is 

relatively stationary, that is to say, focused 

on a particular area. Fixations are associated 

with information acquisition. During 

interaction with a scene, our eyes make a 

series of fixations, each lasting about 200–

300 milliseconds. For example, when 

reading a sentence, the eyes will make a 

fixation approximately every 1–12 character (see Figure 3-1), depending on various factors, such 

as word difficulty, concentration, motivation, importance, and so on (Rayner, 1975).  

The visual span is the area the human eye is sharp enough to recognize the content of 

each fixation. In reading, the typical human eye is able to recognize 5 words in a row when the 

words are held about 50 centimeters from the eyes. The rapid eye movement between these 

fixations, namely saccades, lasts no more than 40–50 milliseconds. Saccades are typically 

ignored in eye tracking studies, as it is believed that little to no information is captured in the 

Figure 3-1 Eye fixations when reading. 
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eye movement between fixations (Lorigo, et al., 2008). In neuromarketing, psychology, and 

human behavior research, information about visual fixation is being widely used in eye-tracking 

studies. It has been widely proven that information regarding fixations provides important clues 

about attention allocation, preference, user engagement, cognitive load, and so on. Duchowski 

(2002), Lorigo et al. (2008), Mackenzie et al. (2009) and Doherty, et al (2010) represent only a 

small fraction of recent research. 

3.1.1 Measuring cognitive load by fixations 

The important pieces of information about fixations are frequency, location, duration, and 

order. Numerous studies have demonstrated that fixation frequency (also referred to as fixation 

count) provides information about cognitive load (Doherty, et al., 2010; Djamasbi, et al., 2012). 

The fixation count will increase when our brains are actively taking in information and we devote 

less time to each fixation (Genco, et al., 2013). For example, Doherty et al. (2010) demonstrated 

that, when reading bad sentences – that is to say sentences that are hard to process and thus 

demand a higher cognitive load – the fixation count was higher. In other words, more fixations 

are associated with uncertainty and processing difficulty, while fewer fixations tend to be 

associated with greater processing fluency. Numerous other studies use fixation count to predict 

cognitive load.  

3.2 Eye blinks 

The eye tracking technology also provides the opportunity to track the number of blinks. On 

average, we spontaneously generate 15–20 eye blinks every minute. We primarily blink to 

moisten our eyeballs; however, researchers have found that we blink several times more than 

required for moistening our eyeballs (Doane, 1980; Nakano, et al., 2013). We spend over 10 

percent of our waking hours blocking our visual input with eye blinks, when we could do it much 

less. The interesting question is why our brain is willing to make such sacrifice. It seems that 

spontaneous eye blinks tend to occur to release our attentional focus from the world for just a 

moment, to give ourselves a chance to engage in internal mental processing. Researchers found 

that people tend to blink at the end of a sentence while reading, when a speaker pauses while 

listening, and at implicit breakpoints while viewing videos (Nakano, et al., 2013). 
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3.2.1 Measuring cognitive load by eye blinks 

Nakano et al. (2009) conducted a study using electrooculography to measure eye blinks. They 

found that the blink rate increased when viewing a video that demanded a lower cognitive load, 

and decreased when viewing a video that demanded a higher cognitive load. They also found 

that, when viewing a video that demanded a higher cognitive load, the eye blinks between 

subjects where synchronized. Most importantly they occurred at frames that seemed to be of 

lesser importance and scenes in which cognitive load was minimized. Ledger (2013) conducted 

another study showing that blink rate decreased as cognitive load increased. The participants 

were exposed to different stimuli, with different objects and audio files. Using 

electrooculography, he found that blank stimuli, which demand the least cognitive load, 

produced the highest blink rates. This supports earlier research (Hall, 1945; Drew, 1951; Stern, 

et al., 1984; Fogarty, et al., 1989), which found that blinking time is related to explicit attentional 

breaks and the level of cognitive load. The knowledge about blink rates made it possible for 

researchers to use the functionality of eye blinks as a supplementary measure to cognitive load 

when conducting an eye-tracking experiment.  

3.3 Pupillary responses 

Change in pupil size is one of the key features of eye tracking, and observation of this is being 

used widely in neuromarketing, human behavior, and psychology research (Genco, et al., 2013). 

Pupil dilation is the term for when the pupil diameter increases, and pupil constriction is the 

term for when the pupil diameter decreases. Human pupils may dilate for various reasons. Some 

of these reasons include cognitive load, emotional arousal, pain, attention, and brightness of 

light (Beatty, 1982; Ramsøy, 2012; Genco, et al., 2013). We will focus on cognitive load and 

brightness of light. 

3.3.1 Measuring cognitive load by pupillary responses 

Hess and Plot (1964) and Beatty and Kahneman (1966) were one of the first to demonstrate the 

link between pupillary responses and cognitive load. They showed that more difficult memory 

tasks led to larger pupillary response. Hence, pupillary response could be used as a 

measurement of differences in cognitive load during various tasks. Numerous studies have 

shown that pupils dilate during tasks that require higher mental effort (Batmaz, et al., 2008; 
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Klinger, et al., 2008; Beatty, 1982; Iqbal, et al., 2004; Piquado, et al., 2010; Van Gerven, et al., 

2004).  

Beatty (1982) showed that, when performing a cognitively demanding task, the pupils 

respond to the mental workload of the task and peaks at about 1–2 seconds after the onset of 

the demand and constricts after the task is completed. Since pupil dilation is measured 

continuously throughout the task, has a low latency, and follows the mental workload, it can 

also be used to determine the differences of cognitive load in various tasks within the same 

stimulus (Iqbal, et al., 2004).  

3.3.2 How light affects pupillary responses 

Some of the first findings about the human eye (and something we probably all remember from 

the elementary school) is that pupils respond to light (Purves, et al., 2004). This means that when 

measuring pupillary responses caused by emotional arousal or cognitive load, the experiment 

has to be conducted under controlled circumstances so that light can be controlled. Usually, 

when exposing subjects to different stimuli where pupillary response is to be measured, a blank 

screen, which has the exact same luminance as the actual stimulus, is added for a few seconds 

before this stimulus. This ensures that the pupils do not respond to the sudden change in 

luminance when exposed to a new stimulus. 

3.4 EEG and other neuroimaging techniques 

Various neuroimaging techniques can be used to measure the changes in different mental 

states, such as cognitive load, including the two previously mentioned techniques, functional 

imaging techniques (PET) and changes in blood flow (fMRI). All techniques have their pros and 

cons, and the choice really depends on the research question being asked. The most commonly 

used methods will be explained in the following sections along with a short discussion of why 

EEG is the right technique to use in this experiment. 

3.4.1 Functional magnetic resonance imaging (fMRI): 

fMRI is a highly advanced piece of machinery that provides a very accurate imaging of activity 

anywhere in the brain at a very high resolution. As mentioned before, it detects changes in blood 

flow. It relies on the fact that blood flow and neural activation in the brain are coupled. When 
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certain parts of the brain become active, blood flows to them. A massive magnet that surrounds 

the head of the participant, measures this, as blood contains iron. fMRI machines are superior 

in measuring the brain activity, but due to their high cost, they are mostly used in neuroscience 

and medical research. These machines are also very large and expensive and require participants 

being cramped inside them, which creates a very artificial testing environment (Huettel, et al., 

2009). 

3.4.2 Positron emission tomography (PET) 

A PET scanner, an example of nuclear medicine, is a functional imaging technique that produces 

a three-dimensional image of functional processes in the body, and it can also produce high 

definition brain images. Even though the price has dropped recently, this equipment is still 

relatively expensive, which also makes it mostly ideal for medical and brain research purposes. 

(Keppler, et al., 2001; Bailey, et al., 2005) 

3.4.3 Magnetoencephalography (MEG) 

This technique maps brain activity by measuring minute changes in magnetic fields produced by 

the brain using very sensitive magnetometers.5 This instrument has many advantages in 

determining the function of various parts of the brain. However, since it requires very expensive 

machinery that must be cooled down to operate, it is not suited for most psychological or 

neuromarketing research (Carlson, 2012). 

3.4.4 Electroencephalography (EEG) 

EEG records the electrical activity in different parts of the brain. This is done by electrodes placed 

around the scalp, measuring the strength of very small electrical fields on the scalp generated 

by brain activity. It’s a well-established technology that benefits from a massive amount of 

academic literature (Difrancesco, et al., 2008). This is probably the most popular psychology and 

neuromarketing technology (Genco, et al., 2013). One of the few limitations of EEG is that it 

can’t reliably measure changes in electrical activity deep in the brain. In most studies, it can still 

contribute enough information to hypothetically provide the answers to the research question 

being asked.  

5 This instrument is used to measure the strength and direction of magnetic fields (Steven, et al., 1994). 
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This machinery is inexpensive and available from multiple equipment vendors. This is one 

of the reasons that it has caught so much attention in psychology and neuromarketing studies 

(Vecchiato, et al., 2011) and also one reason that we use EEG to measure cognitive load in this 

study. Another reason is that EEG is a noninvasive technology that doesn’t require medical 

procedures to apply and is a silent technology that’s directly sensitive to neuronal activity. Also, 

unlike other techniques, EEG can be used almost everywhere, as it doesn’t require bulky and 

immobile equipment. The resolution of the EEG is generally high and only limited by the 

hardware, which typically can record a voltage every one to five milliseconds, depending on the 

manufacturer and model (Niedermeyer, et al., 2004). 

The brain emits brain-wave signals that have distinctive frequency characteristics, which 

are recorded by the EEG. This electrical activity is measured in cycles per second using the unit 

hertz (Hz). The most commonly observed frequencies are divided into frequency bands, which 

scientist over the last century have found to change in response to different mental states across 

different parts of the brain. Frequency bands are usually extracted using spectral methods, 

implemented in almost all EEG software, including the commonly used EEGLAB. These signals 

can be interpreted and associated with different mental processes. The frequency bands are 

named after Greek letters and are summarized in Table 3-1. 

Brain wave frequencies are commonly measured with two metrics. The first metric, 

“power”, measures the degree to which there is activity within a particular frequency band over 

a specific period of time. This can also be measured within a specific region of the brain. The 

other metric, “coherence”, measures the correlation of frequencies across different regions of 

the brain. When the regions are communication, in part of a mental process, the coherence 

between the regions is greater (Niedermeyer, et al., 2004). 
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Band name Frequency Characteristics 

Delta Less than 4 Hz The default dominant frequency in slow-wave sleep 
(Armitage, et al., 2001). 

Theta 4 to 8 Hz Associated with internally focused processing, such as 
memory activation and cognitive load (Jensen, et al., 2002; 
Onton, et al., 2005; Berka, et al., 2007). 

Alpha 8 to 12 Hz The default dominant frequency when relaxing/reflecting and 
eyes are closed, thus drowsiness (Cantero, et al., 2000; 
Cantero, et al., 1999) 

Beta 13 to 30 Hz Associated with active thinking, alertness, focus, anxiousness, 
and active attention (Baumeister, et al., 2008) 

Gamma More than 30 Hz Plays an important role in neural communication, such as 
reflecting on information from the external world in the brain 
(Hughes, 2008) 

Table 3-1 The most common brain-wave signal frequencies and their characteristics within brain research. 
 

3.5 Measuring cognitive load with EEG 

Building on the theory that most of the working memory activity is located in the prefrontal 

cortex, researchers have started focusing on that part of the brain to measure working memory 

activity. Using EEG and MEG, these researchers have found that theta activity over the frontal 

midline (frontal theta activity) is strong during working memory activity (Mizuki, et al., 1983; 

Bruneau, et al., 1993; Gevins, et al., 1997; Inanaga, 1998; Jensen, et al., 2002; Onton, et al., 2005; 

Berka, et al., 2007).  

Gevins et al. (1997) demonstrated that the engagement of the working memory induced 

by frontal theta activity using the n-back task. This task is a continuous performance task that is 

commonly used as an assessment in cognitive neuroscience to measure working memory. 

Subjects were presented with a sequence of stimuli and had to indicate whether the displayed 

stimulus matched the one from n steps earlier in the sequence. Using EEG, Gaving et al. found 

that signals in the theta range (4–7 Hz) were stronger during this task.  

Another study by Jensen and Tesche (2002) showed the close link between frontal midline 

theta activity and working memory. Using a modified version of the Sternberg paradigm, the 

participants were exposed to a sequence of numbers in a very short time, after which a blank 

screen appeared for a few seconds. This was called the retention interval where the participants 

had to retain the sequence of numbers, after which a probe was presented. The subjects then 
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had to indicate if the probe was on the list or not. MEG responses showed that, during the 

retention period, the frontal theta activity was stronger in the 7–8.5Hz band.  

According to these findings, frontal theta activity can be 

measured with EEG by electrodes placed on the mid-frontal 

section of the scalp, seen from above. The number and names of 

these electrodes can vary, depending on how many electrodes 

the EEG has and the manufacturer. An illustration of the frontal 

midline electrodes on the EEG manufactured by Emotiv (which is 

used in this study) can be seen in Figure 3-2. This device has 2 

electrodes recording the frontal midline activity, namely, AF3 and 

AF4. 

3.6 Summary of the measure of cognitive load 

This section examined the most important theories behind EEG, eye tracking, and the 

measurement of cognitive load and how a combination of eye fixations, eye blinks, pupil dilation, 

and frontal theta activity can be used as a measure of cognitive load. When performing a 

cognitively demanding task, the fixation count will increase, eye blinks will occur less often, the 

pupils will dilate, and the frontal theta activity will be higher. However, it is important to 

remember that, since these events individually can be caused by many other factors, they have 

to be used together to provide a decent measure of cognitive load, and even that would only 

draw a hypothetical conclusion of the measured results, since other factors can cause the same 

events to occur, such as some emotionally arousing stimuli. Using eye tracking in combination 

with neuroimaging, such as EEG, will provide much more power to the conclusion of cognitive 

load. This is why many researchers who conduct eye-tracking studies use EEG as a supplement 

when measuring different mental states. 

  

Figure 3-2 The location of the 
two frontal midline electrodes. 
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4 The dual-process theory 
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Understanding the basics of dual-process theory is an important step in order to understand 

how financial statements impact user’s decisions. This theory has proven very popular and is 

widely used in the psychology of learning and decision-making (Dienes, et al., 1999; Sun, et al., 

2005; Evans, 2008; Kahneman, 2011; Evans, 2013; Kahneman, 2003; Kruglanski, et al., 2011). 

Dual-process theory assumes a distinction between two different modes of processing: an 

intuitive mode, which is often referred to as “system 1,” and a rational mode, which is referred 

to as “system 2.” System 1 operates automatically, quickly, and without conscious control, and 

hence, with little to no effort. On the other hand, system 2 is characterized by deliberative, 

analytical, logical thought and is therefore slow and effortful. The differences between system 

1 and system 2 are illustrated in Table 4-1 (Evans, 2008). 

System 1 System 2 
Unconscious reasoning Conscious reasoning 
Implicit Explicit 
Automatic Controlled 
Low effort High effort 
Large capacity Small capacity 
Rapid Slow 
Default process Inhibitory 
Associative Rule based 
Contextualized Abstract 
Domain specific Domain General 
Evolutionarily old Evolutionarily recent 
Nonverbal Linked to language 
Includes recognition, perception, orientation Includes rule following, comparisons, 

weighing of options 
Modular cognition Fluid intelligence 
Independent of working memory Limited by working memory capacity 
Pragmatic Logical 

Table 4-1 The differences between system 1 and system 2, illustrated by Evans (2008). 

4.1 Automatic and rational reasoning 

One of the greatest psychologist within this area, Daniel Kahneman (2011) describes system 1 

as the real “hero.” He describes system 1 as effortlessly originating impressions and feelings, 

which are the main source of the explicit beliefs and deliberate choices of system 2. He tells us 
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that system 1 gets us through most tasks during the day. System 1 can generate very complex 

patterns of ideas based on experience and beliefs, which can solve very complex problems very 

quickly, but only system 2 can construct thoughts in an orderly series of steps. In Table 4-2, a 

few of Kahneman’s examples of system 1 and system 2 activities are given. 

