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ABSTRACT 

 
 

Most computer interfaces are designed in a one-size-fits-all fashion, which does not 
account for individual differences in abilities and preferences.  Some computer users thrive with 
one software application while another user may struggle to use the same software.  Some people 
tend to perform very well amidst distraction whereas others have a difficult time concentrating 
on a primary task when distracting agents are present.  Much work has been done in quantifying 
a person’s performance, but it has typically been difficult to quantify how difficult a task was for 
a person to perform.  This thesis investigates the stress exhibited by various computer users 
while performing tasks in both their preferred and non-preferred modalities.  The paper surveys 
the current physiological methods for analyzing human stress and delineates the hardware and 
software design and implementation of some of these methods.  The physiological data-
collecting hardware and software were deployed to collect physiological samples from test 
subjects engaging in memorization and recollection tasks in both an undistracted and a distracted 
setting.  An analysis of the data shows the correlation between preferred modality and 
performance of tasks in that modality and other modalities. This analysis also shows the 
correlation between user arousal level and performance with and without distraction.  Individual 
differences are considered by normalizing the physiological data collected for each subject prior 
to comparison with other subjects.  The work presented herein gives insight into the individual 
differences of various types of computer users and is a precursor to work in adaptive user 
interface technology. 
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Chapter 1: Introduction 
 
 
1.1 Background 
 

With the introduction of the world’s first microcomputers in the mid-1970s and the initial 

development of graphical user interfaces in commercially available computer systems in the 

early 1980s, computers began a transition from being specialized industrial machines to being 

general-purpose tools capable not only of industrial applications but also of a plethora of 

personal tasks ranging from record keeping, to desktop publishing, to entertainment.  The 

expansion of the computer market gave rise to many new issues in software development, as 

programmers must now develop software that accounts for a much wider variety of users than 

their predecessors who developed software for the old warehouse-sized industrial machines.   

There is no such thing as a typical computer user as men, women, and children of all ages in 

nearly all occupations use computers for one task or another in their profession as well as for 

personal use.   

The typical approach software developers have taken to designing software for such a 

diverse user base is to distribute a one-size-fits all application such as the modern word processor 

or Internet browser.  While such applications are able to perform a variety of tasks, they do not 

take into consideration that some tasks are more difficult for the user to perform than others and 

that the perception of what is difficult varies from user to user.  Some computer users also prefer 

one company’s software package to another when in the end they both yield the same results 

while going about it in a different way.  The way computers present and collect information is 

very intuitive to some users while others find computer use to be very difficult.  This has led to 

some people using computers on a regular basis while others who have had adverse experiences 

may have fear or disdain for computers and will avoid using a computer if possible.  This thesis 

takes the stance that adaptive computer interface technology should account for a variety of user 

preferences and needs and should accommodate users on a more personal basis such that the 

personal computer becomes a truly personal device.  It is hypothesized that such adaptation 

would lead to more positive user experiences allowing a larger portion of the population to not 

only feel comfortable with but to actually enjoy computer use. 
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1.2 Contributions 
 

This thesis incorporates ideas from many disciplines spanning ergonomics, signal 

processing, human-computer interaction, psychology, and education.  The goal of this thesis is to 

gain an insight into which types of tasks are more taxing on computer users and if this varies 

depending on user preferences and preferred learning style.  Current adaptive computer interface 

technology is fairly primitive and only accounts for user action rather than the difficulty the user 

has in performing these actions.  This thesis assesses user learning style preferences and presents 

tasks in both the preferred and non-preferred modality in an attempt to discover not only how 

well the user is able to perform each of the tasks, but also how difficult these tasks are for the 

user.  Various types of physiological data are known to be indicators of arousal level.  The 

difficulty of user tasks for the individual was evaluated through an analysis of physiological data 

collected throughout the experiment. 

Some computer interfaces unfortunately exhibit data saturation in that there is too much 

data being presented to the user for him or her to be able to properly perceive and understand the 

most important information.  The extra data is often not even relevant and thus could be regarded 

as merely a distraction to the user that will inhibit him or her from performing their primary task.  

The experiment developed in this work investigates some of the overall effects of user distraction 

to see how much influence extraneous data outside of the primary task has on both the user’s 

ability to perform the primary task and also the difficulty of doing so in the presence of 

distraction.  It also discusses how to structure both visual and aural data to allow for the most 

important information to be perceived as well as possible.   

 The information collected during this work gives software developers better insight into 

which tasks are more difficult for some users and will allow programmers to account for these 

difficulties though physiological analysis.  Adaptive user interfaces could take the conclusions 

drawn from this work and incorporate them into adaptive interface designs with capabilities to 

change modality or to provide assistance to users who seem to be having particular difficulty 

with a certain task.  Computer systems present a lot of information to a user and are able to draw 

in a lot of feedback from user input, this being said, however, computer systems can largely be 

thought of as open loop control systems from a task difficulty standpoint.  Computers often 

present information to users and allow them to perform a variety of tasks without any feedback 

in regard to the user’s enjoyment of the experience or ability to perform the tasks at hand.  The 
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work in this thesis is a first attempt at gaining the information necessary to begin closing the loop 

on computer task difficulty to aid the adaptive interface community in their development of a 

more personalized computer user experience.   

 

1.3 The Organization of this Thesis 
 
The remaining chapters are structured as follows: 

 
♦ Chapter 2: Literature Survey- This chapter discusses the need for evaluating human-

computer interaction and some ways that can be accomplished.  It looks into what has 

already been done in the area of the correlation of physiological data to stress.  The 

chapter includes a discussion on the need for work adjustment and how skill-level and 

stress can play into issues relating to career choice and the assignment of work tasks.  It 

also discusses some theories from education on learning style.  Some case studies are 

discussed where physiological data has been sampled and studied in various venues.   

 

♦ Chapter 3: Experiment Design- This chapter discusses the development of low-cost 

hardware and software for physiological data collection and discusses the development 

of various user tasks with and without distraction in order to determine the correlation 

between user stress and performance. 

 

♦ Chapter 4: Experiment Administration and Logistics- This chapter looks into the 

administration of the experiment including the approval from the Institutional Review 

Board.  It discusses the basic flow of the experiment process and what a typical test 

subject experienced.   

 

♦ Chapter 5: Data Analysis- This chapter includes analysis of the data to show how 

well the various test subjects were able to perform the tasks that were presented to 

them.  This chapter looks into the physiological data from both a zero order and a first 

order perspective to see where changes occurred in test subjects’ physiology.  Some 

correlations are made between learning preference and the ability to perform tasks both 

in the preferred modality and the arousal level at various times throughout the 
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experiment.  This chapter includes a discussion of the statistical reliability of the claims 

made based upon performance and physiological data. 

 

♦ Chapter 6: Conclusions and Future Work- This chapter draws some conclusions 

from the data analysis and proposes future work that could be done in this area.  This 

chapter also discusses the shortcomings of the equipment and the experiment design 

and proposes some changes to make such an experiment better in the future. 
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Chapter 2: Literature Review 
 
2.1 A Philosophical Approach to Evaluating Human-Computer 
Interaction 
 
 Computing technology has evolved drastically over the last half century.  Not long ago, 

computers were only used by a very limited set of the population for large-scale research and 

scientific computation.  As technology has evolved, computers have become more affordable and 

able to accommodate a broader range of applications.  As such, computers have become 

essentially ubiquitous components of most Americans’ daily lifestyle.  While computer usage 

has increased around the world, many people still exhibit a certain amount of anxiety about using 

computers.  It is estimated that roughly one third of all people have some anxiety associated with 

computer usage [8].  Studies have tried to correlate computer use anxiety with age, gender, 

education level, and other demographics, but the exact reason for computer anxiety is not clear-

cut as a combination of several factors may contribute to one’s anxiety level.  The effect of this 

anxiety, however, is that some people refuse to use computers and other digital interfaces or limit 

their usage of such technology due to fears or simple discomfort.  In [9] it is stated that a 

“retrospective analysis of a system’s functionality will demonstrate under-utilisation of a 

system’s functionality.”  It is discussed further that users tend to only use portions of a system 

that they are familiar and comfortable with.  Thus many of the capabilities that are built into a 

system are wasted due to the user’s not feeling comfortable utilizing them.  These additional 

unused features also clutter up menus and screen resources such that it becomes more difficult 

for a computer user to access the information they are interested in or to perform the tasks they 

desire to perform. 

 Regardless of the cause of computer use anxiety, it is clear that some people are much 

more comfortable than others in using personal computers and other digital interfaces.  Some 

users, although they are comfortable using a computer, do not perform computing tasks as well 

as others.  Many interfaces are designed with a particular set of users in mind and are designed to 

meet the specific requirements of those users.  Other interfaces, however, are designed to be used 

by a variety of users and must attempt to accommodate a large set of people who have varying 

expectations of the interface.  The design of technology for a broad audience is quite a daunting 

task as a broad set of users has a broad set of expectations for what their personal computer can 
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do for them.  A veteran computer scientist would likely have different expectations of a 

computer than would an accountant trying to record a company’s financial records or a farmer 

trying to track pesticide usage.  While their expectations and needs are quite diverse, these very 

different classes of computer users, however, all likely use similar hardware and software 

products to accomplish their tasks.   

 Computer interfaces have two basic goals, to present data to a user and to collect data 

from a user.  As multimedia technology has grown the number of different ways information 

may be presented has also grown to include text, graphics, audio, movies, animations, and 

actuation of a variety of external peripherals.  Information may also be collected from the user 

through a variety of similar formats to include text entry through the keyboard, audio recorded 

through a microphone, input from a game pad or joystick, clicking of a mouse, and touching a 

tactile display to name just a few.  Regardless of format, the goal of all interfaces should be to 

present data in a manner in which it can be understood without causing undo stress on the user.  

An interface can thus be evaluated based upon two criteria, the ability of the interface to 

accurately collect the information it desires and the level of anxiety the user exhibits when using 

it relative to their general anxiety level when not using the interface.  That is to say, if an 

interface is presented that asks the user a question, not only did the user provide the proper 

response to the question, but also how difficult was it for them to do so.  Some methods of such 

evaluation are discussed in a later section of this chapter. 

 

2.2 Designing for the Masses or Adapting to the Individual? 
 

 Many software development companies are now choosing to give users the ability to 

customize their own computing environment and how they interact with software.  Most 

software packages allow the user to set various preferences ranging from how things should be 

displayed in terms of fonts and colors to how often various alerts should be presented to the user.  

Many of these options, however, require the user to manually enter their preferences rather than 

automatically setting things for the user.  In recent years, software developers have been using 

machine intelligence techniques in conjunction with databases that track the user’s previous 

interaction with the system to attempt to adapt the computing experience to the individual so that 
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the personal computer is truly that, a computational system that anticipates the personal needs 

and preferences of its user.   

 Various websites such as www.amazon.com keep track of user habits and make 

recommendations based upon past history.  Amazon may notice that a consumer has purchased 

some books on a particular topic and thus will suggest a new book that is of the same genre.  

This sort of personalization often makes finding something you are looking for much easier as it 

quickly directs you to material like what you have browsed before.  The author of this thesis has 

purchased two books from Amazon.com on learning styles and based upon these selections there 

are fifteen other titles that Amazon.com suggests the author might like.  This sort of adaptation 

assumes that past behavior dictates future results which in terms of consumer behavior is 

typically not a bad assumption, but to allow for even further customization, Amazon.com allows 

customers to remove items they have purchased from the search criteria to eliminate the effect of 

one time purchases on future selection.   

There are of course privacy issues when a system collects information about user habits.  

When a system is given the capability of tracking user habits there is always the fear that such 

information will be used in an inappropriate manner ranging from excessive advertising to 

harassment.  The Federal Trade Commission tries to ensure consumer privacy by enforcing the 

Gramm-Leach-Bliley Act [10].  This act prescribes legal standards that must be met in order to 

ensure the security of financial records online.  The Children’s Online Privacy and Protection 

Act is also used to ensure information collected from minors under the age of 13 is properly used 

and that parents are given an adequate amount of control over their children’s information and 

how it is used [11].  As computing technology becomes more ubiquitous it is likely that many 

more pieces of legislation will emerge in attempts to ensure the privacy of computer users and to 

maintain appropriate usage of technology. 

Anyone who has ever had difficulty using Microsoft Word’s autocorrect feature knows 

that when a computer tries to anticipate user behavior and user intentions there are sometimes 

conflicts.  While most current adaptive computing technology is primitive at best, technology is 

steadily improving in this arena for example both voice recognition and handwriting recognition 

technology have improved drastically in the last decade despite a broad range of vocal accents 

and penmanship amongst users of such technology.  An adaptable interface may not always 

perform the way a user expects it to as it may change behavior in an attempt to better 
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accommodate the user.  While the adaptation may be good, it may take a moment for the user to 

become adjusted to the adapted interface when he or she was expecting the interface to behave as 

it did during previous interactions.  A good adaptable interface should customize to the user to 

avoid unnecessary information so that the user’s experience is as positive and efficient as 

possible.  The steps for designing an adaptive interface are outlined in the next section. 

 

2.3 How to Make an Adaptive Interface 
 
 The design of an adaptive interface requires that one do an adequate background study to 

determine the requirements that must be met by the interface and the various available options.  

The designer must also evaluate the interface after it has been released to determine if the 

interface is adequately meeting the needs of the consumer.  According to [9] there are five basic 

steps involved in the design and implementation of an adaptive interface: requirements analysis, 

viability analysis, design, build, and post-build evaluation.  This section provides a general 

exploration of these five design phases.   

 The requirements analysis determines what direction the design process is going to take.  

The primary question to be answered in this stage is: What is the ultimate purpose of the 

interface: is it to entertain, is it to test the user, is it to provide information, etc?  In this portion of 

the design process, it can be determined what type of information the interface needs to convey 

to the user and if there are any specific constraints such as time constraints or the need to obtain 

specific information from the user.  In this stage demographic information is studied in depth to 

determine who will use the interface, as this plays an important role in design decisions.  An 

interface designed for a children’s game would likely be significantly different from an interface 

built for use primarily by scientists.   

 While the designer is studying the requirements, they can also determine the freedom that 

the designer has to customize the interface appropriately by determining the level of variability 

that is available.  There are a series of questions that an interface designer can answer during this 

portion of the design process.  How many choices are the interface designers allowed to make?  

Are all the requirements for the interface hard and fast rules or merely suggestions?  What types 

of feedback mechanisms can the designer make use of such as keyboard input, oral recordings, 

tactile interaction with a touch screen, etc?  Can the modality of the interface be modified to 

present data orally rather than visually or with graphics rather than text?  Is the size of the 
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interface constrained or does the designer have the ability to set the size of the interface?  What 

helpful information should be made available to a new user that should be hidden from an 

experienced user?  Should the interface be changed based upon the geographic location of or the 

language spoken by the user?   

 Once the design requirements and variability options have been determined the design 

phase begins.  During this phase, the architecture and behavior of the system are established.  

This may include designing a state transition table to determine how the adaptive interface will 

react to various situations.  In the design phase it is important to consider any tradeoffs of adding 

features, for example if the goal of the interface is to increase productivity and an adaptive 

interface takes a moment to adapt itself after data is input by the user, then there is a possibility 

that the adaptive interface will actually slow down productivity when compared to using a 

standard interface that does not adapt over time.  Such tradeoffs must be considered in order to 

determine the design that best meets the required criteria.   

 Once the design is completed the system must actually be built.  During this stage the 

design is implemented as appropriate.  According to [9], one of the key parts of building an 

adaptive interface that distinguishes it from the building of any other interface is the construction 

of “monitors”.  Monitors are used to determine when the interface needs to adapt itself to better 

meet the needs of the user.  This could include a counter to keep track of the number of errors the 

user made.  The monitor could also track physiological indicators of stress to determine if the 

user is having a particularly difficult time using the interface as it is currently configured.  A 

discussion of how to measure stress is covered in much more detail in a later section of this 

chapter. 

 Once the adaptive interface is built there must be some metric established for evaluation.  

This can be accomplished through evaluation of the monitors to determine for instance whether 

the adaptive interface was able to increase user productivity or reduce the error rate on a given 

task.  The adaptive interface can also be evaluated by looking at user satisfaction, which can be 

assessed through user surveys and feedback forms.   

Supplying users with an interface that adapts to their individual needs is a daunting task.  

It requires the establishment of a clear set of goals for the interface to accomplish, a proper 

interaction with the user to ascertain how the interface could be designed to serve the user’s 

needs better, a complete model of the user and task relationships that need to be accomplished, 
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and flexibility in the adaptation strategy to accommodate a variety of user types.  Figure 2.1 

shows the basic outline of how all of these components of the adaptive system work together 

with the user to adapt to the needs while maintaining certain requirements. 

 

Adaptive Theory

Interaction Cues 
(evidence of user needs) 

User/Task 
Models 
(the needs) 

User Interface Variants 
(flexibility) output 

input 

Adaptor Mechanism 

User

Environment 

Figure 2.1 The basic paradigm of adaptive user interfaces[9] 

(Reprinted from Adaptive User Interfaces, D. Browne, P. Totterdell, M. Norman (Eds.), Fig. 3.8, p. 82, 
Copyright 1990, with permission from Elsevier) 

 

2.4 The Need to Measure Stress 
 

Psychologists have been studying stress for several years to determine the impact it has 

on performance.  It has been observed that a certain amount of stress may actually improve 

performance while a person who is overstressed will actually exhibit a decline in performance.  

People often feel a need to improve their performance when they are under stress due to 

deadlines, increased pressure from their superiors, or threats to their safety [14].  When there is 

too much stress, however, although a person will feel a need to improve their performance, the 

stressors may serve as a distraction rather than a motivation leading to a decline in performance.   

Athletic performance is often dictated by stress and arousal as athletes tend to perform 

best when they feel their opponent is a challenge and in those situations they will work harder to 

overcome their opponent.  In 1943, “drive theory” was presented indicating that an athlete with 

the proper skills will be able to thrive if they are properly “psyched up” for competition [16].  As 

a contrast, in sports contests where one team has significantly more points than another, the 

winning team will often relax and not perform as they would if the game were closer or they 

were the trailing team.  Sports psychologists have discovered that athletes under considerable 
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stress have an elevated heart rate, increased blood pressure, consume more oxygen, and 

increased muscle tension, all of which can cause a workout or competition performance to be 

less efficient [15][16].   

 The Yerkes Dodson law [12][13][30] developed in 1908 is used by psychologists and 

human factors engineers to show that increasing arousal of a subject causes their performance to 

increase to a point but after the arousal has reached an optimal level the performance begins to 

decrease.  Yerkes and Dodson came to their conclusion after experiments with lab mice indicated 

that if mice were trained using a small electric shock that they were “encouraged” to perform 

better than if they were not stimulated.  A moderate electrical shock yielded optimal performance 

while an excessive electrical shock resulted in a decrease in performance.  Yerkes and Dobson 

also broke up their findings into performance on a simple task and performance on a complex 

task showing that the optimal level of arousal to yield the best performance is actually higher for 

a simple task than it is for a complex task.  Psychologists and human factors engineers refer to 

productive stress as eustress while detrimental stress is referred to as distress.  Their findings are 

illustrated in Figure 2.2. 

 

 
Figure 2.2 Yerkes-Dodson Law [12][13]  

(Left: Used with permission of Mr. Don Clark, Right: Seaward, B., Managing Stress in Emergency Medical 
Services, 2000, Jones and Bartlett Publishers, Sudbury, MA, www.jbpub.com Reprinted with permission) 
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The Yerkes-Dodson law is controversial due to the nature of the research and the fact that 

it was an experiment involving mice acting in a manner unrealistic to their natural behavior.  

Despite the controversy, researchers have shown that the Yerkes-Dodson law can be supported 

through work in developing an artificial neural network to simulate stressor effects [3].   In their 

paper, French et. al. simulated the task of learning a data set and modeled various biases and 

arousal levels using different size neural networks.  The varying size networks and the differing 

bias factors served to simulate the learning ability of different people with different individual 

biases and mental resources.  Through the work in [3] researchers have found that a neural 

network learning a task in the midst of high stress performs in a manner very similar to how 

Yerkes and Dodson predicted humans to behave under high stress conditions.    

 

2.4.1 Stress Indicators 

 
Doctors and scientists often use physiological and biological indicators to measure levels 

of arousal.  Heart rate, pupil diameter, and the level of catecholamines in the blood stream or 

urine are indicators of arousal.  In [6] Galvanic Skin Response (GSR), Heart Rate (HR), and 

Blood Volume Pressure (BVP) were used as stress indicators with GSR and HR increases being 

directly correlated to stress increases while a decrease in BVP is indicative of increased stress.  

Eric Jensen is an educator and author of a book [1] in which he discusses educating the 

individual mind.  Jensen indicates that research has been done which shows that students who 

feel they are capable of performing a task well can actually change their body chemistry as 

confident students released fewer catecholamines, which is the body’s natural response to stress, 

than their less confident peers.   

Researchers at MIT’s Media Lab and Hewlett-Packard’s Cambridge Research Laboratory 

have been performing experiments to determine driver stress level and to correlate it to 

physiological indicators [2].  Their experiments have involved drivers navigating a set course 

that includes both simple and complex roadways including both highway driving and city 

driving.  While study participants were driving, they were connected to a variety of sensors to 

determine changes in their physiological condition and a video was taken of their behavior as 

shown in Figure 2.3.  Skin conductivity (the Galvanic Skin Response) was measured on both the 
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hands and feet, as an increase in stress is known to cause the sweat glands to release moisture, 

which in turn changes the resistive properties of the skin.  An electrocardiogram (EKG) was used 

to monitor the participant’s heart activity.  A sensor was used to measure the respiratory level, 

specifically the rising and falling of the chest.  An electromyogram (EMG) was placed on the 

shoulders of the driver to determine the electrical activity in the nerves.  Stressful conditions are 

known to cause changes in the various measurements taken.  All of the data from the sensors was 

analyzed using a survey of the drivers that asked them to rate the difficulty of various parts of the 

trip.  The survey responses and the physiological data were correlated to the time-lapse video to 

see when during the trip significant physiological changes occurred and if such a change 

occurred when the driver was under significant stress or during a time of relaxation.  To 

normalize the data and compare it to a resting state the experimenters also collected data from 

each of the study participants while they were in a relaxed resting state.  The research yielded 

some interesting mathematical relations between stress and physiological indicators.  It was 

found that skin conductivity was the most prone to change during times of high driver stress.   

  

Figure 2.3 The setup used by the MIT Media Lab and the HP Cambridge Research Laboratory to measure 
driver stress through physiological data [2] 

(Image used with permission of Dr. Rosalind W. Picard, MIT Media Laboratory) 
 

2.5 Quantifying That Which is Typically Qualitative 
 

With stress being such an indicator of performance it would seem important to find a way 

to close the loop on the stress induced on a person performing a task.  To gain optimal 

performance it must be important to find ways to quantitatively measure both performance and 

stress level.  Quantitative performance evaluations are done in many ways such as the number of 
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correctly answered questions, the number of successfully performed tasks, the ability to recall 

events from memory, the ability to perform multiple tasks simultaneously, etc.  Quantitative 

performance evaluation is often used for students, workers, test subjects, etc and the method of 

evaluation is chosen appropriately for the skill set being tested.  An expert or some other party 

interested in performance chooses the method whereby performance is measured appropriately 

for the task at hand.  Through expert analysis a “skill dimension” can be determined for an 

individual such that the level of difficulty of the skills they can perform, the economy of their 

effort exerted, and their efficiency can all be measured and an individual may be ranked amongst 

their peers [5 p.15]. 

Developing a quantitative stress indicator is a significantly more complicated task than 

performance evaluation as it involves getting a picture of not only what a person knows or if they 

are able to perform a task, but getting a picture of how difficult it was for a person to perform 

that task or recall information.  While two individuals may perform comparably on a task the 

economy of their effort, that is the individual effort leading to that performance, may be very 

different.  Stress is also typically a qualitative quantity in that a person can express when they are 

under stress and to a certain extent the degree of that stress, but stress is not typically measured 

in a universally quantifiable manner like performance is measured.  The following section 

discusses some case studies in which stress research is being performed and some of the 

conclusions that have been made and also introduces some potential areas where stress analysis 

could be effectively implemented in a productive way. 

 

2.6 Case Studies of Stress Analysis 
 

Case Study: Driver Stress 
 

The level of performance is often a poor indicator of the stress induced on the performer.  

A new driver for instance may perform very well after a few driving lessons and be able to 

successfully navigate the road with an automobile.  When a new driver has to perform under a 

new set of circumstances that is unfamiliar to them, such as driving on snow and ice for the first 

time, the new driver may become stressed while attempting to do something they are unfamiliar 

with.  When an individual is driving there are many different stimuli vying for their attention and 

through experience, a driver determines their typical response to a set of similar stimuli.  “As the 
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individual develops, response is made in the context of many different stimulus conditions; as 

similar ones are encountered, the individual can report similarities not only in terms of 

describing the stimulus conditions and responses made but also of evaluating response under 

these conditions.”[5 p.16]   An experienced driver may perform equally well behind the wheel 

when compared to a novice driver, however, the veteran driver’s past experience gives them a 

pool of resources to draw information from which causes the task of driving to be less stressful 

under a broader variety of circumstances and thus the experienced driver will be less likely to 

make a mistake that could have very negative consequences.  Inexperience is often blamed for 

misjudgments, but the remote casual observer would not be able to determine the experience 

level of their fellow driver and the stress the driver was under.  An intelligent vehicle that could 

track driver stress and adapt accordingly by changing the information presented to the driver and 

automating tasks which could otherwise be a distraction to the driver (utilizing a heads up 

display in heavy traffic, giving an auditory warning, turning off the radio, automatically 

adjusting the windshield wipers on a rainy day, etc.) could potentially reduce driver stress and in 

turn make roads safer for all travelers.   

 

Case Study: Research of an Emotional Nature 
 

Many researchers find themselves emotionally involved in their work.  Such emotional 

attachment can cause the data to become unfairly biased or the results to be presented in a way 

that reflects the emotional impact of various situations on a researcher.  Workers in high stress 

jobs such as crime scene investigators, police officers, and lawyers may find themselves working 

with issues that involve violence or traumatic situations and thus their efforts may be driven by 

their emotions.  Stress level and arousal are indicators of a change in emotional state and thus 

may have an impact upon productivity and objectivity.  In [4 p.19] it is stated, “despite major 

shifts in social science research, emotionality is still constructed in opposition to rationality and 

professionalism, and the importance of emotions is denied.” 

The chance for the emotions of a researcher to impact their results gives rise to the need 

for stress levels to be monitored in an unobtrusive way in real-time.  Certainly a person can not 

be tethered to elaborate research equipment at all times, but a wearable system capable of 

keeping a log of stressful situations could give insight into situations that are causing a 
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researcher to become emotionally attached to their work and thus to impact their logical 

capability to analyze results in a rational manner.  

The traditional approach to scientific research is to ignore the emotional nature of the 

subject.  While biases may skew data in one way or another due to emotional influence, it is 

important to keep a record of the emotions of participants in a scientific study as well as the 

emotions of the supposedly unbiased researcher.   Monitoring emotional statuses can actually 

serve to draw a clearer picture of the entire scenario being studied rather than providing a biased 

perspective of the situation.  Psychologists in particular are concerned with the emotional health 

of their patients and an ability to study not only the emotions that are verbally expressed to them, 

but also any physiological indicators of stress and emotional change in their patients may give a 

clearer picture of the situation facing their patients and may provide a better insight into the 

proper course of treatment.  “Ultimately our goal should be to move from the justificatory 

position in relation to utilizing emotions in the production of research, which to date has dogged 

the field, towards discussion and debate concerning the best means and mediums for portrayal of 

such data”[4 p.141] 

 

Case Study: Education 
 

In the same way that driving is a matter of stimulus and response, situations a student 

encounters in an educational environment can often be classified into a set of stimuli and 

appropriate responses.  As a person gains experience with a topic, their ability to recollect 

information related to it and to make intelligent use of their knowledge becomes greater.  A 

student gains a knowledge base and the newer material is more difficult for them to use than the 

material that they use on a regular basis.  A student learning integral calculus for the first time 

may have difficulty in recalling the proper way to integrate a specific function because this is 

part of a new skill set that their neural makeup has not firmed up a recollection path for, but they 

should have a good idea of how to perform basic arithmetic because they have used that skill for 

years.  The newer material, however, may be easier for a student to recall than a piece of 

information they learned a long while before but have not had occasion to use in a few years.   

On a daily basis, large quantities of information are presented to people in a variety of 

ways.  A significant portion of the information presented to a person is ignored or forgotten 
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within a short time of it being presented because a person has a fairly limited capability to store 

large amounts of new information.  Educators present a lesson to students in hopes that the 

information they present will trigger their students to adapt their knowledge base in such a way 

that they incorporate this new knowledge with their preexisting knowledge.  The same 

methodology of presentation, however, may be more effective for one learner than for another.  

Some students respond to spoken words, others learn best through reading material, others learn 

best from diagrams and pictures, and still others prefer to perform an exercise or experiment to 

learn new material.  Educators are faced with a daunting task of presenting the same material in a 

manner that is cohesive to a classroom full of students who typically will have very different 

learning styles.  Educators can use varying forms of evaluation to determine how well the 

material is learned by their students.  As information is presented, teachers can observe their 

class and the questions they have to get a rough estimate of the level of understanding their 

students have.  Typically formal student evaluation is done using quizzes or tests that may have a 

negative impact on a student’s grade in a course if the student’s poor performance is due in part 

to an inability to understand the material as it was presented.  If an educator is able to monitor 

the level of arousal of their students, they may be able to dynamically adjust the material 

presented such that they engage more students with their lesson.  This could provide particular 

benefit to educators who lecture from a remote location via teleconference or other means.   

Monitoring a tangible indicator of the students arousal could help an educator to monitor 

students in their current location and also those in a remote location who often have very limited 

interaction with the instructor.  Responding to student arousal places quite a responsibility on an 

educator in a live lecture because they may have a fixed lesson plan that they have prepared well 

in advance.  While an educator may not be able to cohesively update their lesson plan in real 

time, they may be able to look at recorded arousal indicators some time after a lecture to 

determine what portions of their lesson were engaging and which portions were not.  This 

information could help the instructor to change the way the same information is presented the 

next time they teach it to another class or may help the instructor in tailoring future lessons on 

other topics for the current class.   

Researchers at MIT have developed a wearable device, the Galvactivator, shown in 

Figure 2.4 that can measure the wearer’s arousal level and displays it via the brightness of an 

onboard LED [7]. The Galvactivator uses the skin on the hand as a resistor in the circuit and 
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relies on the galvanic skin response properties of the skin to change the resistance in the circuit 

with the LED, which will thus cause the LED to be more or less bright as the arousal level 

changes.  This wearable was tested on audiences during talks and it was shown that the 

brightness level changed during the course of a presentation and indicated a level of higher 

arousal towards the beginning of a presentation and a lower arousal towards the end of longer 

talks.  During their experiments with the Galvativator, it was discovered that, as one would 

expect, adult audience members were more aroused during a presentation in which the speaker 

performed some live demonstrations rather that simply using presentation slides.  The 

Galvativator has also been tested in a classroom setting with high school students.  The students’ 

arousal level was on average increased when they were asked to write in a journal about 

something that interested them as opposed to their arousal level during a typical reading task.  

