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Abstract of the Dissertation 

The Application of Data Visualization in Auditing 

By Abdullah Alawadhi  

Dissertation Chairman: Prof. Miklos A. Vasarhelyi 

 

Albert Einstein once wrote, "My particular ability does not lie in mathematical 

calculation, but rather in visualizing effects, possibilities, and consequences." Today, the 

web, cloud, virtual reality, enterprise resource planning (ERP) systems and other evolving 

technologies are increasing the stream of data in all areas, thus the need for ñvisualizing 

effects, possibilities, and consequences", is necessary to reduce the volume to a 

manageable size and focus on those crucial data points. 

With the advent of such ñBig Dataò, businesses are now so overwhelmed by these 

data cascading into and through their business operations. They are faced with major 

challenges in processing and analyzing data. Furthermore, auditors will need to rely on 

more advance techniques throughout the audit cycle since traditional techniques are 

becoming less and less effective and efficient in the Big Data environment. 

Data visualization is one solution that presents information in ways that engages 

the use of the humanôs cognitive and visual abilities. It is the process of converting raw 

data into some visual form. It helps by shifting the cognitive load coupled with the 

understanding of Big Data, to the human perceptual system through graphics and visuals. 

Data visualization helps auditors gain better insights, draw better conclusions and 

ultimately improve the audit process.  
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 This dissertation will contribute to the existing literature by exploring the 

application of various data visualization techniques in auditing. Despite being widely used 

in other fields such as medicine and engineering, the auditing profession has been behind 

in their usage of data visualization, and this dissertation will attempt to bridge this gap. 

Specifically, it will look into and analyze the existing literature and their usage of data 

visualization techniques to shed light and understand its current evolution and its future 

trend. It will also contribute by providing two illustrations of how exploratory and 

explanatory data visualization can be applied in the audit profession. The first will 

demonstrate how it can be applied in the audit planning stage, where little is known about 

the data. The second will illustrate how an expert visual dashboard can be applied in the 

area of procurement cards for the purpose of audit monitoring and control.
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CHAPTER 1: INTRODUCTION  

 

This dissertation presents three main essays on data visualization and its application 

in auditing. Chapter one of this dissertation introduces the motivation behind the topic and 

provides a background and general overview. Chapters two, three and four present the 

remaining three essays. The last chapter concludes the dissertation by discussing the 

limitations and future research areas.  

1.1 INTRODUCTION  

In the year of 2002, researchers from the University of Berkeley have estimated 

that we generate about 1 Exabyte (1 Million Terabyte) of data every year (Sagiroglu and 

Sinanc, 2013). The ease of gathering such data has been facilitated by several technologies, 

such as Radio Frequency Identifiers (RFID). Many other sources of data, such as social 

media networks, video and audio streams, cell phone Global Positioning System (GPS) 

data, and ERP systems have also contributed to the large structure of todayôs ñBig Dataò. 

In Big Data, the amount and size of data is beyond the limit of what information systems 

can store, process, and/or analyze (Vasarhelyi et al., 2015, Warren et al., 2015). The 

accumulation and evaluation of such Big Data are becoming key elements for a firmôs 

competitive advantage (Bughin et al., 2011). Furthermore, it has been found that firms who 

leverage on Big Data by utilizing data analytics effectively achieve five to six percent gains 

in productivity (Brynjolfsson et al., 2011).  Auditors on the other hand are also likely to 

benefit from Big Data as it provides them with more access to information. This can lead 
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to effective identification of anomalies in the data that may or may not suggest related risks 

(Brown-Liburd et al., 2015). 

Nevertheless, researchers have recognized the importance of Big Data and the 

benefits, obstacles and changes it brings to the auditing and accounting profession (Alles. 

2015, Warren et al.,2015, Vasarhelyi et al.,2015, Yoon et al.,2015, Brown-Liburd et 

al.,2015, Zhang et al.,2015). However, despite being an important resource, it is generally 

difficult to extract relevant information from Big Data. Especially when many parameters 

are recorded, resulting in multi-dimensional data with a high dimensionality. Such 

complexity has lead companies to face major challenges in processing and analyzing their 

data (Moffitt &  Vasarhelyi 2013). Furthermore, the problem of efficiently analyzing such 

multi-dimensional data is becoming increasingly challenging (Cuzzocrea & Mansmann, 

2009). 