System 1 System 2 
Detect that one object is more distant than 
another. 

Brace for the starter gun in a race. 

Orient to the source of a sudden sound. Focus attention on the clowns in the circus. 
Complete the phrase “bread and…” Focus on the voice of a particular person in a 

crowded and noisy room. 
Make a “disgust face” when shown a horrible 
picture. 

Look for a woman with white hair. 

Detect hostility in a voice. Search memory to identify a surprising sound. 
Answer to 2 + 2 = ? Maintain a faster walking speed than is 

natural for you. 
Read words on large billboards. Monitor the appropriateness of your behavior 

in a social situation. 
Drive a car on an empty road. Count the occurrences of the letter a in a page 

of text. 
Table 4-2 Some of Kahneman’s examples of system 1 and system 2 activities (Kahneman, 2011). 

System 1 activities occur automatically and require little to no effort. We are born with the 

capabilities of system 1 to be prepared to perceive the world around us, recognize objects, orient 

attention, avoid losses, and fear snakes. Through experience and practice, a lot of the mental 

activities of system 2 become more automatic and will be handled by system 1, such as 

association between ideas. If someone says “big four,” an auditor will automatically think audit 

firms in a split second. However, if someone says “the third largest audit firm,” the auditor will 

start thinking, probably about the three largest audit firms and make considerations about what 

he/she thinks is the smallest of these three. This happens slow, requires mental effort, and is 

processed by system 2. System 1 has also learned skills, such as reading and understanding the 

nuances of social situations. When we first learned to read, we used a lot of effort understanding 

the letters and words and put them together into a sentence that makes sense, but as we gain 

experience, reading becomes automated. Detecting the differences between letters and words 

is stored in our memory and is accessed without intention and without effort. For example, 
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when we browse through an annual report, and spot some big highlighted text, we will 

automatically read it (Kahneman, 2011; Kahneman, 2003). 

4.2 The dual-process approach to decision-making 

Dual-process theory has a tight relationship to the working memory. It is assumed that system 

2 requires access to the working memory, which has a limited capacity, whereas system 1 does 

not. The working memory contains information on what we are aware of at a given time, which 

system 2 depends on in conscious thinking. System 2’s dependency on the working memory 

explains its slow processing, low capacity, and the high effort it demands (Evans, 2008; Cokely, 

et al., 2009). 

System 1 and system 2 are both active whenever we are awake. The purpose of these two 

systems is to minimize effort and optimize performance. The two systems can be considered as 

agents, with their individual abilities, limitations, and functions. It is important to note that these 

two systems are not completely independent of each other but together provides the basis for 

how we process things and make decisions. System 1 runs automatically while system 2 normally 

runs on idle, waiting for system 1 to make suggestions for it. These suggestions are impressions, 

intuitions, intentions, and feelings that system 2 adopts, in most cases with very little 

modification, unless system 1 runs into difficulty. If so, it calls on system 2 to support a more 

detailed and specific processing that may solve the underlying problem. When system 2 adapts 

system 1’s suggestions with very little or no modification, it is called intuitive judgment. These 

intuitive impressions that system 1 makes are based on heuristics, which people unconsciously 

use for their decision-making (Kahneman, 2011; Kahneman, et al., 2002; Evans, 2008). 

The fact that system 2 often adapts system 1’s suggestions without modification can lead 

to errors in judgments (Kahneman, 2003). This is due to system 1 being based on impressions 

and intuitions, rather than logical and rational thinking. However, since it is believed that these 

two systems work together, an error of intuitive judgment involve failures of both systems. 

System 1 caused the error, but system 2 failed to detect and correct it (Kahneman, et al., 1982). 

There are several theories suggesting why system 1 generally dominates over system 2. 

According to some theories, this domination is due to people often being unmotivated to fully 

process relevant information (Chen, et al., 1999; Petty, et al., 1986). This theory is fully 
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supported by Kahneman (2011) who describes system 2 as a “lazy” system that often uncritically 

adopts suggestions that system 1 makes.  

Another theory suggesting why system 1 dominates over system 2 is that people often 

are unable to fully process the relevant information (Gilbert, et al., 1988). In other words, the 

memory required for processing the information exceeds the capacity of the working memory, 

either because there is too much information or because the subject has a low working memory 

capacity, which causes information overload. According to Evans (2006), system 1 can control 

behavior directly unless system 2 intervenes. This intervention may be cued by strong deductive 

reasoning and is more likely to occur when individuals have a higher working memory capacity 

or higher ability to think reflectively or critically. This means that individuals with higher working 

memory are more able to inhibit belief-based reasoning, which characterizes system 1 

(Stanovich, 1999).  

4.3 The dual-process approach to processing fluency 

For a better understanding of processing fluency, its relation to dual-process theory, and how it 

can affect judgments, a closer look at system 1 and heuristics is needed. Oppenheimer (2008) 

describes processing fluency as the subjective ease or difficulty of an experience in which our 

brain process information or stimuli. Reber, Schwarz, and Winkielman (2004) describe 

processing fluency as the efficiency and speed of processing a stimulus. It has been widely 

proven that processing fluency has a significant impact on judgments and decision making 

(Novemsky, et al., 2007; Unkelbach, 2007; Song, et al., 2008; Rennekamp, 2012; Tan, et al., 

2013). As explained, dual-process theory suggests that system 1, which uses heuristics as helpers 

to make judgments, dominates over system 2. It is believed that one of the heuristics that system 

1 uses is processing fluency (Morewedge, et al., 2010; Weiss-Lijn, 2012).  

By manipulating readability, Brinol, et al. (2006) showed that the effect processing fluency 

has on judgments depends on the valence of the information. These findings suggest that higher 

processing fluency leads to more positive judgments when the valence is positive and more 

negative judgments when the valence is negative. Other research has shown that higher 

processing fluency works as a heuristic cue, which increases an individual’s belief that the 

underlying information is more reliable and useful (Hafner, et al., 2010; Reber, et al., 1999). 
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This feeling of reliability and usefulness leads to more extreme valuations and feelings about 

things, as shown by Brinol, et al. (2006) and other researchers (Rennekamp, 2012; Tan, et al., 

2013). These findings support the dual-process approach to decision-making, which suggests 

that system 1 is making suggestions for system 2 based on feelings and impressions that 

system 2 adapts or rejects. 

4.4 The dual-process approach to learning and experience 

When new skills or abilities are learned, they are rational, controlled, and require mental effort 

to perform, but at some point, they become intuitive. In other words, through experience and 

practice, many system 2 activities become system 1 activities, as mentioned before. When 

financial analysts perform their first company valuation, they engage in a lot of mental effort 

and attention (system 2); however, through experience and practice, this job becomes more 

automated (system 1). In dual-process theory, this is referred to as implicit learning, since these 

skills are learned without conscious awareness. Music and sports are the most common 

examples of implicit learning. Novice piano or football players exert higher mental effort in 

following the rules that music and football require than professionals. However, as they become 

more experienced, attention is no longer directed to the movements, and they cannot explain 

what they do (Kruglanski, et al., 2011; Beilock, et al., 2004). 

As explained previously, system 1 dominates over system 2, unless system 2 intervenes, 

which is more likely to happen if individuals have higher ability to think reflectively or critically. 

Given that experience within a certain area increases the ability to think critically, this 

intervention may likely occur more when individuals have more experience. In other words, 

individuals who posses more experience within a certain area may reason more logically and be 

better at suppressing the beliefs, impressions, and feelings that can bias the decision. Earlier 

research supports this theory, such as Chen et al. (1999) and Petty et al. (1981). According to 

them, systematic processing requires both cognitive ability and capacity.  

These two theories about learning and experience suggest that experienced decision-

makers exert less effort in performing a task or making a decision, and at the same they make 

better and more accurate decisions. These may seem like conflicting theories, but in fact, it 

makes perfect sense. An experienced driver generally drives better and safer than an 
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inexperienced driver does, even if less effort is made. In the context of our study, dual-process 

theory simply suggests that more experienced decision-makers (investors etc.) should be able 

to make more accurate and more objective (and less belief-based) decisions, with less effort. In 

other words, experienced decision-makers should be less affected by disclosure manipulations. 

4.5 Summary of dual-process theory 

Understanding the basics of dual-process theory can explain people’s rational thinking and 

decision failure (Epstein, 1994; Evans, et al., 1996; Stanovich, et al., 2000; Evans, 2013). As 

mentioned, the division of labor between these two systems works very well in most cases 

because system 1 is generally very good at its job. The stored models of the familiar situations 

in system 1, and the short-term predictions are accurate. However, system 1 has limitations and 

is prone to make errors since it is non-logical.  If a major airplane crash occurs, many people tend 

to avoid flying since they believe that taking 

the car or the train is safer than flying. 

People’s judgment and decisions are in 

many cases based on beliefs and intuition 

rather than logical reasoning, which causes 

performance bias. System 1 comes up with 

the suggestion that flying is dangerous 

because it is based on intuitions and beliefs. 

However, if one sits down and considers 

which traveling method is better, which one 

maximizes the probability that the person 

will arrive at the destination safe and sound, 

the person will probably end up with an 

airline tickets. Based on this knowledge about dual-process theory, a figure can be drawn, which 

illustrates how information is gathered, processed, and turned into a decision (Figure 4-1). 

  

Decision outcome 

Logical 
Analytical 
Rational 

Automatic 
Quick 

Non-rational 

Process  

Intuitions 
Feelings 

Impressions 

Working memory 

System 2 System 1 

Figure 4-1 How information is gathered, processed, and 
turned into a decision, according to dual-process theory. 

Suggestions 
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5 The background and hypothesis development 
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This section presents a review of previous research within the field of accounting, psychology, 

and neuroscience, and the development of the hypotheses. The important findings will be 

discussed and our hypotheses will be deducted based on these findings. 

5.1 Disclosure readability 

Resent research has suggested that there is a tight link between the readability of a disclosure 

and the decision outcome (Li, 2008; Rennekamp, 2012; Tan, et al., 2013). The readability in 

language possessing is the ease with which text can be read and understood. Readability tests, 

which are mathematical formulas, were designed to assess the suitability of books for students 

at particular grade levels or ages. Some of the most popular tests are: the Flesch formulas, the 

Dale–Chall Formula, the Fry Readability Graph, McLaughlin's SMOG Formula, the FORCAST 

Formula, and the Gunning Fog Index. All these readability formulas are based on text, not 

numbers and figures. 

In financial accounting, the use of plain English has been a well-discussed topic in the last 

two decades. In 1998, the Securities and Exchange Commission made major progress, in terms 

of firms providing clear and readable financial disclosures, by publishing the Plain English Rule 

421(d), accompanied by the Plain English Handbook (SEC, 1998). This rule required issuers to 

use plain English principles in the organization, language, and design of documents. Many annual 

report users will argue that, to make informed decision, disclosure documents must impart 

much information (SEC, 1998), a belief that this experiment will disprove. 

A plain English document uses orderly and clear presentation of information so that 

investors have the best possible chance of understanding it. It uses words economically and at 

a level the audience can understand. It has tight sentence structure; its tone is welcoming and 

direct, and it is easy to read. The Plain English Handbook provides both linguistic and formatting 

suggestions for preparing plain English disclosures, such as using short sentences whenever 

possible, avoiding legal and highly technical business terms, and so on (SEC, 1998). One can say 

that the use of plain English ensures a high and fluent perception of a document and greater 

readability, thus making information easier to process. The SEC rule in 1998 has led to recent 

research focusing on disclosure readability. Recent examples include, Li (2008), Biddle, et al. 

(2009), Miller (2010), Lehavy, et al. (2011), Rennekamp (2012), and Tan, et al. (2013). 
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An interesting recent experiment was conducted by Rennekamp (2012). Using a press 

release for small investors, she showed that there is a close connection between the readability 

of the disclosure and the decision outcome. The investors were asked to what extent they felt 

that they could rely on the firm based on the provided background information. The background 

information varied in terms of readability difficulty. Rennekamp discovered that more readable 

disclosures led to stronger reactions from small investors. That is to say, when disclosures are 

more readable, changes in investors’ valuation judgments are more positive when news is good 

and more negative when news is bad. To explain this result, she found the answer in psychology 

research. Processing fluency from a more readable disclosure subconsciously acts as a heuristic 

cue and increases investors’ beliefs that they can rely on the disclosure. However, she lacks a 

more detailed explanation of this effect.  

Tan et al. (2013) conducted another experiment investigating how readability and 

performance influence investor’s judgment. Using management guidance and quarterly 

performance, hundreds of MBA students were asked to rate the performance of respective 

companies. Tan et al. manipulated the data with respect to the consistency between 

management guidance and quarterly performance and the readability. They found that the 

information with high readability led to more extreme ratings of the company than the 

information with low readability. Their explanation was that high readability improves investors 

understanding of the firms positive or negative earnings. They also found that when the 

information was inconsistent, readability had a higher impact on the performance judgment 

than when the information was consistent. They also found the answer to be that readability 

operates through a psychological mechanism of processing fluency. However, Tan et al. failed 

to provide more detailed answers on how this processing fluency affects investors belief. 

So far, it has been suggested that when the processing fluency of information is high, it 

leads to stronger reactions by investors. This means that if the valence of the information is 

good, it leads to higher valuations, and if the valence is bad, it leads to lower valuations. 

Rennekamp (2012) explains this behavior by the fact that good processing fluency acts as a 

heuristic cue, which makes investors believe that they can rely more on the information. This is 

supported by Rolf Reber and Norbert Schwarz (1999) who demonstrated that statements with 

high processing fluency where judged to be more true than statements that are presented with 
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bad visual quality. These findings can be explained with dual-process theory. System 1 makes 

suggestions for system 2, which is based on feelings, impressions, and intuitions. This means 

that, when something looks good and is easier to process, system 1 automatically makes a 

suggestion to system 2 that this information is more useful and can be relied upon, due to these 

heuristics. 

These earlier findings have used different kinds of linguistic methods to measure the 

readability and investigate how and why processing fluency affects financial statement user’s 

decisions. However, these methods have their limitations since they only assume that there is a 

direct link between these measures and processing fluency. This study will investigate these 

“how” and “why” questions with new tools provided from neuroscience and use theories from 

psychology to answer the research question. These tools include EEG and eye tracking and will 

use cognitive load as a measure of processing fluency in disclosures. 

5.2 Amount of information 

In addition to readability, another thing that affects processing fluency is the amount of 

information (Reber, et al., 2004). The more information a disclosure contains, the more difficult 

it is to process. This is one reason why the amount of information in disclosures has recently 

raised concern within accounting research. Many people are worried that their increasing length 

and detail leads to annual reports that no longer reflect the reality of the underlying business. 

The recent publication Louder Than Words (FRC, 2009) followed by Cutting Clutter (FRC, 2011), 

both by the Financial Reporting Council, investigate the complexity and relevance of annual 

reports and are the first step towards reducing complexity. They point out that one of the main 

reasons that annual reports have ended up in a vast sea of information is that reporters are 

currently under pressure from all sides and therefore aim to please too many types of users. 

These requests cannot be met without running the risk that reports become “just fine” for many 

but ideal for no one. They have to return their focus on their primary purpose, which is providing 

investors with useful information for making decisions. This is in accordance with IASB’s latest 

conceptual framework for financial reporting (IRFS, 2013), which identified the primary users of 

corporate reports as “present and potential equity investors, lenders, and other creditors.” 
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This problem affects both preparers as well as users. The Financial Reporting Council 

interviewed quite a few preparers, who mostly seemed to believe that the process of compiling 

an annual report is too complex, and so are the reports themselves. At the other end, users were 

interviewed too, but interestingly they did not found them complex, but seemed to have greater 

concerns about the relevance of the annual report. The users’ concerns about relevance suggest 

that regulators and companies should reconsider how, where, and when they address the needs 

of other stakeholders. As well, they should reconsider whether there is a better channel for 

discussing matters that have no impact on the business that target users would view as 

significant and have no material bearing on current or future activities. 