The Galvactivator, unfortunately, only displays arousal information in real time and does not 

allow researchers to browse a report of the arousal information.  Such a report would be useful to 

analyze so developing a cost-effective wearable system to monitor user arousal through skin 

conductivity and to record results would be very useful for educators.  In addition to a live 

educator monitoring their students’ arousal, intelligent educational software could use artificial 

intelligence techniques to determine student arousal based upon physiological measurements and 

adjust the lesson accordingly.   

 

Figure 2.4 The Galvactivator [7] 
(Image used with permission of Dr. Rosalind W. Picard, MIT Media Laboratory) 
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Case Study: Multimedia Quality 
 

As remote learning was briefly mentioned in the previous section, it is important to note 

that not only the lecture material and the manner in which the material was presented influences 

the difficulty a learner has with comprehending it, but in the context of remote learning, the 

quality of an audio or video feed may also contribute to or impair a learner’s ability to be taught.  

Researchers at University College London have worked on measuring stress levels while a 

person tries to comprehend information in audio and video files of varying quality [6].  

It was determined that by presenting the same material in a multimedia file at varying 

audio and video qualities that physiological indicators of stress were elevated more so when 

subjects were exposed to a lower audio or video quality than when using a higher quality file.  It 

is interesting to note that while the physiological indicators showed that during periods of lower 

quality viewing and listening the subjects were more aroused during their attempts to decipher 

the information in the file, relatively few (only 16%) of the subjects actually reported that they 

noticed the change in quality.  This shows that physiological indicators are more sensitive to 

changes in task difficulty than the perceptions of those undergoing the change in difficulty. 

 

Case Study: Stress in the Workplace 

 

A typical adult spends the majority of their day in their workplace.  The bottom line for 

most employers is that they want to get as much work as possible done by their employees.  

There is a significant diversity in company infrastructure and some work environments and 

situations may best be suited for some workers whereas other workers may find themselves 

intimidated by the same setting.  Psychologists have studied many aspects of the work 

environment and have developed several theories about workload adjustment to the individual 

[5].  In an ideal work environment, each worker would be in a position such that their abilities 

are a good match for the “ability requirements” of their work.  This is often not the case on one 

end of the spectrum as many workers find themselves in positions in which they are 

overwhelmed because they either do not have enough background information or training to 

perform their assigned tasks or their employers have unrealistic expectations of their ability to 

perform.  Through various surveys and observation it has been determined that jobs can be 
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classified into various categories based upon requirements such as interpersonal interaction, 

leadership, manual dexterity, mathematical ability, etc.  If one were in a job that is not well-

suited to their abilities, it would follow that such a situation would be potentially stress-inducing.  

If an employer were able to have a convenient method of monitoring employee stress throughout 

the workday they may be able to gain a better idea about which portions of their employees tasks 

are challenging and whether the level of difficulty for those tasks can or should be modified to 

better accommodate individual employees in order to make the best use of their employees' 

abilities.  

The majority of the aforementioned work adjustment strategies have been aimed at 

ensuring that a person is not overstressed at work due to overwhelming requirements.  The 

converse situation occurs when a worker is repeatedly assigned tasks that do not challenge him 

or her to use a majority of their skill set.  Workers who are not challenged may have a tendency 

to be more lackadaisical in their work responsibilities and may perform well below the level at 

which they are capable of performing and perhaps even below the level that is expected.  

Employers who are able to consistently monitor their employees’ arousal level can try to identify 

tasks such that their workers experience eustress at times without having their arousal level 

regularly move into the range of distress.   

In either case, an overwhelmed worker or an unchallenged worker may become overly 

frustrated and their performance may decline as a result of their work not giving them an 

appropriate challenge.  A poor match of skill set to skill requirement will often lead to an 

employee being fired or submitting a resignation.  In [5] various propositions about work 

adjustment are stated such as “The probability that an individual will be forced out of the work 

environment is inversely related to the individual’s satisfactoriness.” and “The probability that an 

individual will voluntarily leave the work environment is inversely related to the individual’s 

satisfaction.”  A worker’s poor performance, whether it is due to their inability to perform the 

tasks required or simply their lack of motivation to do so, will typically encounter consequences 

whether that is in the form of demotion or termination.  A dissatisfied worker, whether that be 

due to their being over-challenged or under-challenged will be more likely to leave a company.   

Workers become stressed well before the consequences of that stress are seen.  Many 

workers are also unlikely to discuss their job stress with their employer to attempt to find ways to 

reduce their work stress.  If worker stress could be effectively monitored then employers could 
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determine if the tasks a worker is assigned are best suited to that worker’s skill set.  Evenly 

matching workers with a job requiring their particular skill set leads to more satisfied employees, 

minimal personnel conflicts, and improved company morale. 

 

2.7 Incorporation of Cognitive Styles and Learning Strategies 
 

 In order to develop a complete strategy for the adjustment of tasks based upon user stress, 

preferences, and performance one should take into consideration learning style.  Many educators 

and psychologists have formulated various models of learning styles and associated learning 

strategies.  Unfortunately, there is no consensus model that all educators and psychologists agree 

completely encapsulates the entirety of cognitive style and appropriate learning strategies.  In 

[17] a model is presented that illustrates cognitive style on two dimensions, one being the verbal-

imagery dimension and the other being the wholist-analytical dimension.  The first dimension is 

used to classify people into groups who tend to represent information in a more verbal manner as 

opposed to those who tend to represent information through the use of mental pictures.  The 

second dimension classifies learners into those who like to look at fine-grained detail (analysts) 

and those who prefer to grasp the bigger picture without the need for a more detailed approach 

(wholists).   

 Gregorc, [18], has made a similar two-dimensional classification with one dimension 

being the abstract-concrete axis and the other being the random-sequential axis.  In this system, 

sequential learners are classified as those who prefer to have a known step-by-step procedure to 

follow to perform a task and in general prefer things to follow a logical order.  Random learners 

are those who prefer to have information made available to them, but they prefer to chart their 

own course in terms of how to approach the available information to accomplish needed tasks.  

Random learners often rely upon trial and error and their own intuition in order to solve 

problems.  Concrete learners prefer to have a clear objective or task to perform whereas abstract 

learners prefer to explore knowledge on more of their own terms.  This is assessed through 

having the learner self-report how 40 different words rank in terms of describing their self- 

perception as a thinker and learner.   

 The VARK assessment [19], developed by 1987 by Neil Fleming is not a learning style, 

assessment, but rather a learning preference assessment.  It utilizes a series of thirteen questions 
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to develop a score indicating a preference for information presentation in the visual modality, the 

audio and oral modality, the reading and writing modality, and the kinesthetic modality.  The 

questions ask learners to answer how they would like information presented to them or how they 

would seek information in a variety of scenarios and also how they would present information to 

others.  The questionnaire is not long, however, it provides a foundation to develop preference 

patterns for one modality or a set of modalities.  Some learners have a strong preference for a 

single modality while many learners are also classified as being multi-modal in preference 

meaning that they tend to like to perceive and present information in two or more modalities or 

they generally do not have a preference for one modality over another.  While a more elaborate 

questionnaire may result in a stronger assessment of preferences, the questionnaire is designed to 

be short on purpose as the observation of the developer indicates that longer questionnaires are 

often not taken as seriously as shorter questionnaires.   

 The development of theory on cognitive science draws from four psychology research 

fields: perception, cognitive controls and cognitive process, mental imagery, and personality 

constructs [17].  These all must be analyzed within the realm of individual differences noting that 

there is no specific “one size fits all” classification of how individual learners entirely perceive, 

process, and store information.   

 

2.8 Conclusions From the Literature 
 

 Based upon an elaborate study of the literature as presented above one can conclude that 

adaptive computer interfaces will allow the personal computer to be truly personalized to the 

individual user.  In order to develop a custom profile and analyze the individual needs and 

preferences of each computer user, the computer must be able to keep statistics on computer use 

and some of the effects of such use on the user.  One way to analyze the effectiveness of the 

adaptive interface technology is to evaluate user performance measured by accurate responses to 

questions and proper feedback.  This must also be considered in light of user stress.  The Yerkes-

Dodson law provides a psychological foundation for stress-based analysis of user interfaces.  

Each individual has a different learning style and a different stress threshold.  Experiments to 

discover the effects of various interfaces and their ability to influence user stress and accuracy 

should prove to be a valuable tool in the education of students as well as the training of workers.   
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Chapter 3: Experiment Design 
 
 The experiment used during this research was designed to determine if there is any 

correlation between preferred learning style and the level of arousal during tasks in the preferred 

learning styles and other learning styles.  The experiment was also designed to see if there is any 

correlation between preferred learning style and performance on tasks in the preferred learning 

style and other learning styles.  The results of this experiment should help software engineers to 

better understand how user arousal factors into human-computer interaction and will hopefully 

lead to adaptive software development that will accommodate the individual differences in 

various users.  Throughout the analysis of data taken from this experiment, the effect of the 

ordering of data was determined in both the audio and visual modalities.  Another element being 

studied by this experiment is the effect of distraction on user stress and the ability of computer 

users to perform a primary task in the midst of secondary distraction.  Each of these elements of 

the experiment and their implementation are discussed in the following sections of this chapter.   

 

3.1 Measuring User Arousal/Stress 
 

 As was presented in the literature survey, various physiological measurements are closely 

correlated with stress and arousal.  Three physiological measurements were used throughout this 

experiment, pulse, skin conductivity, and skin temperature.  The goal of this study was to 

observe these physiological signs while the computer user is engaging in different activities to 

see what triggers various changes in the physiological data.  The design of the physiological 

collection system can be divided into a hardware portion and a software portion as is presented in 

the following subsections. 

 

3.1.1 Hardware Design 
 
Data Sampling 

 
The main device used to collect physiological samples was Measurement Computing’s 

PMD-1208FS [23].  This device runs off the USB port of a windows-based machine and contains 

8 channels of single-ended (common ground) or 4 channels of differential analog to digital 
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conversion.  The device also has 16 digital input/output ports and 2 digital to analog output ports.  

It has an A/D sampling resolution of 12 bits in the differential mode of operation (11 bits in 

single-ended) and is capable of collecting up to 50,000 total samples per second.  The analog 

output has a 12-bit resolution (regardless of mode) and can output voltages in the range 0 to 

4.096V (1mV per LSB).  Inputs and outputs to the device are connected through the screw 

terminals on the top and bottom of the device.  The screw terminals allow for simple changes in 

the circuit without the need to solder or unsolder some of the wires.  A green LED indicates that 

the device is connected to the PC and flashes when the device is collecting a sample.  The 

external view of the PMD-1208FS is shown in Figure 3.1a and the pin configuration is shown in 

Figure 3.1b.  The pin configuration changes depending upon whether the device is operating in 

the single-ended or differential mode.  As there were only three physiological samples being 

measured, the differential mode was used to allow for a better resolution in the data collected and 

this configuration is the only one depicted, as it is the only one relevant to this application.  

 

Figure 3.1 Measurement Computing’s PMD-1208-FS a) a physical picture of the device b) The pin diagram in 
the differential mode. [23] 

(a) (b) 

(© Copyright 2004 Measurement Computing Corporation, used with permission) 
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 As can be seen from the pin diagram in Figure 3.1b, the digital outputs are divided into 

two ports, A and B, with each port having 8 bits, 0-7.  The four A/D channels are designated by 

CH0-CH3, each with both high and low inputs.  Digital ground is designated by GND and analog 

ground is designated by AGND.  The PC +5V pin is an output drawn from the power on the 

USB port.  The CAL port is only used during calibration of the device, which can be done via 

software included with the system.  The TRIG IN pin is an optional pin that can be used to take 

in input from an external trigger and can be configured for either rising or falling edge triggers.  

The SYNC pin can be used to synchronize two of these devices together in a master/slave 

relationship so that 16 channels can be used instead of the normal 8 in single-ended mode, or 8 

instead of 4 in differential mode.  This pin would be used as an output on the master unit and as 

an input on the slave unit.  The CTR pin is an optional counter input. 

 

Measuring Pulse 

 
Pulse was measured using a Polar brand chest strap and a wireless receiver.  This chest 

strap provides wireless transmission of each heartbeat to a simple circuit designed to receive the 

wireless transmission.  The strap is rigid in the middle of the front, flexible on the sides of the 

front, and has an adjustable elastic band on the back.   The flexibility of the strap along with the 

ability to adjust the length in the back makes it possible to use the same strap with a variety of 

test subjects with varying body shapes and sizes.  The wireless transmitter is also thin and light 

which makes it easy to fit under casual clothing.  Figure 3.2 depicts the wireless transmitter, the 

simple receiver circuit, and a model demonstrating the proper way to wear the wireless 

transmitter.  The wireless transmitter is to be worn in direct contact with the skin on the chest 

right below the pectoral muscles.  The wireless receiver circuit converts each received heartbeat 

to a 3.3V impulse signal.  The red wire of the receiver circuit pulls in the required 3.3V DC 

reference signal, the black wire is used to supply the reference ground, and the white wire is the 

output signal in the form of an impulse signal whenever a heartbeat is detected.  The receiver 

circuit is rather small, approximately the size of a US quarter dollar coin as can be seen in Figure 

3.2c.  One of the digital to analog outputs on the PMD-1208FS was programmed to supply the 

3.3V reference for the receiver.  The output from the receiver circuit is then fed into channel 2 of 

the analog to digital input on the PMD-1208FS.  The absolute maximum anticipated heart rate 
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would be 220 beats per minute, or approximately 3.67 Hz [20].  Thus a sampling rate of 10Hz 

was chosen to capture the heartbeat of test subjects while satisfying the Nyquist criteria [22].   

(a) 

                  
(b) (c) 

 

Figure 3.2 Heart rate monitoring hardware: a) Chest strap transmitter, b) Proper placement of the chest 
strap around the abdomen, c) The receiver circuit with a quarter to show scale 

                      

Measuring Skin Temperature 

 
Skin temperature was measured using a thermistor.  For this application the 334-

NTC404, a 400kΩ (nominal at 25oC) thermistor was used to provide a large range of resistance 

change so that subtle changes in temperature could be detected.  The thermistor datasheet 

(included as Appendix A) allows one to determine the temperature on the thermistor, which is 
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inversely proportional to the resistance of the thermistor.  After consultation with Mouser 

Electronics, the manufacturer of the thermistor, it was determined that the plot on the datasheet is 

slightly mislabeled on the temperature axis.  It is still possible to determine the temperature given 

the resistance of an NTC thermistor.  According to [24], the formula for resistance given 

temperature on an NTC thermistor is: 
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where R is the resistance of the thermistor at temperature T in Kelvin, R0 is the nominal 

resistance at temperature T0 in Kelvin, and β is the thermistor material constant.  Solving 

Equation 3-1 for T yields,  
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Once the resistance of the thermistor is known, it is a simple matter to use Equation 3-2 to 

correlate that resistance to the skin temperature of the test subject.  The resistance of the 

thermistor at any given time was found by connecting the thermistor in series with a fixed 

resistor of known value and applying a DC voltage of a known voltage across the series pair of 

resistors as shown in Figure 3.3.   

 

Figure 3.3 The circuit used to determine the skin temperature of test subjects 
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The voltage across the thermistor was sampled and the resistance was calculated using 

the known voltage value and known resistance value.  Letting Vtherm denote the voltage across 

Rtherm it is known from ohm’s law that 
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Solving Equation 3-3 for Rtherm yields 
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Plugging Equation 3-4 into Equation 3-2 yields a formula for temperature, T, in terms of 

measured and known values. 
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It is a good idea in designing a circuit like this to try to match the known fixed resistance 

with the variable resistance.  As previously stated, the nominal resistance of the thermistor is 

400kΩ.  It is expected that the skin temperature of the test subjects will be higher than the 

nominal 25oC, which will yield Rtherm values slightly lower than 400kΩ.  Rknown was therefore 

selected to be 330kΩ and the same 3.3V used for the pulse sensing circuit was used for Vknown. 

The thermistor was mounted to an inexpensive, one-size-fits-all athletic headband 

available at Wal-mart stores such that the thermistor was centered on the front of the forehead 

during the experiment.  The headband was used so that the thermistor could comfortably be worn 

by a variety of adult test subjects, each with a slightly different head size and shape.  The 

elasticity of the headband held the thermistor firmly to the subject’s forehead without the need 

for applying adhesive to the skin.  The front of the forehead was chosen as the point on the body 

to measure temperature as temperature measures there are reliable and many clinical and home 
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health products measure patient temperature through the forehead.  Although the forehead is not 

an optimal location to place wearable electronics [21], it is a relatively unobtrusive location on 

the body for this application because the user is fairly stationary throughout the experiment.  The 

thermistor was padded in the headband with some foam.  This foam was also mounted on the 

outside of the headband to protect the thermistor leads. The connecting wires were pulled away 

from the users face through a small strip of mounting Velcro on the back of the headband in 

order to try to make the headband as comfortable as possible for the user.  The foam also 

provided a more solid foundation in the headband for the thermistor to be mounted to so that 

tension was not placed on leads as the headband was stretched.  It was determined in preliminary 

testing of the equipment that without the use of the Velcro on the back of the head that the wire 

tended to hang in front of the face of test subjects which was annoying and could provide a 

distraction for the user.  The thermistor was soldered to an Adaptaplug™ connector from Radio 

Shack and then the connector was plugged into an Adaptaplug™ extension cable that ran the 

signal across the thermistor back into the PMD-1208FS.  The Adaptaplug™ interface allowed 

for the headband to be easily replaced if necessary.  Figure 3.4 shows the design of the 

temperature-sensing headband.  Figure 3.5 shows the author wearing the headband.  

 

 

Thermistor Foam 
padding 

Velcro to pull 
wires away from 

the face 

Adaptaplug™  
connector 

Figure 3.4 The skin temperature sensing headband design 
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Figure 3.5 a) The author wearing the skin temperature sensing headband demonstrating how the thermistor 
should be centered on the forehead.  b) The Velcro on the back of the headband draws the cable over the top 

of the head and way from the face. 

(a) (b) 

           

Measuring Galvanic Skin Response 

 
 As was discussed in the literature survey, the hands and feet have the most dramatic 

change in resistance in response to arousal, known as the galvanic skin response (GSR).  A 

circuit very similar to the circuit designed for determining skin temperature was developed to 

determine the resistance of the skin assuming the skin to be a variable resistance, Rhuman.    This 

circuit, shown in Figure 3.6, connects the skin in series with a fixed resistance and a known DC 

voltage source.  Rhuman is calculated in the same way as Rtherm in Equation 3-4. 
 

 

Figure 3.6 The circuit used to determine the galvanic skin response of test subjects 
 

 The known voltage and the known resistor had to be selected carefully to ensure that the 

current sent through the skin was at a safe level.  The American Heart Association prescribes 
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standards for electrocardiography (ECG) in [25] which indicate that humans undergoing 

electrocardiogram testing should not be subjected to currents in excess of 10μA.  While this 

application is not anywhere near as complex as ECG monitoring, it seemed appropriate to 

impose the same current level safety standards.  The circuit in Figure 3.6 has therefore been 

designed considering the worst-case scenario when Rhuman approaches 0Ω.  Vknown was selected as 

3.3V and Rknown was selected as 330kΩ, which yields a worst-case current through the human test 

subject of 10μA.   

 The test subject was connected to the circuit using homemade finger electrodes.  One 

electrode was to be connected to the tip of the index finger and the other to the tip of the middle 

finger.  The electrodes were made out of rounded brass washers available from the Home Depot.  

The author chose the particular shape of the washers simply by placing the washer in contact 

with the fingers and determining which shape felt the most comfortable against the skin.  Brass 

was selected as it is a rather conductive copper alloy, resists corrosion better than pure copper, 

and is not as soft as pure copper [26], thus allowing the electrodes to maintain shape through the 

duration of experimental testing with a minimal electrical impedance being added to the circuit.  

The washers were soldered to wire leads and the washers were then affixed to foam padding and 

Velcro.  The Velcro straps were adjustable which allowed the electrodes to connect firmly to a 

variety of finger shapes and sizes.   A hot glue gun was used to mount the electrodes to the same 

type of foam used to pad the thermistor in the skin temperature headband.  The foam padded the 

electrodes and strengthened the Velcro strapping.   Figure 3.7a shows the proper wear of the 

finger electrodes and Figure 3.7b shows a close up view of the inside of an electrode.   

     
(a) (b) 

Figure 3.7 a) The proper wear of the finger electrodes b) a close-up view of one electrode 
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Signal-Buffering Circuit 

 
 In preliminary tests of the input devices described in the last three sections, it was 

discovered that the input impedance of the analog to digital channels of the PMD-1208FS was 

not large enough to maintain the integrity of the signal for GSR and skin temperature sensing 

before sampling.  To compensate for the low input impedance on the ADC, an operational 

amplifier circuit with large input impedance was used as a buffer to the signal.  The TL082 Dual 

JFET Operational Amplifier (Op Amp) was selected for this application as it has an input 

impedance of 1012Ω [27].  The pin diagram of the TL082 is shown in Figure 3.8.  The package 

contains two Op Amps with individual inverting and non-inverting inputs, individual outputs, 

and a shared positive and negative rail. 

 

 
Figure 3.8 TL082 Operational Amplifier pin diagram [27] 

(© Copyright 2004 National Semiconductor Corporation, used with permission) 

 

Given the circuits being sampled in Figure 3.3 and Figure 3.6, the maximum voltage 

across the human body or the maximum voltage across the thermistor would be 3.3V.  The 

voltage rails for the Op Amp were selected to be approximately –3.3V for the negative rail and 

+3.3V for the positive rail to provide symmetry.  Two LM317T voltage regulators were used to 

regulate the voltage rails.   The typical configuration of the LM317T is given in Figure 3.9 where 

VIN is the input voltage, VOUT is the output voltage, VREF is the reference voltage, ADJ is the 

adjustment pin, and IADJ is the adjustment current out of the adjustment pin.  The output voltage 

of the circuit is given by the equation 

2
1
2

1 RI
R
R

VV ADJREFOUT +⎟
⎠
⎞

⎜
⎝
⎛ += . (Equation 3-6) 

 
 Page 32Chapter 3: Experiment Design Ricky Castles 



 

 
Figure 3.9 The typical configuration of the LM317T voltage regulator [28] 

(© Copyright 2005 National Semiconductor Corporation, used with permission) 

 
IADJ and VREF can be determined using the plots in Figure 3.10 assuming a nominal temperature 

of 25oC.  Thus, IADJ = 52μA and VREF = 1.25V. 

 

  
Figure 3.10 Plots from the datasheet for the LM317T voltage regulator depicting IADJ and VREF as functions of 
temperature [28] 

(© Copyright 2005 National Semiconductor Corporation, used with permission) 

 
In order to establish both a positive and negative rail for the op amp circuit, two such 

voltage regulator circuits were used in series with VOUT from one regulator serving as the ground 
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reference for the other voltage regulator.  As VOUT does not depend on VIN, a 9V battery was 

used for VIN on both voltage regulators.  Constraining R1 and R2 to standard values of discrete 

resistors the following resistor values were chosen: R1= 220Ω and R2 = 330Ω.  This yields 
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The series pair of voltage regulator circuits is shown in Figure 3.11.  

  

 

220Ω

330Ω

220Ω

330Ω

9V

3.14V

-3.14V

Figure 3.11 The series pair of voltage regulator circuits providing both the positive and negative rails for the 
signal-conditioning circuit 

 

This configuration yields the positive and negative rails for the overall signal-buffering 

circuit shown in Figure 3.12.  The buffered Vhuman and buffered Vtherm were the voltages sampled 

by the PMD-1208FS.  The buffering circuit was built and soldered on a printed circuit board as 

shown in Figure 3.13.   The signals coming from the various sensors were sent into the signal-

buffering box and the buffered signals were sent back out of the signal-buffering box through 

screw terminals.  A small hobby electronics project box was used to house the signal-

conditioning circuit to protect it and for aesthetical purposes.  The Adaptaplug™ connector for 

the skin temperature-sensing headband extends from the project box.  A 9V battery snap 
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connector also extends from the box.  It would have been more aesthetically pleasing to install 

the 9V battery inside the project box, but the external interface allowed for convenient access to 

the battery so that it could be recharged and replaced with ease.  A pushbutton switch was 

installed so that the 9V battery was only drained when the circuit was in use.  A power-indicating 

LED was installed so that it could be determined if the circuit was receiving power from the 9V 

battery when the switch was activated.  The completed signal-buffering box is shown in Figure 

3.14 and Figure 3.15.  

 

 

 

  

 
Figure 3.12 The signal-buffering circuit showing where the signals were sent into the Op Amp and where the 

buffered signal is output 

 
 Page 35Chapter 3: Experiment Design Ricky Castles 



LM117s 

Screw 
terminals 

TL082 
 

Figure 3.13 The signal-buffering circuit soldered to a circuit board 
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Figure 3.14 The completed signal-buffering project box 
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 (a) (b) 

Figure 3.15 a) Front view of signal buffering box depicting power button, power LED, 9V battery and 
Adaptaplug port b) Back view of signal buffering box depicting the input and output of signal wires into the 

screw terminals. 

   

3.1.2 Software Design  
 
 With the purchase of the PMD-1208FS DAQ module, Measurement Computing 

distributes an evaluation version of SoftWIRE, a graphical programming interface for Microsoft 

Visual Studio .NET.  This software installs as an additional module inside of the Visual Studio 

.NET development environment and provides an easy to use interface for programming the DAQ 

module. Stringing together various drag-and-drop icons inside of the programming environment 

configures the collection of data from the DAQ.  The environment is very similar to Visual Basic 

in that there are forms that can control various aspects of the program and can also act as an 

output interface for data.  This section takes a top down approach to explaining the software 

design by first showing the overall SoftWIRE diagram used and the form structure and then 

explaining the details of each component.  Figure 3.16 shows the SoftWIRE diagram used for 

physiological collection.  Each block of this diagram performs some task such as setting the 

output voltage from the D/A converters, sampling a particular channel on the A/D, outputting the 

data to a file, or calculating values in a function.  Figure 3.17 shows the form displayed when the 

program ran which would take in some parameters and output some of the data collected.  This 

form took in the desired known voltage and the known resistance implemented in the circuit and 

output the value of the voltage sampled on the GSR channel and the skin temperature-sensing 

channel.  It uses the formula in Equation 3-4 to determine the resistance of the thermistor and the 

resistance of the skin.   

 
 Page 37Chapter 3: Experiment Design Ricky Castles 



 

Figure 3.16 The SoftWIRE program for physiological data collection 

 

 

Figure 3.17 The form displayed on the screen when the physiological data collection program is running 
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 Each component of the displayed form has a SoftWIRE object attributed to it.  These 

objects can each have various properties modified.  The following subsections discuss each block 

type in the SoftWIRE diagram and how it relates to the overall functioning of the program. 

 

The Pushbutton Block 

 Whenever a pushbutton is added to the form, the corresponding SoftWIRE object is 

added to the SoftWIRE diagram.  The pushbutton block, as shown in Figure 3.18, is used to give 

the pushbutton on the form functionality in the running of the program.  In this case, when the 

button labeled ‘Start Collect’ is clicked on the form, the D/A converter voltage is set and then the 

sampling of data begins.  Each SoftWIRE object has tabs on it that either allow external inputs to 

control the functioning of that particular object or allow that object to control another block.  In 

this case, the bottom gray tab representing ‘Control Out’ is connected to the gray tab 

representing ‘Control In’ in the next block in the diagram to indicate that clicking on the 

pushbutton allows the next block to perform it’s function, but the next function will be disabled 

until the button is clicked.  The pushbutton object also has a variety of attributes that can be set 

by the SoftWIRE diagram such as the color, font, and size of the button. 

 

 

Figure 3.18 SoftWIRE block for the pushbutton 

 

Setting Values and Retrieving Values From Numerical Textboxes 

 
 As shown in Figure 3.17, there are six numerical textboxes that can be used to either send 

data into the SoftWIRE program or to output data collected or calculated by the SoftWIRE 

program.  The top two numerical textboxes are used to input the desired known voltage and the 

known resistance used in the circuit.  These values are used in the calculations of the unknown 

resistances, Rtherm and Rhuman.  The bottom four numerical textboxes are used to output the 

voltages, Vtherm and Vhuman measured in the most recent sample taken by the analog to digital 

converter.  To input a value from a numerical text box, connect the green tab on the right side of 

the numerical text box’s SoftWIRE block to the corresponding input tab on the appropriate 

component.  Similarly, to output a value measured or calculated in the SoftWIRE program to the 
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numerical text box, connect the value to be displayed to the blue tab on the left of the numerical 

text box’s SoftWIRE block.  Control In and Control Out tabs on the SoftWIRE block for the 

numerical text box can govern the input and output of data just like any other component in the 

SoftWIRE diagram.  Figure 3.19 shows the SoftWIRE block for input and output control of 

numerical text boxes with labels to indicate the components mentioned. 

 

 

 
 

Input Output 
Control In

Control Out

Figure 3.19 SoftWIRE diagram for a numerical text box  

Analog Output Blocks 

 
 The next blocks in the SoftWIRE diagram set the voltage on the D/A channels of the 

PMD-1208FS.  These blocks take in the desired voltage from the numeric textbox labeled 

‘Vknown’ on the form.  The only voltage needed from the D/A output is 3.3V as this was the 

known voltage used on all the physiological data collection circuits.  Although the D/A only 

needed to produce a single voltage value, both D/A channels were used, so as to ensure that there 

was not too large of a current draw on any one channel of the D/A converter.  Figure 3.20 shows 

the blocks used to update the voltage on the D/A portion of the PMD-1208FS and the properties 

of one of the AoUpdate (Analog Output Update) blocks.  As was previously discussed, the 

particular data acquisition module we are using only supports one range of D/A conversion, 0-

4.096V.  SoftWIRE also supports some other modules that have different data ranges available, 

so the data range must be configured in the properties of the object as can be seen in the 

Uni4Volts (unipolar output voltage with a maximum of 4.096V) statement in the range entry of 

the properties dialog shown in Figure 3.20b.  The properties of AoUpdate2 were configured the 

same as for AoUpdate1 with the only difference being that the Channel for AoUpdate2 was 1 

rather than 0.  Notice how the value from Form1.Vknown is input into the turquoise value tabs 

on the AoUpdate blocks in Figure 3.20a.  The Control Out and Control In tabs are connected 

such that one channel must be configured before the next.  Although this could be done in any 
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order, this ensures that both channels are configured before proceeding with program execution.  

After both output channels are set, the timer for the circuit is set which establishes the sampling 

rate of the A/D portion.  The timer is discussed in the next subsection.   

 

          
 

Figure 3.20 a) The Digital to Analog portion of the SoftWIRE diagram.  b) The properties of one of the 
Analog Output Update blocks 

              
Timer 

As was previously discussed, a sampling rate of 10Hz was selected in order to satisfy the 

Nyquist criteria.  The insertion of a timer allows one to configure the sampling rate.  The 

properties of the timer are set by the SoftWIRE dialog shown in Figure 3.21.  This allows for 

sampling rates to be entered as a frequency or as an interval between samples.  The device can 

also beep for every tick of the timer to help the developer debug the circuit but this feature was 

disabled.  Every time the timer ticked, the program requested the date and time from the system 

to record a timestamp with each data sample.  This is discussed in more detail in the next section. 