 

1.2. INFORMATION OVERLOAD AND HUMAN INFORMATION 

PROCESSING 

 With the availability and access of such Big Data, the possibility of information 

overload is likely. Prior research in psychology has demonstrated that decision makers have 

limited ability to process large amounts of information required for complex decision 

making (Kleinmuntz 1990; Iselin 1988). Therefore, the decision-maker must reduce the 

volume to a manageable size and focus on those data points which are crucial to the task 

at hand (Chorba & New 1980). One solution could be to present information in ways that 

engage the use of the humanôs cognitive and visual abilities (Sloman 1996). Chervany and 
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Dickson (1974) suggested a way to deal with large volumes of data by simply summarizing 

them. They state that summarized data presentations, such as tables and graphs, are 

preferred to large amounts of data since summarization leads to lower cost decisions.  

The human visual cortex dominates our perception and is highly specialized for 

processing information. The average number of neurons in the entire human visual cortex 

has been estimated at around 280 million (Leuba & Kraftsik, 1994). Moreover, more than 

30 million neurons are activated in the visual cortex when we see a single-object image 

(Levy et al., 2004). Therefore, humans have great visual and spatial abilities, and are able 

to detect outliers, variations in color, shape, and motion. We are able to recognize patterns 

and retrieve information using various visual cues (Kosslyn & Cunningham 1994). 

Therefore, visualization is a sound and efficient way of presenting data and analyzing it 

effectively. Many tools have appeared that promise to help decision makers reduce large 

data sets to simple visuals (Lurie & Mason, 2007). These visual tools range from common 

bar charts to sophisticated virtual environments. Data visualization helps by shifting the 

cognitive load coupled with the understanding of Big Data, to the human perceptual system 

through graphics and visuals (Lohse 1997; Zhang & Whinston 1995). 

Decision-making is a cognitive process that leads to the selection of a course of 

action among alternatives that produces a decision outcome (Libby, 1981; Cloyd, 1995). It 

involves three central stages: input; processing and output (Libby & Lewis, 1977). Since 

the decision-making process involves reliance on the nature and content of information 

being entered (Big Data versus non-Big Data), and how the information is being presented 

(visually versus non-visually), there is a possibility that decision makers would not be able 
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to fully process the information due to human information processing limitations. (Cloyd, 

1995; Roberts, 2002). 

The source of deficiency in decision making resulting from the limitations in human 

information processing can be caused by two main sources: the decision maker or the task. 

When the deficiency is caused by the decision makers, it generally relates to limited skills 

and knowledge the decision maker has, and with proper training, the deficiency maybe 

alleviated (Roberts, 2002).  However, if the deficiency is caused by the task, then a primary 

reason can be due to size and volume of information at hand. In such instances, the decision 

maker may potentially face information overload, which is the notion of receiving too 

much information (Eppler & Mengis, 2004). Due to this information overload, overall 

decision making tends to be less efficient and effective (Casey 1980; Malhotra 1982; 

Jacoby 1984; Herbig & Kramer 1994) 

Once these limits of human information processing were established, researchers 

began exploring ways to overcome them, and today, there are many ways available to assist 

decision-making (Libby, 1981; Libby & Lewis, 1982; Libby et al., 2002). However, these 

methods may not be effective in todayôs Big Data environment.  As such more advanced 

methods to address information processing in the Big Data environment is necessary. One 

potential solution that improves decision-making and addresses the limitations of human 

information processing discussed above, is the use of graphics and visuals (Ghani et al., 

2009). Numerous studies have suggested the use of various presentation formats to 

minimize human information processing limitations (Chervany & Dickson, 1974; 

DeSanctis & Jarvenpaa, 1989; Iselin, 1988; Hard & Vanecek, 1991; Stone & Schkade, 

1991; Frownfelter-Lohrke, 1998; Stocks & Tuttle, 1998; Dull et al., 2003). These studies 
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suggest that presentation format, such as the use of various visualization techniques, could 

overcome the effect of increased information (Roberts, 2002) and also improve ways of 

thinking (Schick et al., 1990). 