The key question in this study is how and why the amount of information affects investors’ 

decisions. As explained earlier, when the amount of information is high, it requires a higher 

demand on the working memory to process the information, regardless of the relevance of the 

extra information. Thus, when a stimulus contains a high amount of (necessary or unnecessary) 

information, the processing fluency will be lower. From this, we get the first hypothesis: 

• H1A: Disclosures with more unnecessary information demands a higher cognitive load 

than disclosures with less unnecessary information. 

Based on earlier findings, we must assume that processing fluency from a disclosure with less 

information must elicit the same valuation effect as the processing fluency from a more readable 

disclosure since it is the processing fluency that is found to be the main cause of this valuation 

effect. Not much research has been done in terms of how and why the amount of information 

affects investors’ decisions. However, two archival studies confirm this valuation effect. You and 

Zhang (2009) showed that the market generally underreacts to 10-K fillings; however, the under 

reaction was greater as the length of the report increased. Hong and Stein (1999) also found 

that when firm-specific information diffuses gradually across investors, the prices underreact. 

This leads us to the following two hypotheses: 

• H2A: Positive-earnings disclosures with less unnecessary information lead to a higher 

valuation of the company than positive-earnings disclosures with more unnecessary 

information. 
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• H2B: Negative-earnings disclosures with less unnecessary information lead to a lower 

valuation of the company than negative-earnings disclosures with more unnecessary 

information. 

This has support from accounting research, which suggests that managers are more likely to 

provide unnecessary information in an annual report when earnings are negative than when 

earnings are positive. A recent example is provided by Li (2008). He found that managers make 

bad news costly by writing annual reports that are unnecessarily long and that use excessively 

big words and long sentences. He used the Fog Index to measure the complexity and amount of 

information. An explanation for this behavior is that managers try to hide negative earnings by 

providing unnecessary information and disclosures. Another explanation is that managers try to 

justify bad performance by providing a bunch of explanatory information. 

5.3 The perceptual quality 

Another thing that has been left out in disclosure research and also affects processing fluency is 

the visual quality. In cognitive psychology, perceptual quality is a term for the visual quality of 

an object and perceptual fluency defines the processing fluency of this visual information 

(Reber, et al., 1999). Processing fluency and perceptual fluency are actually the same term; 

however, perceptual fluency is only related to visual quality, whereas processing fluency defines 

the overall ease with which information is processed. Perceptual fluency is at the moment one 

of the hottest topics in psychology (Genco, et al., 2013). Previous research has shown that there 

is a link between perceptual fluency and judgment. It turns out that people prefer things that 

are easy to think about to those that are hard. Objects that have clear lines, are represented in 

better colors, are clearly distinguishable from their background, contains better fonts, and so 

on, are judged as more attractive and reliable than the opposite case. Unfortunately, humanity 

is very manipulative. To simplify the theory, we will continue using the term processing fluency 

in the following. 

As previously explained, this visual preference for information is unconsciously included 

in the overall assessment when judging on the basis of the content. A great deal of previous 

research provides evidence that individuals’ decisions can be biased by manipulating with visual 

quality in the information when, of course, holding the content constant (Novemsky, et al., 2007; 
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Unkelbach, 2007; Song, et al., 2008; Reber, et al., 1999). This can also be explained with the 

theory of dual processing, suggesting that the automatic and subconscious system 1 is cuing the 

logical and analytic system 2 when processing information. Since system 1 is based on intuitions 

and impressions, it automatically relates good visual quality as being something good, which 

affects judgment. 

As briefly addressed previously, an interesting experiment conducted by Rolf Reber and 

Norbert Schwarz (1999) showed that there is a tight link between the perceived reliability of a 

statement and the processing fluency. Various statements of the form “Osorno is in Chile” were 

presented, and the participants judged the truth of the statement. The colors were manipulated 

to make the statements easy or difficult to read. The results showed that the statements were 

more likely to be judged as true when presented in a highly visible color with good contrast. A 

similar experiment conducted by Rolf Reber et al. (1998) demonstrated the link between 

preference and processing fluency. Figures were randomly presented to a number of 

participants, who were asked to rate the prettiness or ugliness of the figure. The contrast 

between the figure and the background were manipulated. The results showed that participants 

rated the high-contrast figures higher than the low-contrast ones. This experiment points out 

that the perceptual quality of high-contrast objects is better than low-contrast objects, and this 

leads to better perceptual fluency and greater preference. 

Hyunjin Song and Norbert Schwarz (2008) ran an experiment on font types and processing 

fluency. The participants read exercise or recipe instructions; half of them were printed in a 

hard-to-read font, and the other half were printed in an easy-to-read font; otherwise they were 

identical. They were then asked to estimate how many minutes the routine would take or the 

time to prepare the dish. They found that when people read about an exercise regimen or a 

recipe in a difficult-to-read font, they tended to rate the exercise regimen more difficult and the 

recipe more complicated than if they read about them in an easy-to-read font. 

Another study demonstrating the link between processing fluency and font style was 

conducted by Novemsky et al. (2007). They used 205 participants, and all participants received 

identical description of a set of choice objects, which were cordless telephones. The only 

difference was that the description font was manipulated so that half of the participants were 
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presented with the description in a font that was easy to read and the other half in a font that 

was hard to read. They found that when participants had difficulty reading the description and 

their attention was not drawn to the difficult font, but to the content of the description, they 

were more likely to defer their purchase decision than the control group that received the easy-

to-read font. However, they found that when their attention was drawn to the difficult font, the 

influence of low fluency was eliminated. So, these finding shows that there is a link between 

perception quality and preference when people are not drawing attention to the bad perception 

quality. 

That is to say, earlier findings suggest that, when the lines are cleaner, the fonts are easier 

to read, and there is a higher contrast between the text and figures and the background, the 

information features better perceptual quality and thus is easier to process. This should provide 

the framework for the following two hypotheses, which are also based on the theories behind 

the earlier hypothesis. We assumed that things that are easier to process, thus demand a lower 

cognitive load and lead to more extreme valuations than things that are more difficult to 

process. This leads us to three more hypotheses, which in many ways are similar to the previous 

hypotheses. However, the new ones draw on processing fluency from perceptual quality, 

instead of the amount of information: 

• H1B: Disclosures with poorer perceptual quality demands a higher cognitive load than 

disclosures with better perceptual quality. 

• H3A: Positive-earnings disclosures with better perceptual quality lead to a higher 

valuation of the company than positive-earnings disclosures with poorer perceptual 

quality. 

• H3B: Negative-earnings disclosures with better perceptual quality lead to a lower 

valuation of the company than negative earnings disclosures with poorer perceptual 

quality. 

Based on this, we can draw a simple figure that demonstrates the suggested relationship 

between analysts’ valuations of a company (e.g. credit rating, forecasting, and so on) and the 

demand on cognitive load (amount of information and perceptual quality). In Figure 5-1, the 
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earnings and valuations correlate in one way or another. There are tons of reasons to rate or 

forecast a company negatively, even if it generates positive earnings, and vice versa, but let us 

stick to the simplistic theory that higher earnings lead to higher valuations, and lower earnings 

leads to lower valuations. Then, what happens when an annual report contains a lot of 

unnecessary information? According to previous research and theories, analysts are less 

expressive in their ratings; therefore, the line will be less steep. Theoretically, the line will start 

from being almost vertical when the amount of information in the annual report is close to zero, 

to being almost flat, when the amount of information is infinite. That is, for many obvious 

reasons, not the case in the real world.  

 

Figure 5-1 The relationship between analysts’ valuations of a company and the demand on cognitive load. 

The dashed lines represents the most optimal path to follow for a strategic management, that 

is to say, to prepare an annual report that requires a higher cognitive load on negative earnings 

and vice versa. 

Low cognitive load: 
Less information 
Better perceptual quality 

High cognitive load: 
More information 
Poorer perceptual quality 

Valuation 

Performance 
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5.4 Reliability and sufficiency 

According to previous research one of the explanations for this valuation behavior is that the 

higher processing fluency acts as a heuristic, which enhances an investor’s belief that the 

disclosure is more reliable and useful (Rennekamp, 2012; Tan, et al., 2013; Hafner, et al., 2010; 

Reber, et al., 1999). This is supported by dual-process theory, which suggests that processing 

fluency is one of the heuristics that system 1 uses when processing information. From this, we 

can draw the following four hypotheses: 

• H4A: Disclosures with less unnecessary information are rated as more reliable than 

disclosures with more unnecessary information. 

• H4B: Disclosures with better perceptual quality are rated as more reliable than 

disclosures with poorer perceptual quality. 

• H5A: Disclosures with less unnecessary information are rated as more sufficient than 

disclosures with more unnecessary information. 

• H5B: Disclosures with better perceptual quality are rated as more sufficient than 

disclosures with poorer perceptual quality. 

5.5 Experience 

An interesting study conducted by Chen, Shang, and Kao (2009) showed that performance of 

judgment and decision-making differs with regard to age and experience. They conducted an 

experiment on online shopping to find the impact between information overload and decision-

making and individual differences. The results suggest that novice online shopper suffer from 

more information overload than more experienced online shoppers. The explanation is that 

shoppers with more online experience process information more effectively and efficiently, 

hence perceiving lower degree of information overload. Dual-process theory supports this 

suggestion. It was previously explained how activities that require mental effort (system 2) 

become more intuitive (system 1) as experience within a certain area increases. This means that 

activities are processed faster and easier when subjects are experienced, since they require less 

system 2 processing, thus have a lower demand on the working memory.  
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Another thing that dual-process theory suggests, which was explained previously, is that 

experienced subjects are more able to suppress false feelings and impressions, which are based 

on heuristics. This suggests that subjects who possess experience within a certain area are more 

able to make more rational decisions within this area and are less sensitive to manipulations. 

This leads us to the last two hypotheses: 

• H6A: Novice decision-makers suffers more from information overload than experienced 

decision-makers. 

• H6B: Novice decision-makers provide more extreme valuations than experienced 

decision-makers. 

These twelve hypotheses should provide enough evidence to answer our main research 

question: “How and why do the amount of information and the perceptual quality of disclosures 

affect users’ decisions?” For an easy overview of all the hypotheses, see appendix 1. 

5.6 Summary of background and hypothesis development 

This chapter reviewed the theoretical background and divided our research question into 

research hypotheses, which should help answer the questions of how and why the amount of 

information and the perceptual quality of disclosures affect users’ decisions (see Figure 5-2 and 

Figure 5-3). Looking at the “how” question, it is suggested that that disclosures with less 

information and better perceptual quality lead to more extreme valuations, depending on the 

valence. In other words, when the company performs well, the valuations should be higher, and 

when the company performs poorly, the valuations should be lower.  

How? 

Manipulations: 
Amount of info 

Perceptual quality 

More / less 
extreme 

Bad performance 

Valuations 

Good performance 
 H2A , H3A 

 H2B , H3B 

Figure 5-2 A flow chart which illustrates the ”how” question, along with the hypotheses. 
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Regarding the “why” question, this valuation behavior is caused by the higher processing fluency 

that the low amount of information and high perceptual quality contain, which means that they 

demand a lower cognitive load. This higher processing fluency acts as a heuristic cue, which 

makes the subjects feel that they can rely more in the information and experience a higher 

feeling of sufficiency. However, experience also affects the degree to which processing fluency 

affects valuations. Experienced decision-makers should be less affected by the manipulations, 

since they are more able to suppress the heuristics that bias the valuations. Also, they can do 

this with less thinking, meaning that experienced decision-makers generally have a lower 

cognitive load. 

 

 

 

 

 

 

  

Why? 

Manipulations: 
Amount of info 

Perceptual quality 

Processing fluency 
(cognitive load) Experience 

Sufficiency 

Valuations 

Reliability 

 H5A , H5B 

 H4A , H4B 

 H6A , H6B  H1A , H1B 

Figure 5-3 A flow chart which illustrates the ”why” question, along with the hypotheses. 
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6 The Research Design 

  

6 
The research design 
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Our experiment uses a 2 x 2 x 2 between-subjects design, manipulating whether earnings 

guidance from a transportation and logistics company shows the company (1) is performing well 

or poorly (2) contains more or less information and (3) is presented with good or bad perceptual 

quality (PQ) (see Figure 6-1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The experiment is conducted in two stages (see Figure 6-2). In stage one, participants receive 

some background information about the company. This includes the company's 5-year earnings 

summary, in addition to the company's key ratios for the past 5 years, which often appear in one 

of the first pages of an annual report. In stage 2, participants receive some more information 

Good news/ 
More information/ 

Good PQ 

Good news/ 
More information/ 

Bad PQ 

Good news/ 
Less information/ 

Good PQ 

Good news/ 
Less information/ 

Bad PQ 

Good Bad 

High 

Low 

Amount of 
information 

Perceptual quality 
Company 1 
Good performance 

Bad news/ 
More information/ 

Good PQ 

Bad news/ 
More information/ 

Bad PQ 

Bad news/ 
Less information/ 

Good PQ 

Bad news/ 
Less information/ 

Bad PQ 

Good Bad 

High 

Low 

Amount of 
information 

Perceptual quality 
Company 2 
Bad performance 

Figure 6-1 The 2 x 2 x 2 between-subjects design. 
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about the company. This is the yearly earnings guidance disclosed by the company. Only this 

stage contains the manipulations, which concern the amount of information and the perceptual 

quality, as shown in Figure 6-1. However, the performance manipulations concern the whole 

company, meaning that stage 1 also contains these manipulations. 

 

 

 

 

 

 

 

 

 

 

The participants are presented with both companies to halve the amount of needed participants 

(or double the sample size). This means that when participants complete the survey with one 

company, they are asked to complete the same survey with the other company (see Figure 6-3). 

It is important to understand that one company presents the good performance scenario, and 

the other presents the bad performance scenario.  

Stimulus 
(no manipulation) 

Participants 
receive 

background 
information 
about the 
company 

Survey 

Participants 
make judgment 

about 
company’s 

future earnings 
performance 

Stimulus 
(manipulation) 

Participants 
receive the 

yearly earnings 
guidance 

Survey 

Participants 
make judgment 

about 
company’s 

future earnings 
performance, 
the reliance, 

and sufficiency 
of the 

information 

Stage 1 Stage 2 

Figure 6-2 The experiment procedure. 
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Before starting the data collection, we conducted a pre-test with four professors from the 

Department of Accounting and Auditing and two students who had completed the course 

Financial Statement Analysis. This was to optimize the test and ensure that it contained no 

errors. We also estimated that the test takes approximately two minutes to set up and nine 

minutes to complete. 

6.1 Exposure time of the disclosure information 

The exposure time for the information is held constant, which means that, after one and a half 

minutes, the test continues automatically. In the pre-test, the participants could use as much 

time as they wanted to read the information. This was used to determine the optimal exposure 

time, and the participants used on average of one and a half minutes to read the information 

before continuing. The reason that we decided to hold exposure time constant is to minimize 

the threat to internal validity, by providing the participants with identical procedures, so that 

the same information is not generating different measures (Cook, et al., 1979). If one participant 

is considering the information for 1 minute while the other is doing so for 5 minutes, it is clear 

that the average cognitive load over the exposure time will be different for the two participants. 

In addition, the fixation time on certain information will be higher in the 5-minute participant. It 

is not impossible to conduct the test without holding exposure time constant; it would just 

create a new control variable that has to be considered in the analysis. 

Stimul. 

…. 

…. 

…. 

Survey 

…. 

…. 

…. 

 

Stimul. 

…. 

…. 

…. 

 

Survey 

…. 

…. 

…. 

 

Stage 1 Stage 2 

Company 1 
(Scenario 1) 

Stimul. 

…. 

…. 

…. 

Survey 

…. 

…. 

…. 

 

Stimul. 

…. 

…. 