(a) (b) 



 

Figure 3.21 Timer configuration dialog 

 

Date and Time Collection 

 
Figure 3.22 depicts the date and time module.  The date and time were collected every 

time a sample was taken to ensure that the data points collected could be correlated with the 

activities being done on the screen.  This was very valuable to the analysis of the data and is 

discussed in detail in the Data Analysis chapter.  The SoftWIRE date and time module can be 

configured to output date and/or time in a variety of formats.  The module has two outputs such 

that two different formats of the date and/or time can be output or so that the time can be sent to 

one place and the date to another in the program.  In this application the date and time were both 

output each time a data point was collected and the date and time were written to the file 

dateAndTime.txt.  A later subsection discusses configuring SoftWIRE to perform file IO.   

 

Figure 3.22 SoftWIRE’s date and time module, the gray tabs allow for control input and output and the 
turquoise tabs allow the date and/or time to be output in up to two formats.  
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Analog Input Reading 

 
The Control In and Control Out tabs of the SoftWIRE blocks were wired together such 

that the collection of data from the analog to digital conversion channels is performed after the 

date and time is requested.  The buffered signal from the GSR circuit is collected on channel 0, 

the buffered signal from the skin temperature sensing circuit is collected on channel 1, and the 

pulse data is collected on channel 2.  The analog input channels are configured in a very similar 

manner to the way in which the analog output channels were configured.  There are a variety of 

options for the data range to be collected.  A more narrow range of data allows for more 

precision on the data being collected.  All of the data ranges for the analog input are bipolar 

meaning they are symmetric ranges with ground as the midpoint.  For the GSR circuit and the 

skin temperature-sensing circuit a sampling range of –2.5V to +2.5V was chosen, as the expected 

values of the voltage across the unknown resistor do not typically exceed 2.5V in the current 

design.  The sampling range for the pulse data collection was –5V to +5V as the output from the 

pulse sensing circuit is approximately 3V when a heartbeat is detected.  The SoftWIRE blocks 

for the analog input section and the properties for one of the analog input channels is depicted in 

Figure 3.23.  The voltage collected on channels 0 and 1 were displayed on the main form of the 

program and also put through a processing formula to determine the resistance of the thermistor 

or the test subject’s skin resistance.  The pulse data was not processed during data collection and 

was simply written directly to the ASCII text file pulse.txt.  Figure 3.23a illustrates how the 

collected value of the current voltage samples for Vhuman and Vtherm were displayed in the 

appropriate numerical text boxes on the main form by stringing the value to the input for the 

proper numerical text box.  Figure 3.23b shows the configuration of channel 0 for analog input 

with a range of –2.5V to + 2.5V.   
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(a) (b) 

 

Figure 3.23 a) The analog input portion of the SoftWIRE diagram b) The properties for AiRead1 showing a 
range of –2.5V to +2.5V on the input 

 
Formulas to Calculate Resistance in SoftWIRE 

 
The voltage data collected on channels 0 and 1 are used to calculate the resistance of the 

human skin and the thermistor respectively according to Equation 3-4.  Formulas are 

implemented in SoftWIRE by wiring all the parameters of the formula into a formula block and 

setting up the properties of the formula block to assign a named value to each of the input values.  

The properties of the formula block are then configured to output the desired mathematical 

combination of the inputs.  The formula block allows up to eight inputs although it is not 

required to have all eight inputs take on a value.  The structure of a SoftWIRE formula is shown 

in Figure 3.24.   

 

Figure 3.24 SoftWIRE’s formula component 

 
Just like any other SoftWIRE component the formula block has Control In and Control 

Out tabs to determine when the formula is computed.  If nothing is connected to the Control In 

tag, the formula is recalculated every time one of the inputs changes value.  The input formula 
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may be set externally by inputting a formula into the Input Formula tab on the left or the formula 

may be set up through the properties dialog.  The properties dialog for the formula component 

also allows the programmer to rename the inputs from their default names (Input 1, Input 2, etc) 

to more intuitive names for the particular formula being calculated.  Figure 3.25 and Figure 3.26 

show the formula component properties for the formula to calculate Rhuman and Rtherm 

respectively.  Each of these formulas take in three values; both formulas use Vknown and Rknown in 

the calculations and the formula for Rhuman uses Vhuman while the formula for Rtherm uses Vtherm.  

The values calculated by these formulas are written out to the appropriate numerical text box on 

the main form of the program and are also written to ASCII text files used to save the data.  The 

next subsection discusses how SoftWIRE handles file writing. 

 

Figure 3.25 The SoftWIRE properties dialog for the formula calculating Rhuman 
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Figure 3.26 The SoftWIRE properties dialog for the formula calculating Rtherm 

 
File Writing in SoftWIRE 

The physiological data collection program was used to write four separate files of data, 

one for pulse, one for thermistor resistance, one for GSR, and one that recorded the date and time 

each point was collected.  SoftWIRE allows for data to be written to a file in a very simple 

manner.  To write a value to a file, simply insert the write file component (depicted in Figure 

3.27) into the SoftWIRE diagram, connect a value to the value tab on the block diagram, and 

configure the write file component for the particular file name and format desired.  Although the 

file name and other properties can be configured in the diagram graphically, in this SoftWIRE 

program the value tab is the only one configured graphically and the other file writing properties 

were configured through the write file properties dialog shown in Figure 3.28.  This particular 

configuration sets up the ASCII file used to store the date and time each sample was taken.  The 

file is configured such that it is overwritten the first time the program writes to that file and then 

appends the remaining data written to it.  SoftWIRE also allows for files to be overwritten each 

time data is written to a file or to always append data to existing files.  The selection of 

overwriting and then appending allows all the current data to be written to the same file without 

the potential problem of mixing data from an old run of the program with the newly sampled 
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data.  The file properties dialog allows one to choose the delimiter between data, the maximum 

number of lines to write to file, and the number of decimal places recorded if applicable.  A 

header may also be added to the data if desired, but this option was not used in this program. 

 

 

Figure 3.27 The SoftWIRE Write File component 

 
 

 

Figure 3.28 The Write File properties dialog 

 

3.2 Development of User Tasks 
 
 As was mentioned at the beginning of this chapter, the goal of this experiment was to 

measure the ability of computer users to perform tasks in both their preferred and non-preferred 

modalities and ultimately to measure the physiological effects of such performance.  To 

accomplish this goal it is necessary to determine a computer user’s learning modality preference, 

to develop software that will engage the user in tasks in various modalities, and to collect the 
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user’s physiological reaction to each of these tasks.  The previous section of this chapter 

discussed in detail how the physiological data collection system was implemented.  This section 

discusses the development of software designed to perform a user learning preference assessment 

and to engage test subjects in activities in various modalities.   

 

3.2.1 Demographics and Self Assessment 
 

Prior to administering any formal assessment of learning style preference some basic 

demographics information was collected from each test subject.  Test subjects are asked to 

identify their gender, the year of their birth, their perceived learning modality preference, and to 

identify their own abilities in several skill areas as being above or below average on a 1 to 5 

Likert-style survey.  The forms used to collect this information are shown in Figures 3.29 and 

3.30. 

 

 

Figure 3.29 Demographic data collection and preliminary learning style preference assessment 
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Figure 3.30 A self-assessment of many of the skills required to perform the experiment 
 

This demographic information and self-assessment is useful during analysis of the data 

collected to see if there are any age and gender biases in the experiment.  It is also important to 

analyze the data while taking into consideration each participant’s personal assessment of their 

own abilities and preferences that factor into performing the tasks required in this study.  Each 

test subject was assigned an individual identification number that was entered during this phase 

of the experiment.  This identification number was used to file data without correlating it to any 

personally identifying information.  The identification number was also used to determine the 

order in which the experimental assessments were presented which is discussed in more detail 

later in this chapter. 

 

3.2.2 Learning Preference Assessment 
 

The VARK learning preference assessment was used to determine the users preferred 

learning modality.  Although this assessment does not provide a full learning style assessment it 

allowed for the determination of a user’s learning preference in a short period of time.  The 

questions in this learning style assessment and the scoring method for the assessment, taken 

directly from the VARK website, are included in Appendix B.  The assessment contains thirteen 

questions with multiple choice answers provided for each question.  The questions ask the 
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respondent to consider a certain set of situations and how they would either present information 

or how they would like information presented to them in those situations.  Assessment 

respondents are allowed to choose more than one answer for each question if they feel that more 

than one answer would apply.  Each answer is classified as either a visual, aural, reading/writing, 

or kinesthetic answer.  The total score for each of the four categories is thus the sum of the 

number of answers given that correspond to that particular modality.  The modality with the 

highest score is classified as the preferred learning modality.  Participants with high scores on 

more than one category are classified as multi-modal in preference through the method described 

in Appendix B which allows the total number of options selected on all thirteen questions to 

indicate how much difference there should be between the modality with the highest score and 

the second highest score for both to be considered preferences. 

This learning preference assessment is under a copyright held by the authors of the 

assessment and permission was granted to use this assessment in this study.  Appendix C 

contains the text of an e-mail granting permission to use the VARK assessment as part of this 

research study.  The author of the assessment granted permission to use the assessment in either 

a paper format or using a link to his web page.  He also asked that a statement about the 

copyright be made on the learning preference assessment.  Linking to the VARK webpage to 

have users perform the learning style assessment did not allow for a copy of the assessment to be 

retained.  Paper assessments took a while to be scored by hand.  To automate the process of 

administering the assessment, the author took the liberty of implementing the assessment in 

software so the responses would be recorded and scoring the assessment was done automatically.  

The preferred copyright statement of the assessment author was printed on the top of each form 

of the program to collect the VARK assessment answers.  Figure 3.31 shows a screen capture of 

the VARK assessment performed in software.  The results of the VARK assessment were 

displayed to the test subjects at the end of the study after they performed the other exercises.  

This information was withheld from the participants to try to keep the assessment from biasing 

them in any way during the study.  Figure 3.32 is a screen capture of the form that reports the 

results of the VARK assessment.  Due to paper size constraints, both Figure 3.31 and Figure 3.32 

are depicted here at a smaller scale than what was actually seen on the screen during the 

experiment. 
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Figure 3.31 One of the VARK learning modality preference forms 

 

 

Figure 3.32 The results of the VARK assessment are presented to the test subjects at the end of the 
experiment. 
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3.2.3 Memorization and Recollection Tasks 
 

After the VARK assessment questionnaire was administered, test subjects were given 

either a visual memorization task or an aural memorization task to perform.  All subjects 

completed the same tasks, but the order of the tasks was determined by the participant number 

the test subjects were assigned.  Even numbered test subjects began with the aural task and odd 

numbered participants began with the visual task.  Both the visual and aural memorization tasks 

were given in a distracted and an undistracted situation as is discussed in the next two 

subsections.   

A mandatory two-minute break period was given between the first task and the second 

task in an attempt to allow the physiological indicators to return to a neutral state between 

experiments to eliminate any carryover effects.  Figure 3.33a depicts the counter displayed 

between the memorization tasks indicating that the test subject should relax for at least two 

minutes while keeping the sensors on.  At the end of the two-minute period the counter 

disappeared and a button was displayed allowing the test subject to proceed as shown in Figure 

3.33b. 

 

      

 (a)                                                                               (b) 
Figure 3.33 a) The counter during the relaxation period indicating how much more time a test subject should 

wait before proceeding with the experiment.  b) When the two-minute period is over, the test subject may 
click the button labeled proceed to go on with the experiment 

 

The Visual Memorization and Recollection Task 

 

The visual memorization task consisted of the presentation of sixteen two-dimensional 

simple shapes.  The shapes were organized into a 4x4 array with all shapes being the same color 

and approximately the same size.  The array of shapes was presented for a period of thirty 

seconds, during which time test subjects were prompted to memorize as many of the shapes as 
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they could.  At the end of the thirty-second period the shapes disappeared and test subjects were 

asked to recall which shapes they had just seen.  Figure 3.34 shows the visual memorization task.  

The instructions were presented before the images were displayed and the thirty-second timer did 

not start until the test subject clicked the button labeled “proceed” to display the images. 

 

 

Figure 3.34 The visual memorization task 

 

The recollection period of the visual experiment had two portions, the first being to 

simply recall which images were presented.  During the recollection task, the sixteen shapes in 
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the presented array were combined with fourteen similar shapes that were not part of the set 

originally presented to establish a pool of thirty total images.  During the first portion of the 

recollection, three pages of images were presented (10 per page) with checkboxes below the 

images and instructions prompting the test subjects to place a check in the checkbox 

corresponding to the shapes that were in the 4x4 grid that was presented to them.  The first 

portion of the visual recollection task is depicted in Figure 3.35.  During this portion of the 

recollection task each image in the thirty-image pool was classified into one of four categories: 

 

• Checked Correctly 

- images that were within the original grid that the subject placed a checkmark under 

• Unchecked Correctly 

- images that were not in the original grid that the subject did not place a checkmark under 

• Checked Incorrectly 

- images that were not in the original grid that the subject placed a checkmark under 

• Unchecked Incorrectly 

- images that were part of the original grid that the subject failed to place a checkmark under   
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Figure 3.35 The first portion of the visual recollection task 

 

The second portion of the visual recollection task asked the test subject to put the images 

back into the 4x4 grid in the order they were originally presented.  A blank grid was displayed 

with slider bars under each element in the grid.  The slider bars were used to iterate through the 

pool of images until the proper image was placed in the corresponding grid element.  Test 

subjects were free to place the images into the grid in any order they chose and to make changes 

to any of their selections until they clicked on the button labeled “Next .”  Figure 3.36 depicts 

the second portion of the visual recollection task.   
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Figure 3.36 The second portion of the visual recollection task. 

 
The visual memorization and recollection task was repeated using a different 4x4 grid of 

images with the element of distraction added.  The same basic tasks were required of the test 

subject, but this time during the memorization and recollection exercise a set of eight additional 

windows were opened with images presented in them to try to distract the subject from the 

primary task.  Test subjects were informed that the additional set of windows would appear and 

were instructed to try to ignore the extra windows and the label on the top of each of the 

additional windows in fact reads “Ignore this window.”  At any given instance in time all the 

additional windows displayed the same image, but the images in the additional windows were 
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changed at a rate of 2Hz.  Each of the additional windows was approximately the size of each of 

the images in the 4x4 grid.  Some of the images presented in the new windows were also 

presented in the grid, but other images were not.  Figure 3.37 shows the memorization task with 

the additional 8 windows open attempting to distract the subject.  The additional windows 

persisted throughout the memorization task as well as both portions of the recollection task. 

 

 

Figure 3.37 The distracted visual memorization task 

 

At the end of the experiment the results of the visual memorization and recollection task 

were displayed to the test subject.  Figure 3.38 is a screen capture of the form displaying the 

results of the visual task.  On the left hand side of the results screen the given image grids were 

displayed for both the undistracted and distracted memorization task.  To the right of the given 

grid was a grid depicting which images the test subject selected in the ordering task.  On the right 

hand side the subject was informed of how many objects they placed in the right position on the 

grid during the placement portion of the exercise and also the results of the identification portion 

of the exercise. 
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Figure 3.38 Displaying the results of the visual memorization and recollection task to the subject 

 

The Aural Memorization and Recollection Task  

 
The goal of the experiment was to test the effects of modality on user performance and 

stress.  To try to test the effects of the modality of the task exclusively, the aural memorization 

and recollection task was designed to be very similar in nature to the visual task.  The aural task 

consisted of listening to a set of sixteen prerecorded words while trying to memorize as many 

from the list as possible.  Just as was done during the visual exercise, after the data to be 

memorized was presented, subjects were first asked to identify which words they had heard and 

then to try to put those words back in the order in which they were presented.  During the visual 

memorization task, all of the objects to be memorized were similar in that they were simple two-

dimensional shapes of the same color and approximately the same size.  This was taken into 

consideration during the design of the aural experiment also by selecting simple words that are 

related in some way.   

During the aural memorization and recollection exercise, none of the instructions were 

written but were instead presented orally though prerecorded wav files.  When the aural 
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memorization task began the computer played a wav file that read: “In this section a list of words 

will be read to you.  Please listen carefully and try to remember as many of the words as 

possible.  When you are ready to hear the list, please click on the play button.”  After the 

instructions were read, the form in Figure 3.39 appeared and the user was able to play the list to 

memorize by clicking on the play button when they were ready. 

 

 

Figure 3.39 This form appeared on the screen after the instructions for the aural memorization task were 
read 

 
After the play button was clicked, another wav file was played reading a list of fruits and 

vegetables.  Fruits and vegetables were chosen as there were many to choose from and it was 

assumed that most adults would have working knowledge of each of the words.  The following 

sixteen words were read in the wav file with each word being read approximately every 1-2 

seconds such that the wav file’s play time was approximately the same as the time that the 4x4 

grid of images was visible to the subjects in the visual memorization task: 

 

1. Apple 2. Broccoli 3. Peach 4. Coconut 

5. Banana 6. Cauliflower 7. Pear 8. Soybean   

9. Corn 10. Peanut 11. Strawberry 12. Mango 

13. Blueberry 14. Carrot 15. Spinach 16. Celery 

 

After all of the words were read, the recollection task began by displaying the form 

shown in Figure 3.40.  This form contains all sixteen of the words in the list above along with 

fourteen other related words that were not read to establish a pool of thirty total words just like 
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the thirty image pool in the visual task.  A third wav file was played to instruct test subjects as 

follows: “You should now see several words on the screen; some of these words were just read 

to you and some were not.  Use your mouse to click on the box next to each of the words that 

were just read to you.  When you are done identifying the words, please click on the next 

button.”  All of the forms in the aural task were designed such that the subject could not click on 

any of the boxes during the time in which the instructions were being read.  This was done so 

that subjects were forced to listen to the instructions before they began to identify the words.  

Thus subjects who may wait for the instructions to be read were not at a disadvantage when 

compared to subjects who may otherwise ignore the instructions.   

 

 

Figure 3.40 The aural identification task 

 

Following the identification task, subjects were instructed to place the words they heard 

into the right order using the form shown in Figure 3.41.  A wav file was again used to present 

the instructions reading: “As best you can recall, please use the listboxes to indicate the order in 

which the words you heard were presented from first to last, number 1 being the first word you 

heard and number 16 being the last word you heard.  You can change the entry in a listbox by 

clicking on the arrow to the right hand side of the listbox and selecting the appropriate word 

from the list that drops down.”  The words in the drop down lists were presented in alphabetical 

order to try to minimize the time needed to find each word and to make the task as intuitive as 

possible.  Figure 3.41 shows what the form looks like after the subject has already selected the 

correct word for the first position and has clicked on the arrow to the right hand side of the 

second listbox to identify ‘broccoli’ as the second word. 
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Figure 3.41 The aural reordering task 

 

The element of distraction was also tested in the aural task by playing background music 

while repeating the memorization, identification, and reordering tasks with a new list of words.  

The background music selected did not have any lyrics so as to not confuse the subject with any 

extraneous words during the memorization task.  For the distracted aural memorization task the 

list of sixteen words were replaced by the names of one-word U.S. states.  It was assumed that 

most test subjects would have at least a basic understanding of American geography and would 

be able to identify the words.  Since the subjects were instructed to memorize each of the words, 

two-word states such as New York or South Dakota were not used as the author thought this 
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might cause some confusion.  The states selected were also chosen carefully to try to make sure 

states were chosen from several regions of the United States so as to not exhibit regional bias.  

The one-word states read in order were: 

 

1. California 2. Nevada 3. Washington 4. Iowa 

5. Alabama 6. Texas 7. Georgia 8. Wyoming 

9. Massachusetts 10. Arizona  11. Hawaii 12. Indiana 

13. Utah 14. Virginia 15. Pennsylvania 16. Connecticut 

 

A form similar to that shown in Figure 3.40 was shown for the identification task amidst 

distraction.  The instructions read to the subject when this form was displayed were exactly the 

same as the ones read to the subject during the undistracted task.  Following the distracted 

identification task the subject was asked to put the words back into the correct order using a form 

very similar to that shown in Figure 3.41 but containing a pool of thirty state names instead of 

fruit and vegetables.  The background music during the distracted memorization task and the 

distracted identification task was the same, but a different tune was used during the ordering 

task.  At the end of the experiment the results of the aural task in both the distracted and 

undistracted setting were displayed to the subject as shown in Figure 3.42 with the order the 

words were read shown on the left and the order the user put the words in shown to the right of 

that.  At the bottom of the form are the scores on the identification task that correspond to how 

well the subject identified the words that were read to him or her according to the convention 

delineated in the visual task section.   
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Figure 3.42 The results of the aural task were displayed to the subjects at the end of the experiment 

 

3.3 Correlating User Activity with Physiological Data 
 

In order to do an adequate analysis of the impact of the various tasks on the physiology 

of the test subjects it is important to be able to determine what the test subject was doing when 

the physiological data changed.  To allow for such correlation a video was taken of each test 

subject during the study.  The video was taken to try to collect facial expressions or movement 

made during the experiment, which may indicate some sort of change in the disposition of the 

user.  The Logitech QuickCam Pro 4000 (shown in Figure 3.43) was used to collect this video 

data.  This relatively inexpensive USB camera collected 30 frames per second of color video at a 
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resolution of 640x480 pixels.  The placement of the camera during the experiment is discussed in 

further detail in the next chapter.   

 

 
Figure 3.43 Logitech QuickCam Pro 4000 

 

To get a full record of what the user was doing on the computer and what was presented 

to him or her at any given time, Screen Recorder Gold from Screen Recorder Studios Corp was 

used.  This software recorded all activity on the screen throughout the experiment and saved it to 

an avi digital video file.  The software gives the option of recording the cursor and this was 

enabled to see where the user was placing the cursor and what objects were being manipulated at 

any given time during the experiment.  The screen recorder was also configured to annotate the 

file with the date and time.  To try to reduce the file size of the video, only 2 frames per second 

were recorded.  This slow frame rate makes the video somewhat choppy, but it allows for a 

complete analysis of what the user was doing as the nature of this experiment does not lend itself 

to rapid changes of what is displayed on the screen or rapid input of data by the user.  The screen 

video data proved to be very valuable during the analysis of the data.  Chapter 4 discusses some 

logistics of the experiment.  An analysis of the data collected is presented in Chapter 5.
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Chapter 4: Experiment Administration and 
Logistics 
 
4.1 General Procedure 
 
 Test subjects were recruited through personal contacts from the author.  Those who 

agreed to participate in the study were sent an e-mail containing instructions about where to find 

the location of the study, some suggestions regarding what to wear given that test subjects were 

asked to wear a strap around the chest for heart rate collection, and what was expected of them.  

Test subjects were informed prior to commitment that the study was estimated to take 

approximately 30 minutes to complete but the time to complete the study would vary from 

person to person.  University policy requires that any study involving human test subjects also 

have an informed consent form for the participants to sign.  This form outlines what basic 

procedures are followed during the study and any anticipated risks and benefits from 

participation in the study.  A copy of the standard e-mail sent to all study participants in included 

as Appendix D.  The e-mail had the informed consent form for the study attached, which is 

included as Appendix E.   

 Upon arriving at the testing site, subjects were given a hard copy of the informed consent 

form to sign and given the opportunity to ask any questions they may have before the experiment 

began.  The informed consent form had a unique identification number written at the top for each 

participant and beyond the signature on the informed consent all data collected from a subject 

was correlated to this number rather than any personally identifying information such as the 

subject’s name.  The participants were shown all of the equipment that would be used for data 

collection and given a brief oral introduction to what they would experience throughout the 

experiment.  As some of the equipment needed to come into contact with the skin of participants 

during the experiments, the equipment was wiped down with an alcohol prep pad in front of each 

test subject before each administration of the experiment to try to prevent the spread of germs 

and to assure the test subjects that their health was a priority.  Test subjects were shown the chest 

strap they would wear throughout the study and were instructed about the proper placement of 

the strap around the chest and shown that the strap required that certain portions of it remain 

moist in order for it to properly pick up heart activity as shown in Figure 4.1.  Subjects were also 
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informed that foreign substances such as food residue or lotion on the hands could influence skin 

conductivity.  To try to reduce this variability test subjects were asked to wash their hands before 

the experiment began.  Subjects were then asked to go the restroom, wash their hands, lightly 

moisten the chest strap in the appropriate places, and to place it into direct contact with the skin.  

A female graduate student helped with the administration of the experiment to female test 

subjects by going with them to the restroom and assisting with any problems they may have had 

with the chest strap.   

 

 Areas to keep moist 

Figure 4.1 The chest strap with the areas to keep moist indicated by the yellow lines 

 
 Upon arriving back from the restroom, the chest strap’s transmission was tested with a 

wristwatch designed to receive the signals from the type of heart rate strap used in the 

experiment.  This watch contained an LCD screen that would indicate the current pulse and had a 

flashing heart icon to indicate when a heartbeat was detected.  A heart rate simulator was used in 

the event that the watch did not indicate a pulse to ensure that the placement of the chest strap 

was the issue rather a malfunction with the watch.  This watch and heart rate simulator are shown 

in Figure 4.2. 

                            
(a)  (b)   

Figure 4.2 a) The Polar wristwatch used to check the emission of pulse data from the chest strap.  b) The Polar 
pulse simulator 
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 Subjects were then asked to have a seat at the computer and were given the temperature-

sensing headband to wear and were strapped into the finger electrodes for GSR measurement.  

The signal-buffering circuit was turned on and the physiological data collection program was 

started with the administrator checking the values on the collection program GUI to ensure that 

they were within the expected range.  The software to collect data from the QuickCam was 

started and the camera was adjusted until the subject was properly inside the viewable frame.  

The QuickCam was set to record and the Screen Recorder Gold software was started to begin all 

the video data recordings.  Once all of this has been setup the software to collect demographic 

information, perform the VARK assessment, and to engage the user in various tasks was run.  

Throughout the experiment test subjects were given the option of using either a mouse or the 

laptop’s built-in touchpad.  The author remained available throughout the administration of the 

experiment in case there were any problems or any of the questions were unclear.  Figure 4.3 

shows a test subject after having been given the instructions and being strapped into the 

equipment.  As can be seen in Figure 4.3, two boxes were used to elevate the QuickCam above 

the laptop screen into a proper position to be able to record the subject’s face throughout the 

experiment.   

 

 

Figure 4.3 A test subject prepares to participate in the experiment. 
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At the end of the experiment the author discussed some of the results of the experiment 

while the results screens were displayed to each participant.  The recording software was stopped 

and subjects were allowed to remove the physiological-sensing hardware.  While not explicitly 

instructed as to how they should remove the chest strap, some subjects opted to remove the chest 

strap in the study room but others chose to return to the restroom to do this.  Participants were 

offered their choice of snacks and a beverage and thanked for their assistance in this research.   

 

4.2 Risks 
 
 The risks of the study were outlined as follows in the informed consent form given to 

each study participant.  There are always risks when using computers such as eyestrain and 

muscle fatigue.  To reduce such risks, participants were encouraged to place their hands in a 

comfortable position and to take breaks during the study if they felt uncomfortable.  Throughout 

the study physiological sensors were placed in direct contact with the skin of study participants.  

The placement of such sensors could have caused mild skin irritation.  A small electrical current 

was passed through the skin of a participant in order to measure the resistance properties of the 

skin.  The level of current passed through the skin was minimal and such procedures are a typical 

practice of psychology researchers in the use of tests such as lie detectors.  Tests were done to 

ensure that the equipment sent a safe current level through the skin, which is compatible with the 

American Heart Associations standards for EKG monitors.  The thermistor mounted in the 

headband contains a small amount of lead and there are health risks associated with lead 

exposure.  This sensor, however, is fully contained in epoxy and test subjects were not placed in 

direct contact with any leaded material.  There were no anticipated health risks from 

participation in this study.   

 
4.3 Institutional Review Board Approval 
 

This study involved human test subjects and thus had to be approved by the Institutional 

Review Board (IRB).  The packet submitted for IRB approval contained the justification for this 

research, the procedures to be followed, the perceived risks and benefits of participation in this 

study, and the guarantee of confidentiality and anonymity of the test subjects.  The IRB packet 

also contained a copy of the informed consent form and a cover page signed by the author, his 
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advisor, and the department head of the Bradley Department of Electrical and Computer 

Engineering at Virginia Tech.  The IRB requires that all investigators performing IRB research 

complete some type of training in IRB matters.  To that end, both the author of this thesis and his 

advisor completed an online training session by NIH to learn about issues to consider when 

human test subjects are involved and the history of some poorly administered tests involving 

human subjects that has led to the current need for such studies to be reviewed.  The study was 

submitted for expedited IRB approval and the letter in Appendix F was sent back to indicate 

approval of the study for a 12-month period beginning October 5, 2005. 
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Chapter 5: Data Analysis 
 
 This experiment has collected a vast amount of data from 33 test subjects, 20 males and 

13 females.  This chapter first looks into the overall performance of the test subjects on the 

undistracted tasks and then investigates the influence of distraction on performance.  Throughout 

this chapter the data is investigated in an attempt to correlate physiological arousal to 

performance, to correlate physiological arousal to modality preference, and to evaluate the 

overall performance on tasks both with and without distraction.  The analysis performed in this 

chapter is by no means intended to be an exhaustive analysis of the data as there are many 

different approaches to analysis that may be taken.  This chapter does, however, show that there 

are some interesting conclusions that may be drawn from the data. 

 

5.1 Overall Undistracted Performance 
 

Table 5.1 tabulates all of the test subjects’ responses in the undistracted visual task.  For 

the identification task, a 1 indicates that a checkmark was placed in the box corresponding to 

each shape and a 0 indicates the box was left blank.  The shapes are named according to where 

they were located in the 4x4 grid with the name m-n corresponding to the shape that was in the 

mth row in the nth column.  In the identification task a total of 30 shapes were presented: the 16 

from the original set and 14 “fake shapes.”  The fake shapes are named FS1, FS2, … , FS14 and 

are numbered based on the order in which they appear in the identification task.   Table 5.1 lists 

all the shapes presented in the identification task in the order in which they were presented.  For 

the placement task, a 1 in the table indicates that the corresponding shape was placed into the 

correct location on the grid while a 0 indicates that the shape was not placed correctly. 