 

1.3. DATA VISUALIZAION  

Prior studies have used different terms to refer to the presentation of information in 

visual form, such as ñinformation visualizationò (Card et al., 1999), ñdata visualizationò 

(Green 1998), or ñscientific visualizationò (DeFanti et al., 1989). Despite the variation in 

naming, most have a common theme, and in this paper, I will use the term ñdata 

visualizationò and define it as ñThe selection, transformation, and presentation of various 

forms of data in visual form that helps facilitate exploration and understandingò 

In general, there are two categories of data visualization, each serving different 

purposes: explanation and exploration (Steele & Iliinsky, 2011). Explanatory data 

visualization is appropriate when we know what the data is and has to say. Specifically, 

explanatory data visualization is part of a presentation phase, where we want to convey 

certain information in a visual form. With Big Data, companies need better ways, to not 

only explore data, but to synthesize meaning from it. Producing visuals that provide 

explanation and understanding can have significant effects in guiding users toward a 

conclusion, persuading them to take different actions, or inviting them to ask entirely new 

questions. Nevertheless, creating such visuals requires preplanning, setting clear 

objectives, and obtaining the right visual elements 
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In contrast, visual data exploration is appropriate when little is known about the 

data and the exploration goals are vague. Translating large data sets into a visual medium 

can help in identifying interesting trends and/or outliers. Exploratory data visualization 

facilitates the user exploring the data, helping them unearth their own insights. Depending 

on the userôs context, it is a discovery process that could or could not potentially lead to 

the finding of many different insights. Ultimately though, it could help users obtain 

interesting information, and build hypothesis from large amount of data (Steele & Iliinsky, 

2011).  

Users who utilize exploratory data visualization generally do not know what the 

data will show, and would usually analyze and look at the data from a couple of different 

angles, searching for relationships, connections, and insights that might be concealed in the 

data. In contrast, users who use explanatory data visualization can typically be called 

presenters as they are already experts in their own data. They have already explored and 

analyzed the data and highlighted the data points that support the core ideas they want to 

communicate (Fisher, 2010).  

The effectiveness of a visualization techniques depends on several factors. These 

include perception, cognition, and the usersô specific tasks and goals. Some visuals may 

convey meaning to a user in a certain way, while conveying it to others differently. How a 

user perceives a visualization depends on factors such as visual awareness, lighting 

conditions, color scales, and previous experience (Ware, 2012). 
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1.4. MOTIVATION AND CONTRIBUTION  

The motivation behind this dissertation is that by presenting information in ways 

that would engage the humanôs cognitive and visual abilities, the effects of information 

overload associated with processing and analyzing Big Data is potentially reduced. 

Additionally, by utilizing both the explanatory and exploratory aspects of data 

visualization, auditors may obtain better insights during exploration, and communicate 

results more effectively during explanation. 

The auditing and accounting literature have lagged in showcasing the application 

of data visualization. Therefore this dissertation attempts to contribute to the literature by 

presenting a full understanding of data visualization and showcasing its applications in 

different areas. It will also explore what role visualization can play in the audit process. 

Given that traditional accounting and auditing data is highly structured, one hypothesis is 

that in this setting: ñVisualization adds greatest value as an explanation role within the 

audit opposed to an exploration role as it is in medical and other sciences.ò The 

exploration role is generally best when one cannot predefine the nature of relationships 

between the data, basically when the exploration goals are vague. Explanation on the other 

hand is best when aimed to highlight significant predefined/predetermined data points in a 

relationship. 

The dissertation is organized as follows. The first essay will discuss data 

visualization and the different visual cues available. Not all visuals and graphs are effective 

for certain task and data types, hence this essay will attempt to shed light on the issue. 

Additionally, it will discuss the evolution of data visualization from the early 1500s till 



- 8 - 
 

 

today, presenting the major milestones throughout history. Finally, it will present an in-

depth visual analysis of the auditing literature and their research on data visualization. This 

section specifically contributes to the literature by using exploratory data visualization as 

means to explore and analyze the literature. 