…. 

 

Survey 

…. 

…. 

…. 

 

Stage 1 Stage 2 

Company 2 
(Contrast to scenario 1) 

Figure 6-3 The participants complete both companies. 
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Another thing that encouraged us to hold the exposure time constant was that the time 

the participants needed to look through the information in the pre-test did not differ that much 

between subjects. There was a difference of barely twenty seconds. Table 6-1 below summarizes 

the considerations we made when choosing constant exposure time: 

Constant exposure time User-controlled exposure time 

+ Identical procedures between subjects 
+ Easy comparison between subjects 
+ Partly analytical in the data collection 

software 
+ Less biased results 
÷ Less realistic 
÷ Does not take account of experience and 

sophistication 
÷ Small probability that participants do not 

have time to see all the information 

÷ Different procedures between subjects 
÷ Difficult to compare 
÷ Only manual analysis 

 
÷ More biased results 
+ More realistic 
+ Takes account of experience and 

sophistication 
+ The participants will not proceed before 

they see all the information 

Table 6-1 Advantages and disadvantages of constant and user-controlled exposure time. 

6.2 Ensuring a valid measure of pupillary responses with interslides 

As explained earlier, pupils response to changes in light. To eliminate the effect the light has on 

the pupils, a blank screen has to be exposed before the information stimulus. This blank screen 

has the exact same brightness as the upcoming information stimulus. This means that the 

pupillary responses can be isolated to cognitive load. The interslide is a built-in feature of the 

software used to collect the data, which means that the software automatically calculates the 

brightness of the upcoming stimulus and places a 5-second-long interslide before that stimulus. 

6.3 The equipment used in this experiment 

To measure cognitive load, used in testing H1A and H1B, we conduct the experiment on an eye 

tracker, which is a large screen with an infrared measuring unit. This measures the point of gaze, 

the fixations, the motion of the eyes, the pupil dilation, and the distance between the eyes and 

the screen. The blink count can also be derived from the raw eye tracking data through specific 

methods. Along with this, we use an electroencephalography headset unit (EEG), which 

measures the electrical activity along the scalp. It measures voltage fluctuations resulting from 

ionic current flows within the neurons of the brain. This activity is recorded from multiple 
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electrodes placed on the scalp. One of the brain activities that can be measured with the EEG is 

cognitive load. 

6.3.1 Eye tracker 

The eye tracker we used in this experiment was a Tobii T60 

XL by the Swedish company Tobii Technology, which is a 

computer monitor that has a built-in infrared eye tracker 

below the screen (see Figure 6-4). It has a 24-inch screen 

with a resolution of 1920x1200. The combination of the 

high resolution and the large screen size makes it possible 

to squeeze more information together on the screen 

without it being pixelated6. The eye tracker is connected to 

a computer with a VGA and a LAN cable and has a separate 

mouse and keyboard connected for the participants.  

6.3.2 Electroencephalography 

The Electroencephalography (EEG) we used was a wireless 

version of the Emotiv EEG by the Australian electronics 

company Emotiv, which specializes in brain imaging based 

on EEG technology. The EEG has 14 wet7 electrodes and 2 

dry reference electrodes. The EEG runs at 128Hz, which 

means that the output data rate is 128 lines per second, and 

it supports frequency bands from 0.2Hz to 45Hz, which 

covers all the commonly used frequency bands discussed 

earlier (those named after Greek letters). Signals are 

received from electrodes placed at AF3, F7, F3, FC5, T7, P7, 

O1, O2, P8, T8, FC6, F4, F8, and AF4, as defined by the 

6 A term used in computer graphics and is caused by displaying a bitmap (e.g. text or picture) on a low-
resolution screen so that individual pixels are visible. 
7 Wet electrodes have a foam pad, which needs to be soaked in saline (sodium chloride) in order to 
transfer the electrical activity from the scalp to the electrode. Saline is an easily accessible substance, 
which is electrically conductive. 

Figure 6-4 Tobii T60 XL eye trakcer. 

Figure 6-5 Electrode placement in 
Emotiv EEG. 
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international 10–20 electrode placement system (Jasper, 1958), as shown in Figure 6-5. Two 

more reference electrodes are used, namely CMS and DRL, located at P3/P4, which is behind 

the ears. This setup is known as a “referential linked ear montage”. The “linked ears” setup yields 

a more precise and cleaner EEG signal by calibrating each scalp signal to the average of the left 

and right earlobe sites. See appendix 2 for the eye tracker and EEG specifications. 

The eye tracker and EEG is controlled from a separate computer running windows 7. The 

biometric software platform we use to collect the data from the eye tracker and the EEG is 

Attention Tool by the Danish company iMotions. See appendix 3 for an image of the exact setup. 

6.4 The disclosure information and the manipulations 

As mentioned before, two different companies are used to manipulate variables with the 

performance, one representing the good performance scenario, the other representing the bad 

performance scenario. Most of the information about the companies used in the experiment is 

adapted from those of two real transportation and logistics companies (DSV and Panalpina). 

However, some information is fictive but inspired by other real companies. The companies are 

of course disguised in fictitious names (NTLS and Blaufunde) to ensure that the participant’s 

responses are not affected by other factors, such as knowledge and the reputation of the actual 

firms. To minimize the risk that participants can remember the information from the real 

companies, data at least 6 years old is used. As previously mentioned, only stage two contains 

the manipulations in terms of amount of information and perceptual quality, whereas 

performance manipulations concern both stages (see appendix 4 for all the stimuli). 

6.4.1 Manipulating the performance 

In stage 1, in the good performance scenario, we used annual reports from the Danish company 

DSV in fiscal years 2002 to 2006, since it was considered to be a growing company that 

performed well during these years. The revenue and profit are summarized for these years. The 

revenue almost doubled from 2002 to 2006, and the profits more than doubled. Moreover, the 

increase in both revenue and profit are very stable in the years between. This should cause the 

participants to evaluate the company higher than average. The most important financial ratios 

are also summarized, and they develop positively during the five years. Among these ratios are: 

earnings per share more than doubled from 2002 to 2006, and ROIC increased about 40 percent, 
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which is widely considered one of the most important performance measures (Hackel, 2010; 

Alexander, 2009; Peavler, 2014). In the experiment, the years are, of course, represented as 

recent years; thus the year numbers are changed to 2009 to 2013. 

As for the first stage of the bad performance scenario, we use annual reports from the 

Swiss company Panalpina in the fiscal years 2004 to 2008. This is mainly due to the financial 

difficulties the company had been through in 2008, with a significant decrease in profits. This 

should cause the participants to evaluate the company lower than average. In contrast to the 

good news scenario, the revenue and profit increased slightly from 2004 to 2007 but decreased 

rapidly in 2008. The important financial ratios also have a negative development in 2008. Among 

these, ROIC and earnings per share almost decreased by half in 2008 compared to 2007. Net 

gearing also increases by 50 percent during the 5 years, which makes the business more risky. 

Furthermore, to make it clear that the company is suffering from difficulties at the moment, we 

chose to inform the participants that the company had been affected by the global economic 

situation, which led to continuous replacement of the management in order to meet the 

challenges. 

As mentioned before, stage 2 presents the earning guidance. This stage is designed so 

that it should lead to higher (lower) valuations than Stage 1 in the good (bad) performance 

scenario. To achieve this evaluation behavior, we have chosen to fully control the expected 

future earnings in this stage. This means that all the numbers and information that are forward-

looking in this stage are fictional. This does not say that inspiration is not found in various annual 

reports, such as DSV, Panalpina, Loreal, Lundbeck, Post Danmark, and Novo Nordisk. In both 

good and bad news scenarios, participants are presented with some very brief textual 

information about the management’s outlook for 2014. Besides this, the participants are 

presented with two tables; one features the expected future income statement, and the other 

is the geographical breakdown of the expected future revenue. Both tables contain the recent 

years 2012 and 2013 and the future expectations of 2014.  

In stage 2, in the good news scenario, it is written that the company started its operation 

in an additional 4 countries. This gives participants a cause to dig deeper into the information, 

especially the geographical breakdown of the expected future revenue. The total revenue of 
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2014 is therefore expected to increase by about 47 percent. The geographical breakdown 

provides an overview of the expected revenue of the 4 new countries, together with all other 

countries the company operates in. Besides this, it is written that the company has developed a 

new IT system that will ensure a more efficient workflow. This is reflected in the expected future 

income statement, as staff costs are not expected to increase by the same proportion as 

revenue. As a result of all this, profit is expected to increase by more than double. 

In contrast, in stage 2, in the bad news scenario, it is written that the company has been 

a victim of the tough global economic situation and has therefore stopped its operation in Africa, 

the Middle East, and India. This provides an equivalent reason to dig deeper into the 

information, as in the good news scenario. The total revenue is expected to decrease by over 50 

percent in 2014. In the geographical breakdown, it is clearly visible that the missing countries 

are the main cause of this expected decrease. Furthermore, it is written that the company does 

not expect to create new costumer relations but will focus on maintaining corporation with its 

key costumers. The reason to provide this in the statement is to create the appearance that the 

company has troubles retaining its customers and is now running in survival mode. This is clearly 

visible in the expected future income statement, where a loss of 182 million Euros is expected 

in 2014, as opposed to a profit of 99 million Euros in 2013 and falling from 211 million in 2012. 

The key information about the two companies is summarized in Table 6-2. 
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Company 1 (good news) Company 2 (bad news) 
Stage 1 Stage 1 
• The company has met all expectations in the 

last 4 years. 
• Revenue has increased from 17,933 to 

31,972 USDm over the past five years. 
• Profit has increased consistently from 343 to 

719 USDm over the past five years. 
• Earnings per share have increased from 16.6 

to 34.1 over the past five years. 
• ROIC has increased from 13.9 to 20.2 over 

the past 5 years. 
• Financial gearing ratio has decreased from 

2.9 to 2.6 over the past five years. 

• The management has been continuously 
replaced. 

• Revenue has increased slightly from 8,641 to 
8,878 EURm in the past two years. 

• Profit has decreased from 211 to 99 EURm in 
the past two years. 

• Earnings per share have decreased from 8.6 
to 4.7 in the past two years. 

• ROIC has decreased from 16.9 to 9.4 in the 
past two years. 

• Net gearing has increased from 0.29 to 0.44 
over the past five years. 

Stage 2 Stage 2 
• Started its operation in an additional 4 

countries. 
• Developed a new IT-system, which will 

ensure a more efficient workflow. 
• Expects revenue of 47,110 USDm in 2014, 

compared to its revenue of 31,972 in 2013. 
• Expects a profit of 1,680 USDm in 2014, 

compared to its profit of 719 USDm in 2013. 

• Stopped its operation in 3 regions. 
• Focusing on maintaining corporation with its 

costumers instead of gaining new costumers. 
• Expects revenue of 5,817 EURm in 2014, 

compared to its revenue of 8,878 EURm in 
2013. 

• Expects a loss of 182 EURm in 2014, 
compared to its profit of 99 USDm in 2013. 

Table 6-2 The key information about the two companies. 

6.4.2 Manipulating the perceptual quality 

To manipulate the perceptual quality, earlier research was considered (Reber, et al., 1999; 

Reber, et al., 1998; Unkelbach, 2007). This research suggests that information presented with 

low contrast is processed less fluently, thus demanding a higher cognitive load. Finding 

inspiration in these earlier studies, we manipulated the perceptual quality in three ways.  

The first way was the contrast between the information and the background. In the good 

perceptual quality scenarios, we kept the contrast unchanged. The text, tables, and numbers are 

presented with black color on white background. This gives the highest possible contrast 

between the information and the background and presents the usual circumstances we read in. 

In the bad perceptual quality, the information is presented in dark blue on a lighter blue 

background. This makes the perceptual quality significantly poorer without making it being 
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consciously hard to read. A couple of students from the Copenhagen Business School were asked 

to read some text where the manipulations where made to the contrast, and they had no 

difficulties reading it. In addition to the contrast manipulations suggested by previous research, 

inspiration was also found in Lunbeck’s annual report from 2012. In this report, the financial 

statements are presented with a dark grey font on a light grey background, which makes the 

contrast poor. The results from this year were oddly enough poorer compared to previous years.  

The second way we manipulate the contrast is with bold text. In the good perceptual 

quality, we used bold text to highlight the headers, years, and totals. This creates a contrast 

between the important lines and the intermediate calculations, which makes it easier for the 

participants to search for information. In the bad perceptual quality, there is no bold text, so the 

contrast of the information is made weaker.  

The third way we manipulated the contrast was by removing the light blue background 

shadow that highlighted the 2013 column in the bad perceptual quality. Since 2013 is the center 

column, the background shadow also separated the other two columns. Without this shadow, 

the contrast is slightly weaker, as the three years are not visually separated. See Figure 6-6 for 

examples of perceptual quality manipulations. 

Good perceptual quality Bad perceptual quality 
 
Outlook for 2014 
Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam. 

 
EURm 2012 2013 2014 
Revenue 123 456 789 
Costs 12 34 56 
Gross profit 123 456 789 
Other costs 12 34 56 
Operating profit 123 456 789 
Financial costs 12 34 56 
Profit before tax 123 456 789 
Tax 12 34 56 
Profit 123 456 789 
    

 

 
Outlook for 2014 
Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam. 

 
EURm 2012 2013 2014 
Revenue 123 456 789 
Costs 12 34 56 
Gross profit 123 456 789 
Other costs 12 34 56 
Operating profit 123 456 789 
Financial costs 12 34 56 
Profit before tax 123 456 789 
Tax 12 34 56 
Profit 123 456 789 
    

 

Figure 6-6 Examples of perceptual quality manipulations. 
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6.4.3 Manipulating the amount of information 

Just like perceptual quality, manipulations of the amount of information are only made in stage 

two. These manipulations are probably the most interesting part of this experiment, yet the 

most difficult. There is a great challenge in reducing the length of the information without 

removing important information. If important information were removed, it would lead to 

biased results and threaten the validity of the study. 

The first thing taken into consideration was the textual information. Since it is virtually 

impossible to reduce textual information significantly without either dismissing some crucial 

information or changing the wording of the text, it was left unchanged. This means that all the 

manipulations made to the amount of information are only made to the tables. This makes the 

tables the most important information in stage two, since the manipulations are only made in 

this stage. For this reason, the content of the textual information in this stage is kept to a 

minimum and contains only information about the most important future expectations. 

The two tables present the expected future income statement and the geographical 

breakdown of the expected future revenue. When the amount of information is low, the 

intermediate calculations are removed from both tables, meaning that only the subtotals are 

presented, as shown in Figure 6-7. This means that all the costs are removed from the income 

statement, which makes the table easier to read, without removing important information. In 

terms of the geographical breakdown, when the amount of information is low, the segmental 

information is divided into major geographical regions, instead of listing all the countries. The 

position and design of the tables are kept unchanged. 
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Figure 6-7 Examples of amount of information manipulations. 

6.5 The participants 

Participants are 82 students recruited from the Copenhagen Business School in exchange for a 

60 DKK meal voucher (approximately $10). Most participants take approximately eleven minutes 

to complete the test, which means that their hourly wage for participating is 327 kr. 

(approximately $55). There is no doubt that this is a relatively high hourly wage, considering that 

the participants are students, especially compared to the median reservation wage reported by 

Horton and Chilton (2010), which is $1.38. Of course, this median reservation wage is in the 

United States. This highlights the fact that laboratory experiments are more costly to run than 

field studies or even online experiments, as participants have to physically show up. However, 

Horton and Clinton also report that subject works harder when the pay is higher, which is 

another good reason for this higher payment. 

A number of researchers have justified using students in behavioral accounting 

experiments, and doing so will still maintain necessary external validity as long as the students’ 

knowledge is sufficient for the task. Ashton and Kramer (1980) and Abdolmohammadi and 

Wright (1987) reported that the information processing behavior and performance of students 

and “real-world” decision-makers does not differ. Brownell (1995) suggested that the 

High amount of information Low amount of information 
 
Outlook for 2014 
Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam. 