Table 5.2 tabulates all of the test subjects’ responses in the undistracted aural task.  For 

the identification task, the words in Table 5.2 are listed in the order in which they were presented 

to the test subject with a 1 indicating that a checkmark was placed in the box corresponding to 

each word and a 0 indicates the box was left blank.  In the identification task a total of 30 words 

were presented: the 16 from the original set and 14 additional similar words.  The words in the 

original set are shown in bold type in Table 5.2.  For the placement task, a 1 in the table indicates 

that the corresponding word was placed into the correct order in the list while a 0 indicates that 

the word was not placed correctly. 
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SUBJECT  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

IDENTIFICATION      
3-2 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FS1 1 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0
FS2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 1 1 1
1-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
FS3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
2-4 0 1 1 1 0 1 1 1 0 0 0 1 1 1 1 0 0 0 1 1 1 1 1 1 1 0 1 1 1 1 0 1 0
2-3 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 1 1
FS4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1-2 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
2-2 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 1 0 1 0
FS5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

 

0 0 0 0 0 0 0 0 0 0 0
3-3 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 0
FS6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-2 1 0 1 0 1 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 0 1 0 1 0 0 1 1 0 1 0 0 0
FS8 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0
FS9 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-4 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1
1-4 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1
FS10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-1 0 1 0 0 1 1 1 1 1 1 0 1 0 1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 0
FS11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1-3 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FS12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
FS13 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-3 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1
3-4 1 1 0 1 1 1 0 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0
FS14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CORRECTLY 
CHECKED 12 14 12 14 14 15 12 16 15 12 13 11 11 15 13 12 7 14 15 15 12 15 12 15 14 9 15 15 14 14 12 14 10

INCORRECTLY 
CHECKED 2 1 2 0 1 1 2 1 0 1 1 0 0 1 1 0 2 1 0 0 1 0 0 1 0 1 0 1 0 1 1 1 0

      
PLACEMENT      
1-1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1
1-2 0 1 0 1 1 0 1 0 1 1 1 1 0 1 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 0
1-3 0 1 0 1 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 0 1 1 0 1 0 1 0 1 1 0 1 1
1-4 1 1 0 1 1 1 0 1 0 0 0 1 0 1 1 1 0 1 1 1 0 1 0 0 1 0 1 1 1 1 1 1 0
2-1 0 1 0 1 1 1 0 1 1 1 0 1 0 1 0 1 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 0 0
2-2 0 0 0 0 1 0 0 0 1 0 1 1 0 1 0 0 0 0 0 1 0 1 0 1 1 0 0 1 0 0 0 0 0
2-3 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 1 0 1 0 1 0 0 0 1
2-4 0 1 1 1 1 1 0 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 1 1
3-1 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 0 0 0
3-2 1 0 0 1 1 1 0 0 1 1 0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 0 1 1 0 0 1 0 0
3-3 0 1 0 1 1 0 1 0 0 0 1 0 0 1 0 1 1 1 0 1 0 0 1 1 0 0 1 1 1 0 1 0 0
3-4 1 1 1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0
4-1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0
4-2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
4-3 1 1 1 1 1 0 0 0 1 0 1 0 0 1 0 1 0 0 1 0 0 1 0 1 0 1 1 0 0 1 0 0 0
4-4 0 1 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0

CORRECTLY 
PLACED 5 11 5 12 11 6 4 4 11 6 7 9 0 10 2 6 2 6 5 7 0 9 8 12 11 2 10 6 6 3 6 5 4

Table 5.1 A tabulation of all subject responses in the undistracted visual identification and ordering exercise 
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 SUBJECT  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
IDENTIFICATION       
Banana 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 1 1 1 0 0 1 1 1 1 1
Eggplant 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Peanut 0 1 1 1 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 0 1 0 0 1 0 1 1 1 1 0
Watermelon 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
Raspberry 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0
Mango 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 0 0 1 0 1 1 1 1 0 1 1 1 0 0 1 0 1 1
Blueberry 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 0 0 1 1 1 1 1 1 0 0 1 1 0 0 1
Squash 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Cherry 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lettuce 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0
Plum 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Kiwi 1 0 0 0 0 0 1 0 0 1 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Spinach 1 0 1 1 0 1 1 1 1 1 0 1 1 0 1 0 0 1 0 1 0 0 1 0 1 1 1 1 1 1 1 0 0
Pear 1 1 0 1 0 1 0 1 1 0 0 1 0 1 0 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 0 1 1
Soybean 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 0 1 1 1 1 1 0 1 1 0 1 0
Cucumber 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1
Peach 0 1 1 1 0 1 0 1 1 0 0 1 1 1 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
Broccoli 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Strawberry 0 0 0 0 1 0 0 0 0 0 1 1 1 1 0 0 0 1 0 1 0 1 1 1 0 1 1 1 1 0 1 0 1
Cabbage 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Coconut 0 1 1 1 0 1 1 1 1 1 1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
Grape 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pea 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apple 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
Orange 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0
Carrot 1 0 0 1 1 0 1 1 1 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 1 0 1 1 1
Cauliflower 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Celery 1 0 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 1 1 0 0 1 0 1 0 1 1 1
Apricot 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Corn 1 1 1 0 1 1 0 0 0 1 1 1 1 1 0 0 1 0 1 0 0 0 1 1 1 0 1 0 1 0 0 0 0

CORRECTLY 
CHECKED 10 11 11 13 10 14 11 13 13 10 10 14 10 15 9 6 7 11 9 13 12 12 13 12 11 12 14 7 15 12 11 11 12

INCORRECTLY 
CHECKED 4 0 4 0 2 6 4 0 0 3 5 0 1 1 0 1 0 3 1 2 1 1 2 1 2 0 0 1 4 1 0 0 1

                                  
ORDERING                                  
Apple 1 1 0 1 1 1 1 1 1 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
Broccoli 0 1 1 1 0 0 1 0 1 0 0 1 1 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 0 1 0 1 0
Peach 0 0 0 1 0 0 0 0 1 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0 1 1 0 1 0 1 1 0 0
Coconut 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0
Banana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Cauliflower 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0
Pear 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Soybean 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Corn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Peanut 0 0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Strawberry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mango 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Blueberry 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Carrot 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Spinach 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Celery 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

CORRECTLY 
PLACED 1 3 4 3 1 3 2 1 3 1 0 4 3 2 2 0 5 4 6 2 2 6 2 2 2 5 2 4 2 4 2 2 3

Table 5.2 A tabulation of all subject responses in the undistracted aural identification and ordering exercise 

 

 
 Page 72Chapter 5: Data Analysis Ricky Castles 



Figure 5.1 and Figure 5.2 show the overall performance of test subjects in the 

undistracted setting on the identification tasks and the placement tasks in the visual and aural 

modalities respectively.  The performance on each task was divided into two categories, the first 

being the number of items correctly identified, that is the number of items from the original set 

of 16 items that the test subject identified as being in the given set accurately, the second being 

the number correctly placed or ordered, that is the number of items the test subject was able to 

place back into the correct position in which they were originally presented.  As was expected, 

the number of objects or words correctly identified by each subject as being part of the set to 

memorize was greater than the number of objects or words each subject placed back in the 

correct order for all subjects.   
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Figure 5.1 Each subject’s performance on the undistracted visual task 

 

5.1.1 Accounting For Some Diversions From Standard Protocol 
 

It is important to note that in the undistracted visual placement task, one subject failed to 

read the directions and thus did not properly attempt the exercise.  This resulted in them not 

placing any of the shapes back into the correct order.  This data is thus an outlier and has been 
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ignored in analysis when calculating averages from this point forward.  It was also discovered 

Undistracted Aural Task Performance By Subject
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Figure 5.2 Each subject’s performance on the undistracted aural task 

 
during an analysis of user action during the experiment that five subjects did not realize that the 

shapes in the visual memorization task automatically disappeared after thirty seconds and they 

pressed the proceed button in the middle of the thirty second period, which allowed them to 

study the images for an extended period of time.  This gives these subjects a seemingly unfair 

advantage over other subjects on the undistracted visual identification and placement portion of 

the experiment, which is difficult to account for.  Upon closer examination of the data, however, 

it was determined that the five subjects in question identified an average of 12.80 shapes 

correctly during the undistracted identification task and placed an average of 6.60 shapes back 

into the proper position during the placement exercise.  The average performance for the other 27 

subjects on the visual identification task was 13.18 shapes identified correctly and the other 26 

subjects (ignoring the outlier previously discussed) placed an average of 6.59 shapes back into 

the correct order.  Thus the extra time did not have any significant positive influence on their 

performance and for analysis purposes these subjects’ data on the corresponding tasks have been 

included despite the possible bias when calculating averages. 
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5.1.2 Summarizing the Undistracted Performance 
 

Thus after the elimination of the one outlier point in the undistracted visual placement 

exercise, for the undistracted visual task, the average number of shapes identified correctly was 

13.12, the average number of shapes identified in error was 0.72, and the average number placed 

in the correct position was 6.59.  The undistracted aural task went according to protocol for all 

subjects so no data points were eliminated on this task.  The average number of words identified 

correctly was 11.33, the average number of words identified in error was 1.55, and the average 

number of words placed in the right order was 2.67.   

 

5.2 The Effects of Position 
 
 Figure 5.3 shows the performance on the identification and placement task for the 

undistracted aural exercise.  As can be seen in Figure 5.3, the first few words were remembered 

much better than the later words.  In the identification task, the first 6 words were remembered 

by an average of 29 subjects while the remaining 10 words were remembered by an average of 

20 subjects.  The ordering effect is even more dramatic in the reordering tasks as the first word 

was put back in the proper order by 28 people, the second word was put back into the proper 

order by 19 people, the third by 12, the fourth by 6, and all other words were put back into the 

right order by 4 or fewer people. 

Figure 5.4 shows the total number of participants who correctly identified and placed 

each shape by the location of the shape within the 4x4 grid presented to the subject.  The top left 

shape was the one that was both identified as being in the set and placed back into the correct 

position more than any other shape in the image set.  This is what one would probably expect as 

the English language is read from the top to the bottom and from the left to the right, so it 

follows that the top left image would be the most often remembered shape in the set.   
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Undistracted Aural Task
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Figure 5.3 Performance by word and position on the undistracted aural exercise 

 

While the aural task was one-dimensional in nature, the visual task was two-dimensional 

as a thorough positional analysis of the data from the visual task should take into account both 

rows and columns.  Figure 5.5 and Figure 5.6 show an analysis of performance by rows and by 

columns respectively.  As can be seen in Figure 5.5 the top row was remembered best with a 

significant drop off from row 1 to row 2, particularly in the placement task, and a gradual 

declination in performance was exhibited with each row thereafter.  It is important to note, 

however, that the experiments were performed on a laptop placed on top of a table such that the 

top row was closest to eye level for each subject.  Thus, the top row was the one seen by the user 

with the least effort.  Were the display screen raised above the table more or if the data was 

projected on an overhead screen, the row-by-row results may be different.   
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Figure 5.4 Performance by position on the undistracted visual exercise 
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Average Performance by Row in the Undistracted Visual Task
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Figure 5.5 Average performance by row on the undistracted visual task 

 
 

Average Performance by Column in the Undistracted Visual Task
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Figure 5.6 Average performance by column on the undistracted visual task 
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 From Figure 5.6 it can be seen that the correlation between columns and performance is 

not as obvious as it is for the rows.  Column 3 has the best average performance with column 1 

being a close second.  Column 2 had the worst performance in both the identification and the 

placement tasks despite containing a shape in the third row that was tied for the second most 

identified shape in the table.  The difference in performance between the second and fourth 

columns in the identification task is negligible. 

The Oxford Handbook of Memory discusses free recall and serial recall, free recall being 

a task like the identification task where subjects are allowed to recall the items presented in any 

order and serial recall being to recall the items in the order in which they were presented.  It is 

stated in [29]: 

In free recall, the performance measure commonly used is the number (or 
proportion) of items recalled.  If the subject’s recall attempt is allowed to begin 
immediately after the material has been presented, then recall levels will vary 
according to the serial position of the item in the list.  In particular, the last few 
items to have been presented will be recalled at a much higher level than items in 
the middle of the list, a phenomenon known as the recency effect. 

 
The data collected in this experiment, however, suggests that just the opposite is true with earlier 

items being remembered much more often than the later items indicating that since people were 

instructed to remember the items that they began to memorize them from the beginning and at 

some point during the recollection their short-term memory became saturated.  The free recall 

task began immediately after the material was presented with the only delay being during the 

period where oral instructions for the recall task were given.  The serial recollection task was not 

immediately after the memorization of the data as the free recollection task always occurred 

before the serial recollection task, but there was not much delay between the memorization 

period and the serial recall task.   

The rate at which items are presented may play into how well they are remembered.  It is 

possible that the later items may be remembered more if the items were presented more slowly 

such that there was a much longer duration between the time the subject heard the first word and 

the time the subject heard the last word.  All 16 words were presented in a span of only 22 

seconds.  If the words were presented serially over the course of several minutes the later words 

may be much more likely to be recalled than the earlier words.  In general, however this 

experiment shows that the first items presented in an aural fashion to a subject will be much 

 
 Page 79Chapter 5: Data Analysis Ricky Castles 



more likely to be remembered than later items and visual data presented at the top of a screen 

will be remembered much more often than visual data at the bottom of a screen.  To more 

completely test the ordering effects in the visual modality, experiments could be done to present 

a single image at a time rather than a grid of 16 images all at once.   

 

5.2.1 The Statistical Significance of Position Effects 
 

While much insight can be gleaned from simply looking at the means of the data alone, to 

show that the means of the data are significantly different, several one-way analysis of variance 

(ANOVA) calculations have been performed.  To perform this analysis the data has been entered 

into an excel spreadsheet as was shown in Table 5.1 and Table 5.2 assigning a value of 1 to a 

checked value and 0 to an unchecked value and then using the data analysis package to calculate 

all the statistical values.  An ANOVA of all the entries corresponding to the sixteen shapes in the 

table presented to subject participants during the undistracted visual identification task yielded 

the following values: F = 3.889, Fcritical = 1.686 and a p = 1.24 x 10-6.  In order for the means to 

be significantly different, F must be greater than Fcritical.  The value of p is the probability that 

this value of F arose just from chance or random error and we desire this value to be less than 

0.05 in order to conclude that the results are statistically reliable.  Thus from this test it can be 

seen that the mean performance for the sixteen locations in the table are significantly different 

with a confidence of 99.9999%.  The same test has been done for the undistracted visual ordering 

task, the undistracted aural identification task and the undistracted aural ordering task.  For the 

undistracted visual ordering task, F = 5.527, Fcritical = 1.687, and p = 1.88x10-10 indicating that the 

means are significantly different with a reliability of approximately 100%.  For the undistracted 

aural identification task, F = 4.898, Fcritical = 1.686, and p = 5.44 x 10-9 indicating that the means 

are significantly different with a reliability of approximately 100%.  For the undistracted aural 

ordering task, F = 20.211, Fcritical = 1.686, and p = 8.79 x 10-43 indicating that the means are 

significantly different with a reliability of approximately 100%.   

To check the statistical significance of the claim about performance differing by row and 

column on the undistracted visual tasks a similar ANOVA operation was performed.  For the 

row-based analysis, the data table was condensed to contain the sum of the number of correctly 

identified shapes in each row for each user.  A similar analysis was done by column.  For the 

undistracted visual identification task, the ANOVA on the number of shapes properly identified 
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in each row by all the subjects yielded F= 3.82, Fcritical = 2.675, and p = 0.01658.  Thus the means 

for the number of shapes identified correctly in each row are significantly different with a 

certainty of 98.83%.  For the ANOVA on the performance by column on the undistracted visual 

identification task, F = 2.383, Fcritical = 2.675, and p = 0.07242 so it cannot be claimed with 

certainty that there is a significant difference in performance based on the column in which the 

shapes are located.  Calculating an ANOVA on the row-by-row performance on the undistracted 

visual ordering task yields F = 10.866, Fcritical = 2.678, and p = 2.18 x 10-6.  Thus it can be said 

with 99.9998% certainty that the average performance on the undistracted visual ordering task 

will differ based upon the row in which the items to be memorized are located.  For the ANOVA 

on the column-by-column performance, F=1.637, Fcritical=2.678, and p = 0.184.  Thus for the 

undistracted visual ordering task there is not a statistically significant correlation between the 

columns in which the shapes are located and the performance on the ordering task. 

 

5.3 The Overall Effects of Distraction on Task Performance 
 
Table 5.3 tabulates all of the test subjects’ responses in the distracted visual task.  Just as 

was presented in the undistracted visual task in an earlier section, for the identification task, a 1 

in Table 5.3 indicates that a checkmark was placed in the box corresponding to each shape and a 

0 indicates the box was left blank.  The shapes are named according to where they were located 

in the 4x4 grid with the name m-n corresponding to the shape that was in the mth row in the nth 

column.  Also like in the previous exercise, in the identification task a total of 30 shapes were 

presented: the 16 from the original set and 14 “fake shapes.”  Just like Table 5.1, Table 5.3 lists 

all the shapes presented in the identification task in the order in which they were presented to the 

test subject.  For the placement task, a 1 in the table indicates that the corresponding shape was 

placed into the correct location on the grid while a 0 indicates that the shape was not placed 

correctly. 

Table 5.4 tabulates all of the test subjects’ responses in the distracted aural task.  Just like 

Table 5.2, a 1 in Table 5.4 for the identification task indicates that a checkmark was placed in the 

box corresponding to each word and a 0 indicates the box was left blank.  In the identification 

task a total of 30 words were presented: the 16 from the original set and 14 additional similar 

words.  The words in the original set are shown in bold type in Table 5.4.  Table 5.4 lists all the 

words presented in the identification task in the order in which they were presented to the test 
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subject.  For the placement task, a 1 in the table indicates that the corresponding word was 

placed into the correct order in the list while a 0 indicates that the word was not placed correctly. 

Figure 5.7 and Figure 5.8 show the overall performance of test subjects in the distracted 

setting on the identification tasks and the placement tasks in the visual and aural modalities 

respectively.  As was the case in the undistracted setting, the number of objects or words 

correctly identified by each subject as being part of the set to memorize was greater than (or in 

one case equal to) the number of objects or words each subject placed back in the correct order 

for all subjects.   
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SUBJECT  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

IDENTIFICATION      
FS2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-4 0 1 0 1 1 1 0 1 1 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1
3-2 1 1 1 1 1 1 1 1 1 0 1 1 0 1 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0
4-1 0 1 1 1 0 1 1 1 1 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 1 0 1 1 1 0 0 0 1
FS1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 1 0
1-1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FS3 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 1
2-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 1 1 1 1 1 0 1 1 0 1 0
FS4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
FS7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1
3-3 1 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
FS15 0 0 1 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0
4-2 0 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 1 1 1 0 0 1 1 0 1 1 1 1 1 0 1 1 1
FS5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
4-4 1 1 1 1 1 1 1 1 0 1 0 0 0 1 1 0 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 0 1
FS9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1-4 0 1 1 1 0 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 0 1 0 1 1 1 1 0 1 1 0 1 1
FS8 1 1 0 0 1 0 1 0 0 1 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 1 0
FS10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 0 1 1 1 1 0
2-1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 1
FS12 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
1-3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0
FS11 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FS16 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0
4-3 1 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0 0 0 0 1 1 0 1 0 0 0 0 0 0
FS13 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
3-4 1 0 0 1 0 1 1 1 1 0 0 1 0 1 1 0 1 1 1 1 0 1 0 1 1 1 1 0 0 1 1 1 0

CORRECTLY 
CHECKED 12 13 13 14 12 15 13 16 15 11 13 10 9 12 9 9 8 16 11 11 8 12 10 14 16 13 16 10 13 13 11 13 10

INCORRECTLY 
CHECKED 2 2 2 1 5 1 3 1 1 2 0 2 1 1 2 0 3 0 0 2 2 0 1 0 1 1 2 3 1 2 4 2 2

      
PLACEMENT      
1-1 1 1 1 0 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1
1-2 0 1 1 0 1 1 1 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 0 1 0 1 1 0 0 0 0 0 0
1-3 1 0 1 0 0 0 1 0 1 0 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 1 1 0 0
1-4 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0
2-1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0
2-2 0 1 0 1 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 1 0 1 1 1 0 1 1 0 0 0 1 1 0
2-3 1 1 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 1 0 1 0 0 0 1 1 1 0 0 0 1 0 0 0
2-4 0 1 0 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
3-1 1 0 0 1 1 0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0
3-2 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-3 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0
3-4 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0
4-3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-4 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CORRECTLY 
PLACED 7 6 3 4 4 3 5 3 4 1 4 9 9 8 3 2 4 5 5 4 1 6 3 9 2 6 7 0 2 3 5 2 1

Table 5.3 A tabulation of all subject responses on the distracted visual identification and ordering exercise 
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SUBJECT  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

IDENTIFICATION      
Missouri 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Washington 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1
California 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
Massachusetts 1 1 1 1 0 1 0 0 0 0 0 0 1 1 0 1 0 0 1 1 1 0 0 0 0 1 1 0 0 0 0 1 0
Florida 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 0 0
Utah 0 0 0 1 0 1 1 1 1 0 1 1 0 0 0 1 0 0 1 1 1 0 1 1 1 1 0 0 1 1 1 1 1
Alabama 0 1 0 0 1 1 1 1 0 0 1 1 1 0 1 0 1 1 0 0 1 1 1 1 1 1 1 0 1 0 1 1 0
Georgia 1 0 1 1 0 0 1 1 0 1 1 0 0 0 0 1 1 1 1 1 0 1 1 1 1 0 1 0 1 0 0 1 1
Vermont 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
Arizona 0 1 0 1 0 1 0 0 1 1 1 1 0 1 0 0 0 1 0 1 1 0 1 0 1 0 0 0 1 1 1 1 0
Minnesota 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
Colorado 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0
Indiana 0 1 0 1 1 1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 1 1 0 0 0 1 0 0 1 0 1 0 0
Illinois 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
New York 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Virginia 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1
Oregon 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Pennsylvania 1 0 1 1 1 1 0 1 0 1 1 1 0 1 0 0 0 1 0 1 1 1 1 1 0 0 1 0 0 0 1 0 0
Ohio 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0
Nebraska 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
Nevada 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1
Michigan 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Iowa 1 0 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 0 0 1 0 1 1 1 1 1 1 1 0 1 1 1 0
Connecticut 1 1 0 1 1 1 1 1 0 1 1 0 1 0 1 0 0 1 0 1 1 1 1 0 0 1 1 0 1 1 0 1 0
Montana 0 0 0 0 0 1 1 0 0 0 1 0 1 1 0 0 0 1 1 0 0 1 0 1 0 0 0 0 1 0 0 0 1
Wisconsin 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Texas 1 0 0 1 1 1 1 1 0 1 1 1 0 1 0 1 1 0 1 1 1 0 1 0 1 1 1 0 0 0 0 1 0
Kentucky 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 0
Hawaii 1 1 1 1 0 0 1 1 1 1 0 1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 0 1 1 0
Wyoming 1 1 1 1 0 1 1 0 0 1 0 1 1 1 1 0 0 1 0 0 1 1 1 0 1 0 1 0 1 1 1 0 1

CORRECTLY 
CHECKED 12 11 9 15 9 12 12 12 8 13 11 12 9 12 8 10 8 12 8 14 13 11 13 10 12 11 13 5 12 8 12 11 7

INCORRECTLY 
CHECKED 2 1 2 0 0 4 5 4 1 0 5 0 1 2 3 0 2 4 6 0 1 2 3 3 1 1 0 0 4 3 5 0 2

      
PLACEMENT      
California 1 1 0 0 1 1 0 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 1 1 1 1 1 0 1
Nevada 1 0 0 0 1 0 0 0 0 1 0 1 0 1 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 0 1 0 0
Washington 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Iowa 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Alabama 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Texas 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Georgia 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Wyoming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Massachusetts 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Arizona 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Hawaii 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
Indiana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Utah 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
Virginia 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
Pennsylvania 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0
Connecticut 0 0 0 0 1 1 1 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0

CORRECTLY 
PLACED 2 1 0 2 5 2 4 1 3 5 3 3 1 4 3 3 5 4 3 6 1 3 3 3 2 2 1 2 2 2 5 0 1

Table 5.4 A tabulation of all subject responses on the distracted aural identification and ordering exercise 
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Figure 5.7 Each subject’s performance on the distracted visual task 
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Figure 5.8 Each subject’s performance on the distracted aural task 
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5.3.1 Accounting For Some Diversions From Standard Protocol During The Distracted 
Tasks 
 

During the distracted visual ordering exercise, one subject compensated for the 

distraction by enlarging the main window of the exercise such that it covered up the windows 

presenting distracter images.  The data from this particular exercise for that subject was included 

in the data tables, but has been ignored when calculating average performance because this 

subject did not maintain the full effect of distraction throughout the experiment.  One subject 

also accidentally pulled out one of the physiological data cables during the aural identification 

exercise.  This thus caused a slight delay in the experiment for that subject while repairs were 

made and required them to remember the words for a longer period of time than other subjects.  

Since this cannot be easily accounted for, the data from this subject for aural identification and 

placement tasks has been ignored when calculating averages for those tasks.  One subject pressed 

the play button twice which resulted in the set of words to memorize being read twice in 

succession.  This subject was thus exposed to the words twice as much as all other subjects and 

thus seems to have had an unfair advantage over the other subjects. The subject who heard the 

words twice did in fact exhibit performance significantly better than most other subjects so for 

analysis purposes the performance for this subject on the distracted audio identification and 

ordering tasks has been considered an outlier and was rejected.   

 
5.3.2 Summarizing the Influence of Distraction on Task Performance 
 
 For the distracted visual task, the average number identified correctly was 12.15 which is 

approximately one shape less than the average performance of 13.12 on the undistracted visual 

identification task.  The average number of shapes selected in error on the distracted visual 

identification task was 1.57, which is more than twice the average of 0.72 improperly selected 

shapes in the undistracted visual identification task.  The average number of shapes placed in the 

correct position was 4.25 under distraction, which is approximately two shapes less than the 

average performance of 6.59 on the undistracted visual ordering task.  For the distracted aural 

task, the average number of words identified correctly was 10.81, which was less than the 

average performance of 11.33 on the undistracted aural task by about half a word.  The distracted 

aural task yielded an improper selection of 1.94 words on average compared with 1.55 for the 
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undistracted aural task.  The average number of words placed in the right order was 2.48, which 

is slightly less than the average performance on the undistracted aural ordering task of 2.67.   

5.3.3 The Statistical Significance of Distraction 
 

A paired T test was performed on the data to conclude the significance of the change in 

performance due to distraction.  For the paired T test, if either portion of a pair was rejected as an 

outlier due to the errors in protocol previously discussed then the corresponding point was also 

rejected.  The results of the T test are shown in Table 5.5 with the P value indicating the 

probability that mean performance on the distracted and undistracted tasks will be statistically 

insignificant.  It is desired to have p values smaller than 0.05 to show that the results of the 

distracted task are statistically worse than undistracted performance given the data collected 

during this experiment.  The visual identification and placement tasks showed a very strong 

statistically significant difference in the average performance as a function of distraction.  The 

number of items correctly identified in the aural identification task also showed a significant 

difference based upon distraction, but the number of incorrectly selected items and the placement 

task did not show any significant difference in overall performance based upon distraction. 

 
 

Task 
Average 

Performance 
Undistracted 

Average 
Performance 
Distracted 

Difference 
Between 

Undistracted and 
Distracted 

P value 
from 
T test 

Statistically 
Significant? 

Correct Visual 
Identification 

13.12 12.15 -0.97 0.00507 Yes 
(99.493%) 

Incorrect Visual 
Identification 0.72 1.57 +0.85 0.00005 Yes 

(99.995%) 
Correct Visual 

Placement 6.59 4.25 -2.34 0.00060 Yes 
(99.940%) 

Correct Aural 
Identification 11.33 10.81 -0.52 0.04375 Yes 

(95.625%) 
Incorrect Aural 
Identification 1.55 1.94 +0.39 0.18717 No 

Correct Aural 
Placement 2.67 2.48 -0.19 0.37490 No 

Table 5.5 A comparison of the distracted to undistracted performance 
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5.4 The Effects of Distraction and Position 
 
 Figure 5.9 is similar to Figure 5.4 and shows the position-by-position performance on the 

visual identification and placement tasks amidst distraction.  Figure 5.10 and 5.11 are summaries 

of the average performance on the distracted visual task by row and by column respectively.  As 

can be seen from Figure 5.10, the top row of images was still remembered more than any other 

row with performance on both the identification and placement tasks showing a monotonic 

decrease as a function of row from top to bottom.  Figure 5.11 shows that there is a monotonic 

decrease in performance by column from left to right on the distracted visual placement task.  

For the distracted visual identification task there is not as strong of a correlation between column 

and performance when compared to the ordering task, but the second column had the best 

average performance, which is interesting because the second column had the worst average 

performance in the undistracted task. 

A similar statistical analysis by row and by column was performed on the distracted data 

as was performed on the undistracted data.  For the distracted visual identification task, an 

ANOVA by row yields F=10.792, Fcritical = 2.675, and p = 2.27 x 10-6.  Thus there is a 

statistically significant difference in the mean performance row-by-row on the distracted visual 

identification task with a confidence of 99.999%.  An ANOVA on the column-by-column 

performance yields F = 3.635, Fcritical = 2.675, and p = 0.0147.  Thus there is a statistically 

significant difference in the mean performance when analyzed on a column-by-column basis 

with a confidence of 98.53%.  For the distracted visual ordering task, a row-by-row ANOVA 

yields F = 14.837, Fcritical = 2.678, p = 2.59 x 10-8.  Thus the difference in mean performance row-

by-row is statistically significant with a confidence of nearly 100%.  A column-by-column 

statistical analysis of the distracted visual ordering task yields F = 2.851, Fcritical = 2.678, 

p=0.0401.  Thus the mean performance column-by-column is statistically different with a 

confidence of 95.99%.  It is interesting that the column-by-column performance is different with 

statistical confidence on both the distracted visual identification task and the distracted visual 

ordering task because the difference in the column-by-column mean performance was not 

statistically significant on either the undistracted visual identification task or the undistracted 

visual ordering task.   
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Figure 5.9 Performance by position on the distracted visual exercise 
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Average Performance By Row in the Distracted Visual Task
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Figure 5.10 Average performance by row on the distracted visual task 

 

Average Performance by Column in the Distracted Visual Task
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Figure 5.11 Average performance by column on the distracted visual task 

 

Figure 5.12 shows the performance on the distracted aural exercise by word and position. 

On this exercise, test subjects once again tended to remember words at the beginning of the list 

with a sharp drop off on the distracted aural placement task from the first word to the second and 

another significant drop from the second to the third and the third to the fourth.  The 

identification task shows a monotonic decrease across the first 5 words.  The word Virginia was 
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highly memorable with it being remembered as much as the second word and the only word 

remembered by more subjects was the very first word in the list.  This reflects a local bias in the 

word set since the study was done in the state of Virginia.  The placement task exhibits the 

recency effect, as the last three words were placed into the proper order better than the words in 

the middle of the set with a monotonic increase across the last three words in the set.  An 

ANOVA was performed on a word-by-word basis for both the distracted aural identification task 

and the distracted aural ordering task.  For the distracted aural identification task, F=3.530, 

Fcritical=1.687, p=8.56x10-6.  For the distracted aural ordering task, F=10.064, Fcritical=1.687, 

p=5.52x10-21.  Thus the difference in means on the performance by word on both the distracted 

aural identification and ordering tasks is statistically significant with a confidence of nearly 

100%.   
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Figure 5.12 Performance by word and position on the distracted aural task 
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5.5 The Effects of Learning Preference on Performance 
 
 As was discussed in chapter three, participants in this study were asked to classify 

themselves as preferring visual, audio and oral learning, reading and writing, or kinesthetic 

learning.  They were also given the VARK learning style assessment to classify them as 

preferring the aforementioned categories or being multimodal with preference for more than one 

category.  This section discusses the influence of both self-reported preference and the 

preferences indicated by the VARK assessment on the performance on the visual and aural tasks. 

 

5.5.1 Self-reported Learning Preference 
 

 Of the 33 participants in the study, 10 reported preferring to learn things visually (V), 2 

reported preferring to learn things through audio and oral presentation (A), 7 reported preferring 

reading and writing (R), and 14 reported preferring learning through kinesthetic activity (K).  

Table 5.6 shows the average performance of subjects broken down by their self-reported learning 

modality preference.  This table gives some very interesting insight into how people react to 

tasks in their preferred modality as opposed to tasks that are not.   