The second essay will talk about data visualization for knowledge discovery, which 

is an effective form of hypothesis generation. Specifically, this essay will showcase the 

application of explanatory and exploratory data visualization in Medicare health insurance 

industry for the purpose of knowledge discovery, to assist auditors in their planning stage. 

This essay will contribute to the literature by presenting different methodologies by which 

data visualization can be applied throughout the audit planning phase in a Big Data 

environment, whether the need is to explore and analyze the data, or to explain and 

understand it. 

The final essay will present a paper that illustrates how the implementation of a 

visual dashboard can provide flexibility and improved performance in an audit setting. 

Specifically, this essay discusses the implementation of a prototype visual expert system 

in a firm by eliciting the knowledge of an expert in the procurement card (p-card) area. The 

contribution of this study is to bridge the gap in the literature by utilizing real world 

procurement data and applying a multi-dimensional approach for the detection of p-card 

misuse.  Additionally, it will illustrate how visualization can be used as means to provide 

meaning and understanding throughout the process. Finally, the fifth and final chapter will 

summarize the conclusions and discuss limitations and future work. 
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CHAPTER 2: DATA VISUALIZATION, ITS EVOLUTION AND 

USAGE AND RESEARCH IN AUDITING: A LITERATURE 

ANALYSIS  

 

2.1 INTRODUCTION  

 

The main goal of data visualization is to help users gain better insights, draw better 

conclusions and eventually generate hypotheses. This is achieved by integrating the userôs 

perceptual abilities to the data analysis process, and applying their flexibility, creativity, 

and general knowledge to the large data sets available in todayôs systems. Data 

visualization involves several main advantages. It deals more easily with highly noisy data. 

It usually allows for faster data exploration in large data sets. Finally it is intuitive and 

requires no understanding of complex mathematical or statistical algorithms (Keim, 2001). 

McCandless (2012) presents four elements of a good data visualization shown in 

Figure 1. The first element is interestingness, which is concerned in making sure the 

audience cares about what you want to say, in that the data should be meaningful, relevant 

and new. Next is integrity, which deals with the question of whether you are saying the 

truth or not, and whether you are being consistent, honest and accurate. Form deals with 

the way you are trying to convey your message. In other words, the visuals need to be 

structured and pleasant to the human eyes. Finally we have function which is concerned 

with whether you are able to make your message easily understood. In order for a visual to 

be effective, all four elements need to be present, but if for example only integrity, function 

and form, are available without interestingness, the visualization may end up being slightly 

boring.  
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Figure 1: Four main elements of a successful data visualization 

 

In general there are five main stages to data visualization: The collection and 

storage of data, the preprocessing of data, the hardware used for display, the algorithms 

used to visualize the data, and finally, and most importantly, the human perceptual and 

cognitive system (the process of thinking). A final stage can also be added where we can 

provide interactability with the visualization, giving the users the ability to manipulate the 

data or control what features are visible (such as those applied in visualization dashboards). 

Data visualization has several benefits: 1) it can easily deal with highly diverse and noisy 

data. 2) It is intuitive and requires no understanding of complex mathematical or statistical 

algorithms. 3) It usually allows for faster data exploration and often provides better results. 
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4) And finally data visualization may be useful in quality control, meaning that with an 

appropriate visualization, errors and artifacts in the data often become visible. 

Figure 2 illustrates how visualization leverages the abilities of our eyes and brains 

and helps in detecting patterns or pattern violations fast and efficiently. By looking at the 

Figure, deviations from the norm can be observed. Simple changes in skew, position, color, 

size, blur or even shape of different objects in the visualization can be detected by our 

powerful visual and cognitive capabilities.  

 

 

Figure 2: Visualization and Outlier Detection 

 

This chapter will attempt to contribute to the literature by providing a full 

understanding of data visualization. It will also contribute by illustrating how exploratory 
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data visualization can be used as means to study and analyze the literature. The first section 

will discuss the different types of data visualization and the associated visual ques. Not all 

visuals or graphs work for certain tasks, thus this section will present the necessary 

information to help map visuals to the data, making sure they are not only effective but 

relevant as well. The second section will discuss the evolution of data visualization from 

the early 10th century to our time today. The final section will conduct a visual literature 

analysis of the usage and research of data visualization in auditing, and attempt to present 

new methodologies for analyzing and reviewing the literature. 