 
EURm 2012 2013 2014 
Revenue 123 456 789 
Costs 12 34 56 
Gross profit 123 456 789 
Other costs 12 34 56 
Operating profit 123 456 789 
Financial costs 12 34 56 
Profit before tax 123 456 789 
Tax 12 34 56 
Profit 123 456 789 
    

 

 
Outlook for 2014 
Lorem ipsum dolor sit amet, consectetur adipisicing 
elit, sed do eiusmod tempor incididunt ut labore et 
dolore magna aliqua. Ut enim ad minim veniam. 

 
EURm 2012 2013 2014 
Revenue 123 456 789 
Gross profit 123 456 789 
Operating profit 123 456 789 
Profit before tax 123 456 789 
Profit 123 456 789 
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shortcomings of using students in a laboratory experiment are overstated. Libby, Bloomfield, 

and Nelson (2002) suggested that a particular group’s competence in participating in an 

experiment could be judged by whether their knowledge was sufficient for the task. In order not 

to impair the external validity, we specifically recruited students from the Copenhagen Business 

School who have at least completed one of the courses on Financial Statement Analysis or 

Financial Accounting. The majority of the sample are studying a Master’s of Science in Business 

Administration, Finance, or Accounting. 

We collected background information on participants to support their use in the 

experiment. These questions are listed in Table 6-3 along with the subject statistics. 

Subject Background information Statistics (means and proportion), N = 82 
Gender 64 males and 18 females 
Age  Average: 26.73 years old 
Number of completed financial courses at 
the master’s level  

60 master’s students, who’d completed on 
average 3.33 financial courses at the 
master’s level 

Number of completed accounting courses at 
the master’s level  

60 master’s students, completed on average 
2.22 accounting courses at the master’s level  

Related work 43 have related jobs 
Years of experience in financial analysis Average: 1.95 years 
Invested before  38 have invested before 
If yes, years of investing experience Average: 3.76 years 

Table 6-3 Subject background statistics 

The original sample size was 87. By evaluating the subject statistics, 2 where discarded from the 

sample due to a lack of the competence necessary for participating in the experiment. Another 

3 were discarded due to technical problems during the data collection. The rest of the sample 

should have had sufficient knowledge to act as small users of financial statements and decision-

makers. 

6.5.1 Collecting the participants 

The participants were collected by two different methods. The first and primary method was 

that they signed up for the experiment by themselves. An online website, which served as a 

booking system, was created where the participants could sign up easily by choosing the day 
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and timeslot that suited them best (see appendix 5). This way, the participants could fill in the 

background information at the signup and save time in the actual test. Furthermore, it made it 

possible for us to cancel the participation at an early stage if the participants did not meet the 

necessary requirements. The webpage contained some necessary background information 

about the experiment, but not the purpose or the research question, since this would impact on 

the internal validity (Trotman, 1996). This was not even revealed after the test, since the purpose 

could be revealed if the participants who completed the test communicated to others. Several 

lecturers at the department of accounting and auditing promoted the experiment and the 

booking website to the relevant audience. Furthermore, an email was sent out to all Master’s of 

Science in Business Administration, Finance, and Accounting students, as these were estimated 

to be the preferred target group, due to their comprehensive training in understanding financial 

statements. 

The second method the participants were collected was intended to be a backup; 

however, we found it necessary to use it, since it became difficult and time consuming to obtain 

the last 20 participants. We simply walked around in the main hall at the campus asking students 

if they would like to participate in an experiment. This was, of course, provided that they had 

the right skills, namely, at least having completed either Financial Statement Analysis or 

Financial Accounting. This was an effective method since a large part of the students in the 

business school had a good understanding of financial statements. 

6.6 Preparing the test 

When the participants arrived, we asked them to sit on a chair in front of the eye tracker, about 

60 centimeters from the screen, as this distance ensured the best eye-tracking data. To be 

positioned, they were asked to move the chair instead of their posture so that they were set 

comfortably. This minimized body movement during the test, although the eye tracker allows 

leaning about 10 centimeters forward or backwards without reducing the quality of data. The 

EEG headset was then put on their head and the electrodes were placed as prescribed in the 

manufacturer's manual to make sure that the headset received accurate data from the right 

parts of the brain. Then the headset was calibrated with an on-screen tool to ensure that the 

headset was connected to the scalp and measured the electric activity in the brain. 
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Before starting the test, the participants were randomly assigned to one of the eight tests, 

each containing two contrary groups, as explained earlier. A random generator tool on a PC took 

care of this. When starting the test, the eye tracker had to be calibrated to the respective 

participant. This was done automatically by the participants following a red ball that moved 

across the screen with their eyes, after which the eye-tracker informed us about the quality of 

the calibration. This was usually done without any trouble, but sometimes the light reflection on 

eyes or glasses interfered with the eye-tracker, as it measured the eye movement with infrared 

light. This was simply resolved by dimming the light or drawing the curtains a bit. 

6.7 Task and procedure 

As explained, the experiment was divided into two stages (see Figure 6-2). In stage 1 of my 

experiment, participants began by reading background information about one of the two 

companies, after which they were asked to valuate the company’s future performance. The two 

companies were presented respectively with the good news or bad news scenario. Following 

the valuation judgments, participants were randomly presented with one of four excerpts from 

the annual report that contained the manipulations. After participants reviewed the excerpt, 

they were again asked to value the company’s future performance. The reason that the 

participants were asked to valuate the company twice, once after each stage, was that we would 

use the difference between the two ratings in testing H2 and H3. This minimized the statistical 

dispersion that would occur in the sample, since the performance valuation is subjective. Since 

the analysts valuated the company differently, the data would become more diverse if this 

method were not used, and we would require a larger sample. This meant that the valuation 

that would be used in testing H2 and H3 would be measured within subject, and off course would 

be compared between subjects. 

After completing these two stages, the participants were asked to rate the confidence of 

the information, and how well they felt that the information they received was sufficient to 

support their ratings. The first question was used in testing H4A and H4B, which predicted that 

information was rated as more reliable when the perceptual quality was good and the amount 

of information was low. The question was, “I felt like I could rely on the information presented 

to me.” The participants were then instructed to drag a slider to any value on an 11 points scale 
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going from -5 to 5. The lowest value was labeled “strongly disagree” and the highest value was 

labeled “strongly agree.” The second question was used in testing H5A and H5B, which predicted 

that decision-makers find the information more sufficient when the perceptual quality is good 

and the amount of information is low. The question asked, “To what extent do you feel like that 

the information you have received is sufficient to predict how well the company will perform in 

the future?” This was also an 11-points scale, going from -5 to 5, labeled “very insufficient” and 

“very sufficient” respectively. When they finished the first company, they were presented with 

the second company, containing the same procedure.  

6.8 The experimental quality 

To ensure that the validity of this experiment is as high as possible, many considerations have 

been addressed. The validity of an experiment refers to the extent to which it represents what 

it was intended to represent. There are three main ways of assessing the validity of a procedure; 

construct validity, internal validity, and external validity. In this section these will be shortly 

explained and discussed in relation to this experiment. 

6.8.1 Construct validity 

Construct validity is the correspondence between the construction of the study and the actual 

measurements that are used. The theories applied in this thesis have been converted into actual 

measures through the study that has been conducted. From carefully defined theories from 

traditional behavioral accounting, psychological, and neuroscientific perspectives and empirical 

evidence, this research is argued to be of a valid fundamental construction. The established 

critical review of the literature has further strengthened the construct validity as a means to 

construct a procedure to comply with it. Threats to the construction have been taken into 

account when designing the research. 

6.8.2 Internal validity 

Internal validity refers to a study’s ability to determine if a causal relationship exists between 

one or more independent variables and one or more dependent variables. In other words, the 

certainty that the change or the lack of change was caused by the treatment, and not by other 

factors or poor design. To begin with, laboratory experiments usually have more internal validity 

than other research types, such as field studies or archival research (Hair, et al., 2009). This is 
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due to laboratory experiments being conducted in a controlled environment, thus the 

researcher being able to eliminate unwanted factors that can influence the results such as 

lightning conditions, noise, and distractions during the test. To ensure a stronger internal validity 

for this study, the most relevant internal validity concerns described by Cook and Campbell 

(1979) that can threaten the validity of this study were taken into consideration during the 

design of this experiment. These are shortly explained below. 

6.8.2.1 Instrumentation 

To minimize the impact on internal validity caused by contextual problems associated with the 

instruments and their administration, identical materials, instructions, and procedures were 

used in this study. The same researcher was used for the entire administration of the experiment 

to minimize researcher bias and ensure that the subjects received the same introduction to the 

experiment. Besides this, the physical environment was held constant during the whole 

experiment, which means that the same equipment, furniture, and room were used. To ensure 

that the eye tracker was not mishandled, a guide provided by the eye tracker manufacturer was 

followed. Regarding the pupil dilation measurement, before the information stimulus, the 

subjects were exposed to an interslide that contained the exact same brightness as the 

information stimulus. This ensured that pupil dilation was not caused by the sudden change in 

brightness. To ensure that the EEG electrodes were placed correctly on the scalp, the 

manufacturer manual was followed, which ensured that the electrodes were placed according 

to the international 10-20 electrode placement system. 

6.8.2.2 Selection 

The subjects were randomly allocated to the eight treatment groups. This ensured that no 

selection bias existed due to subject allocation. This was done with a PC tool that randomly 

generated a number between 1 and 8, and when a group was full, the respective number was 

removed from the bowl.  

6.8.2.3 Imitation of treatments 

Subjects communicating with each other about the experiment can impact internal validity, as 

independent responses will not be achieved. This was to a certain degree resolved by kindly 

asking the subjects after the test not to collaborate. However, some subjects reported before 
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the test, that they had heard about the experiment and some of the information included in the 

experiment, and others had heard about the equipment. This may have impaired the internal 

validity a bit. 

6.8.2.4 Experimenter Bias 

We as researchers may be biased toward the result we want as we engage in research. This was 

easily dealt with by ensuring that no interaction existed between the researcher and the 

subjects, which is why experimenter bias should not be a threat to internal validity. 

6.8.3 External validity 

External validity refers to the generalizability of a study. In other words, how sure we can be that 

the sample of the population used in the experiment truly represents the entire population. As 

mentioned earlier, laboratory experiments usually have a higher internal validity; however, in 

turn, the external validity is usually lower (Hair, et al., 2009). With regard to financial decisions, 

there are numerous factors that affect users’ financial decisions in the real world. These factors 

include knowledge of the company, relationship with the company, internal and external 

factors, and an enormous amount of information, just to mention a few. This means that 

subjects tend to respond differently in laboratory experiments than in field studies. All these 

factors cannot be included in a laboratory experiment, which reduces the external validity. 

However, excluding these factors also ensures a higher internal validity, as noise is reduced from 

the experiment. 

6.8.3.1 Demand effect 

This reflects the fact that subjects may be affected by cues to the anticipated results of a study. 

If the subjects become aware of the treatments, they tend to respond in what they believe 

would help the researcher achieve the objectives (Zikmund, et al., 2010). To minimize this effect 

and maximize the external validity, the subjects were never told the purpose of this study, not 

even after the test. Due to the high interest in this study, subjects received an email with the 

results after the data collection was completed. To minimize the possibility that the subjects 

became aware the manipulations, especially in the bad perceptual quality scenario, they were 

told that the information was earnings guidance from a real company. However, after the test, 

few subjects reported that they found the information with bad contrast unpleasant or 
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unrealistic. Unfortunately, this threatens the external validity, as some subject may have 

become aware of the manipulations. 

6.8.3.2 Hawthorne effect 

Researchers have found that subjects may respond differently when knowing they are being 

watched. This effect is also known as the researcher effect. This is particularly an issue in 

laboratory experiments, as subjects unconsciously know they are being monitored (Zikmund, et 

al., 2010). Addressing this issue is tricky, however, not impossible. To minimize the impact this 

effect has on the external validity in this study, the subjects were told that individual data was 

not being used. Furthermore, there was no interaction between the researcher and the subjects 

during the test; the researcher left the test-room before the test began.  

6.8.3.3 Order effect and learning effect 

The order effect refers to the order of the treatments and can be a major threat to the external 

validity. In terms of this study, the subjects received two treatments, respectively two 

companies. To minimize the order effect, the order of the companies was simply randomized. 

In other words, half of the subjects began by evaluating company 1, while the other half began 

by evaluating company 2. This also minimizes the learning effect, which otherwise occurs as the 

subjects are aware of the future information they will be exposed to along with the questions 

after completing the first company.  

6.8.3.4 Validity of the information 

To create the most realistic scenario, information from two real logistic companies was used. 

However, this would cause biased results if the subjects were familiar with the company and 

recognized the information. To address this issue, 5-year-old information was used. 

Furthermore, the disclosure importance ranking suggested by Johansen and Plenborg (2013) 

was considered when deciding what information to include. They showed that forward-looking 

information and past results are ranked as the most important in annual reports. This is why 

future outlook and income statement for the past two years along with summarized revenue, 

profit, and selected financial ratios for the past 5 years were presented. Furthermore, operating 

segments with future outlook were also included, since this was considered to be easy 

information to manipulate in terms of the amount of information, without important 
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information being withheld. It is also considered to be one of the areas affected by the increasing 

complexity issue (FRC, 2009). However, it is important to highlight that this is an artificial 

laboratory experiment, which means that only a fraction of the necessary information is used. 

The lack of relevant information in evaluating a company was also considerably expressed in 

subjects’ feedback. The limited scope of information is probably the largest threat to external 

validity in this experiment. 
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7 The Results 
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In this section, the results will be presented and interpreted on a statistical basis. However, the 

discussion is left to the next section. The statistical analysis was conducted in SPSS by IBM. To 

start with, the aim of this experiment was to test if different amounts of information and the 

perceptual quality affects analysts valuation and how (H2A, H2B, H3A, H3B) and if cognitive load 

explains this behavior (H1A, H1B). How the amount of information and perceptual quality affects 

the subjects’ reliance in the information (H4A, H4B) and their feeling about the sufficiency of the 

information (H5A, H5B) were also examined.  Finally, how experience affects cognitive load (H6) 

was examined. 

To investigate this, the procedures of eye tracking and EEG were employed, along with an 

old-fashioned survey. The idea behind using EEG and eye tracking is to provide answers, which 

are only possible to get with a survey to a certain degree. It can be very difficult to objectively 

answer in a survey how much thinking or effort was engaged in performing a task. By using EEG 

and eye tracking, we don’t have to ask; we can just measure it.  

The α we use is 0.05, which is the largest p-value for accepting a hypothesis. It is assured 

that the ANOVA and t-tests we conduct comply with the necessary requirements, which are: 

• The populations are independent 

• The variances of the normal distributions are equal, or at least not more than 
twice the size of each other 

For the variances and the normal distributions, see appendix 6. The following section will 

present the hypotheses’ findings. 
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7.1 Cognitive load 

Techniques from both EEG and eye tracking are applied in measuring cognitive load. In Table 7-1 

below, the tools and metrics to measure the cognitive load are indicated. 

Measurement Indication on high cognitive load 
EEG 
Frontal midline activity High theta activity 
Eye-tracking 
Pupillary responses Pupil dilation 
Blink count Less blinks 
Fixation count More fixations 

Table 7-1 Methods to measure cognitive load with EEG and eye tracking. 

In the following section, we will test and interpret all four measures and determine an overall 

cognitive load score, which will be used in the rest of the analysis where cognitive load is 

involved. 

7.1.1 Frontal theta activity 

Bearing in mind that some people think more than others, cognitive load has to be standardized. 

This is done so that each subject has the same mean and can be compared between each other, 

as illustrated in Figure 7-1 How cognitive load is standardized between subjects. This is only 

possible because each subject receives both scenarios in terms of amount of information and 

perceptual quality. Otherwise, standardizing the EEG data would provide false results. The 

cognitive load is only measured during the manipulated information (stage 2), and not the 

background information (stage 1). 
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Figure 7-1 How cognitive load is standardized between subjects. 