Visual learners did not on average properly identify the most shapes as being part of the 

set to memorize in the undistracted or distracted visual identification task.  They did, however, 

have the lowest average for the number of shapes incorrectly identified.  Thus, if overall 

performance on the identification task were considered the difference between the number of 

shapes properly identified and the number of shapes incorrectly marked as being part of the set 

then visual learners did have the best performance on the undistracted visual identification task.  

 On the distracted visual identification exercise, visual learners actually had the lowest 

average for the number of shapes properly identified as being part of the set.  Taking into 

consideration the score for this task as being the difference between the number identified 

properly and the number of improperly identified shapes then visual learners had the second 

worst overall performance of any learning preference group with only the kinesthetic learners 

having a lower score on this task.  Visual learners had the best performance on the undistracted 

visual placement task, but visual learners actually performed the worst of any group on the 

distracted placement task.  This indicates that distracters in the preferred learning modality have 

a very detrimental impact upon task performance.   
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Style Preference  

V A R K 

Undistracted Correct Identification 13.00 12.00 13.57 13.14 

Undistracted Incorrect Identification 0.40 0.50 1.14 0.79 

Undistracted Placement 7.44 6.50 7.14 5.79 

Distracted Correct Identification 11.60 14.00 12.86 11.93 

Distracted Incorrect Identification 1.20 1.00 1.71 1.86 

Visual 

Exercises 

Distracted Placement 3.70 5.00 5.57 3.85 

Undistracted Correct Identification 11.40 12.50 12.00 10.79 

Undistracted Incorrect Identification 1.50 0.00 2.14 1.50 

Undistracted Placement 2.40 4.00 2.57 2.71 

Distracted Correct Identification 11.80 9.50 11.50 9.92 

Distracted Incorrect Identification 1.70 1.00 2.67 1.92 

Aural 

Exercises 

Distracted Placement 2.10 2.50 3.50 2.31 

Table 5.6 Performance on each task broken down by self-reported learning modality preference 

 
 Audio and oral learners had the lowest performance on the undistracted visual 

identification task but actually performed better on the distracted visual task than they did on the 

undistracted visual identification task.  No other modality preference group had an improved 

average performance in the distracted identification task when compared to their undistracted 

performance.  Audio and oral learners had the best average overall performance on the distracted 

visual identification task.  All groups showed a decline in their average performance on the 

distracted visual placement exercise when compared to their performance on the undistracted 

placement task, but audio and oral learners showed the least decline.  The minimal influence of 

distraction on the performance of audio and oral learners indicates that distracters in the non-

preferred modality may have little overall impact upon performance.   

 For the aural exercises, the audio and oral learners had the best average overall 

performance on the undistracted identification task identifying the most words properly and 

misidentifying the least number of words.  Audio and oral learners also had the best performance 

on the undistracted aural placement task.  The audio and oral learners, however, were quite 

susceptible to audio distraction as they identified the lowest number of words properly in the 

 
 Page 93Chapter 5: Data Analysis Ricky Castles 



distracted aural identification task and had the second worst overall performance in the distracted 

identification task when accounting for the difference between the number of words properly 

identified and the number or words erroneously identified as being part of the set.  Audio and 

oral learners had the second best performance on the distracted aural placement task, but showed 

the largest decline in performance when comparing their score on the placement task without 

distraction to their performance within distraction.  This shows more evidence that distraction 

within the preferred learning modality has a significant impact upon performance. 

 Participants who preferred reading and writing actually had the best overall performance 

on the distracted aural placement task and were the only group to show improvement from the 

undistracted aural placement task to the distracted aural placement task.  These participants were 

also most prone to errors in identification and had the highest average error rate on both the 

distracted and undistracted aural identification tasks.  They had the highest average for 

incorrectly identified shapes on the undistracted visual identification task and the second highest 

average on the distracted visual task.  

 A statistical analysis of the average performance on each of the tasks based on modality 

preference was performed by sorting the total performance on each task into four groups 

according to each subject’s self-reported modality preference and then performing a single-factor 

ANOVA on the four groups of data.  The results of these statistical analyses are tabulated in 

Table 5.7 indicating the calculated value of F, Fcritical, and p along with a conclusion about the 

statistical reliability of the means being different.  As can be seen from Table 5.7, the difference 

in mean performance on each task by modality preference group is not statistically significant 

based on the available data.  The number of data points for each group was fairly small, 

particularly the aural-preferring group, which only had 2 members, so showing statistical 

reliability, is a challenge without more data to support the hypothesis.  Since there appears to be 

a good correlation between performance and self-reported modality preference based on the 

means alone, statistical significance may be found if more data was taken.  The next subsections 

show performance by the modality preferences indicated by the VARK assessment.   
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 F Fcritical p 
Statistically 

Significant? 

Undistracted Correct Identification 0.315 2.934 0.814 No 

Undistracted Incorrect Identification 1.940 2.934 0.145 No 

Undistracted Placement 0.539 2.947 0.660 No 

Distracted Correct Identification 0.838 2.934 0.484 No 

Distracted Incorrect Identification 0.787 2.934 0.511 No 

Visual 

Exercises 

Distracted Placement 1.018 2.947 0.399 No 

Undistracted Correct Identification 0.690 2.934 0.566 No 

Undistracted Incorrect Identification 0.855 2.934 0.476 No 

Undistracted Placement 0.611 2.934 0.612 No 

Distracted Correct Identification 1.902 2.960 0.153 No 

Distracted Incorrect Identification 0.549 2.960 0.653 No 

Aural 

Exercises 

Distracted Placement 1.354 2.969 0.278 No 

Table 5.7 The statistical significance of the difference in mean performance by self-reported modality 
preference for each task 

 

5.5.2 Learning Preferences Determined by the VARK Assessment 
 
  When study participants were asked to self-report their learning modality preference they 

were forced to select a single modality.  The VARK assessment accounts for the fact that some 

people are multimodal in preference.  Based upon each participant’s answers to each question on 

the VARK questionnaire a score was calculated for each category.   Of the 33 participants in the 

study, 18 participants had the category with the highest VARK score match their self-reported 

preference.  Based upon the scoring method presented in Appendix 2 another 11 participants 

were classified as multimodal with their self-reported preference being included as one of their 

preferred modalities.  Based upon the maximum category score and noting that some subjects 

had a tie for their high score, 6 subjects were classified as visual, 9 subjects were classified as 

audio and oral, 12 subjects were classified as reading and writing, and 12 subjects were classified 

as kinesthetic.  Based upon the scoring rules in Appendix 2, 16 subjects were classified as visual, 

15 subjects were classified as audio and oral, 20 subjects were classified as reading and writing, 

and 21 subjects were classified as kinesthetic.   
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Performance by Maximum Score on the VARK Assessment 

 

 Table 5.8 shows the average performance of subjects on each of the tasks in the study 

broken down by the modality preference that received the highest score on the VARK 

assessment.  For purposes of the data in this table, ties for maximum score were broken by 

selecting the modality that corresponded to the self-reported modality preference.  This table 

once again shows that although visual learners did not identify the most shapes correctly during 

the undistracted visual identification task, they did identify the least number of shapes incorrectly 

and they had the best overall performance on both the undistracted and distracted visual 

placement tasks.  Interestingly, participants identified as visual learners actually identified the 

least number of shapes properly on both the undistracted and distracted identification tasks.   

 Participants preferring audio and oral learning did not identify the most words correctly 

during the undistracted aural identification exercise, but they did have the least number of words 

identified in error.  They also had the best performance in the undistracted aural placement 

exercise.  Distraction in the preferred modality seemed to once again have a strong influence as 

audio and oral learners had the largest average decline in performance from the undistracted 

aural ordering task to the distracted aural ordering task. 

 Kinesthetic learners were most prone to errors in identification on the undistracted and 

distracted identification tasks while learners who preferred reading and writing had the most 

errors in identification on both the undistracted and the distracted visual identification tasks.  

This seems to indicate a less detailed examination of data when it is presented outside of the 

preferred modality.   

 An ANOVA was calculated for each of the tasks dividing performance into groups based 

upon the maximum score on the VARK questionnaire.  The results of the ANOVA indicate that 

there is not enough data to make a statistically significant claim about the difference between the 

mean performances of each modality-preferring group.  The results of the statistical analysis for 

the data grouped by the maximum score on the VARK questionnaire are very similar to the 

results from the self-reported preference and indicate that studying more subjects may lead to 

more statistically reliable conclusions.   
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Style Preference  

V A R K
Undistracted Correct Identification 12.33 12.86 13.91 12.89 

Undistracted Incorrect Identification 0.17 0.57 1.00 0.89 

Undistracted Placement 8.00 5.71 6.64 6.44 

Distracted Correct Identification 11.17 11.86 12.73 12.33 

Distracted Incorrect Identification 1.33 1.86 2.00 1.00 

Visual 

Exercises 

Distracted Placement 4.67 3.57 4.36 4.38 

Undistracted Correct Identification 12.17 10.86 11.73 10.67 

Undistracted Incorrect Identification 1.00 0.57 1.55 2.67 

Undistracted Placement 2.67 3.14 2.36 2.67 

Distracted Correct Identification 12.33 8.86 10.80 11.38 

Distracted Incorrect Identification 1.00 1.86 1.90 2.75 

Aural 

Exercises 

Distracted Placement 2.00 2.43 2.80 2.50 

Table 5.8 Performance on each task categorized by maximum preference score on the VARK assessment 

 

Performance Based on all Modality Preferences Indicated by the VARK Assessment 

 
 The table presented in the previous subsection showed performance based upon just the 

maximum score on the VARK assessment.  Proper scoring of the VARK assessment allows for 

multiple preferred modalities for each participant.  Table 5.9 shows the average performance by 

participants based on any classification they received from the VARK assessment.  The data in 

this table is a little watered down as some subjects had several categories and some even fit into 

all four categories.  Their scores were thus averaged in with data in several columns making it 

more difficult to draw a clear distinction between the groups.  For this reason and the reasons 

discussed in the previous subsections, a statistical analysis of the significance of the difference 

between the means of the four modality-preferring groups is inconclusive in terms of statistical 

reliability.   

 This table does show the same trend in errors during identification and the influence of 

distraction.  Visual learners showed the lowest number of errors on the undistracted visual task, 

but the second highest number of errors amidst visual distraction.  Visual learners had the best 

overall performance on average on the visual placement task with and without distraction.  In the 

undistracted aural identification task, participants preferring audio and oral learning had the best 
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performance in terms of both the number of words identified correctly and the number of words 

identified in error.  The number of words identified correctly for audio and oral-preferring 

learners was not significantly different, however, from the average for learners preferring reading 

and writing.  Kinesthetic learners identified the least number of shapes correctly in both the 

distracted and undistracted visual identification task and they also identified the least number of 

words correctly in the aural identification task both amidst and without distraction.   

 With so many participants fitting into multiple categories the table indicates values that 

are much closer together than the values presented when considering just the self-reported 

preference.  Both the self-identified preference and the preference indicated from the VARK 

assessment show correlations to performance despite a lack of reliability through statistical 

analysis.  When using the VARK assessment, since participants are allowed to be part of 

multiple categories it would be better to have more participants so that the distinction between 

categories is not as diluted as it appears to be in this table.  It may also be useful to limit the 

number of categories that a participant can be part of to a maximum of two.  Overall, given the 

data collected during this experiment, the self-reported modality preference has the best 

correlation to performance when compared to analysis based on the results of the VARK 

learning preference assessment.  Some participants reported a difficulty in choosing just one 

modality as their self-reported preferred modality, so a future implementation of this experiment 

could allow participants to choose up to two preferred learning modalities to allow test subjects 

more flexibility. 
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Style Preference  
V A R K 

Undistracted Correct Identification 13.38 13.33 13.60 12.75
Undistracted Incorrect Identification 0.56 0.67 0.80 0.75
Undistracted Placement 6.73 6.36 6.11 5.60
Distracted Correct Identification 12.06 12.27 12.05 11.65
Distracted Incorrect Identification 1.75 1.53 1.80 1.55

Visual 

Exercises 

Distracted Placement 4.31 3.80 4.10 3.95
Undistracted Correct Identification 11.38 11.47 11.45 10.60
Undistracted Incorrect Identification 1.31 1.13 1.55 1.75
Undistracted Placement 2.56 2.80 2.50 2.70
Distracted Correct Identification 11.00 10.36 10.68 10.33
Distracted Incorrect Identification 1.93 2.21 2.16 2.33

Aural 

Exercises 

Distracted Placement 2.33 2.57 2.63 2.56

Table 5.9 Performance on each task categorized by all preferences indicated by the VARK assessment 

 
5.6 Physiological Data Analysis 
 
 This section examines the physiological data collected throughout the experiment to 

determine the physiological effects of the various activities.  The C++ code contained in 

Appendix H was used to calculate the physiological reaction during the various activities given 

the raw physiological data and information about the time taken for each of the tasks.  The 

physiological data is analyzed based on both activity and modality preference.  The experiment 

was designed such that there should be no ordering effects or gender biases in terms of 

physiological reaction and overall activity performance; this section analyzes that hypothesis for 

the physiological measures collected.  This section also discusses some errors in procedure 

discovered during the administration of the experiment and the analysis of the data and discusses 

changes that should take place in the future to eliminate some of these errors.  The raw data for 

some physiological measures had to be preprocessed and this section discusses how that was 

done.  Physiological data standardization procedures were implemented prior to any comparative 

analysis to account for individual differences amongst experiment participants.  The 

standardization procedures are discussed in detail in a subsection that follows.     
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5.6.1 Raw Physiological Data Preprocessing 
 

Skin temperature was not recorded directly by the physiological data collection program 

in order to speed up the collection of physiological data.  Skin temperature was recorded 

indirectly by recording the resistance of the thermistor at a fixed interval.   The resistance values 

were converted to temperatures using a C++ program that calculates the temperature 

corresponding to each resistance recorded using Equation 3-5 along with the nominal resistance 

and nominal temperature for the particular thermistor used in this experiment as found in the 

thermistor datasheet in Appendix A.  During the experiment, each subject’s skin temperature 

data was stored into an ASCII text file as a series of thermistor resistance values with the name 

temp#.txt where # is the subject number of the range 1-33.  The program in Appendix G was run 

to parse the thermistor resistance data in file temp#.txt in order to output temperatureC#.txt and 

temperatureF#.txt which store the recorded temperatures in degrees Celsius and Fahrenheit 

respectively.   

 
5.6.2 Errors in Physiological Data Collection 
 

The physiological signals were sent along stranded core wire into the PMD-1208FS.  

While subject 18 was participating in the experiment, one of the wire strands formed a short 

circuit with an adjacent wire leading to erroneous thermistor value recordings.  A repair was 

made to the equipment following this participant’s session and the temperature data for this 

subject has thus been ignored in analysis.  The sound level on the computer speakers for the 

audio task for subject 20 was not high enough to hear the oral instructions and as a result this 

subject had to restart the experiment.  When it was restarted the physiological data was not set to 

collect from the beginning, so physiological data for subject 20 during the survey task and all of 

the undistracted audio tasks has been lost.  The PMD-1208FS fell off of the desk during the last 

part of subject 17’s session causing the USB cable to pull out of the computer and the 

physiological data collection to prematurely stop.  The pulse data for subject 17 has been lost, 

but the other physiological data before the device pulled out of the computer was salvaged and 

concatenated with the physiological data collected after the cable was plugged back in.   

It was discovered during processing of the pulse data that some of the heartbeats from 

test subjects were not recorded.  The sampling frequency of 10Hz seemed to adequately satisfy 

the Nyquist criteria to capture heart rate data as the maximum heart rate expected was less than 
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5Hz.  Upon closer examination of the pulse collection hardware a faster sampling frequency was 

needed for this data to be completely reliable.  Figure 5.13 shows a screen capture from an 

oscilloscope showing the signal generated by the pulse collection circuit when a heart beat was 

detected.  Upon close examination of this plot it can be seen that the signal only stays high for 

30ms (10ms/division, stays high for 3 divisions) and thus the sampling frequency should be at 

least fast enough to sample once every 30ms or approximately 33.3 Hz.  Although the heart rate 

was not sampled fast enough, the sampling rate was consistent so one should still be able to 

monitor the effect of activity on pulse and see some correlation albeit less exaggerated due to the 

missed data points.   

 

 

Figure 5.13 Oscilloscope capture of the pulse signal 

 
5.6.3 Physiological Data Standardization 
 

Different people have slightly different normal skin temperatures that fluctuate 

differently for each person.  The resistance of the skin varies with body composition and overall 

body shape and size.  Depending upon overall health and fitness, heart rate also varies from 

person to person.  Due to these individual differences, a direct comparison of physiological data 

collected from one person to physiological data collected from another person would not be 

conclusive or appropriate.  Figure 5.14 and Figure 5.15 illustrate this point by showing the range 

of temperature and GSR data collected throughout the experiment for each test subject.  As can 

be seen from these figures, some people had significantly different ranges than others, 
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particularly in terms of GSR data.  Temperature data for subject 18 has been ignored for reasons 

previously discussed. 
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Figure 5.14 The range of temperature data by subject 
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Figure 5.15 The range of GSR data by subject 

 
Two different types of data standardization have been performed on the data collected in 

this experiment.  The galvanic skin response and the skin temperature could be determined on a 
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point-by-point basis while the heart rate had to be calculated by analyzing the heart activity 

collected over a window of several points.  The data standardization methods for these different 

types of data are thus slightly different.  The analysis of GSR and skin temperature data takes 

into account the overall range of each subject’s data and the offset of the data and condenses all 

the data into a range between 0 and 100 while eliminating outliers.  This mapping is done by 

sorting each physiological data set and finding the 5th and 95th percentile.  All of the values are 

then linearly scaled such that the 5th percentile maps to 5 and the 95th percentile maps to 95 as 

illustrated by Figure 5.16.  The 5th and 95th percentiles are used to keep high or low outliers from 

influencing the linear scaling.  Assuming there are no outliers the data above and below the 5th 

and 95th percentile respectively should still map to values between 0 and 100.  Any mapped 

value outside that range is considered an outlier.  This technique thus accounts for both a 

spreading bias- that is the tendency for people to have larger ranges in their data for the same 

activity when compared to another person, and a shifting bias- that is that one person has a 

naturally higher physiological response throughout the experiment than others (higher normal 

skin temperature, faster normal heart rate, etc).   

 

 

Figure 5.16 The linear standardization of physiological data 

 

The linear mapping requires the calculation of two scaling factors as shown in Equation 

5-1 and Equation 5-2.  Table 5.10 tabulates all the scale factors calculated for both skin 

temperature and GSR data for each subject.  Each physiological data point is multiplied by 

Factor1 to condense or expand the overall range of the data between the 5th and 95th percentiles to 

the same range as there is between 5 and 95.  As shown in Equation 5-3, Factor2 is subtracted 

from the product of factor1 and the data point to shift the data into the range from 0-100.    The 

Matlab code used to calculate all the scale factors is included in Appendix I. 
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ProcessedData(i) = RawData(i)*Factor1 – Factor2 (Equation 5-3)
 

The pulse data was collected as a waveform of heart activity with points having a small 

voltage value of 0.015V when a heartbeat was not detected and any larger voltage value (usually 

approximately 3V, although some subject data registered heart beats with a voltage as low as 

0.017V) when a heartbeat was detected.  The pulse data was analyzed by comparing the average 

pulse during each of the activities to the average over the course of the entire experiment.  The 

standardized value reported for the pulse data is the ratio of the pulse within each activity to the 

average pulse throughout the experiment expressed as a percentage.  The average pulse in beats 

per minute for each activity was determined by counting the number of heartbeats (the number of 

high points found in the data) that were detected within the time range in seconds from the start 

of the activity to the end of the activity, dividing by the number of seconds the activity lasted, 

and multiplying by 60 as shown in Equation 5-4.   

 

ActivityActivity

Activity
Activity StartTimeEndTime

dPtsDetecteNumberHigh
seAveragePul

−
= *60  (Equation 5-4)
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 Temperature (oF) GSR (Ω) 

Subject 5th Percentile 95th Percentile Factor1 Factor2 5th Percentile 95th Percentile Factor1 Factor2 

1 90.144 99.636 9.4818 849.73 112000 126940 0.00602 669.6 
2 85.474 91.093 16.017 1364 516920 739210 0.0004 204.28 
3 86.072 91.879 15.5 1329.1 305240 717860 0.00022 61.579 
4 87.658 96.046 10.729 935.5 141180 271010 0.00069 92.868 
5 87.548 91.991 20.256 1768.3 531640 721570 0.00047 246.93 
6 92.725 114.96 4.0473 370.29 105310 262230 0.00057 55.401 
7 84.444 94.49 8.959 751.54 128820 1029200 0.0001 7.8768 
8 88.098 92.499 20.448 1796.4 131430 540890 0.00022 23.888 
9 86.727 92.386 15.904 1374.3 71605 354990 0.00032 17.741 

10 89.312 92.048 32.895 2932.9 484440 1029200 0.00017 75.039 
11 87.329 94.892 11.9 1034.2 136980 175910 0.00231 311.69 
12 83.688 90.59 13.04 1086.3 259490 353940 0.00095 242.25 
13 90.367 98.625 10.899 979.93 161420 235570 0.00121 190.93 
14 87.933 93.292 16.793 1471.6 427720 965990 0.00017 66.515 
15 87.988 94.204 14.478 1268.9 130950 396850 0.00034 39.324 
16 87.603 93.179 16.142 1409.1 163600 488180 0.00028 40.363 
17 86.29 91.766 16.436 1413.2 239540 385200 0.00062 143.01 
18 N/A N/A N/A N/A 199640 274260 0.00121 235.79 
19 88.925 92.612 24.407 2165.4 292820 359760 0.00134 388.72 
20 90.367 90.925 161.23 14565 360830 483700 0.00073 259.3 
21 84.012 91.093 12.71 1062.8 201220 343620 0.00063 122.18 
22 80.256 88.373 11.088 884.87 107020 137720 0.00293 308.71 
23 83.473 90.87 12.167 1010.6 132630 186760 0.00166 215.51 
24 86.4 91.149 18.948 1632.1 285090 362980 0.00116 324.46 
25 89.035 93.576 19.818 1759.5 251800 437500 0.00048 117.04 
26 92.838 94.376 58.549 5430.6 119800 203760 0.00107 123.41 
27 81.485 93.576 7.4435 601.54 127170 214510 0.00103 126.05 
28 87.439 102.3 6.0563 524.55 112220 129290 0.00527 586.47 
29 89.978 92.048 43.475 3906.8 312100 432900 0.00075 227.52 
30 84.12 93.008 10.126 846.77 338070 667480 0.00027 87.363 
31 88.869 94.09 17.24 1527.1 273040 807370 0.00017 40.989 
32 85.692 91.766 14.815 1264.5 156860 208600 0.00174 267.9 
33 86.618 92.273 15.914 1373.4 364050 572620 0.00043 152.1 

Table 5.10 The standardization scale factors calculated for each subject for temperature and GSR 
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5.6.4 Pulse Analysis  
 
 Table 5.11 shows the heart rate collected from each subject during each portion of the 

experiment as calculated according to Equation 5-4.  The data in the table is divided by the heart 

rate collected during the memorization, identification, and ordering components of the 

undistracted visual, undistracted aural, distracted visual and distracted aural tasks with the 

mandatory relaxation period in between the aural and visual experiment.  The actual heart rate is 

likely higher than is reflected in the table due to the low sampling rate.  Table 5.12 shows the 

ratio of the heart rate collected during each portion of the experiment to the heart rate collected 

over the course of the entire experiment expressed as a percentage.  Percentages greater than 

100% indicate that the heart rate during that activity was higher than the average for that subject 

and percentages lower than 100% indicate a lower heart rate than average.  A faster heart rate 

indicates a higher level of arousal than a slower heart rate.  Some cells of both Table 5.11 and 

Table 5.12 have been purposefully left blank for the reasons previously discussed. 

 A statistical analysis of the heart rate data was performed using Microsoft Excel by 

placing the average heart rate ratio for each subject on each activity into a spreadsheet.  The 

outlier points were eliminated due to the diversions from protocol and errors during the 

experiment previously discussed.  A one-way analysis of variance on the heart rate data yields F 

= 2.356, Fcritical = 1.777, and p = 0.0062 indicating that the mean heart rate response on the 

various activities is statistically different with a confidence level of 99.38%.  A similar analysis 

could be done by modality preference, but due to the small membership of some of the modality-

preferring groups, determining statistical reliability based on modality preference would prove 

difficult without conducting the experiment on more participants. 
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 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 67.27 66.67 51.27 71.25 67.20 59.17 53.51 61.88 63.24 52.76 56.76 66.82 47.11 
2 39.47 54.78 45.17 43.64 46.29 44.21 49.27 48.33 58.50 50.34 50.00 47.08 41.10 
3 115.91 69.13 41.50 52.00 43.64 44.90 36.10 54.86 40.71 46.62 55.50 43.24 38.75 
4 58.42 50.00 48.67 64.29 50.63 49.88 51.22 50.27 52.94 46.84 58.38 50.00 48.00 
5 48.95 45.25 43.05 41.43 43.53 40.83 49.67 53.33 45.60 52.50 50.53 44.65 42.58 
6 52.31 62.58 60.31 90.00 76.92 68.63 61.94 55.14 62.96 69.31 85.95 80.26 84.57 
7 52.94 50.27 52.75 51.67 49.71 43.64 49.27 50.91 51.67 52.68 50.27 60.00 49.25 
8 51.67 43.64 42.21 37.89 52.94 50.13 41.13 44.21 47.31 47.17 50.00 43.45 38.91 
9 42.55 34.84 34.09 37.38 40.00 50.14 40.00 39.38 42.30 33.45 31.58 44.75 42.25 

10 50.53 45.37 44.92 36.82 52.86 49.22 43.38 46.83 43.33 52.39 44.35 40.00 47.41 
11 55.20 40.78 38.03 53.48 42.86 47.19 43.06 58.33 50.91 39.59 44.62 32.86 43.75 
12 36.82 46.07 42.52 41.74 41.86 42.71 42.99 44.62 50.20 32.52 41.05 42.97 39.47 
13 44.35 51.00 43.85 58.75 58.24 48.55 45.60 56.76 50.18 47.50 51.86 46.67 49.50 
14 78.95 79.09 83.90 81.95 72.00 80.63 73.55 86.84 79.64 58.43 83.68 95.83 91.48 
15 70.59 62.31 66.28 74.63 79.46 75.00 59.52 61.67 71.05 70.13 72.31 68.40 76.69 
16 41.67 63.43 49.57 48.84 57.69 57.18 52.74 58.38 56.40 58.95 67.89 41.25 105.82 
17              
18 124.62 122.31 114.53 102.50 124.44 111.63 118.55 96.32 102.31 100.21 113.85 116.51 110.31 
19 115.26 109.50 116.19 117.14 105.52 108.67 113.12 123.87 118.95 118.54 123.33 132.00 118.11 
20 56.76 43.50 50.75 44.21 39.38 52.56 45.74    34.12 42.86 47.82 
21 32.31 44.40 36.00 43.93 51.89 58.95 43.94 61.71 49.35 52.80 46.15 36.00 55.20 
22 52.62 35.00 43.26 39.55 36.47 49.50 44.52 42.16 51.82 51.76 44.21 37.33 88.31 
23 51.29 47.37 49.51 55.71 43.90 54.94 48.39 56.47 47.76 51.63 64.86 44.44 96.59 
24 42.86 40.59 46.87 42.00 48.39 48.33 43.90 43.78 44.71 42.31 43.50 39.00 83.92 
25 47.37 48.24 42.65 46.05 47.65 46.05 41.61 60.00 51.82 48.34 48.65 44.65 49.88 
26 117.00 120.00 120.62 103.93 115.81 112.71 124.72 63.08 47.06 63.86 124.74 102.19 108.06 
27 47.74 53.60 43.20 45.88 50.77 49.72 43.46 40.00 53.04 45.37 51.76 39.51 44.46 
28 45.49 63.00 60.64 51.67 58.24 49.29 42.79 61.67 49.32 41.05 58.33 64.39 60.00 
29 47.03 51.22 47.41 51.22 65.63 48.12 50.32 43.33 54.55 47.14 53.51 43.64 45.40 
30 51.89 45.00 48.12 58.60 50.91 46.58 49.92 54.86 60.00 53.27 45.00 45.60 49.54 
31 58.11 56.07 57.79 58.95 58.67 55.22 51.57 44.12 37.33 46.12 42.58 52.84 45.96 
32 45.00 60.00 24.47 36.00 42.50 43.85 33.93 46.67 38.92 36.24 34.05 23.77 46.15 
33 50.83 41.63 52.19 41.89 44.29 45.26 47.32 65.00 58.18 36.40 50.27 47.78 45.82 

Table 5.11 Heart rate during each activity for each subject 
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 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 123.27 122.16 93.95 130.55 123.13 108.42 98.05 113.38 115.88 96.67 104.00 122.43 86.32 
2 85.40 118.52 97.73 94.40 100.13 95.64 106.59 104.56 126.56 108.92 108.17 101.85 88.91 
3 255.46 152.36 91.47 114.61 96.17 98.95 79.56 120.90 89.73 102.75 122.32 95.29 85.40 
4 119.66 102.42 99.70 131.68 103.70 102.17 104.91 102.97 108.44 95.95 119.58 102.42 98.32 
5 110.87 102.48 97.51 93.84 98.60 92.49 112.51 120.80 103.29 118.92 114.44 101.14 96.45 
6 78.53 93.95 90.55 135.11 115.48 103.03 92.98 82.77 94.52 104.05 129.03 120.49 126.97 
7 106.83 101.44 106.44 104.25 100.32 88.05 99.41 102.73 104.25 106.31 101.44 121.07 99.37 
8 118.50 100.08 96.81 86.91 121.42 114.98 94.33 101.40 108.50 108.19 114.67 99.65 89.23 
9 115.47 94.55 92.52 101.44 108.56 136.07 108.56 106.87 114.79 90.79 85.71 121.44 114.68 

10 109.32 98.15 97.18 79.66 114.36 106.49 93.87 101.32 93.76 113.35 95.95 86.54 102.58 
11 130.19 96.17 89.70 126.13 101.08 111.30 101.57 137.58 120.07 93.37 105.23 77.49 103.19 
12 93.66 117.20 108.16 106.18 106.49 108.65 109.37 113.50 127.71 82.73 104.43 109.32 100.42 
13 94.73 108.94 93.66 125.49 124.39 103.71 97.40 121.24 107.19 101.46 110.79 99.68 105.74 
14 106.36 106.55 113.03 110.40 97.00 108.62 99.08 116.99 107.28 78.72 112.74 129.10 123.23 
15 104.14 91.93 97.79 110.11 117.23 110.65 87.81 90.98 104.83 103.46 106.68 100.92 113.15 
16 78.19 119.03 93.02 91.65 108.27 107.30 98.98 109.55 105.84 110.62 127.41 77.41 198.58 
17              
18 116.70 114.54 107.25 95.99 116.54 104.55 111.02 90.20 95.81 93.85 106.62 109.11 103.31 
19 101.73 96.65 102.55 103.39 93.13 95.92 99.84 109.33 104.98 104.62 108.86 116.50 104.25 
20 116.59 89.36 104.25 90.82 80.89 107.97 93.96    70.09 88.04 98.23 
21 68.21 93.74 76.01 92.75 109.56 124.46 92.77 130.30 104.21 111.48 97.45 76.01 116.55 
22 114.92 76.45 94.48 86.38 79.66 108.12 97.23 92.09 113.18 113.07 96.57 81.54 192.90 
23 94.61 87.38 91.32 102.77 80.98 101.33 89.25 104.17 88.09 95.23 119.65 81.98 178.16 
24 91.27 86.43 99.80 89.44 103.04 102.93 93.49 93.24 95.20 90.11 92.64 83.05 178.72 
25 103.72 105.62 93.39 100.83 104.33 100.83 91.12 131.38 113.47 105.86 106.53 97.77 109.21 
26 126.76 130.01 130.68 112.60 125.48 122.11 135.13 68.34 50.98 69.19 135.14 110.71 117.07 
27 105.77 118.74 95.70 101.65 112.47 110.16 96.29 88.61 117.51 100.50 114.68 87.53 98.49 
28 87.30 120.89 116.35 99.14 111.74 94.57 82.10 118.33 94.63 78.77 111.93 123.55 115.13 
29 97.97 106.71 98.77 106.71 136.72 100.24 104.84 90.28 113.64 98.21 111.49 90.91 94.58 
30 106.16 92.06 98.45 119.90 104.15 95.29 102.13 112.23 122.75 108.99 92.06 93.29 101.36 
31 115.53 111.48 114.91 117.21 116.65 109.80 102.54 87.72 74.23 91.69 84.67 105.06 91.39 
32 122.76 163.68 66.76 98.21 115.94 119.61 92.57 127.30 106.17 98.85 92.90 64.85 125.91 
33 107.07 87.69 109.93 88.23 93.28 95.34 99.66 136.91 122.55 76.68 105.88 100.63 96.51 

Table 5.12 Ratio of the heart rate during each activity to the average pulse throughout the experiment for 
that subject expressed as a percentage 
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 Figure 5.17 shows the average of the ratios from Table 5.12 during each activity for the 

average of all users and broken down by the self-reported modality preference.  As can be seen 

from this graph, learners who preferred the aural modality had their lowest heart rate during the 

undistracted aural exercises implying that they were most relaxed during activities within their 

preferred modality, but as distraction was introduced, they had a higher than average heart rate 

ratio for all distracted aural activities.  Visual learners showed the lowest pulse ratio during the 

undistracted visual memorization and ordering phase of the experiment, but had a higher pulse 

ratio during the undistracted visual identification exercise.   Aural learners showed the most 

dynamic heart rate response to the various activities.  As can be seen from this graph, reading 

and writing learners exhibited heart rate reactions in the undistracted tasks that were similar to 

the aural learners while kinesthetic learners tended to behave similarly to the visual learners.  