  

2.2. VISUAL CUES AND TYPES OF DATA VISUALIZATION  

 

Data visualization in its most basic form is simply mapping data to geometry and 

color. However, an important aspect of visuals is to be able to map to the data, making sure 

its essence is intact, otherwise the visualizations will appear as nothing but meaningless 

shapes. Being able to choose the right visual cue is crucial. These cues generally change 

based on the task at hand, which depends on how varied shapes, sizes and shades are 

perceived (Keller & Keller, 1993; Yau, 2013). Figure 3 presents the 10 common visual 

cues (Yau, 2013). The following paragraphs will discuss these different cues and 

corresponding types of data visualization. 

Position 

The first visual cue is position, where values placed on a given space or coordinate 

system are compared. It helps in spotting clusters, trends, and outliers by plotting all the 

data at once. One example here is a scatterplot as seen in Figure 4. In scatterplots, data 
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points, represented as dots, are judged based on their X and Y coordinates and where they 

are relative to others. Scatterplots can be useful when the data is large in size, since it draws 

all the data within the X- and Y-plane, taking less space.  

 

 

Figure 3: 10 Common Visual Cues 
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Clustering is another example of using position as the visual cue. It is a technique 

that deals with grouping a set of objects in such a way that objects in the same group are 

more similar to each other than to those in other groups. It is a very useful technique for 

detecting outliers. Network graphs (Figure 5) is a more recent data visualization that is 

becoming more popular with social media being widely used. They specialize in modeling 

pairwise relations between data points, and add an additional feature of visualizing these 

relationships between the data points. A hybrid approach would be the combination of 

clustering and network graphs, as shown in Figure 6, where a set of similar objects are 

grouped together and a pairwise relations between them is modeled. 

 

 

Figure 4: Scatterplot Visual 
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Figure 5: Network Graphs 

 

 

 

Figure 6: Network Cluster Graph 
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Length 

Length on the other hand is most commonly used in the context of bar charts. Bar 

charts visualize data by displaying rectangular bars (horizontal or vertical) with lengths 

proportional to the values that they represent (Figure 7), the longer a bar is, the greater the 

absolute value. Bar charts are used to compare different values based on their bar lengths. 

 

Figure 7: Bar chart 

 

Angle and Direction 

Angles are generally represented on a circle with range from zero to 360 degrees. 

Each angle between the zero and 360 degrees, has an implied opposite angle that completes 

the circle. The visual cue, angle, is commonly used to represent pie charts. A pie chart is a 

simple circle divided into sectors with areas proportional to the quantity it represents. It is 

usually used to present the frequency distributions of qualitative variables. Similar to angle 

is direction, but instead it relies on a single vectorôs orientation. It helps to determine the 

increases, decreases, fluctuations and slope of the data. Direction as a visual cue can be 

seen in time series plots, as shown in Figure 8. Time series graphs are useful for visualizing 

a sequence of data points, measured typically at successive points in time, with vectors 

fluctuating across time.  
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Figure 8: Time Series Visual 

 

Shapes, Area and Volume 

Shapes are commonly used to differentiate between categories. Compared to single 

dots on a scatterplot, the usage of different shapes can provide context, and help categorize 

the data.  When dealing with area and volume as the visual cues, generally what that means 

is the greater the value is, the bigger or larger the object will be. Similar to length, area and 

volume can be used to represent data with size. For example, circles and rectangles can be 

used to represent 2-dimensions, while cubes and spheres can represent 3-dimensions. 