According to H1A and H2A, it is expected that the frontal theta activity is higher when the 

amount of information is high and when the perceptual quality is low. To test the difference 

between the means, a two way ANOVA is used on the whole population. Seven respondents 

were excluded from the test due to bad EEG data, which is usually caused by head movements 

or signal loss between the EEG and the wireless receiver. Another respondent was excluded 

from one scenario. This reduced the sample size by fifteen, since each respondent was 

represented in two groups. Panel A of Table 7-2 presents the descriptive statistics for the frontal 

theta activity, and panel B presents results of a two-way ANOVA. 

Panel A: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High 5.09 75 1.13  Bad 4.68 75 0.89 

Low 4.61 75 0.82  Good 5.02 75 1.11 

Panel B: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 8.32 1 8.32 8.64 0.004 

PQ 3.95 1 3.95 4.10 0.045 

Information * PQ 0.03 1 0.03 0.03 0.862 
Error 140.53 146 0.96   
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-2 Statistics on frontal theta activity. 
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H1A predicts that cognitive load is higher in annual reports with more information. As 

presented in the ANOVA table, the amount of information has a significant effect on the 

cognitive load (F = 8.64, p < 0.005). As predicted, the cognitive load is higher when the amount 

of information is high and lower when the amount of information is low. Figure 7-2 presents 

the plot of the difference of the sample means of cognitive load between high and low amount 

of information and the error bars with 95% confidence level.  

As for the perceptual quality, H1B predicts that poorer perceptual quality leads to higher 

cognitive load. The perceptual quality has a significant effect on the cognitive load (F = 4.10, p < 

0.05). However, the effect points in the opposite direction of what is suggested in earlier 

research (see Figure 7-3). The information presented with good perceptual quality demands a 

higher cognitive load than the information presented in poor perceptual quality. If we look at 

the significance, it is clear that the amount of information has a higher effect on cognitive load 

than the perceptual quality (p = 0.004 vs. p = 0.04). Furthermore, the means are further apart 

for the amount of information than for the perceptual quality. However, we still have to 

interpret the other cognitive load measurements before an overall conclusion can be drawn. 

  

5.09

4.61

4.3

4.5

4.7

4.9

5.1

5.3

5.5

High Low

Fr
on

ta
l t

he
ta

 a
ct

iv
ity

Amount of information

4.68

5.02

4.3

4.5

4.7

4.9

5.1

5.3

5.5

Bad Good

Fr
on

ta
l t

he
ta

 a
ct

iv
ity

Perceptual quality

Figure 7-3 Plot of frontal theta activity interaction on 
change in amount of information. 

Figure 7-2 Plot of frontal theta activity interaction on 
change in perceptual quality. 
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7.1.2 Pupillary response 

Measuring pupillary response is done with the eye tracker. Before the subjects are exposed to 

the information, an interslide that has the exact same brightness as the upcoming information 

appears for five seconds. This resets the pupil diameter and ensures that the pupils don’t dilate 

due to a change in light. The pupillary responses are calculated as the average pupil diameter 

during the information processing subtracted from the pupil diameter at the beginning of the 

test. This can be a positive number, which indicates pupil dilation, or a negative number, which 

indicates pupil constriction. The pupillary responses are measured during the whole test, and a 

two-way ANOVA is conducted to test the significance between the means. Seven respondents 

were excluded due to poor eye-tracker quality, which reduces the sample size by 14. The results 

are presented in Table 7-3. 

Panel A: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High 0.005 73 0.183  Bad -0.049 73 0.180 
Low -0.051 77 0.148  Good 0.000 77 0.152 

Panel B: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 0.112 1 0.112 4.08 0.045 
PQ 0.081 1 0.081 2.97 0.087 
Information * PQ 0.000 1 0.000 0.01 0.935 
Error 3.995 146 0.027   
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-3 Statistics on pupillary response. 
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The amount of information has a significant effect on the pupillary responses (F = 4.08, p < 0.05). 

As predicted, the pupil dilation is higher when the amount of information is high, which is 

presented in Figure 7-5. Actually, when the amount of information is low, the pupil constricts. 

This indicates that the low amount of information demands less cognitive load than the high 

amount of information, which supports H1A. As for the perceptual quality, no significant 

effect was found (F = 2.97, p = 0.087) (see Figure 7-4). 

7.1.3 Eye blinks 

As explained earlier, less frequent eye blinking is also an indication of a higher cognitive load. 

The eye tracker is used to measure the number of eye blinks. Even if it actually is possible to 

measure eye blinks with EEG, it is considerably simpler to do it with the eye tracker. The gaze 

data is the source of this measurement. Every time a person blinks, it creates a very short empty 

hole in the gaze data, which is counted. The number of these holes is divided by the eye tracker 

quality percentage to estimate the blink rates over the whole sequence, and not only the 

recorded time. The eye tracker quality indicates how much of the stimulus is recorded by the 

eye tracker. Observations with very low eye-tracker quality are excluded from the test. To test 

for significance between the means, a two-way ANOVA is conducted. The results are presented 

in Table 7-4. 
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Figure 7-5 Plot of pupillary response interaction with 
change in amount of information. 

Figure 7-4 Plot of pupillary response interaction with 
change in perceptual quality. 
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Panel A: Descriptive statistics 
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High 46.39 79 17.06  Bad 49.92 79 19.11 
Low 54.33 79 17.08  Good 50.80 79 15.78 

Panel B: Two-Way ANOVA Test 
Source Sum of Squares df Mean Square F Sig. 
Information 2495.50 1 2495.50 8.50 0.004 
PQ 37.47 1 37.47 0.13 0.721 
Information * PQ 179.25 1 179.25 0.61 0.436 
Error 45241.55 154 293.78 
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-4 Statistics on eye blinks. 

The amount of information has a strongly significant effect on the blink rates (F = 8.5, p < 0.005); 

however, the perceptual quality has no significant effect (F = 0.13, p = 0.721). The subjects seem 

to blink less frequently when there is more information to process and more frequently when 

the amount of information is low (see Figure 7-7 and Figure 7-6). This supports the theory and 

H1A; however, once again, no further support was found for H1B.  
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Figure 7-7 Plot of eye blinks interaction with change in 
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Figure 7-6 Plot of eye blinks interaction with change in 
perceptual quality. 
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7.1.4 Fixation count 

Fixation count is the last measurement for cognitive load. Higher fixation count should provide 

an indication of high cognitive load. The frequency of fixations is measured with the eye tracker 

as the number of times where the eye movement is relatively stationary, that is to say focused 

on a particular area. This information is provided by the eye tracker software Attention Tool by 

iMotions. Observations with low eye tracker quality are excluded from the test. To test for 

significance, a two-way ANOVA is conducted. The results are presented in Table 7-5. 

Panel A: Descriptive statistics 

Information Mean N Std. Dev  PQ Mean N Std. Dev 

High 317.10 61 45.79  Bad 317.29 63 53.66 

Low 313.51 65 57.48  Good 313.21 63 50.59 

Panel B: Two-Way ANOVA Test 
Source  Sum of Squares df Mean Square F Sig. 

Information 413.11 1 413.11 0.166 0.684 

PQ 303.81 1 303.81 0.122 0.727 

Information * PQ 33074.06 1 33074.06 13.288 0.000 
Error 303664.51 122 2489.05 
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-5 Statistics on fixation count. 

Since the correlation between information and perceptual quality has a significant impact on 

the fixation count (F = 13.3, p < 0.001), this model cannot be used to determine whether 

information and perceptual quality individually have an impact on the fixation count. 

Therefore, two two-sample t-tests are used to determine this (see Table 7-6) 

Information PQ 

Mean diff t Sig. Mean diff. t Sig. 
Fixations 3.591 -0.386 0.700 4.079 0.439 0.661 

Table 7-6 Two sample t-tests for fixation count. 
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As can be seen, the amount of information and the perceptual quality had no significant effect 

on the fixation count. This means that the fixation count provides us with no further evidence 

for accepting or rejecting H1A or H1B. As shown in Figure 7-8, the mean number of fixations is 

higher in the high amount of information group but is not statistically significant (t = -0.386 p = 

0.700). The difference in the means might have been significant if the sample size where higher, 

but this is impossible to conclude based on the statistics above.  

7.1.5 Cognitive load score 

Based on the four measurement methods of cognitive load, their support of H1A and H1B is 

summarized in Table 7-7. 

Measurement Supports H1A Supports H1B 
Frontal theta activity Yes No (reverse effect) 
Pupillary responses Yes No 
Blink count Yes No 
Fixation count No No 

Table 7-7 Cognitive load measures that support the hypotheses. 

It is important to remember that the different measurements are affected by other factors that 

cannot be held constant. Pupillary responses are not only affected by cognitive load but also 

emotional arousal and light. However, since it can be assumed that the emotional valence does 
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Figure 7-8 Plot of fixations interaction with change in 
perceptual quality. 
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not vary much in financial statements and the light is controlled, most of the pupillary responses 

can be linked to changes in cognitive load. Blink count is individually different, but due to the 

large sample in testing these two hypotheses, individual difference should be equalized. As 

explained earlier, the time and number of blinks is also associated with attention. However, 

since attention is positively related to cognitive load, most of the difference in blink count can 

be associated with cognitive load. 

To test the strength of these measures, a factor analysis is conducted. This analysis 

describes the variability among these four observed variables. In other words, it measures the 

power of the correlation, which we, based on previous research, strongly assume exists. Table 

7-8 presents the factor analysis. 

 

The first component in the factor analysis shows us that frontal theta activity, pupillary response, 

and blink count are relatively correlated, but the correlation between these three factors and 

fixation count is very weak. This indicates that the fixation count is a weak measure of cognitive 

load. Based on this and the fact that fixation count is the only measure that doesn’t support 

H1A, it is discarded as a measure for cognitive load. The second factor is irrelevant since it 

indicates that fixation count is negatively related to pupillary responses and eye blinks, which is 

the opposite of earlier findings.  

To draw an overall conclusion, a general cognitive load score is calculated. This score is 

based on the remaining three measurements for cognitive load, respectively: frontal midline 

activity, pupillary responses, and blink count. These measures are normalized between 0 and 10 

and summed, which means that the cognitive load score can range from 0 to 30. However, for 

it to be 0 or 30, all the normalized measures have to be 0 or 30, which is why the score, in this 

Component 

Initial Eigenvalues 
Extraction Sums of 
Squared Loadings Component Matrixa 

Total % Var. Cum. % Total % Var. Cum. % 
 Component 
 1 2 

1 1.17 29.11 29.113 1.17 29.11 29.113 Frontal theta 0.791 -0.037 
2 1.10 27.29 56.402 1.09 27.29 56.402 Pupil response 0.250 0.770 
3 0.10 24.89 81.296    Eye blinks -0.687 0.298 
4 0.75 18.70 100.00    Fixations -0.064 -0.639 

Table 7-8 Factor analysis. 
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case, ranges from 5.35 to 22.57. From hereon, only this cognitive load score will be used as a 

measure of cognitive load.  

Calculating an overall cognitive load score is only possible if the respondent is represented 

in each of the three assessments. This means that if one respondent is excluded from one test, 

the cognitive load score cannot be calculated. This reduces the sample by the sum of the reduced 

sample in the three previous measures, which is 29. However, since one respondent (two 

samples) is excluded from all three measures the sample is only reduced by 27, which means 

that the new sample size is 137. The statistics for the overall cognitive load score is presented in 

Table 7-9. Panel A presents the descriptive statistics, and panel B presents results of a two-way 

ANOVA. 

Panel A: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High 15.74 67 3.13  Bad 14.30 67 3.57 
Low 13.26 70 2.82  Good 14.63 70 2.85 

Panel B: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 208.24 1 208.24 23.29 0.000 
PQ 0.51 1 0.51 0.06 0.812 
Information * PQ 5.20 1 5.20 0.58 0.447 
Error 1188.98 133 8.94   
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-9 Statistics on cognitive load. 
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Figure 7-11 Plot of Cognitive Load interaction with 
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Figure 7-10 Plot of Cognitive Load interaction with 
Perceptual Quality. 
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Based on the cognitive load score, the amount of information has a significant impact on the 

cognitive load. When the amount of information is high, the cognitive load is higher (F = 23.29, 

p < 0.001). This supports the previous findings for the individual measurements for cognitive 

load and supports H1A. However, as in the previous findings, the perceptual quality has no 

significant impact on the cognitive load (F = 0.06, p = 0.812). Accordingly, H1B is rejected. See 

figure Figure 7-11 and Figure 7-10 for the plots. 

7.2 Valuations 

The difference between humans and machines is that we include impressions and feelings in our 

judgments, as previously explained. No matter how professional we are trying to be, we do not 

make one hundred percent objective judgments. This means that people evaluate companies 

differently based on the information and factors they believe are important. Thus, it requires a 

large sample to determine how people evaluate a company. However, it is possible to eliminate 

this noise. This is done by providing the participants with a baseline, in this case the evaluation 

based on the background information (stage 1), which determines how an individual generally 

evaluates a company. This evaluation score is subtracted from the evaluation score based on 

the earnings guidance (stage 2), which is the manipulated information. Therefore, the valuation 

score we use in the statistics is: 

𝑉𝑉𝐼𝐼𝑉𝑉𝑟𝑟𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑉𝑉𝐼𝐼𝑉𝑉𝑟𝑟𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼 𝑝𝑝𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝 𝑝𝑝𝑟𝑟𝐼𝐼𝑔𝑔𝐼𝐼𝐼𝐼𝑝𝑝𝑝𝑝 − 𝑉𝑉𝐼𝐼𝑉𝑉𝑟𝑟𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼 𝑏𝑏𝐼𝐼𝑝𝑝𝑏𝑏𝑝𝑝𝐼𝐼𝐼𝐼𝑟𝑟𝐼𝐼𝑔𝑔 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 

The question following both the background information and the earnings guidance is, “To what 

extent do you agree that the company’s earnings performance will be strong in the near future?” 

This question is displayed with a slider that goes from 0 to 100, which states “strongly disagree” 

at 0 and “strongly agree” at 100.  

Before testing the hypotheses, it is important to verify that the subjects rate these two 

companies differently according to their performance. Otherwise it would ruin the whole point 

of this experiment. The mean rating between the background information and the annual report 

is used as the overall rating of the company. A simple t-test confirms that the two sample means 

are significantly different (t = 16.054, p > 0.001). The subjects rated the company that performs 

well 37.14 and the company that performs poorly 16.95. This clearly indicates that the subjects 
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rate the companies differently according to their performance. Figure 7-12 illustrates the rating 

of the background information and the annual report. 

 
Figure 7-12 Plot of Performance x Information Type interaction with change in Valuation. 

The figure also illustrates that subjects are valuing the earnings guidance higher than the 

background information when the company is performing well and lower when the company is 

performing poorly, which was also the purpose. H2A, H2B, H3A, and H3B predict that annual 

reports with less unnecessary information and better perceptual quality lead to more extreme 

ratings. This means that there will be higher ratings when the company is performing well and 

lower ratings when the company is performing poorly. This was tested with a two-way ANOVA 

for each performance scenario, with the amount of information and perceptual quality as the 

independent variables and the valuation as the dependent variable. The results are presented 

in Table 7-10. Note that the rating will be negative if the excerpt from the annual report is rated 

lower than the background information. 
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Good performance 
Panel A1: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High -1.05 41 8.07  Bad 1.12 42 5.78 

Low 3.66 41 5.88  Good 1.50 40 8.88 

Panel B1: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 464.11 1 464.11 9.30 0.003 

PQ 2.97 1 2.97 0.06 0.808 

Information * PQ 93.87 1 93.87 1.88 0.174 
Error 3892.28 78 49.90   

 

Bad performance 
Panel A2: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High -2.54 41 7.53  Bad -4.63 40 8.29 

Low -6.24 41 7.76  Good -4.17 42 7.49 

Panel B2: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 280.66 1 280.66 4.69 0.033 

PQ 4.30 1 4.30 0.07 0.789 

Information * PQ 1.29 1 1.29 0.02 0.884 
Error 4670.16 78 59.87   
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-10 Statistics on valuations. 
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The ANOVA tables shows that the amount of information has a highly significant impact on how 

the subjects valuate the company, both in good performance (F = 9.30, p < 0.005) and in bad 

performance (F = 4.69, p < 0.05). The descriptive statistics in Table 7-10 and Figure 7-14, shows 

the means of the valuations, respectively in good and bad performance. When the company 

performs well, the subjects evaluate the company higher when the amount of unnecessary 

information is low and lower when the amount of information is high. Conversely when the 

company performs poorly, the subjects valuate the company lower when the amount of 

unnecessary information is low relative to when the amount of unnecessary information is high. 