This makes sense as the aural tasks required reading of the words to perform the identification 

and placement tasks and the visual tasks required some spatial awareness and kinesthetic activity 

to click through the set of images.   

 

Figure 5.17 Heart rate response to each activity based on learning style preference 
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 Figure 5.18 is similar to Figure 5.17 but shows the heart rate response by gender.  This 

shows that the average participant reaction was very similar regardless of gender with the 

exception being the undistracted visual memorization task.  For all other tasks, the ratio of heart 

rate during activity to average heart rate throughout the experiment was within a difference of 

5% when comparing males to females.   

 
Figure 5.18 Heart rate response to each activity based on gender 

 
5.6.5 Skin Temperature Analysis 
 
 Table 5.13 shows the average skin temperature of each subject for each of the activities in 

the study in degrees Fahrenheit.  Some of the entries in the table were left blank for the reasons 

previously discussed.  Table 5.14 shows the standardized skin temperature created by 

multiplying the values in Table 5.13 by the corresponding Factor1 value in Table 5.10 and 

subtracting the corresponding Factor2.  Figure 5.19 shows the average normalized skin 

temperature during each of the activities.  This shows a general increase in skin temperature from 

the undistracted visual memorization through the distracted visual ordering task and an increase 
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in temperature from the undistracted aural memorization task through the distracted aural 

memorization task.   

 

 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 94.33 94.84 95.52 96.17 96.40 96.87 98.01 98.78 99.03 99.09 99.26 99.41 99.45
2 90.71 90.74 90.84 90.87 90.90 90.90 90.52 88.68 89.03 89.44 89.76 89.98 90.31
3 89.19 89.50 90.18 90.77 90.96 91.07 91.28 91.38 91.41 91.48 91.66 91.72 91.72
4 96.00 95.67 95.00 94.92 94.73 94.32 96.06 94.06 94.26 94.21 94.70 94.91 95.56
5 90.55 90.82 90.95 91.03 91.20 91.41 91.72 91.83 91.84 91.74 91.61 91.72 91.78
6 113.26 110.82 108.96 108.60 107.20 105.93 114.96 105.72 104.04 107.61 114.75 113.23 112.45
7 88.39 88.30 88.89 89.78 89.87 90.11 90.45 91.09 90.67 90.71 90.84 91.20 90.85
8 91.15 91.33 91.64 91.62 91.69 91.75 91.55 90.11 90.39 90.63 90.96 91.15 91.34
9 89.98 90.14 90.59 90.81 90.75 90.93 91.04 91.18 91.10 91.30 91.40 91.50 91.47

10 91.65 91.61 91.75 91.71 91.76 91.96 91.53 90.53 90.61 91.00 91.07 91.16 91.46
11 92.45 93.03 93.86 94.54 94.58 94.73 94.31 94.12 94.31 94.39 94.52 94.59 94.59
12 90.21 90.27 90.36 90.46 90.47 90.49 89.97 88.32 88.64 89.07 89.42 89.59 89.78
13 94.89 95.16 95.60 96.56 96.88 97.14 96.47 96.28 96.96 97.51 98.11 98.25 98.35
14 92.91 92.72 92.76 92.65 92.62 92.51 92.92 91.57 91.74 92.33 92.64 92.79 92.90
15 91.04 91.34 91.88 92.56 92.81 92.96 93.41 91.40 91.87 93.54 93.59 93.55 93.53
16 92.05 92.26 92.37 92.54 92.68 92.94 91.67 90.78 91.20 91.22 91.28 91.52 91.58
17 88.92 89.10 89.46 89.76 89.96 90.12 90.45 91.30 91.46 91.20 91.29 91.57 91.55
18              
19 91.32 91.48 91.74 91.89 91.89 91.76 91.84 92.08 92.19 92.37 92.47 92.56 91.94
20 90.49 90.53 90.63 90.79 90.78 90.78 90.54    90.36 90.40 90.49
21 88.60 88.95 89.16 89.35 89.63 90.44 90.99 90.96 90.58 90.40 90.44 90.46 90.47
22 88.18 88.14 88.07 88.14 88.23 88.32 88.02 86.07 86.54 86.96 87.18 87.50 87.78
23 88.03 88.45 89.15 89.76 89.81 90.08 90.32 90.42 90.44 90.43 90.54 90.56 90.68
24 90.57 90.62 90.64 90.72 90.74 90.88 90.38 88.33 88.71 89.31 89.77 89.89 90.13
25 89.48 89.51 89.60 90.45 93.51 93.51 93.51 93.51 93.51 93.52 93.53 93.53 93.52
26 93.53 93.52 93.53 93.53 93.54 93.53 93.53 93.51 93.52 93.55 93.52 93.52 93.52
27 85.47 85.78 86.27 86.58 86.70 86.85 87.14 87.33 91.94 93.50 93.50 93.50 93.50
28 95.21 96.59 96.81 97.19 97.53 98.20 93.91 92.15 92.66 92.39 92.80 93.19 93.52
29 90.99 91.11 91.36 91.73 91.73 91.78 91.69 91.65 91.68 91.75 91.80 91.79 91.75
30 91.94 92.02 92.25 92.54 92.64 92.71 91.67 88.39 88.93 89.73 90.34 90.66 91.13
31 93.41 93.57 93.71 93.83 93.77 93.87 93.99 93.96 93.91 93.83 93.91 93.89 93.85
32 91.20 91.28 91.40 91.45 91.49 91.54 91.19 89.72 89.94 90.19 90.60 90.69 90.92
33 90.45 90.80 91.22 91.57 91.67 91.71 91.79 91.83 91.87 91.99 92.07 92.12 92.23

Table 5.13 Skin temperature for each subject on each activity in degrees Fahrenheit 
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 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 44.70 49.54 55.94 62.12 64.29 68.73 79.62 86.91 89.25 89.80 91.44 92.82 93.24
2 88.95 89.41 90.99 91.43 91.88 91.99 85.89 56.34 61.98 68.57 73.70 77.29 82.50
3 53.31 58.23 68.66 77.90 80.79 82.42 85.67 87.30 87.75 88.80 91.69 92.52 92.59
4 94.50 90.95 83.70 82.94 80.85 76.50 95.13 73.63 75.82 75.31 80.51 82.81 89.72
5 65.85 71.40 73.92 75.57 79.07 83.25 89.64 91.86 91.91 90.00 87.25 89.66 90.88
6 88.11 78.23 70.72 69.24 63.58 58.46 94.99 57.59 50.78 65.25 94.12 87.97 84.84
7 40.35 39.57 44.85 52.80 53.62 55.77 58.84 64.56 60.77 61.15 62.29 65.52 62.37
8 67.35 71.16 77.42 77.08 78.40 79.64 75.58 46.15 51.80 56.72 63.53 67.46 71.24
9 56.73 59.31 66.43 69.92 69.02 71.89 73.67 75.80 74.60 77.67 79.40 80.85 80.48

10 81.81 80.66 85.08 83.85 85.63 92.27 78.11 45.17 47.55 60.39 62.79 65.79 75.56
11 65.91 72.90 82.77 90.84 91.29 93.14 88.07 85.79 88.08 89.08 90.54 91.36 91.46
12 90.06 90.83 91.98 93.30 93.42 93.65 86.86 65.34 69.58 75.16 79.77 81.95 84.42
13 54.29 57.20 61.99 72.49 75.95 78.77 71.49 69.47 76.81 82.83 89.33 90.85 92.04
14 88.65 85.47 86.06 84.29 83.80 81.91 88.75 66.15 68.96 78.85 84.09 86.69 88.51
15 49.12 53.51 61.31 71.22 74.73 77.03 83.52 54.34 61.14 85.41 86.04 85.47 85.22
16 76.77 80.19 82.00 84.74 87.01 91.12 70.57 56.22 63.09 63.40 64.40 68.17 69.23
17 48.24 51.25 57.10 62.05 65.41 67.99 73.36 87.36 90.11 85.69 87.26 91.90 91.54
18              
19 63.44 67.27 73.62 77.24 77.46 74.11 76.18 81.91 84.58 89.15 91.63 93.62 78.46
20 24.84 31.08 46.63 72.57 71.48 70.85 32.01    3.03 10.27 25.14
21 63.33 67.78 70.41 72.80 76.35 86.66 93.73 93.36 88.42 86.20 86.75 86.98 87.04
22 92.84 92.42 91.66 92.47 93.42 94.40 91.12 69.50 74.65 79.32 81.74 85.29 88.48
23 60.45 65.62 74.15 81.51 82.15 85.37 88.28 89.50 89.75 89.71 91.04 91.26 92.74
24 84.08 84.97 85.32 86.92 87.24 89.99 80.46 41.52 48.81 60.18 68.88 71.08 75.69
25 13.80 14.33 16.15 33.03 93.77 93.72 93.75 93.61 93.73 93.82 94.09 94.00 93.86
26 45.38 44.86 45.71 45.52 46.04 45.36 45.47 44.37 44.93 46.39 44.83 44.80 44.71
27 34.68 36.93 40.63 42.89 43.81 44.93 47.07 48.47 82.84 94.46 94.44 94.42 94.43
28 52.04 60.44 61.77 64.06 66.11 70.16 44.18 33.53 36.64 35.00 37.46 39.85 41.82
29 49.06 54.37 65.15 81.20 81.22 83.42 79.46 77.88 78.81 82.13 84.03 83.96 82.09
30 84.22 85.00 87.31 90.30 91.26 91.99 81.45 48.28 53.77 61.83 68.03 71.29 76.04
31 83.35 85.98 88.42 90.46 89.51 91.15 93.33 92.82 91.97 90.50 91.89 91.57 90.94
32 86.60 87.81 89.53 90.34 90.96 91.60 86.49 64.64 67.93 71.62 77.67 79.05 82.52
33 66.02 71.53 78.25 83.85 85.46 86.07 87.40 87.96 88.55 90.55 91.76 92.63 94.39

Table 5.14 Standardized skin temperature for each subject on each activity 

 

 
 Page 112Chapter 5: Data Analysis Ricky Castles 



 
Figure 5.19 Normalized skin temperature response 

 
It is important to remember that half of the subjects did the visual task first and half of the 

subjects did the aural task first.  Figure 5.20 shows the tasks in the order in which the subjects 

performed them with the temperatures being averaged by when the subjects performed that task, 

rather than just averaging the temperatures based upon the task alone.  For example, odd-

numbered subjects performed the visual task first and even-numbered subjects performed the 

aural task first, so in Figure 5.20 the average skin temperatures for the aural memorization task 

for even numbered test subjects was averaged with the average skin temperature for odd 

numbered subjects during the undistracted visual memorization task. This figure seems to show 

that skin temperature increased more in response to how long the temperature-sensing headband 

was worn rather than in response to the activity itself.   

Complete temperature analyses, however, must not only consider a zero-order analysis of 

the temperature itself, but should also consider the rate of change of the temperature in a first-

order analysis.  A first-order analysis of the temperature data was done by calculating the 

average difference between one point and the next in the normalized temperature dataset.  The 

average change in temperature throughout each of the experimental activities was calculated and 

the results are shown in Figure 5.21 and Figure 5.22.  The average differential for each activity is 
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averaged for all users in Figure 5.21 and is averaged by self-reported modality preference in 

Figure 5.22. 

 
Figure 5.20 Normalized skin temperature response accounting for activity order  

 

 
Figure 5.21 First order temperature analysis 
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Figure 5.22 First order temperature analysis by self-reported modality preference 

 
 From Figure 5.21 it can be seen that the four memorization tasks elicited the greatest 

average rise in skin temperature of any activity.  For all but the undistracted visual task, the 

ordering task gave rise to a greater increase in temperature than the identification task.  From 

Figure 5.22 it can be seen that aural learners showed the most dramatic average temperature 

increase during the memorization tasks in their preferred modality.  The aural learners also 

showed a decrease in temperature during the distracted visual memorization and identification 

exercises.  Visual learners showed the most dramatic increase in skin temperature during the 

distracted visual memorization task but were second to kinesthetic learners in rate of temperature 

change during the undistracted visual memorization task.  While the zero-order analysis of the 

data seems inconclusive about any temperature correlation to activity participation, the first-

order analysis of the data indicates that activity and modality preference can be influential in the 

rate of change of skin temperature over time.   
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 Figure 5.23 shows a first-order analysis of skin temperature by gender.  As can be seen 

from this figure, males and females had quite different changes in skin temperature in response 

to both undistracted identification tasks.  Females also had a larger normalized change in skin 

temperature during all of the memorization tasks with the exception of the undistracted visual 

task where males had a larger rise in temperature.  The trend of the memorization task eliciting 

the greatest rise in temperature is illustrated regardless of gender with the exception of the 

undistracted visual task where females had a larger rise in temperature during both the 

identification and ordering tasks than during the memorization task.  Males and females had very 

similar temperature responses to the undistracted visual ordering task, all distracted visual tasks, 

the relaxation period, the undistracted aural ordering task, the distracted aural identification, and 

the distracted aural ordering task.  Female study participants had the greatest average range of 

skin temperature response with a swing from the most positive change in temperature coming 

during the undistracted aural memorization task to the largest decrease in temperature coming 

during the undistracted aural identification task.   

Figure 5.23 First order temperature analysis by gender 
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After discarding the outlier points for reasons previously discussed, a one-way ANOVA 

was calculated on the average skin temperature change point-to-point for each study participant 

on each of the tasks in the experiment.  This calculation yielded F=1.983, Fcritical=1.777, and 

p=0.0246 indicating that the difference in the mean skin temperature change point-to point on the 

various activities was statistically significant with a reliability of 97.54%.  A statistical analysis 

of the zero-order temperature data was not performed because it was shown that the temperature 

simply rose over time while the rate of that rise was more indicative of arousal.  As was 

discussed with the heart rate data, a similar analysis could be conducted based upon the modality 

preference groups if more data were collected from more participants.   

 

5.6.6 Galvanic Skin Response Analysis 
 

Table 5.15 shows the average Galvanic Skin Response (GSR) of each subject for each of 

the activities in the study in ohms.  Some of the entries in the table were left blank for the 

reasons previously discussed.  Table 5.16 shows the standardized GSR created by multiplying 

the values in Table 5.15 by the corresponding Factor1 value in Table 5.10 and subtracting the 

corresponding Factor2.  Figure 5.24 shows the average normalized GSR during each of the 

activities.   

Psychological theory about the Galvanic Skin Response indicates that the lower the skin 

resistance, the higher the level of arousal.  From Figure 5.24 it can be seen that the average 

normalized skin resistance is higher during the four ordering tasks than during any of the other 

tasks indicating that the other tasks elicited a higher level of arousal.  During the undistracted 

tasks the average normalized skin resistance was lower during the memorization task than it was 

during either the ordering task or the identification task.  With distraction, however, the visual 

identification task elicited a lower resistance than the visual memorization task while the 

distracted aural memorization and identification tasks were nearly the same with the resistance 

during the memorization task being slightly less on average than during identification. 
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 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 121518 117558 123106 121362 119932 125576 122108 117395 114929 116995 114590 114487 117422 
2 648686 649411 715310 690523 628536 704531 640834 621100 579648 585399 628619 604805 609703 
3 647323 605720 672666 434713 346184 471496 477203 347802 350185 471507 350944 310407 411102 
4 157301 169620 173639 142358 149409 162339 156287 177675 185825 227566 209050 199345 185681 
5 551402 559532 581767 551549 541294 530135 552100 569263 581172 576893 579586 595038 600752 
6 126824 153312 144369 104045 119450 133235 118320 158324 218504 201422 141157 146206 143424 
7 468286 566318 558652 585845 542942 573011 366625 310608 332562 408827 342761 349749 422408 
8 258283 256259 302630 300299 281262 325260 259410 277649 279899 359818 280293 285550 300138 
9 199447 192729 208411 219636 201761 213541 219063 222229 221753 199556 166122 164270 179576 

10 691573 727589 934980 880940 910798 1019260 664043 1022280 990645 1029110 856094 784431 967504 
11 141790 145112 167159 157744 148810 163505 164161 137592 137570 155849 151411 157108 163317 
12 303179 294594 321698 268387 265392 281848 306573 328862 313770 319868 273028 286727 295527 
13 202325 199540 206648 175670 180906 199152 174923 173735 181069 189808 169064 175434 178384 
14 936459 578641 442684 437255 434246 430437 965650 762845 742617 816054 846609 860796 917058 
15 330398 317020 340701 295240 269907 255548 210665 185872 200790 199585 177377 157034 159518 
16 217545 222007 267020 275423 253592 204481 233564 266002 246598 234918 208569 218244 236115 
17 313745 316404 363501 361530 330344 355777 316283 225084 233620 308506 295099 272968 283909 
18 218059 234447 256415 228515 233628 262129 222727 216251 218602 243549 208740 216509 242246 
19 338616 333831 351737 340928 338499 351236 310146 306794 319078 328010 319361 329627 316473 
20 382375 413065 446445 399010 425782 454368 406879    393391 425279 435779 
21 245490 238761 199186 207650 211193 245223 257111 236282 291826 332381 279430 282115 300534 
22 114634 126880 132230 112950 112480 119985 112732 115797 119157 130391 130678 129116 129943 
23 140127 149198 154336 143456 158517 163710 146596 125131 142135 171863 147353 161013 166208 
24 332335 329242 343770 341884 346323 350736 334998 281630 279942 329351 330614 331749 333618 
25 325743 334603 413345 375171 252267 252252 251586 227579 252268 252182 246013 249619 249508 
26 127345 131224 158060 131591 134585 161556 140319 141573 135577 170673 149729 144113 165141 
27 162717 158626 187996 178843 164260 172916 135089 119555 138072 145871 152132 152795 147398 
28 115119 117715 120024 120002 118978 120508 114736 120308 115223 115283 114895 114522 114999 
29 366248 379394 408771 347262 363236 397792 348314 317172 355456 399830 381251 365395 389489 
30 411946 468187 619218 399375 329096 458600 404467 433560 464588 580665 574931 489768 497052 
31 425581 342794 461026 422026 363552 503594 336517 332440 339868 384044 298565 304554 323787 
32 196153 197794 200268 202953 205025 206045 194211 182790 183191 187474 192150 193459 195510 
33 456273 483884 552142 529353 505481 514253 394759 390410 469163 506131 546859 501516 512145 

Table 5.15 The average Galvanic Skin Response in Ohms for each activity 
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 Undistracted Visual Distracted Visual  Undistracted Aural Distracted Aural 

Sub # Mem Ident Order Mem Ident Order Relax Mem Ident Order Mem Ident Order 

1 62.35 38.50 71.92 61.41 52.80 86.79 65.90 37.51 22.67 35.11 20.62 20.00 37.68 
2 58.35 58.65 85.33 75.29 50.20 80.96 55.17 47.18 30.40 32.73 50.23 40.59 42.57 
3 79.62 70.54 85.14 33.24 13.93 41.26 42.51 14.28 14.80 41.27 14.97 6.13 28.09 
4 16.18 24.72 27.50 5.82 10.71 19.67 15.47 30.30 35.95 64.89 52.05 45.32 35.85 
5 14.36 18.22 28.75 14.43 9.57 4.29 14.69 22.83 28.47 26.44 27.72 35.04 37.75 
6 17.34 32.53 27.40 4.27 13.11 21.02 12.46 35.41 69.92 60.12 25.56 28.46 26.86 
7 38.95 48.76 47.99 50.71 46.42 49.42 28.79 23.18 25.38 33.01 26.40 27.10 34.36 
8 32.88 32.44 42.63 42.12 37.93 47.60 33.13 37.14 37.63 55.20 37.72 38.88 42.08 
9 45.60 43.47 48.45 52.01 46.33 50.08 51.83 52.83 52.68 45.63 35.02 34.43 39.29 

10 39.22 45.17 79.44 70.51 75.44 93.36 34.67 93.86 88.64 94.99 66.40 54.56 84.81 
11 16.11 23.79 74.76 53.00 32.34 66.32 67.83 6.41 6.36 48.62 38.36 51.53 65.88 
12 46.63 38.45 64.28 13.48 10.63 26.31 49.86 71.10 56.72 62.53 17.90 30.96 39.34 
13 54.65 51.27 59.90 22.30 28.65 50.80 21.39 19.95 28.85 39.46 14.28 22.01 25.59 
14 90.06 30.23 7.50 6.59 6.09 5.45 94.94 61.03 57.65 69.93 75.04 77.41 86.82 
15 72.51 67.98 75.99 60.61 52.03 47.17 31.98 23.59 28.64 28.23 20.71 13.83 14.67 
16 19.96 21.20 33.68 36.01 29.95 16.34 24.40 33.39 28.01 24.78 17.47 20.15 25.11 
17 50.85 52.50 81.60 80.38 61.11 76.82 52.42 -3.93 1.34 47.62 39.33 25.66 32.42 
18 27.21 46.98 73.47 39.82 45.99 80.36 32.84 25.03 27.87 57.95 15.97 25.34 56.38 
19 66.58 60.15 84.23 69.69 66.43 83.55 28.30 23.79 40.31 52.32 40.69 54.50 36.81 
20 20.78 43.26 67.71 32.96 52.57 73.51 38.73    28.85 52.20 59.89 
21 32.98 28.73 3.71 9.06 11.30 32.81 40.32 27.16 62.27 87.90 54.43 56.13 67.77 
22 27.33 63.23 78.91 22.39 21.01 43.01 21.75 30.74 40.59 73.52 74.36 69.78 72.20 
23 17.47 32.55 41.09 23.00 48.04 56.67 28.22 -7.47 20.80 70.23 29.48 52.19 60.83 
24 59.59 56.01 72.80 70.62 75.75 80.85 62.66 0.99 -0.96 56.14 57.60 58.91 61.07 
25 40.83 45.13 83.29 64.79 5.22 5.22 4.89 -6.74 5.22 5.18 2.19 3.94 3.89 
26 13.09 17.25 46.01 17.64 20.85 49.76 27.00 28.34 21.92 59.53 37.08 31.06 53.60 
27 41.61 37.40 67.66 58.23 43.20 52.12 13.15 -2.86 16.22 24.26 30.71 31.39 25.83 
28 20.30 33.98 46.15 46.04 40.64 48.70 18.28 47.65 20.85 21.17 19.12 17.15 19.67 
29 45.34 55.13 77.02 31.19 43.09 68.84 31.98 8.78 37.30 70.36 56.52 44.70 62.65 
30 25.18 40.55 81.81 21.75 2.55 37.93 23.14 31.09 39.57 71.28 69.71 46.45 48.44 
31 30.69 16.75 36.66 30.09 20.24 43.83 15.69 15.00 16.26 23.70 9.30 10.31 13.55 
32 73.35 76.20 80.51 85.18 88.78 90.56 69.97 50.10 50.80 58.25 66.38 68.66 72.23 
33 44.80 56.71 86.17 76.33 66.03 69.82 18.25 16.37 50.36 66.31 83.89 64.32 68.91 

Table 5.16 The normalized average Galvanic Skin Response for each activity 
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Figure 5.24 Average normalized GSR by activity 

 

 Figure 5.25 shows the GSR by self-reported modality preference for each activity.  All 

four groups show a very similar reaction to each activity as the shape of the data plot is 

approximately the same for each modality-preferring group with a certain vertical offset.  Upon 

close examination of the graph one can see that the average normalized skin resistance of aural-

preferring participants is lowest throughout all of the undistracted visual exercises and two of the 

three distracted visual exercises with the second lowest resistance during the distracted visual 

ordering task.  On the undistracted aural tasks, however, aural-preferring learners had the highest 

or second highest normalized resistance when compared with the other three groups.  Within the 

distracted aural tasks, however, aural learners exhibited a change in skin resistance in response to 

the distraction within their preferred modality and in fact had the lowest skin resistance of all 

four groups during the distracted aural identification task.  This indicates that undistracted tasks 

within one’s preferred modality elicit the least physiological reaction when compared to tasks 

outside of one’s preferred modality and in other modalities. 

Reading and writing preferring learners exhibited the lowest average normalized skin 

resistance during the undistracted aural exercise.  Visual learners showed a higher normalized 

skin resistance during most of the visual tasks than during the corresponding aural task, that is 

the skin resistance was higher during the undistracted visual memorization than it was during the 
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undistracted aural memorization, higher during the undistracted visual identification than it was 

during the undistracted aural identification, etc.  The exception to this is during the distracted 

identification task, the visual learners actually have a lower normalized skin resistance during the 

distracted identification task in their preferred modality than they do during the corresponding 

task in the aural modality indicating once again that distraction in one’s preferred modality elicits 

a greater physiological response than distraction outside of one’s preferred modality.   

  

 

Figure 5.25 Average normalized GSR in response to activity by modality preference 

 
 Figure 5.26 shows the effect of gender on average normalized skin resistance response 

for each activity.  As can be seen from the plot, the response is nearly the same for both genders 

on all activities with the exception being the undistracted aural memorization activity.  Based 

upon this plot it can be concluded that there is not a zero-order skin resistance bias based on 

gender. 
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Figure 5.26 Average normalized GSR in response to activity by gender 

 
Analysis of GSR data would not be complete without a first-order order analysis of the 

data by looking at the change in skin resistance during the activities.  Figure 5.27 shows the 

average change in skin resistance point to point for each activity.  This plot is very interesting in 

that it indicates that the four memorization tasks all elicited a negative average change in skin 

resistance so on average all subjects skin resistance was lowered more during the memorization 

task than it was during any other task.  The identification and ordering tasks all elicited a positive 

average change in skin resistance with the one exception being the undistracted visual ordering 

task which was negative, but very nearly 0.  The pattern of change in skin resistance was 

consistent across tasks in both modalities with and without distraction indicating that 

memorization had the most negative average change, the identification task had the most positive 

average change, and the ordering task was between the other two.  This indicates that subjects 

were most aroused during the memorization tasks and became less aroused during the 

identification and ordering tasks.   
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Figure 5.27 First order GSR analysis 

 
Figure 5.28 breaks down the first order GSR response by modality preference.  This 

figure shows that subjects preferring the visual, reading and writing, and kinesthetic modalities 

exhibited similar behavior to the overall average response in Figure 5.27 in that the change in 

skin resistance during memorization was the most negative during the memorization tasks.  All 

four modality preference groups had a positive or small negative change in resistance during the 

identification tasks.  The most unique modality preference group was the aural group with the 

most positive change in skin resistance during the undistracted visual identification task and the 

distracted visual memorization task while having the most negative change in skin resistance 

during the distracted visual ordering task.  Aural-preferring subjects also were the only group 

that had an average increase in skin temperature during the undistracted aural memorization task.  

All four groups exhibited the most similarities in GSR during the distracted aural task with the 

slight exception of kinesthetic-preferring subjects having a smaller change in resistance during 

the distracted aural identification task when compared to the other three modality-preferring 

subject groups.  This plot seems to indicate that aural learners have a different physiological 

reaction from the other three modality-preferring groups to stimuli.  This would, however, be 

more conclusive if there were more aural preferring participants in the study. 
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Figure 5.28 First order GSR analysis by modality preference 

 
 Figure 5.29 shows a first order analysis of GSR on each activity by gender.  This figure 

shows that males and females had very similar skin resistance response on the distracted tasks in 

both the visual and aural modalities.  In both cases, females had a larger range from minimum 

change to maximum change, but the overall shape of the plot is similar for both genders.  The 

undistracted aural task also had a very similar GSR response, but this time there was a larger 

range in change from the male participants when compared to the range exhibited by the females.  

While both males and females had very similar average changes in skin resistance during the 

undistracted visual memorization task, their skin resistance response during the undistracted 

visual identification task and the undistracted visual ordering task was quite different across the 

genders with males showing a positive change in skin resistance on both the identification and 

ordering task while females had a more positive change on the identification task and a negative 

change during the ordering task.  Also of note is the fact that during the relaxation period where 

subjects were supposed to become less aroused, females had a negative average change in 
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resistance indicating that they were becoming more physiologically aroused during the relaxation 

phase while males exhibited the expected rise in skin resistance.   

 

 
Figure 5.29 First order GSR analysis by gender 

 
 A one-way ANOVA was calculated on both the zero-order and first-order GSR data.  For 

the zero-order data, F=5.171, Fcritical= 1.776, and p=4.35x10-8.  Thus it can be concluded that the 

mean normalized Galvanic Skin Response for the activities was statistically different across the 

various activities with a reliability of nearly 100%.  For the first-order data, F=17.377, 

Fcritical=1.776, and p=4.34x10-30.  Thus it can be concluded that the difference in mean change in 

skin resistance in response to each activity is statistically reliable with nearly 100% confidence.  

As was discussed for the previous two physiological stress indicators, a similar analysis could be 

done based upon modality preference, but would be more reliable if more data was taken. 