Bubble charts are one example of area and volume visual cues. 
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Color Hue and Color Saturation 

Color can be spilt into two categories: hue and saturation. Color hue is simply color 

(Blue, red, greenéetc.). Similar to shapes, when color is used it generally indicates 

categorical data, where each color represents a group. Saturation on the other hand is the 

amount of hue in a color (bright green to dark green). Combining both hue and saturation, 

visuals can have multiple hues that represent different categories, while each category can 

have varying scales in saturation. Heat maps are a good example of graphs that combine 

the previous 3 visual cues, namely area, hue and saturation. As shown in Figure 9, heat 

map values are presented in a matrix and represented by hue and saturation. Size or area of 

the individual boxes also represent an additional attribute. Heat Maps can help to quickly 

identify outliers in the data. 

 

Figure 9: Heat Map Visual 
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Geographical Maps 

In some instances, visual data points that stem from visual cues need to be placed 

somewhere. Generally what is used are charts or simple X-Y axis. However, when location 

data points need to be represented, a geographic map is required. Geographic visuals are 

very helpful when dealing with addresses, zip codes, or even cities. They can be combined 

with different visual cues, such as bubble charts and/or hue/saturation. For example in 

Figure 10, we see a geographical map showing a companyôs international sale revenues 

represented by bubble size and color intensity. 

 

Figure 10: Geographical Visualization 

 

Cleveland and Mcgrill (1986) conducted a study to determine how accurately 

people read the visual cues discussed above (excluding shapes, color and geographical 

maps). Their results ranked the visual cues from most accurate to least accurate, as shown 
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in Figure 11. However, this ranking doesnôt mean that scatter plots are always better than 

bubble charts. It may serve as an initial guide, but it will still depend on the task at hand 

and what data type is available. 

 

Figure 11: Ranking of Visual Cues 

 

There are several data types, such as quantitative, ordinal, categorical, and 

relational. However, knowing which visual cue is suited best for which data type is a 

challenge. One solution to help identify which visual cue is suited for a specific task is to 

see whether their property is naturally ordered, and how many distinct values the reader 

will be able to perceive and differentiate (Steele & Iliinsky, 2011). For example, the visual 

cue position has a natural ordering, same with area and volume, however, shape doesnôt. 

Hue is not naturally ordered as well, however saturation is. As for the distinct values, users 

need to be able to easily differentiate between the different features of visual cues. For 

example, hue has a limited capacity, at least in terms of our visual capabilities, the more 

colors are introduced the harder it is for our eyes to tell them apart. However, shapes can 

be more easily differentiated, as well as positions on an axis.  

The variety of visual tools that are available can potentially make it difficult to 

determine the best tool to use. Steele and Iliinsky (2011) present a guide as to how to select 
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certain visual properties based on the kind of data type available. As shown in Figure 12, 

some visual properties are limited to few data types, while other visual properties can be 

used to visualize multiple data types. For example, the visual properties of position, 

placement, and text, can be used to visualize any type of data. 

 

 

Figure 12: Visual Properties vs Data Types 

 

2.3. THE EVOLUTION OF DATA VISUALIZATION  

 

Data visualization has deep roots in history from the earliest map-making to the 

later fields of statistics, medicine, and engineering. Throughout history, a wide variety of 

advancements have contributed to the widespread use of data visualization today. One of 

the first known graphics is shown in Figure 13 which is a chart of planetary movements 

introduced in the 10th century. Despite being about one thousand years old, it is intuitive 

and easy to understand. It shows the position of several celestial bodies over time, possibly 

making it the earliest version of what is called a multiple times series chart (Beniger & 

Robyn, 1978). 
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Figure 13: One of the earliest forms of data visualization 

 

Friendly (2008), in Figure 14, showcases the development of data visualization 

throughout the ages. The following paragraphs will discuss this development in more 

details. In the 16th century, the earliest forms of data visualization arose in geometric 

diagrams, graphical positioning of stars, and in the making of maps to aid in navigation 

and exploration. These early steps comprise the beginnings of data visualization. By the 

17th century, physical measurements of time, distance and space for fields such as 

astronomy, map making, navigation, and territorial expansion began to appear (Friendly, 

2005). Figure 15 shows an example by Michael Florent van Langren, a Flemish astronomer 

to the court of Spain, who in 1644, believed to be the first to present a visual representation 

of statistical data, graphing the determinations of distance, in longitude, from Toledo to 

Rome (Tufte, 1997). 






































































































































































































































































