In other words, the valuations are more extreme when the amount of information is low. This 

supports H2A and H2B.  

As for the perceptual quality, no significant impact was found in how the subjects valuate 

the company in either good performance (F = 0.06, p = 0.808) or bad performance (F = 0.07, p = 

0.789). As the descriptive statistics and Figure 7-13 show, there is almost no difference between 

the valuations between good perceptual and bad perceptual quality. This indicates that the 

perceptual quality had no impact on the valuation. If the test sample was much higher, it might 

be possible to find significance in the small difference in valuations between the good and bad 

perceptual quality. However, these results indicates that even so, there is a high probability that 

the difference would be so small that it ultimately is not interesting to investigate. 

7.3 Reliability and sufficiency 

As explained earlier, subjects’ assessment of the reliability of the information and their feelings 

about the information’s sufficiency could help explain their valuation behavior. Therefore, the 

subjects were asked to answer these two questions after viewing the annual report: 

a) I felt like I could rely on the information presented to me. 

b) To what degree do you feel that the information is sufficient to predict how well the 

company will perform in the future? 

In both cases, the subjects are asked to drag a slider with 11 points going from -5 to 5 with the 

text; “strongly disagree/very insufficient” at -5 and “strongly agree/very sufficient” at 5. Before 

testing the four hypotheses according to reliability and sufficiency, a linear regression was 
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conducted to test for correlations (linearity) between these two variables. The plots with the 

line of best fit are presented in Figure 7-15.  

 
Figure 7-15 Scatterplot of Reliability x Sifficiency with the line of best fit. 

The regression shows that there is a small correlation between reliability and satisfaction (R2 = 

0.103, p < 0.001). In other words, there was a tendency that the subjects felt that the 

information was more sufficient when they felt that they could rely on the information, and vice 

versa. This does not automatically mean that if subjects feel that the information is more 

sufficient when the amount of information is low and the perceptual quality is good, they are 

also more confident with the information. This is due to other factors influencing their answers. 

In the following section, hypotheses H4A, H4B, H5A, and H5B will be tested. 

7.3.1 Reliability 

As explained earlier, one explanation for the demonstrated evaluation behavior is that analysts 

have a stronger feeling of reliability and usefulness when the information is easier to process. 

Based on this, H4A and H4B predict that information that is easier to process is rated as more 

reliable, that is to say, information with better perceptual quality and a lower amount of 

information. However, since it has been shown that the perceptual quality has no influence on 

both cognitive load and the evaluations, it can be assumed that its influence on the reliability is 

minimal. To test this, a two-way ANOVA is conducted, with the amount of information and 

perceptual quality as the independent variables and reliability as the dependent variable. The 

test statistics are presented in Table 7-11. 
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Panel A: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High 0.68 82 2.78  Bad 0.91 82 2.65 
Low 1.39 82 2.32  Good 1.16 82 2.52 

Panel B: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 

Information 20.51 1 20.51 3.10 0.080 
PQ 2.44 1 2.44 0.37 0.544 
Information * PQ 3.51 1 3.51 0.53 0.467 
Error 1057.32 160 6.61   
(Information = Amount of information, PQ = Perceptual quality) 

Table 7-11 Statistics on reliability. 

 

So far, the perceptual quality has been shown to have no effect on either the valuation or the 

cognitive load. This does not change here. The test statistics shows that there is no significant 

interaction between the reliability and the perceptual quality (F = 0.37, p = 0.544). As presented 

in Table 7-11, panel A, and Figure 7-16, the difference between the two means is very small. 

Based on this, H4B is rejected. However, the small difference in the mean goes in the right 

direction according to previous research; thus, a very large sample size might possibly provide a 

significant difference. 
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The interaction between the amount of information and the reliability is not strongly 

significant (F = 3.10, p = 0.08). However, this significance tell us that there is a tendency, which 

means that there is a good chance that a few more observation would give us a significant result. 

As presented in Table 7-11, panel A, and Figure 7-17, when the subjects where presented with 

less unnecessary information, they rated the information as more reliable. However, since the 

significance does not meet our requirement (α = 0.05), H4A will be rejected, even if there seems 

to be a tendency. 

7.3.2 Sufficiency 

The hypotheses H5A and H5B suggest that the subjects feel that the information is more 

sufficient when the amount of unnecessary information is low and the perceptual quality is 

good. However, as with reliability, there is a good chance that the perceptual quality has no 

influence on the subjects’ feelings of sufficiency. This is due to perceptual quality having shown 

no significance in the tests that have been conducted so far. As with reliability, a two-way 

ANOVA is conducted to test for significance, with sufficiency as the dependent variable and the 

amount of information and perceptual quality as the independent variables. The results are 

presented in Table 7-12. 

Table 7-12 Statistics on sufficiency. 

 

Panel A: Descriptive statistics  
Information Mean N Std. Dev.  PQ Mean N Std. Dev. 

High -1.07 82 2.43  Bad -0.87 82 2.55 
Low -0.20 82 2.84  Good -0.40 82 2.79 

Panel B: Two-Way ANOVA Test 
   

Source Sum of Squares df Mean Square F Sig. 
Information 31.61 1 31.61 4.49 0.036 
PQ 8.81 1 8.81 1.25 0.265 
Information * PQ 0.22 1 0.22 0.03 0.860 
Error 1125.42 160 7.03   
(Information = Amount of information, PQ = Perceptual quality) 
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Unlike with the reliability, the amount of information is found to have a significant impact on 

the subjects’ feelings about the sufficiency (F = 4.49, p < 0.05). As presented in the descriptive 

statistics and Figure 7-19, subjects feel that the information is more sufficient when the amount 

of information is low. As for the perceptual quality, based on the means (see Figure 7-18), the 

subjects seem to think that information with good perceptual quality is more sufficient. 

However, since this difference between the means is not significant (F = 1.25, p = 0.265), we 

must conclude that the perceptual quality does not have an impact on sufficiency ratings. Based 

on these findings, we can accept H5A but must reject H5B. 

7.4 Experience 

Earlier research suggested that novice decision-makers have a higher cognitive load than 

experienced ones during information processing. Furthermore, it suggested that experienced 

decision-makers are more logical and rational in their decisions, thus are less sensitive to 

manipulations, which in this case means that we can expect less extreme reactions by the 

experienced decision-makers. To test this, background data was collected for all the subjects. 

The subjects had to answer how many years of working experience they had and how many 

years of investing experience hey had. A simple linear regression was conducted to test the 

correlation between these two. As illustrated in Figure 7-20, the correlation is very strong (R2 = 

0.64, p < 0.001). This suggests that, generally, the more working experience people have, the 
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more investing experience they have. This is somehow obvious, since people who have worked 

longer in finance will automatically have a higher interest in investments. 

 
Figure 7-20 Scatterplot of Working Experience x Investing Experience with the line of best fit. 

However, investing experience is a better indication of decision experience, since this is 

considered a personal interest in finance, and working experience does not necessarily have to 

be in this field. So, to test H6, the sample is divided in two groups: one group that has invested 

before, which represents more experience, and another group that has never invested, which 

represents less experience. While testing H1A and H1B, we found that frontal theta activity, 

pupillary responses, and eye blinks were the best indicators of cognitive load. Based on these 

measures, we defined an overall cognitive load score, which we will use to test the difference in 

cognitive load between the experienced and inexperienced decision-makers. A simple t-test is 

conducted to test the difference between the two samples. 

The standardized frontal theta activity cannot be used in measuring the differences 

between subjects, since each subject has the same mean, thus the difference would be equal to 

zero. Therefore, the total observed frontal theta activity is used instead in calculating the overall 

cognitive load score. As explained before, this creates an issue since the standard theta activity 

is different from one subject to another, which is why we standardized the score in the first 

place. However, since the whole population is used in testing H6A, the sample size should be 

high enough to compensate for the difference in cognitive load between subjects. The 
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descriptive statistics and results of the t-test are presented in Table 7-13, and the difference 

between the means is illustrated in Figure 7-21. 

Panel A4: Descriptive statistics 
Experience Mean N Std. Dev. 

Yes 9.74 66 2.80 

No 10.75 71 3.28 

Panel B4: Two-Sample t-test 

Mean diff. = 1.14 t = -2.176 Sig. = 0.031 

Table 7-13 Statistics on cognitive load and experience. 

As can be seen, the cognitive load is lower for 

subjects who hold experience within this area 

(t = -2.176, p < 0.05). These results support the 

earlier theory, and H6A is accepted. However, to investigate how this affects valuations, and 

thereby test H6B, we run four t-tests. 

Good performance 
Invested before Never invested before 

Information Mean N Std. Dev. Information Mean N Std. Dev. 

High -1.85 20 9.85 High -0.29 21 6.08 

Low 2.39 18 6.27 Low 4.65 23 5.49 

Mean diff. = 4.24 t = -1.562 Sig. = 0.127 Mean diff. = 4.94 t = -2.832 Sig. = 0.007 

Bad performance 
Invested before Never invested before 

Information Mean N Std. Dev. Information Mean N Std. Dev. 

High -4.28 18 8.137 High -1.17 23 6.900 

Low -7.45 20 8.319 Low -5.10 21 7.190 

Mean diff. = -3.17 t = 1.186 Sig. = 0.243 Mean diff. = -3.93 t = 1.846 Sig. = 0.072 

Table 7-14 Statistics on valuation and experience. 
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Figure 7-22 Plot of Performance x Amount of Information interaction with change in Valuation for experienced and 
inexperienced decision-makers. 

As can be observed in the test statistics in Table 7-14 and Figure 7-22, the experienced and 

inexperienced decision-makers react the exact same way to the different amounts of 

information. Both provide more extreme valuations when the amount of information is low. 

However, it seems like the inexperienced decision-makers are slightly more extreme in their 

valuation. Looking at the test statistics, we can see that the difference in valuations according 

to high and low amount of information is more significant on the subjects who holds no 

experience. Correspondingly, Figure 7-22 shows that the change in valuation of those who holds 

no experience is a bit steeper, in both good and bad performance, enhancing the tendency that 

the test statistics indicates.  

Since the whole sample is divided into four groups and the sample in each group is low, it 

is very difficult to conclude something based on these statistics. We are therefore compelled to 

reject H6B. If the sample size were larger, there might be a significant difference between 

experienced and inexperienced decision-makers. However, these results do emphasize that 

students and experienced analysts react the exact same way, which reinforces the previously 

mentioned theory that the use of students in experiments does not interfere with the results. 
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Figure 7-23 The last link between cognitive load and valuation. 

7.5 Cognitive load and valuation 

Now, we have shown the relationship between the amount of information and cognitive load, 

and the relationship between the amount of information and valuation. Now the interesting 

thing is to examine whether there exists a relationship between cognitive load and valuation, as 

illustrated below. That is to say, we will examine whether cognitive load directly affects the 

valuation, which could help provide answers and explanations to the subjects’ valuation 

behavior (see Figure 7-23).  

 

  

 

 

 

To do this, a simple linear regression was conducted to test for interaction between cognitive 

load and valuation. This was of course done in both good performance and bad performance, 

since the valuations in these two scenarios are different. The calculated overall cognitive load 

score is used, which is an overall score of frontal theta activity, pupil dilation, and eye blinks. The 

two regression tables are presented in Table 7-15. 

 Good performance 
 

Bad performance 

 Coef. Beta t Sig. Coef. Beta t Sig. 
(Constant) 9.695  2.396 0.019 -15.489  -4.076 0.000 

Cognitive load  -0.558 -0.246 -2.076 0.042 0.778 0.334 2.889 0.005 
 R2 = 0.060 Adj. = 0.046 F = 4.308 N = 69 R2 = 0.112 Adj. = 0.098 F = 8.404 N = 68 
         

Table 7-15 Regression tables on cognitive load and valuation. 
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As expected, the cognitive load score shows a significant correlation with valuation. When the 

company is performing well, the cognitive load is negatively related to valuation (t = -2.076, p < 

0.05), and when the company is performing poorly, the cognitive load is positively related to 

valuation (t = 2.889, p < 0.01). Figure 7-24 illustrates the two scatterplots of valuation and 

cognitive load scores in the good and bad performances with the line of best fit. Thus, the verdict 

is that when a company is performing well, the subjects’ valuations are higher than when the 

cognitive load is lower. Conversely, when a company is performing poorly, the subjects’ 

valuations are lower when the cognitive load is lower. In other words, the subjects’ valuations 

are more extreme when the cognitive load is lower. This connects the last link between cognitive 

load and valuation and provides further support to the previous findings and Figure 5-1 on page 

46.  

7.6 Reliability, sufficiency, and valuation 

As with cognitive load, we have shown how reliability and sufficiency are related to the amount 

of information and how the amount of information is related to valuations. However, even 

though no significant differences were found in reliability between low and high amounts of 

information, a slight tendency was still found. The mean reliability rating was higher when the 

amount of information was low and when the perceptual quality was high. As for the sufficiency, 

it was found that low amounts of information were rated as being more sufficient. 
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Figure 7-25 The last link between reliability/sufficiency and valuation. 

 

 

 

 

 

 

Earlier research claimed that better processing fluency acts as a heuristic cue and enhances 

investors’ beliefs that they can rely on the information, which leads to more extreme ratings 

(Hafner, et al., 2010; Rennekamp, 2012; Tan, et al., 2013). Based on this, we will test the direct 

impact the subjects’ reliability and sufficiency ratings of the information had on valuations (see 

Figure 7-25). This is done using simple linear regression to test the reliability and sufficiency 

interaction on valuation in both good performance and bad performance. The regression tables 

are presented in Table 7-16 

 Good performance 
 

Bad performance 

 Coef. Beta t Sig. Coef. Beta t Sig. 
(Constant) 0.029  0.038 0.970 -3.381  -3.553 0.001 
Reliability 1.377 0.497 5.125 0.000 -0.796 -0.247 -2.281 0.025 

 R2 = 0.247 Adj. = 0.238 F = 26.267 N =82 R2 = 0.061 Adj. = 0.049 F = 5.202 N =82 
         

(Constant) 1.740  2.172 0.033 -4.738  -5.411 0.000 

Sufficiency 0.830 0.298 2.791 0.007 -0.549 -0.193 -1.758 0.082 

 R2 = 0.089 Adj. = 0.077 F = 7.791 N =82 R2 = 0.037 Adj. = 0.025 F = 3.092 N =82 
         

Table 7-16 Regression tables on reliability/sufficiency and valuation. 
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When the company is performing well, both reliability (t = 5.125, p < 0.001) and sufficiency (t = 

2.791, p < 0.01) have a strong positive correlation with the valuations. This means that when the 

subjects feel that they can rely on the information, the information is sufficient, and the 

company performs well, subjects generally valuate the company higher. When the company 

performs poorly, the reliability is negatively correlated with the valuations (t = -2.281, p < 0.05). 