 
5.6.7 Correlating Physiological Reaction to Task Performance 
 

Having already examined the performance on each task and the physiological reaction to 

each task, the only analysis that remains is to discover if there is a correlation between the 

physiological reaction to a task and the performance on that task.  Figure 5.30 shows the 

 
 Page 125Chapter 5: Data Analysis Ricky Castles 



performance on all eight of the recollection tasks compared with the average normalized pulse 

ratio during each of the activities.  The colors of the points in the plots show categorization by 

self-reported modality preference.  Figure 5.31, Figure 5.32, and Figure 5.33 are similar and 

show the performance on all eight of the recollection tasks compared with the average 

normalized change in skin temperature from point to point, the average normalized skin 

resistance, and the average normalized change in skin resistance from point to point respectively.  

As can be seen from these data plots, despite variations in performance and variations in 

physiological responses, for most of the data plots there does not seem to be a direct correlation 

between physiological response and overall performance on a task.  In Figure 5.30, the distracted 

visual identification task performance appears to be loosely linearly correlated with the average 

pulse ratio but it appears that the data is divided into two linearly correlated groups.  In Figure 

5.31 there appears to be a linear correlation between performance on both of the distracted aural 

recollection tasks and average change in skin temperature, but only some subject’s data support 

this correlation. In Figure 5.33, some subject’s data points also suggest a correlation between 

normalized change in skin resistance and performance on the distracted identification tasks in 

both modalities.  As there is not a consistent correlation found for all subjects on tasks between 

performance and physiological reaction, this means that while one task may be more difficult for 

a particular person than it is for another, both people can ultimately perform comparably well 

despite the difference in perceived difficulty.   

Having found no significant correlation between performance and physiological reaction, 

this perhaps begs the question of why one should even care about the physiological reaction if 

people can exhibit similar performance despite varying levels of arousal.  The author believes 

that the physiological response is still important as it gives a clearer picture of task performance.  

Typically educators see assignment results and only capture one dimension of performance, were 

the answers correct or not.  Capturing physiological data during tasks adds a new dimension to 

performance analysis which allows one to see not only how well someone did on a task but also 

if they were engaged in the task, if the task was a challenge for them, or if they found the task 

fairly easy to complete.  The analysis done during this experiment was over a very short-term 

assessment.  A long-term study on this claim is necessary to see if there is any correlation over 

time between levels of engagement as exhibited by physiological performance and academic 

performance.   
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Figure 5.30 Performance on each task compared with the average normalized pulse 
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Figure 5.31 Performance on each task compared with the average normalized change in temperature from 

point to point 
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Figure 5.32 Performance on each task compared with the average normalized skin resistance 
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Figure 5.33 Performance on each task compared with the average normalized change in skin resistance from 

point to point
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Chapter 6: Conclusions and Future Work 
 
6.1 Conclusions 
  

This paper has discussed the design and implementation of a low-cost system to collect 

physiological data that has been correlated to stress.  Throughout the development of the 

physiological data collection system, ergonomics and wearability were considered so that the 

design would safely accommodate a wide variety of people without being particularly 

uncomfortable or cumbersome.  This work also included the development of various user tasks 

to evaluate memorization and both free and serial recall ability.  This work has studied computer 

user responses to tasks in different modalities and has shown the influence of modality 

preference on both physiological reaction and overall task performance.  Through this work it 

has been shown with statistical significance that distraction elicits a reduction in task 

performance ability and is particularly detrimental if the distraction is within the preferred 

modality.  Participants in this study showed excellent performance on undistracted tasks within 

their preferred modality, but their performance was typically reduced when working in other 

modalities or when distraction was presented in their chosen modality. 

Throughout all components of this study, heart rate, skin temperature, and skin resistance 

were collected to analyze the stress induced by the various user tasks.  This work takes into 

account the individual differences that humans have in terms of their physiological response and 

thus introduced a linear mathematical data normalization procedure to consistently evaluate the 

physiological response of users.  The normalized data from all of the physiological signals has 

been analyzed from a zero-order perspective and the Galvanic Skin Response data and skin 

temperature data has also been analyzed from a first-order perspective. 

Despite an error in the sampling rate of the heart rate data, the heart rate data has still 

been shown to be useful since the sampling rate was consistent throughout the experiment.  A 

zero-order analysis of the heart rate has shown that heart rate is correlated to activity 

participation and modality preference.  Participants typically exhibited physiological data that 

showed them to be more relaxed when working undistracted in their preferred modality with a 

higher level of arousal when there is distraction or when they are working in another modality. 

A zero-order analysis of skin temperature data showed that skin temperature generally 

increased throughout the experiment as a function of the time the headband was worn on the 
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head rather than in response to the activity.  The first-order analysis however showed that the 

rate at which the temperature changed showed a much stronger physiological reaction to activity 

rather than just the temperature itself.  It was shown through an analysis of the change in 

temperature from point to point that the memorization tasks elicited the greatest average rise in 

temperature when compared to the recollection tasks.  This was particularly prevalent in aural-

preferring test subjects during activities within their preferred modality.   

The galvanic skin response analysis showed that the skin resistance was lowest during the 

memorization tasks indicating once again that test subjects were most aroused during the time 

they were trying to memorize the data.  A first-order analysis of the skin resistance shows that 

the greatest rise in skin resistance was during the identification task indicating that once the 

subject was done with the memorization period they began to relax.  This relaxation continued 

through to the ordering task as the subjects had an average skin resistance during the four 

ordering tasks that was higher than the associated memorization and identification tasks.   

The physiological data was also analyzed by gender to see if there were any differences 

in reaction by gender.  For the most part, both genders had very similar reactions physiologically 

to the tasks indicating that there was not a bias due to gender that made one task more difficult 

than another.  The only exception to this was the first-order skin temperature response where 

women tended to react quite differently than men. 

Throughout the study, both the physiological data and the performance data have gone 

through rigorous statistical analysis to show that the claims made about the performance and 

physiological reaction were statistically significant.  It has been shown that there is a reliable 

statistical difference between the physiological reactions on the tasks presented in this 

experiment for heart rate, change in skin temperature, and galvanic skin response.  It has also 

been shown that the position in which data is presented to a computer user has a statistical 

correlation to the ability of computer users to recall that information in both the visual and aural 

modalities.  Distraction has been shown to reduce user performance with statistical reliability. 

Despite all the statistical analysis performed on the physiological and task performance 

data, finding a correlation between physiological reaction and task performance proved to be 

quite difficult.  It has been shown that people who exhibited quite different physiological 

reactions demonstrated the same performance on a task indicating that overall performance is no 

indicator of how engaged someone is during a task or how difficult it was for them.  It is 
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important to note, however, that this was a very short test of performance and over a longer 

period of time, one would expect degradation in performance on tasks that a person found 

particularly difficult.   

 

6.2 Future Work 
 

Some unforeseen diversions from protocol occurred during this experiment.  If a similar 

experiment were run in the future the pushbuttons should be disabled during the memorization 

tasks so that users could not accidentally press the button again and allow themselves more time 

during the memorization task.  In addition, the times when the different activities started and 

ended were not recorded autonomously, but rather had to be determined through watching the 

videos taken during the test.  This led to a large amount of time being spent on video analysis 

that could have been alleviated if the times of the tasks were recorded to a file automatically.  

Any similar experiments in the future should include automatic time stamping. 

It was observed that study participants often held their hand with the GSR sensors in an 

unnatural position.  This indicates that they did not feel completely comfortable wearing the 

device and it would be better to use a device that is less restrictive.  Galvanic skin response may 

be measured on various parts of the hand, so perhaps placing the electrode inside a glove rather 

than on the finger tips themselves would be more comfortable.  This is particularly important if 

the subject is going to be typing or performing manual tasks with the hand wearing the electrodes 

because users would have a hard time manipulating objects while wearing the current finger 

electrodes.  The headband also got quite warm throughout the experiment.  A thinner fabric that 

allows for more airflow could be used in the future to see if that allows for a better skin 

temperature response. 

Video data was taken of each of the test subjects.  While the video data has been viewed 

by the author to see if anything out of the ordinary occurred during the experiment, no formal 

analysis of the video data has been done.  Computer vision techniques could be implemented to 

observe facial expressions and attempt to correlate them to emotion or stress.  Computer vision 

techniques could also be implemented on the screen video data to discover any correlation 

between mouse movements or the time spent placing or identifying each shape or word and 

activity performance.  Quite a few users changes their responses during the recollection tasks 

from their initial answer to the answer they finally submitted and the current analysis does not 
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take this into account while a complete video analysis could give a clearer picture of the 

subject’s thought process. 

The data taken during this experiment also included the year the subject was born so that 

an analysis could be done by age.  While a wide range of ages were represented in the subject 

pool, the majority of subjects were between the ages of 18 to 21 so an analysis based on age 

would be biased and has not been performed.  If more subjects, particularly older subjects, 

participated in the study, an analysis by age could be done. 

The work contained in this paper was a preliminary analysis of the physiological reaction 

to tasks.  It also showed how modality preference played into performance.  Based upon this 

study, more work could be done to analyze the influence of modality preference on performance 

and to see if long-range exposure to difficult tasks gave rise to a degradation in performance over 

time.  It would be interesting to deploy this technology in a real-world learning task such as a 

classroom lecture to see how students respond physiologically to the different concepts presented 

and how this correlates to performance on exams or other assignments.  Ultimately, this work is 

a first attempt to better understand computer user stress that could then be used as a method to 

develop intelligent interface technology that accommodates individual differences and 

preferences to make the personal computing experience as enjoyable as possible. 
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Appendix A: Thermistor Datasheet 

 
(Reproduced with permission of Mouser Electronics) 
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Appendix B: The VARK Questionnaire  
© Copyright Version 5.1 (2005) held by Neil D. Fleming, Christchurch, New Zealand and Charles C. Bonwell, 
Green Mountain Falls, Colorado 80819 U.S.A. 
 

 
 
English Version (version 3) 
 
This questionnaire aims to find out something about your preferences for the way you work with information. You 
will have a preferred learning style and one part of that learning style is your preference for the intake and output of 
ideas and information. 
 
Choose the answer which best explains your preference and circle the letter next to it. Please circle more than one if 
a single answer does not match your perception. 
 
Leave blank any question which does not apply, but try to give an answer for at least 10 of the 13 questions 
 
When you have completed the questionnaire, use the marking guide to find your score for each of the categories, 
Visual, Aural, Read/Write and Kinesthetic. Then, to calculate your preference, use the Scoring sheet (available in 
the “advice to teachers” section of the VARK web site). 
 
1. You are about to give directions to a person who is standing with you. 
She is staying in a hotel in town and wants to visit your house later. 
She has a rental car. I would: 
a. draw a map on paper 
b. tell her the directions 
c. write down the directions (without a map) 
d. collect her from the hotel in my car 
 
2. You are not sure whether a word should be spelled 'dependent' or 'dependant'. I would: 
a. look it up in the dictionary. 
b. see the word in my mind and choose by the way it looks 
c. sound it out in my mind. 
d. write both versions down on paper and choose one. 
 
3. You have just received a copy of your itinerary for a world trip. This is of interest to a friend. I 
would: 
a. phone her immediately and tell her about it. 
b. send her a copy of the printed itinerary. 
c. show her on a map of the world. 
d. share what I plan to do at each place I visit. 
 
4. You are going to cook something as a special treat for your family. I would: 
a. cook something familiar without the need for instructions. 
b. thumb through the cookbook looking for ideas from the pictures. 
c. refer to a specific cookbook where there is a good recipe. 
 
5. A group of tourists has been assigned to you to find out about wildlife reserves or parks. I would: 
a. drive them to a wildlife reserve or park. 
b. show them slides and photographs 
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c. give them pamphlets or a book on wildlife reserves or parks. 
d. give them a talk on wildlife reserves or parks. 
 
6. You are about to purchase a new stereo. Other than price, what would most influence your 
decision? 
a. the salesperson telling you what you want to know. 
b. reading the details about it. 
c. playing with the controls and listening to it. 
d. it looks really smart and fashionable. 
 
7. Recall a time in your life when you learned how to do something like playing a new board game. Try to avoid 
choosing a very physical skill, e.g. riding a bike. I learnt best by: 
a. visual clues -- pictures, diagrams, charts 
b. written instructions. 
c. listening to somebody explaining it. 
d. doing it or trying it. 
 
8. You have an eye problem. I would prefer the doctor to: 
a. tell me what is wrong. 
b. show me a diagram of what is wrong. 
c. use a model to show me what is wrong. 
 
9. You are about to learn to use a new program on a computer. I would: 
a. sit down at the keyboard and begin to experiment with the program's features. 
b. read the manual which comes with the program. 
c. telephone a friend and ask questions about it. 
 
10. You are staying in a hotel and have a rental car. You would like to visit friends whose 
address/location you do not know. I would like them to: 
a. draw me a map on paper. 
b. tell me the directions. 
c. write down the directions (without a map). 
d. collect me from the hotel in their car. 
 
11. Apart from the price, what would most influence your decision to buy a particular textbook:?: 
a. I have used a copy before. 
b. a friend talking about it. 
c. quickly reading parts of it. 
d. the way it looks is appealing. 
 
12. A new movie has arrived in town. What would most influence your decision to go (or not go)? 
a. I heard a radio review about it 
b. I read a review about it. 
c. I saw a preview of it. 
 
13. Do you prefer a lecturer or teacher who likes to use:? 
a. a textbook, handouts, readings 
b. flow diagrams, charts, graphs. 
c. field trips, labs, practical sessions. 
d. discussion, guest speakers. 
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The VARK Questionnaire – English Version Scoring Chart 
 
Use the following scoring chart to find the VARK category that each of your answers corresponds to. 
Circle the letters that correspond to your answers 
e.g. If you answered b and c for question 3, circle R and V in the question 3 row. 

 
 

Scoring Chart 

Calculating your scores 
 

Count the number of each of the VARK letters you have circled to get your score for each VARK 
category. 

Total number of Vs circled = 
Total number of As circled = 
Total number of Rs circled = 
Total number of Ks circled =
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Scoring Instructions 
Because respondents can choose more than one answer for each question the scoring is complex. It 
can be likened to a set of four stepping-stones across water. 
 

1. Add up your scores, V + A + R + K = 
 
 
2. Enter your scores from highest to lowest on the stones below, with their V, A, R, and K 

labels. 
 
3. Your stepping distance comes from this table. 
 
 
 
 
 
4. Your first preference is your highest score so tick (check) the first stone as one of your 

preferences and enter its label on the stone. 
 

5. If you can reach the next stone with a step equal to or less than your stepping distance then 
tick (check) that one too. 

 
Once you cannot reach the next stone you have finished defining your set of preferences. 

 
For those with a Single Preference: 
 
If you have a single preference (V, A, R or K) you may want to find out if your preference is mild or 
strong or very strong. You can use the table below to find out. 
 
•  You will need to use your total number of your responses (from step 1 above). This is used 
for finding your place in Column One. Place a ruler on your line in Column One. 
 
•  Now you will need to know the difference between your highest score and your next highest 
score. Read across your line until you reach the column that shows the difference between 
your highest and your next highest scores. 
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Appendix C: E-mail Granting Permission to Use 
the VARK Learning Preference Assessment 
 
The following is a transcription of an e-mail sent from Neil Fleming, the developer of the VARK learning 
preference assessment to the author of this thesis paper.  The e-mail was sent October 4,2005. 
 
Dear Ricky 
 
Thank you for seeking permission to use VARK. We have to rely on the honesty of people to act in a professional 
way when using our copyright materials.  You are welcome to use the VARK materials from a link online, or in 
paper format, with your study, providing suitable acknowledgment is made. This is what we prefer: 
 
  © Copyright Version 5.1 (2005) held by Neil D. Fleming, Christchurch, New Zealand and Charles C. Bonwell, 
Green Mountain Falls, Colorado 80819 U.S.A. 
 
  Beginning shortly we will offer a new service for VARK users.   After completion of the questionnaire online, you 
will be offered a personal learning profile incorporating advice about the learning  strategies that would be most 
helpful for you.  A follow up email discussion about your learning will also be available. 
 
You may find the two VARK books (student and faculty) helpful for your work. There is also a book that teachers 
are finding very useful for encouraging active learning in class and for widening their repertoire of classroom 
strategies.  It is titled - 55 Strategies for Teaching and has 55 one-page practical ideas. 
 
VARK principles can be applied equally well to coaching athletes and sports players and there is a new book that 
details how to do this, titled Sports Coaching and Learning.  It is now available from our secure website at 
www.vark-learn.com. 
 
Bona fide trainers should consider using the VARK Trainers’ Resource Kit and purchasing a lifetime licence to use 
the copyrighted VARK  materials with a once-only lifetime fee. We also have a VARK PowerPoint Presentation 
available. 
 
There is VARK software that allows you to capture and use the data from your own students on your own intranet.  
If you want to use it, the site must be password protected. 
 
To purchase any of these resources (above) you can use a personal check/cheque, an institutional Purchase Order 
and check/cheque or buy from our secure website with a credit card. 
 
I am available for conference and campus presentations on a range of topics including VARK and Learning Styles.   
Just ask. 
 
  Best wishes for your work. 
 
Neil 
 
 
Neil Fleming 
Designer of the VARK Questionnaire 
50 Idris Road, Christchurch 8005 
New Zealand 
www.vark-learn.com 
phone:     (64) 3 3517798 
fax:            (64) 3 3519939 
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Appendix D: E-mail Sent to All Study 
Participants 
 
Dear research study participant, 
 
First I want to say thank you to all of you for agreeing to participate in my research study.  I hope you find 
it an interesting time and I know it will certainly help me in my graduate degree pursuits.   
  
Location: 
 
The study will be held in a small conference room, Durham 347. Durham is in the Northeast corner of the 
Virginia Tech campus near Whittemore, McBride, and the large commuter parking lot.  If you enter the 
building from the commuter lot side you will be coming in on the 1st floor, if you come in on the side 
closest to Randolph and the F/S lot then you will enter on the second floor.  You can take the elevator up 
to the 3rd floor.  The elevator is in the middle of the building.  As you come out of the elevator, take a right 
and go about halfway down the hall.  Take your second left into the computer engineering faculty wing 
and you should be right at the conference room.   
 
Dress: 
The session will be basically one-on-one.  I recommend that you wear comfortable clothing as the study 
will ask you to wear a set of sensors.  One of the pieces of data that will be collected is heart rate so 
participants will be given a special strap to wear around the chest.  You will be asked to go to the 
restroom to put this on and female participants in particular are asked to take this into consideration as 
they choose what to wear on the day of their participation.   
 
Times: 
 
I anticipate the sessions should last approximately 30 mins.  When I run the experiment on myself it takes 
about this long with 20 mins of running the study and approximately 10 mins for prep.  I ask that you all 
be a little bit flexible with the time and try to arrive about 5 mins before your session so you are ready to 
go when your time comes.  I will try to streamline the sessions so as to best make use of your time.  Your 
appointment time is listed at the end of this e-mail. 
 
Consent form: 
I am required by university policy to get you to sign an agreement when you arrive, I am attaching a 
digital copy of that for you to browse, but a hard copy will be available in your session.   
 
Thank you for your help, 
 
Ricky Castles 
PhD Candidate 
Bradley Dept of Electrical and Computer Engineering
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Appendix E: Informed Consent Form 
 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 
Informed Consent for Participants 

in Research Projects Involving Human Subjects 
 

Title of Project__Correlating computer user stress and performance in both preferred 
and non-preferred modalities _______________________________________ 
Investigator(s)____Ricky Castles and Dr. Pushkin Kachroo________________ 
 
I. Purpose of this Research/Project 
 
The purpose of this project is to collect data from a diverse set of subjects in order to correlate 
one’s preferred learning style to the stress one exhibits while performing a task in both their 
preferred modality and other modalities.   
 
II. Procedures 
 
Each test subject will be asked to wear three sensors throughout the experiment.  These sensors 
will be used to measure the subject’s near-body temperature, pulse, and the conductivity of the 
skin.  The test subject will be asked a series of questions about their preferred learning style and 
will be asked to evaluate their own abilities in a variety of fields.  A short list of demographic 
questions should also be answered.  During the experiment some visual tasks and some auditory 
tasks will be presented.  The test subject is asked to pay close attention to the tasks presented and 
to perform them to the best of his or her ability.  It is estimated that the experiment will take 
about 20 minutes to complete in a single sitting although completion time will vary slightly from 
person to person. 
 
III. Risks 
 
There are always risks when using computers such as eyestrain and muscle fatigue.  To reduce 
such risks, participants will be encouraged to place their hands in a comfortable position and to 
take breaks during the study if they feel uncomfortable.  Throughout the study physiological 
sensors will be placed in direct contact with the skin of study participants.  The placement of 
such sensors may cause mild skin irritation.  A small electrical current will be passed through the 
skin of a participant in order to measure the resistance properties of the skin.  The level of 
current being passed through the skin is minimal and is a typical practice of psychology 
researchers in the use of tests such as lie detectors.  Tests have been done to ensure that the 
equipment sends a safe current level through the skin, which is compatible with the American 
Heart Associations standards for EKG monitors.  One of the sensors contains a small amount of 
lead and there are health risks associated with lead exposure.  This sensor, however, is fully 
contained and test subjects will not be placed in direct contact with any leaded material.  There 
are no anticipated health risks from participation in this study.   
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IV. Benefits 
 
This study will allow the participants to get a better idea of the type of learner they are and how 
their body responds to different tasks.  The overall benefits of this study are that software 
developers will be able to get a better picture of how learners of various types respond when 
information is presented in their preferred modality and when information presented is not in 
their chosen modality.  This will allow software developers to create a product that will better 
meet the needs of the consumer by customizing what is presented to the individual.  The test 
subject acknowledges that no promise or guarantee of benefits has been made to him or her to 
cause them to participate.  Each test subject is allowed to contact the investigator when the study 
is completed to browse the results.   
 
V. Extent of Anonymity and Confidentiality 
 
The names of test subjects will not be released to anyone other than the researchers working on 
this study.  All test subjects will be identified by a unique numerical identifier, which is in no 
way associated with a social security number or other identification number.  The activity on the 
screen of the computer during the test will be recorded and images of test subjects will be 
periodically recorded throughout the experiment.  These images will only be used to correlate 
activity during the experiment with some of the data recorded.  All images and data will be kept 
in a digital archive under the supervision of the investigators that will not be made available to 
the general public.  All use of the video taken during this study will be by the investigators in 
order to evaluate emotional changes in response to this study.  The investigator will only release 
the images and videos taken during this study to the primary investigators research committee 
and proper law enforcement officials should illegal activity be suspected as part of this study.   
 
VI. Compensation 
 
The subject agrees to participate in this experiment without any direct compensation.  Subjects 
may use their participation in this study as a means to gain extra credit in a course if prior 
arrangement has been made with their professor.  The responsibility to gain any promised course 
credit lies with the participant.  Written proof of participation will be provided upon request. 
 
VII. Freedom to Withdraw 
 
Subjects are free to withdraw from a study at any time without penalty. Subjects are free not to 
answer any questions or respond to experimental situations that they choose without penalty. 
 
VIII. Subject's Responsibilities 
I voluntarily agree to participate in this study.  

 
As a participant, I have the following responsibilities: 

1. Answer demographic questions as accurately as possible 
2. Perform tasks to the best of my ability 

 
IX. Subject's Permission 
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I have read and understand the Informed Consent and conditions of this project. I have 
had all my questions answered. I hereby acknowledge the above and give my voluntary 
consent: 
 
 
_______________________________________________Date__________ 
Subject signature 
 
Should I have any pertinent questions about this research or its conduct, and research 
subjects' rights, and whom to contact in the event of a research-related injury to the 
subject, I may contact: 
_____Ricky Castles___________________ _(540) 232-5505/rcastles@vt.edu 
Investigator(s) Telephone/e-mail 
_____Dr. Pushkin Kachroo______________ (540) 231-2976/pushkin@vt.edu 
Faculty Advisor Telephone/e-mail 
 
____Dr. James Thorp________________ _(540)231-6646/jsthorp@vt.edu 
Department Head Telephone/e-mail 
 
David M. Moore                            540-231-4991/moored@vt.edu 

Chair, Virginia Tech Institutional         Telephone/e-mail 
Review Board for the Protection of Human Subjects 
Office of Research Compliance – CVM Phase II (0442) 
Research Division 
 
This Informed Consent is valid from _10/5/05_ to _10/5/06_. 
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Appendix F: IRB Approval Letter
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Appendix G: Temperature Preprocessing 
 
#include "stdafx.h" 
#include <iostream> 
#include <string> 
#include <stdio.h> 
#include <stdlib.h> 
#include <fstream> 
#include <cmath> 
using namespace std; 
 
int main(int argc, char* argv[]) 
{   //Thermistor beta value, nominal resistance, nominal temp in Kelvin 
    double beta = 4500.0, R0 = 400000, T0=273.0 + 25.0; 
    //Temperature and corresponding resistance  
    long double temperature, R; 
    //name of the file to read in and the two files that are output 
    char infileName[10], outfileName1[20], outfileName2[20]; 
    //a conversion of the subject number to a character string 
    char numString[3]; 
    //stream for input file 
    ifstream infile; 
    //stream for output files 
    ofstream outfile1, outfile2; 
 
    //loop through all 33 subjects 
    for (int i=1; i<=33; i++) 
    {  
  //formulate string for file names  
  strcpy(infileName,"temp"); 
  strcpy(outfileName1, "temperatureC"); 
  strcpy(outfileName2, "temperatureF"); 
 
  //convert the integer for the subject number to a string 
       itoa(i,numString,10); 
 
  //for single digit subject numbers,  
  //concatenate 1 character with the file string name 
  if(i<10) 
  { 
   strncat(infileName,numString,1); 
   strncat(outfileName1,numString,1); 
   strncat(outfileName2,numString,1); 
  } 
 
  //for double digit subject numbers,  
  //concatenate 2 characters with the file string name 
  else 
  { 
   strncat(infileName,numString,2); 
   strncat(outfileName1,numString,2); 
   strncat(outfileName2,numString,2); 
  } 
 
  //concatenate the .txt file extension 
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  strcat(infileName, ".txt"); 
  strcat(outfileName1, ".txt"); 
  strcat(outfileName2, ".txt"); 
 
  //print to the terminal the name of the file being read in 
  cout<<infileName<<endl; 
 
  //ensure previous files are closed before proceeding 
  while(infile.is_open()); 
            while(outfile1.is_open()); 
  while(outfile2.is_open()); 
 
  //open the files as appropriate 
  infile.open(infileName); 
  outfile1.open(outfileName1); 
  outfile2.open(outfileName2); 
 
  do 
  {//read in resistance from file 
   infile>>R; 
 
   //set the precision of the output file 
   outfile1.precision(9); 
   outfile2.precision(9); 
 
   //calculates temperature in Kelvin 
   temperature = beta/(log(R/R0) +beta/T0);  
 
   //output the temperature to files in celsius and Fahrenheit 
        //converts to Celsius 
   outfile1<<temperature-273.15<<endl;  
   // converts to Fahrenheit 
   outfile2<<(temperature-273.15)*9.0/5.0 + 32.0<<endl;  
  }while(!(infile.eof()));  
             //read in the entire contents of the file 
   
  //close the files 
  infile.close();  
  outfile1.close(); 
  outfile2.close(); 
   
  //used to clear eof flag 
  infile.clear();  
            outfile1.clear(); 
  outfile2.clear(); 
 } 
 return 0; 
} 
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Appendix H: Physiological Data Processing Code 
 
//This program takes in the raw data files and information about the 
//times of each participant's activities and processed them to find 
//averages for each of the physiological categories 
 
#include "stdafx.h" 
#include <fstream> 
#include <iostream> 
#include <iomanip> 
#include <string> 
#include <conio.h> 
 
using namespace std; 
 
int main() 
{ int  
 //integers to hold the number of heart beats detected during each activity 
 //and throughout the entire experiment 
 totalPulseCount, relaxPulseCount, surveyPulseCount, resultsPulseCount, 
 uvisualMemPulseCount, uvisualIdentPulseCount, uvisualOrderPulseCount,  
 dvisualMemPulseCount, dvisualIdentPulseCount, dvisualOrderPulseCount, 
 uauralMemPulseCount, uauralIdentPulseCount, uauralOrderPulseCount,  
 dauralMemPulseCount, dauralIdentPulseCount, dauralOrderPulseCount, 
  
 //integers to hold the number of points recorded during each activity 
 //and throughout the entire experiment 
 totalPointCount, relaxPointCount, surveyPointCount, resultsPointCount, 
 uvisualMemPointCount, uvisualIdentPointCount, uvisualOrderPointCount,  
 dvisualMemPointCount, dvisualIdentPointCount, dvisualOrderPointCount, 
 uauralMemPointCount, uauralIdentPointCount, uauralOrderPointCount,  
 dauralMemPointCount, dauralIdentPointCount, dauralOrderPointCount, 
 
 //integers to hold the starting time of each activity and the entire experiment 
 totalStartTime, relaxStartTime, surveyStartTime, resultsStartTime, 
 uvisualMemStartTime, uvisualIdentStartTime, uvisualOrderStartTime,  
 dvisualMemStartTime, dvisualIdentStartTime, dvisualOrderStartTime, 
 uauralMemStartTime, uauralIdentStartTime, uauralOrderStartTime,  
 dauralMemStartTime, dauralIdentStartTime, dauralOrderStartTime, 
 
 //integers to hold the ending time of each activity and the entire experiment 
 totalEndTime, relaxEndTime, surveyEndTime, resultsEndTime, 
 uvisualMemEndTime, uvisualIdentEndTime, uvisualOrderEndTime,  
 dvisualMemEndTime, dvisualIdentEndTime, dvisualOrderEndTime, 
 uauralMemEndTime, uauralIdentEndTime, uauralOrderEndTime,  
 dauralMemEndTime, dauralIdentEndTime, dauralOrderEndTime, 
 
 //integers to hold the duration of each activity and the entire experiment 
 totalDuration, relaxDuration, surveyDuration, resultsDuration, 
 uvisualMemDuration, uvisualIdentDuration, uvisualOrderDuration,  
 dvisualMemDuration, dvisualIdentDuration, dvisualOrderDuration, 
 uauralMemDuration, uauralIdentDuration, uauralOrderDuration,  
 dauralMemDuration, dauralIdentDuration, dauralOrderDuration, 
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 //components of the current time found during file parsing  
 //and the current time as calculated 
 hour, minute, second,currentTime,  
 //the current subject whose data is being processed 
 subjectNum 
 ; 
 
 double   
   
 //the average temperature for the entire experiment and during each 
 //of the activities presented to the subject 
 totalAvgTemp, relaxAvgTemp, surveyAvgTemp, resultsAvgTemp, 
 uvisualMemAvgTemp, uvisualIdentAvgTemp, uvisualOrderAvgTemp,  
 dvisualMemAvgTemp, dvisualIdentAvgTemp, dvisualOrderAvgTemp, 
 uauralMemAvgTemp, uauralIdentAvgTemp, uauralOrderAvgTemp,  
 dauralMemAvgTemp, dauralIdentAvgTemp, dauralOrderAvgTemp, 
 
 //the average change in temperature from point to point for the entire experiment  
 //and during each of the activities presented to the subject 
 relaxAvgDeltaTemp, surveyAvgDeltaTemp, resultsAvgDeltaTemp, 
 uvisualMemAvgDeltaTemp, uvisualIdentAvgDeltaTemp, uvisualOrderAvgDeltaTemp,  
 dvisualMemAvgDeltaTemp, dvisualIdentAvgDeltaTemp, dvisualOrderAvgDeltaTemp, 
 uauralMemAvgDeltaTemp, uauralIdentAvgDeltaTemp, uauralOrderAvgDeltaTemp,  
 dauralMemAvgDeltaTemp, dauralIdentAvgDeltaTemp, dauralOrderAvgDeltaTemp, 
 