As for the sufficiency, no significant correlation was found (t = -1.758, p = 0.082); however, there 

still is a tendency, that it is negatively correlated to valuations. This means that when the 

subjects feel that they can rely on the information and when the company is performing poorly, 

they valuate the company lower. Furthermore, there is a tendency for the subjects to also 
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performance. 
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valuate the company lower when they feel that the information is sufficient. Figure 7-26 

illustrates the four scatterplots of the valuation interaction with reliability and sufficiency in 

good and bad performance. Overall, we must conclude that these results confirm previous 

research, which suggest that individual’s valuations are more extreme when they believe that 

they can rely more on information and they feel that the information is more useful. 

7.7 Summary of results 

This section presented the statistical analysis of the results of the experiment. It has been shown 

that cognitive load, reliability, and sufficiency all have an influence on the valuation of a 

company. Lower cognitive load, higher reliability, and higher sufficiency all cause subjects to 

provide more extreme valuations of the company. This means subjects provided higher 

valuations when the company is performing well and lower valuations when the company is 

performing poorly. It has also been shown that the amount of information has a large impact on 

both cognitive load and valuations, meaning that annual reports with less information demand 

a lower cognitive load and hence lead to more extreme ratings. However, the perceptual quality 

was found to not have an impact on either the cognitive load or valuations. Furthermore, when 

the amount of information was low, subjects generally felt that they could rely more on the 

information and the information was more sufficient. This led to higher valuations when the 

company performed well and lower valuations when the company performed poorly. Finally, it 

has been shown that novice decision-makers generally have a lower cognitive load than 

experienced decision-makers; however, there was almost no difference in their reactions to the 

different amounts of information. 
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8 The Conclusion and discussion 

  

8
The conclusion and discussion 
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Recent research has been investigating how disclosure readability (Li, 2008; Rennekamp, 2012) 

and complexity (You, et al., 2009) affects investors’ judgments and why. In this experiment, we 

investigated how the amount of information and the perceptual quality are connected to 

cognitive load and how investors react to information demanding different levels of cognitive 

load and why. Based on earlier findings, we used a controlled experiment along with theories 

from psychology and neuroscience to address questions that cannot be answered with archival 

studies. This section draws a conclusion and presents a discussion on our main research 

question: “How and why does the amount of information and the perceptual quality in 

disclosures affect users decisions?” 

8.1 How do the amount of information and the perceptual quality in 

disclosures affect users decisions 

We found that when the amount of information and thus cognitive load was high, the subjects 

reacted with more extreme valuations of the company. This supports findings from previous 

research. For instance You and Zhang (2009) showed that the market generally underreacts to 

10-K fillings; however, the underreaction is greater as the length of the report increases. Hong 

and Stein (1999) found that when firm- specific information diffuses gradually across investors, 

the prices underreact. Rennekamp (2012) showed that investors underreact when evaluating a 

company when the processing fluency of the information is lower.  

The perceptual fluency had no effect on the cognitive load or valuations. Previous 

research suggests that the processing fluency is higher, thus the cognitive load lower, when the 

visual quality of the information is higher (Novemsky, et al., 2007; Song, et al., 2008), which 

should lead to more extreme valuations. Some studies even use contrasts in the information to 

manipulate the processing fluency, showing that higher contrast leads to higher processing 

fluency (Unkelbach, 2007). However, according to our results, we must conclude that changing 

the contrast, doesn’t affect the cognitive load and thereby the valuations of the company.  

8.2 Why does the amount of information affect users’ decisions 

Using EEG and eye-tracking technology, we found that holding the information content and 

readability constant, when the amount of information was low, the cognitive load was lower, 
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which means that the processing fluency was higher, and vice versa. We also found that, when 

the amount of information was low, subjects rated the information as being more reliable and 

sufficient, which according to the psychology literature, explains the valuation effect. Drawing 

upon this literature, it was found that the ease of processing the information experienced by the 

subject served as a heuristic cue to the usability and reliability of the information, which biases 

judgments in a certain direction, depending on the valence of the information (Hafner, et al., 

2010; Rennekamp, 2012; Reber, et al., 1999). In other words, when subjects experienced higher 

processing fluency (thus the information demanded lower cognitive load), subjects 

subconsciously deemed the information to be more useful and reliable, regardless of its content.  

This theory is clearly based on a dual-process theory approach, which suggest that we 

hold two systems, one controlled and one automatic, which process information and help us 

make decisions. As Kahneman (2011) states, system 1 is effortlessly processing information 

based on impressions and feelings and is the main source of the explicit beliefs and deliberate 

choices of system 2. This means that when information is easy to process, system 1 uses this as 

a cue and automatically proposes to system 2 that this information is more usable and reliable, 

which leads to more extreme valuations. 

According to previous theories, experience can also explain why the evaluation effect 

occurs. These theories suggest that individuals with higher ability should be able to do a better 

job at judgments with lower effort. This is due to experienced decision-makers being more 

capable of inhibiting belief-based reasoning, which should make them less affected by 

manipulations to the information since the decision is based on more rational reasoning and less 

on intuitive reasoning (Chen, et al., 1999; Petty, et al., 1981). It is also suggested that, over time 

and through practice and experience, effortful processes becomes more intuitive, which means 

that experienced decision-makers should have a lower cognitive load (Kruglanski, et al., 2011; 

Beilock, et al., 2004; Chen, et al., 2009). We found that experienced decision-makers had a 

significantly lower cognitive load than novice decision-makers, which supports the earlier 

theory. However, we did not find any significant differences in the extent to which the amount 

of information affected valuations, though a tendency was present. The novice decision-makers 

seemed to be a bit more extreme in their valuations than experienced decision-makers when 

the amount of information was low. As explained, one of the reasons that the differences were 
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not significant could be the low sample size used in this experience test. Another reason could 

also be that the difference in experience was low since all the subjects were students. Using 

more experienced decision-makers, such as professional analysts, could provide different 

results, supporting the theory. 

8.3 Why does the perceptual quality not affect users’ decisions 

A discounting effect, which has been found in recent research, may help explain why the 

perceptual quality had no effect on valuations. As previously explained, people subconsciously 

use processing fluency as a usability and reliability cue of the information, which thereby biases 

their decisions in a certain direction. However, this effect seems to be neutralized once people 

realize its source, which is referred to as the discounting effect (Bornstein, et al., 1994; 

Novemsky, et al., 2007; Oppenheimer, 2008; Schwarz, 2004; Schwarz, et al., 2007). Novemsky, 

et al. (2007) also found that the effect the manipulated fonts had on judgments was neutralized 

once the subjects realized its source. To further explain this effect, for instance, take a person 

who is evaluating a job candidate and is in a bad mood due to an earlier incident. If this person 

is fully aware of the source of his bad mood, namely the earlier incident, he will automatically 

fully allocate his negative affects to the earlier incident, which results in his evaluation of the job 

candidate remaining unaffected by his bad mood (Schwarz, et al., 2007).  

To support this theory, we must assume that there was a design flaw in this study that 

somehow made the subjects become aware of the change in the perceptual quality. Looking 

back at the research design, participants first received some background information that was 

not manipulated, after which they received the earnings guidance, which contained the 

manipulation. The background information contained a high contrast, which means that, when 

the participants subsequently received the information with bad perceptual quality, this sudden 

change in contrast was clear. In other words, when the subjects received the information with 

the bad perceptual quality, they actually received both manipulations, since they previously had 

received the background information, which had good perceptual quality. However, as for the 

amount of information, the manipulations aren’t clear, which is the reason that the subjects 

didn’t realize its source and it affected the valuations. It can clearly be assumed that it is quite 
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difficult, if not impossible, to suspect something as being manipulated, only because it contains 

much or little information. 

One way the issue associated with the discounting effect could be addressed in future 

research would be by using a sample size that is large enough so that the background 

information would not be needed. This was, of course, not possible in our experiment, since our 

resources to hire the participants were limited. Another way to reduce the chance of the 

subjects becoming aware of the manipulations to the perceptual quality would be by making 

the same manipulations to the background information as for the earnings guidance. This would 

eliminate the obvious change in contrast. However, doing so would ruin the whole function of 

the background information. Given that it works as a baseline to remove the noise that may 

occur in valuations due to subjects’ diversities in judgments, all subjects must receive the same 

background information, respectively in good and bad performance. 

8.4 Implications and limitations 

The findings of this study are beneficial to both the managers who prepare financial disclosures 

and the users who read them; however, these two groups may have different interests.  Users 

may be interested in clear and short disclosures, without clutter, while managers may only be 

interested in this when they disclose good news.  When managers disclose bad news, it may be 

less damaging to design the disclosure in a way so that it is harder to process by the users, 

whether it is less readable, more complex, or contains more information. 

This experiment combined methods from neuroscience, psychology and neuromarketing 

to provide answers to accounting questions which are not obtainable through archival studies 

or traditional behavioral accounting methods.  Using these methods, it is clear that the cognitive 

load is the main source to the valuation behavior caused by too much financial information.  

In order to reduce the cognitive load and improve processing fluency, several 

improvements can be made to financial information.  This thesis highlights one of them: 

reducing the amount of information. Previous studies have proven that writing financial 

information in plain English also has a positive effect on the processing fluency, and thereby the 

cognitive load (Rennekamp, 2012; Tan, et al., 2013).  Previous research in psychology has proven 

that better perceptual quality improves processing fluency (Novemsky, et al., 2007; Unkelbach, 

  

103 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

2007; Song, et al., 2008; Reber, et al., 1999).  This can be achieved by using better fonts, higher 

contrast, and a clean and simple design.  In other words, making financial information “more 

beautiful” and easier to read.  However, this study could not prove that the perceptual quality 

has an effect in financial decisions.  Future research can address this gap and investigate how 

different scenarios in terms of the perceptual quality of financial information affects cognitive 

load, and thereby financial decisions. 

A limitation of this study is that it is not completely clear why an individual’s reactions are 

different in response to the amount of information: is it because of less information, in general, 

or because of the lack of intermediate calculations?  As explained earlier, it is very challenging 

to reduce the amount of information while preserving the full content.  During the design phase, 

intermediate calculations were considered to be of minor significance and possible to calculate 

with the given information.  However, given that the subjects only had one and a half minutes, 

it is possible that essential calculations could be overlooked.  Furthermore, it is not examined 

whether a lower amount of textual information elicits the same effect.  This study only 

investigated how the amount of numerical information affects judgments.  This raises a 

substantial opportunity for future experimental research: investigating how the quantity of 

different and various types of information affect investors’ judgment. 
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Appendix 1 Hypotheses 
 

Cognitive load 

• H1A: Disclosures with more unnecessary information demands a higher cognitive load than 
disclosures with less unnecessary information. 

• H1B: Disclosures with poorer perceptual quality demands a higher cognitive load than 
disclosures with better perceptual quality. 

Valuation (amount of information) 

• H2A: Positive-earnings disclosures with less unnecessary information lead to a higher valuation 
of the company than positive-earnings disclosures with more unnecessary information. 

• H2B: Negative-earnings disclosures with less unnecessary information lead to a lower valuation 
of the company than negative-earnings disclosures with more unnecessary information. 

Valuation (perceptual quality) 

• H3A: Positive-earnings disclosures with better perceptual quality lead to a higher valuation of 
the company than positive-earnings disclosures with poorer perceptual quality. 

• H3B: Negative-earnings disclosures with better perceptual quality lead to a lower valuation of 
the company than negative earnings disclosures with poorer perceptual quality. 

Reliability 

• H4A: Disclosures with less unnecessary information are rated as more reliable than disclosures 
with more unnecessary information. 

• H4B: Disclosures with better perceptual quality are rated as more reliable than disclosures with 
poorer perceptual quality. 

Sufficiency 

• H5A: Disclosures with less unnecessary information are rated as more sufficient than disclosures 
with more unnecessary information. 

• H5B: Disclosures with better perceptual quality are rated as more sufficient than disclosures with 
poorer perceptual quality. 

Experience 

• H6A: Novice decision-makers suffers more from information overload than experienced 
decision-makers. 

• H6B: Novice decision-makers provide more extreme valuations than experienced decision-
makers. 
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Appendix 2 EEG / Eye tracker specifications 
 

 

 

  

 

119 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

Appendix 3 Image of the setup 
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Info: 
Background information = stage 1 
Earnings guidance = stage 2 
 

Appendix 4 Actual stimuli 
 

 Background information (good performance) 

 

 Background information (bad performance) 
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 Earnings guidance (good performance, high information, good PQ) 

 

 Earnings guidance (good performance, high information, bad PQ) 
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 Earnings guidance (good performance, low information, good PQ) 

 

 Earnings guidance (good performance, low information, bad PQ) 
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 Earnings guidance (bad performance, high information, good PQ) 

 

 Earnings guidance (bad performance, high information, bad PQ) 
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 Earnings guidance (bad performance, low information, good PQ) 

 

 Earnings guidance (bad performance, low information, bad PQ) 
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Appendix 5 Online booking site 
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Appendix 6 Statistics 
 Cognitive load 

Frontal theta activity 
Normal distributions 

 
Descriptive statistics 

    Total count Mean Variance 

INFO 
HIGH  75 5.093810 1.286 
LOW  75 4.609291 0.867 

PQ 
BAD  75 4.679752 0.785 
GOOD  75 5.023349 1.227 

 

Pupillary responses 

 
 

    Total count Mean Variance 

INFO 
HIGH  73 0,00549 0,0334 
LOW  77 -0,05113 0,0220 

PQ 
BAD  73 -0,04862 0,0325 
GOOD  77 0,00016 0,0232 

 

127 



 

Samir Karzazi   |   How the amount of information and perceptual quality of financial information affect decisions   |   Cand.merc.aud 

 

Eye blinks 

 
    Total count Mean Variance 

INFO HIGH  79 46.3924 290.934 
LOW  79 54.3291 291.865 

PQ 
BAD  79 49.9241 365.353 
GOOD  79 50.7975 248.958 

Fixation count 

 
    Total count Mean Variance 

INFO 
HIGH  61 317.10 2096.857 
LOW  65 313.51 3304.160 

PQ 
BAD  63 317.29 2879.046 
GOOD  63 313.21 2559.005 

Cognitive load score 

 
    Total count Mean Variance 

INFO 
HIGH  67 15.7375 9.778 
LOW  70 13.2616 7.963 

PQ 
BAD  67 14.3029 12.763 
GOOD  70 14.6347 8.094 
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 Valuation 
Good performance 

 
    Total count Mean Variance 

INFO 
HIGH  41 -1.05 65.148 
LOW  41 3.66 44.580 

PQ 
BAD  42 1.12 43.376 
GOOD  40 1.50 68.769 

Bad performance 

 
    Total count Mean Variance 

INFO 
HIGH  41 -2.54 56.755 
LOW  41 -6.24 60.139 

PQ 
BAD  40 -4.63 68.035 
GOOD  42 -4.17 56.093 

 Reliability 

 
    Total count Mean Variance 

INFO 
HIGH  82 0.68 7.542 
LOW  82 1.39 5.401 

PQ 
BAD  82 0.91 7.017 
GOOD  82 1.16 6.031 
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 Sufficiency 

 
    Total count Mean Variance 

INFO HIGH  82 -1.07 5.921 
LOW  82 -0.20 8.227 

PQ 
BAD  82 -0.87 6.779 
GOOD  82 -0.40 7.799 

 Experience 
Cognitive load 
 

 

 
 
 

 
Valuations 

Good performance            Bad performance 

  

    Total count Mean Variance 

INVESTED_BEFORE 
NO 71 10.7466 10.365 

YES  66 9.7360 7.840 

BAD PERFORMANCE Total count Mean Variance 

INVESTED 
HIGH INFO  18 -4.28 66.212 

LOW INFO  20 -7.45 69.208 

NEVER 
INVESTED 

HIGH INFO  23 -1.17 47.605 

LOW INFO  21 -5.10 51.690 

GOOD PERFORMANCE Total count Mean Variance 

INVESTED 
HIGH INFO  20 -1.85 96.976 

LOW INFO  18 2.39 49.310 

NEVER 
INVESTED 

HIGH INFO  21 -.29 36.914 

LOW INFO  23 4.65 30.146 
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