 //the average galvanic skin response for the entire experiment  
 //and during each of the activities presented to the subject 
 totalAvgGSR, relaxAvgGSR, surveyAvgGSR, resultsAvgGSR, 
 uvisualMemAvgGSR, uvisualIdentAvgGSR, uvisualOrderAvgGSR,  
 dvisualMemAvgGSR, dvisualIdentAvgGSR, dvisualOrderAvgGSR, 
 uauralMemAvgGSR, uauralIdentAvgGSR, uauralOrderAvgGSR,  
 dauralMemAvgGSR, dauralIdentAvgGSR, dauralOrderAvgGSR, 
 
 //the average change in galvanic skin response from point to point  
 //for the entire experiment and during each of the activities presented to the subject 
 relaxAvgDeltaGSR, surveyAvgDeltaGSR, resultsAvgDeltaGSR, 
 uvisualMemAvgDeltaGSR, uvisualIdentAvgDeltaGSR, uvisualOrderAvgDeltaGSR,  
 dvisualMemAvgDeltaGSR, dvisualIdentAvgDeltaGSR, dvisualOrderAvgDeltaGSR, 
 uauralMemAvgDeltaGSR, uauralIdentAvgDeltaGSR, uauralOrderAvgDeltaGSR,  
 dauralMemAvgDeltaGSR, dauralIdentAvgDeltaGSR, dauralOrderAvgDeltaGSR, 
   
 //the current and previous point read from the pulse data file 
 currentPulsePoint, previousPulsePoint, 
 //the current and previous point read from the skin temperature data file 
 currentTemp, previousTemp,  
 //the current and previous point read from the GSR data file 
 currentGSR, previousGSR, 
 
 //arrays holding the data normalization factors for the temperature 
 //and GSR data to be applied by multiplying each data point by  
 //scale factor 1 and subtracting scale factor 2 from the product 
 tempScaleFactor1[33], tempScaleFactor2[33], 
 GSRScaleFactor1[33], GSRScaleFactor2[33]; 
 
 //boolean variable used to account for the first data point read in 
 //which is processed slightly differently from all other points 
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 bool firstTime; 
 
 //streams for all the input files: 
 //the raw pulse data file, the times for each point 
 //the temperature data file, the GSR data file 
 //and a file containing all the start and stop times  
 //for each task for all 33 subjects 
 //the temperature and GSR normalizing scale factors 
 ifstream pulseIn, timeIn, tempIn, GSRIn, taskTimes, tempScaling, GSRScaling; 
 
 //streams for all output files: 
 //the output file calculating the heart rate for each activity 
 //the file with pulse expressed as a ratio of the within activity pulse to the average 
 //the raw and normalized temperatures output for each activity for each subject 
 //the avg change in temperature point to put for each activity by subject 
 //the raw and normalized GSR for each activity for each subject 
     //the avg change in GSR point to put for each activity by subject 
 ofstream pulseOutfile, pulseOutfilePercent,  
  tempOutfile, tempNormalizedOutfile, tempDeltaOutfile,  
  GSROutfile, GSRNormalizedOutfile, GSRDeltaOutfile; 
 
 //used to read in parts of the files: 
 //the date is essentially ignored in processing, but must be read in 
 //AMorPM determines whether the time was in the morning or afternoon 
 //junkString is used to read in parts of the data file that are just labels to be ignored 
 string date, AMorPM, junkString; 
  
 //used to read in characters that are not needed 
 char junk; 
 
 //character arrays to hold the names of the data files being read in 
 char pulseFileName[12], dateAndTimeFileName[20], temperatureFileName[20], GSRFileName[12]; 
 //a character array to hold the conversion of the subject number to characters 
     char numString[3]; 
 
 //open the activity times input file and all the output files 
 taskTimes.open("times.txt"); 
 tempScaling.open("tempScaleFactors.txt"); 
 GSRScaling.open("GSRScaleFactors.txt"); 
 pulseOutfile.open("pulseAnalysis.txt"); 
 pulseOutfilePercent.open("pulseAnalysisPercent.txt"); 
 tempOutfile.open("temperatureAnalysis.txt"); 
 tempNormalizedOutfile.open("nomalizedTempAnalysis.txt"); 
 tempDeltaOutfile.open("deltaTempAnalysis.txt"); 
 GSROutfile.open("GSRAnalysis.txt"); 
 GSRNormalizedOutfile.open("nomalizedGSRAnalysis.txt"); 
 GSRDeltaOutfile.open("deltaGSRAnalysis.txt"); 
 
 //read in the normalizing scale factors as appropriate 
 for(int i=0; i<33; i++) 
  tempScaling>>tempScaleFactor1[i]; 
 for(int i=0; i<33; i++) 
  tempScaling>>tempScaleFactor2[i]; 
 tempScaling.close(); 
 for(int i=0; i<33; i++) 
  GSRScaling>>GSRScaleFactor1[i]; 

 
 Page 151Appendix H: Physiological Data Processing Code Ricky Castles 



 for(int i=0; i<33; i++) 
  GSRScaling>>GSRScaleFactor2[i]; 
 GSRScaling.close(); 
 
 do 
 { 
  //read in the subject number from the task times file and output it to all the output files 
  taskTimes>>subjectNum; 
  pulseOutfile<<subjectNum; 
  pulseOutfilePercent<<subjectNum; 
  tempOutfile<<subjectNum; 
  tempNormalizedOutfile<<subjectNum; 
  GSROutfile<<subjectNum; 
 
  //initialize the names of the input files with the part that is common to the file names 

 strcpy(pulseFileName,"pulse"); 
  strcpy(dateAndTimeFileName, "dateAndTime"); 
  strcpy(temperatureFileName,"temperatureF"); 
  strcpy(GSRFileName,"GSR"); 
 
  //converts the subject number from an integer to a character array 
  itoa(subjectNum,numString,10); 
 
  //concatenates the number string with the previously initialized file name 
  //the concatenation is one character different for single digit subjects  
  //verses double digit subjects 
  if(subjectNum<10) 
  { 
      strncat(pulseFileName,numString,1); 
      strncat(dateAndTimeFileName,numString,1); 
      strncat(temperatureFileName,numString,1); 
      strncat(GSRFileName,numString,1); 
  } 
  else 
  { 
      strncat(pulseFileName,numString,2); 
      strncat(dateAndTimeFileName,numString,2); 
      strncat(temperatureFileName,numString,2); 
      strncat(GSRFileName,numString,2); 
  } 
 
  //add .txt extension to file names 
  strcat(pulseFileName, ".txt"); 
  strcat(dateAndTimeFileName, ".txt"); 
  strcat(temperatureFileName, ".txt"); 
  strcat(GSRFileName, ".txt"); 
   
  //output file names being processed to terminal window 
  cout<<pulseFileName<<endl; 
  cout<<temperatureFileName<<endl; 
  cout<<GSRFileName<<endl; 
 
  //open the input files 
  pulseIn.open(pulseFileName); 
  timeIn.open(dateAndTimeFileName); 
  tempIn.open(temperatureFileName); 
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  GSRIn.open(GSRFileName); 
   
  //initialize all the pulse counts, point counts, and averages 
  //the averages will be calculated as sums and then divided by the total number of 
  //points in the sum, so initialize the sums to 0 
  totalPulseCount=0; relaxPulseCount=0; surveyPulseCount=0; resultsPulseCount=0; 
  uvisualMemPulseCount=0; uvisualIdentPulseCount=0; uvisualOrderPulseCount=0; 
  dvisualMemPulseCount=0; dvisualIdentPulseCount=0; dvisualOrderPulseCount=0; 
  uauralMemPulseCount=0; uauralIdentPulseCount=0; uauralOrderPulseCount=0;  
  dauralMemPulseCount=0; dauralIdentPulseCount=0; dauralOrderPulseCount=0; 
 
  totalPointCount=0; relaxPointCount=0; surveyPointCount=0; resultsPointCount=0; 
  uvisualMemPointCount=0; uvisualIdentPointCount=0; uvisualOrderPointCount=0; 
  dvisualMemPointCount=0; dvisualIdentPointCount=0; dvisualOrderPointCount=0; 
  uauralMemPointCount=0; uauralIdentPointCount=0; uauralOrderPointCount=0;  
  dauralMemPointCount=0; dauralIdentPointCount=0; dauralOrderPointCount=0; 
 
  totalAvgTemp=0; relaxAvgTemp=0; surveyAvgTemp=0; resultsAvgTemp=0; 
  uvisualMemAvgTemp=0; uvisualIdentAvgTemp=0; uvisualOrderAvgTemp=0; 
  dvisualMemAvgTemp=0; dvisualIdentAvgTemp=0; dvisualOrderAvgTemp=0; 
  uauralMemAvgTemp=0; uauralIdentAvgTemp=0; uauralOrderAvgTemp=0;  
  dauralMemAvgTemp=0; dauralIdentAvgTemp=0; dauralOrderAvgTemp=0; 
 
  relaxAvgDeltaTemp=0; surveyAvgDeltaTemp=0; resultsAvgDeltaTemp=0; 
  uvisualMemAvgDeltaTemp=0; uvisualIdentAvgDeltaTemp=0; uvisualOrderAvgDeltaTemp=0; 
  dvisualMemAvgDeltaTemp=0; dvisualIdentAvgDeltaTemp=0; dvisualOrderAvgDeltaTemp=0; 
  uauralMemAvgDeltaTemp=0; uauralIdentAvgDeltaTemp=0; uauralOrderAvgDeltaTemp=0;  
  dauralMemAvgDeltaTemp=0; dauralIdentAvgDeltaTemp=0; dauralOrderAvgDeltaTemp=0; 
 
  totalAvgGSR=0; relaxAvgGSR=0; surveyAvgGSR=0; resultsAvgGSR=0; 
  uvisualMemAvgGSR=0; uvisualIdentAvgGSR=0; uvisualOrderAvgGSR=0; 
  dvisualMemAvgGSR=0; dvisualIdentAvgGSR=0; dvisualOrderAvgGSR=0; 
  uauralMemAvgGSR=0; uauralIdentAvgGSR=0; uauralOrderAvgGSR=0;  
  dauralMemAvgGSR=0; dauralIdentAvgGSR=0; dauralOrderAvgGSR=0; 
 
  relaxAvgDeltaGSR=0; surveyAvgDeltaGSR=0; resultsAvgDeltaGSR=0; 
  uvisualMemAvgDeltaGSR=0; uvisualIdentAvgDeltaGSR=0; uvisualOrderAvgDeltaGSR=0; 
  dvisualMemAvgDeltaGSR=0; dvisualIdentAvgDeltaGSR=0; dvisualOrderAvgDeltaGSR=0; 
  uauralMemAvgDeltaGSR=0; uauralIdentAvgDeltaGSR=0; uauralOrderAvgDeltaGSR=0;  
  dauralMemAvgDeltaGSR=0; dauralIdentAvgDeltaGSR=0; dauralOrderAvgDeltaGSR=0; 
  
  //boolean set to account for the input of the first point in the files 
  //as these are processed slightly differently from all other points 
  firstTime = true;   
 
//////////////////////////////// READ IN AND CALCULATE TIMES FOR TASKS///////////////////////////// 
 
  //survey 
  taskTimes>>junkString; 
  taskTimes>>hour>>minute>>second; 
  surveyStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  surveyEndTime = hour*3600 + minute*60 + second; 
  surveyDuration = surveyEndTime - surveyStartTime; 
  
  //undistracted visual memorization task  
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  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uvisualMemStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uvisualMemEndTime = hour*3600 + minute*60 + second; 
  uvisualMemDuration = uvisualMemEndTime - uvisualMemStartTime; 
 
  //undistracted visual identification task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uvisualIdentStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uvisualIdentEndTime = hour*3600 + minute*60 + second; 
  uvisualIdentDuration = uvisualIdentEndTime - uvisualIdentStartTime; 
 
  //undistracted visual ordering task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uvisualOrderStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uvisualOrderEndTime = hour*3600 + minute*60 + second; 
  uvisualOrderDuration = uvisualOrderEndTime - uvisualOrderStartTime; 
   
  //distracted visual memorization task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dvisualMemStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dvisualMemEndTime = hour*3600 + minute*60 + second; 
  dvisualMemDuration = dvisualMemEndTime - dvisualMemStartTime; 
   
  //distracted visual identification task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dvisualIdentStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dvisualIdentEndTime = hour*3600 + minute*60 + second; 
  dvisualIdentDuration = dvisualIdentEndTime - dvisualIdentStartTime; 
   
  //distracted visual ordering task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dvisualOrderStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dvisualOrderEndTime = hour*3600 + minute*60 + second; 
  dvisualOrderDuration = dvisualOrderEndTime - dvisualOrderStartTime; 
 
  //relaxation 
  taskTimes>>junkString; 
  taskTimes>>hour>>minute>>second; 
  relaxStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  relaxEndTime = hour*3600 + minute*60 + second; 
  relaxDuration = relaxEndTime - relaxStartTime; 
 
  //undistracted aural memorization task  
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  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uauralMemStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uauralMemEndTime = hour*3600 + minute*60 + second; 
  uauralMemDuration = uauralMemEndTime - uauralMemStartTime; 
   
 
  //undistracted aural identification task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uauralIdentStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uauralIdentEndTime = hour*3600 + minute*60 + second; 
  uauralIdentDuration = uauralIdentEndTime - uauralIdentStartTime; 
   
 
  //undistracted aural ordering task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  uauralOrderStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  uauralOrderEndTime = hour*3600 + minute*60 + second; 
  uauralOrderDuration = uauralOrderEndTime - uauralOrderStartTime; 
   
  //distracted aural memorization task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dauralMemStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dauralMemEndTime = hour*3600 + minute*60 + second; 
  dauralMemDuration = dauralMemEndTime - dauralMemStartTime; 
 
  //distracted aural identification task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dauralIdentStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dauralIdentEndTime = hour*3600 + minute*60 + second; 
  dauralIdentDuration = dauralIdentEndTime - dauralIdentStartTime; 
   
 
  //distracted aural ordering task  
  taskTimes>>junkString>>junkString>>junkString; 
  taskTimes>>hour>>minute>>second; 
  dauralOrderStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  dauralOrderEndTime = hour*3600 + minute*60 + second; 
  dauralOrderDuration = dauralOrderEndTime - dauralOrderStartTime; 
   
  //results 
  taskTimes>>junkString; 
  taskTimes>>hour>>minute>>second; 
  resultsStartTime = hour*3600 + minute*60 + second; 
  taskTimes>>hour>>minute>>second; 
  resultsEndTime = hour*3600 + minute*60 + second; 
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  resultsDuration = resultsEndTime - resultsStartTime; 
 
    //////////////////////////////READ IN PHYSIOLOGICAL DATA AND TIME FOR THAT POINT/////////////////// 
 
  //read the whole file 
  while(!pulseIn.eof()) 
  {//read in the date and time the current point was sampled  
   timeIn>>date>>hour>>junk>>minute>>junk>>second>>AMorPM; 
   //calculate time as the # of seconds since midnight 
   currentTime = hour*3600+minute*60+second;  
   //add 12 hours for PM if it is not 12PM to convert to 24 hour time 
   if ((AMorPM[0] == 'P')&&(hour!=12)) 
    currentTime += 12*3600;  
    
   //store the last points read in as the previous one 
   if (!firstTime) 
   { 
    previousTemp = currentTemp; 
    previousGSR = currentGSR; 
    previousPulsePoint = currentPulsePoint; 
   } 
 
   //read in the next physiologcial data points 
   pulseIn>>currentPulsePoint; 
   tempIn>>currentTemp; 
   GSRIn>>currentGSR; 
   
   //special case when reading in first point as there was no previous point 
   if (firstTime) 
   {totalStartTime = currentTime; 
    firstTime = false; //next time will not be first time 
    previousTemp = currentTemp; 
    previousPulsePoint = currentPulsePoint; 
    previousGSR = currentGSR; 
   } 
 
   //////////////////////// A HEARTBEAT WAS DETECTED, CLASSIFY IT BY CATEGORY///////////////// 
   //we are considering a positive heartbeat any voltage above 0.016V  
   //when the previous data point was not also high 
   if ((currentPulsePoint > 0.016)&&(previousPulsePoint<0.016)) 
   {totalPulseCount++; 
    if ((currentTime>=surveyStartTime)&&(currentTime<=surveyEndTime)) 
    surveyPulseCount++; 
    else if ((currentTime>=relaxStartTime)&&(currentTime<=relaxEndTime)) 
    relaxPulseCount++; 
    else if ((currentTime>=resultsStartTime)&&(currentTime<=resultsEndTime)) 
    resultsPulseCount++; 
    else if ((currentTime>=uvisualMemStartTime)&&(currentTime<=uvisualMemEndTime)) 
    uvisualMemPulseCount++; 
     else if ((currentTime>=uvisualIdentStartTime)&&(currentTime<=uvisualIdentEndTime)) 
    uvisualIdentPulseCount++; 
    else if ((currentTime>=uvisualOrderStartTime)&&(currentTime<=uvisualOrderEndTime)) 
    uvisualOrderPulseCount++; 
    else if ((currentTime>=dvisualMemStartTime)&&(currentTime<=dvisualMemEndTime)) 
    dvisualMemPulseCount++; 
    else if ((currentTime>=dvisualIdentStartTime)&&(currentTime<=dvisualIdentEndTime)) 
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    dvisualIdentPulseCount++; 
    else if ((currentTime>=dvisualOrderStartTime)&&(currentTime<=dvisualOrderEndTime)) 
    dvisualOrderPulseCount++; 
     else if ((currentTime>=uauralMemStartTime)&&(currentTime<=uauralMemEndTime)) 
    uauralMemPulseCount++; 
    else if ((currentTime>=uauralIdentStartTime)&&(currentTime<=uauralIdentEndTime)) 
    uauralIdentPulseCount++; 
    else if ((currentTime>=uauralOrderStartTime)&&(currentTime<=uauralOrderEndTime)) 
    uauralOrderPulseCount++; 
    else if ((currentTime>=dauralMemStartTime)&&(currentTime<=dauralMemEndTime)) 
    dauralMemPulseCount++; 
    else if ((currentTime>=dauralIdentStartTime)&&(currentTime<=dauralIdentEndTime)) 
    dauralIdentPulseCount++; 
    else if ((currentTime>=dauralOrderStartTime)&&(currentTime<=dauralOrderEndTime)) 
    dauralOrderPulseCount++; 
   } 
 
   //sum up all points to find an overall average for all categories 
   totalPointCount++; 
   totalAvgTemp+=currentTemp; 
   totalAvgGSR+=currentGSR; 
 
   //group GSR and temperature data by activity also,  
   //add one to the point count in each category when a point is found in that time frame 
   //add the current point to the averages for temp and GSR 
   //add the differential between the current and the previous to the delta category 
   if ((currentTime>=surveyStartTime)&&(currentTime<=surveyEndTime)) 
   { 
    surveyPointCount++; 
    surveyAvgTemp+=currentTemp; 
    surveyAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    surveyAvgGSR+=currentGSR; 
    surveyAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=relaxStartTime)&&(currentTime<=relaxEndTime)) 
   { 
    relaxPointCount++; 
    relaxAvgTemp+=currentTemp; 
    relaxAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    relaxAvgGSR+=currentGSR; 
    relaxAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=resultsStartTime)&&(currentTime<=resultsEndTime)) 
   { 
    resultsPointCount++; 
    resultsAvgTemp+=currentTemp; 
    resultsAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    resultsAvgGSR+=currentGSR; 
    resultsAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=uvisualMemStartTime)&&(currentTime<=uvisualMemEndTime)) 
   {   
    uvisualMemPointCount++; 
    uvisualMemAvgTemp+=currentTemp; 
    uvisualMemAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uvisualMemAvgGSR+=currentGSR; 
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    uvisualMemAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
    else if ((currentTime>=uvisualIdentStartTime)&&(currentTime<=uvisualIdentEndTime)) 
   {   
    uvisualIdentPointCount++; 
    uvisualIdentAvgTemp+=currentTemp; 
    uvisualIdentAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uvisualIdentAvgGSR+=currentGSR; 
    uvisualIdentAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=uvisualOrderStartTime)&&(currentTime<=uvisualOrderEndTime)) 
   { 
    uvisualOrderPointCount++; 
    uvisualOrderAvgTemp+=currentTemp; 
    uvisualOrderAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uvisualOrderAvgGSR+=currentGSR; 
    uvisualOrderAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dvisualMemStartTime)&&(currentTime<=dvisualMemEndTime)) 
   { 
    dvisualMemPointCount++; 
    dvisualMemAvgTemp+=currentTemp; 
    dvisualMemAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dvisualMemAvgGSR+=currentGSR; 
    dvisualMemAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dvisualIdentStartTime)&&(currentTime<=dvisualIdentEndTime)) 
   { 
    dvisualIdentPointCount++; 
    dvisualIdentAvgTemp+=currentTemp; 
    dvisualIdentAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dvisualIdentAvgGSR+=currentGSR; 
    dvisualIdentAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dvisualOrderStartTime)&&(currentTime<=dvisualOrderEndTime)) 
   { 
    dvisualOrderPointCount++; 
    dvisualOrderAvgTemp+=currentTemp; 
    dvisualOrderAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dvisualOrderAvgGSR+=currentGSR; 
    dvisualOrderAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
    else if ((currentTime>=uauralMemStartTime)&&(currentTime<=uauralMemEndTime)) 
   {   
    uauralMemPointCount++; 
    uauralMemAvgTemp+=currentTemp; 
    uauralMemAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uauralMemAvgGSR+=currentGSR; 
    uauralMemAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=uauralIdentStartTime)&&(currentTime<=uauralIdentEndTime)) 
   { 
    uauralIdentPointCount++; 
    uauralIdentAvgTemp+=currentTemp; 
    uauralIdentAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uauralIdentAvgGSR+=currentGSR; 
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    uauralIdentAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=uauralOrderStartTime)&&(currentTime<=uauralOrderEndTime)) 
   {   
    uauralOrderPointCount++; 
    uauralOrderAvgTemp+=currentTemp; 
    uauralOrderAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    uauralOrderAvgGSR+=currentGSR; 
    uauralOrderAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dauralMemStartTime)&&(currentTime<=dauralMemEndTime)) 
   { 
    dauralMemPointCount++; 
    dauralMemAvgTemp+=currentTemp; 
    dauralMemAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dauralMemAvgGSR+=currentGSR; 
    dauralMemAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dauralIdentStartTime)&&(currentTime<=dauralIdentEndTime)) 
   { 
    dauralIdentPointCount++; 
    dauralIdentAvgTemp+=currentTemp; 
    dauralIdentAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dauralIdentAvgGSR+=currentGSR; 
    dauralIdentAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
   else if ((currentTime>=dauralOrderStartTime)&&(currentTime<=dauralOrderEndTime)) 
   { 
    dauralOrderPointCount++; 
    dauralOrderAvgTemp+=currentTemp; 
    dauralOrderAvgDeltaTemp+=tempScaleFactor1[subjectNum-1]*(currentTemp-previousTemp); 
    dauralOrderAvgGSR+=currentGSR; 
    dauralOrderAvgDeltaGSR+=GSRScaleFactor1[subjectNum-1]*(currentGSR-previousGSR); 
   } 
  } 
 
  //close the input files 
  pulseIn.close(); 
  timeIn.close(); 
  tempIn.close(); 
  GSRIn.close(); 
 
  //clear file flags 
  pulseIn.clear(); 
  timeIn.clear(); 
  tempIn.clear(); 
  GSRIn.clear(); 
 
  //the last time read in will be the end time 
  totalEndTime= currentTime;  
  //total duration is difference between start and end time 
  totalDuration = totalEndTime-totalStartTime;  
   
  //output pulse calculated for each activity for each subject 
  pulseOutfile<<'\t'<<60*(double)uvisualMemPulseCount/(double)uvisualMemDuration; 
  pulseOutfile<<'\t'<<60*(double)uvisualIdentPulseCount/(double)uvisualIdentDuration; 
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  pulseOutfile<<'\t'<<60*(double)uvisualOrderPulseCount/(double)uvisualOrderDuration; 
  pulseOutfile<<'\t'<<60*(double)dvisualMemPulseCount/(double)dvisualMemDuration; 
  pulseOutfile<<'\t'<<60*(double)dvisualIdentPulseCount/(double)dvisualIdentDuration; 
  pulseOutfile<<'\t'<<60*(double)dvisualOrderPulseCount/(double)dvisualOrderDuration; 
  pulseOutfile<<'\t'<<60*(double)relaxPulseCount/(double)relaxDuration; 
  pulseOutfile<<'\t'<<60*(double)uauralMemPulseCount/(double)uauralMemDuration; 
  pulseOutfile<<'\t'<<60*(double)uauralIdentPulseCount/(double)uauralIdentDuration; 
  pulseOutfile<<'\t'<<60*(double)uauralOrderPulseCount/(double)uauralOrderDuration; 
  pulseOutfile<<'\t'<<60*(double)dauralMemPulseCount/(double)dauralMemDuration; 
  pulseOutfile<<'\t'<<60*(double)dauralIdentPulseCount/(double)dauralIdentDuration; 
  pulseOutfile<<'\t'<<60*(double)dauralOrderPulseCount/(double)dauralOrderDuration; 
  pulseOutfile<<'\t'<<60*double(totalPulseCount)/double(totalDuration)<<endl; 
 
  //output the ratio of the pulse for each activity to the average pulse for that subject through the experiment 
  pulseOutfilePercent<<'\t'<<100.0*((double)uvisualMemPulseCount/(double)uvisualMemDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)uvisualIdentPulseCount/(double)uvisualIdentDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)uvisualOrderPulseCount/(double)uvisualOrderDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
pulseOutfilePercent<<'\t'<<100.0*((double)dvisualMemPulseCount/(double)dvisualMemDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)dvisualIdentPulseCount/(double)dvisualIdentDuration)/ 

((double)totalPulseCount/(double)totalDuration);  
pulseOutfilePercent<<'\t'<<100.0*((double)dvisualOrderPulseCount/(double)dvisualOrderDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)relaxPulseCount/(double)relaxDuration)/ 

((double)totalPulseCount/(double)totalDuration);  
pulseOutfilePercent<<'\t'<<100.0*((double)uauralMemPulseCount/(double)uauralMemDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)uauralIdentPulseCount/(double)uauralIdentDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)uauralOrderPulseCount/(double)uauralOrderDuration)/ 

((double)totalPulseCount/(double)totalDuration);  
pulseOutfilePercent<<'\t'<<100.0*((double)dauralMemPulseCount/(double)dauralMemDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
 pulseOutfilePercent<<'\t'<<100.0*((double)dauralIdentPulseCount/(double)dauralIdentDuration)/ 

((double)totalPulseCount/(double)totalDuration); 
pulseOutfilePercent<<'\t'<<100.0*((double)dauralOrderPulseCount/(double)dauralOrderDuration)/ 

((double)totalPulseCount/(double)totalDuration)<<endl; 
 
  //output the skin temperature for each activity for each subject 
  tempOutfile<<'\t'<<(double)uvisualMemAvgTemp/(double)uvisualMemPointCount; 
  tempOutfile<<'\t'<<(double)uvisualIdentAvgTemp/(double)uvisualIdentPointCount; 
  tempOutfile<<'\t'<<(double)uvisualOrderAvgTemp/(double)uvisualOrderPointCount; 
  tempOutfile<<'\t'<<(double)dvisualMemAvgTemp/(double)dvisualMemPointCount; 
  tempOutfile<<'\t'<<(double)dvisualIdentAvgTemp/(double)dvisualIdentPointCount; 
  tempOutfile<<'\t'<<(double)dvisualOrderAvgTemp/(double)dvisualOrderPointCount; 
  tempOutfile<<'\t'<<(double)relaxAvgTemp/(double)relaxPointCount; 
  tempOutfile<<'\t'<<(double)uauralMemAvgTemp/(double)uauralMemPointCount; 
  tempOutfile<<'\t'<<(double)uauralIdentAvgTemp/(double)uauralIdentPointCount; 
  tempOutfile<<'\t'<<(double)uauralOrderAvgTemp/(double)uauralOrderPointCount; 
  tempOutfile<<'\t'<<(double)dauralMemAvgTemp/(double)dauralMemPointCount; 
  tempOutfile<<'\t'<<(double)dauralIdentAvgTemp/(double)dauralIdentPointCount; 
  tempOutfile<<'\t'<<(double)dauralOrderAvgTemp/(double)dauralOrderPointCount<<endl; 
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  //output the normalized avg skin temperature for each activity for each subject 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uvisualMemAvgTemp/ 

(double)uvisualMemPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uvisualIdentAvgTemp/ 

(double)uvisualIdentPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uvisualOrderAvgTemp/ 

(double)uvisualOrderPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dvisualMemAvgTemp/ 

(double)dvisualMemPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dvisualIdentAvgTemp/ 

(double)dvisualIdentPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dvisualOrderAvgTemp/ 

(double)dvisualOrderPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)relaxAvgTemp/ 

(double)relaxPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uauralMemAvgTemp/ 

(double)uauralMemPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uauralIdentAvgTemp/ 

(double)uauralIdentPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)uauralOrderAvgTemp/ 

(double)uauralOrderPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dauralMemAvgTemp/ 

(double)dauralMemPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dauralIdentAvgTemp/ 

(double)dauralIdentPointCount-tempScaleFactor2[subjectNum-1]; 
  tempNormalizedOutfile<<'\t'<<tempScaleFactor1[subjectNum-1]*(double)dauralOrderAvgTemp/ 

(double)dauralOrderPointCount-tempScaleFactor2[subjectNum-1] 
<<endl; 

  
  //output the normalized avg change in skin temperature for each activity for each subject 
  tempDeltaOutfile<<'\t'<<(double)uvisualMemAvgDeltaTemp/(double)uvisualMemPointCount; 
  tempDeltaOutfile<<'\t'<<(double)uvisualIdentAvgDeltaTemp/(double)uvisualIdentPointCount; 
  tempDeltaOutfile<<'\t'<<(double)uvisualOrderAvgDeltaTemp/(double)uvisualOrderPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dvisualMemAvgDeltaTemp/(double)dvisualMemPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dvisualIdentAvgDeltaTemp/(double)dvisualIdentPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dvisualOrderAvgDeltaTemp/(double)dvisualOrderPointCount; 
  tempDeltaOutfile<<'\t'<<(double)relaxAvgDeltaTemp/(double)relaxPointCount; 
  tempDeltaOutfile<<'\t'<<(double)uauralMemAvgDeltaTemp/(double)uauralMemPointCount; 
  tempDeltaOutfile<<'\t'<<(double)uauralIdentAvgDeltaTemp/(double)uauralIdentPointCount; 
  tempDeltaOutfile<<'\t'<<(double)uauralOrderAvgDeltaTemp/(double)uauralOrderPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dauralMemAvgDeltaTemp/(double)dauralMemPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dauralIdentAvgDeltaTemp/(double)dauralIdentPointCount; 
  tempDeltaOutfile<<'\t'<<(double)dauralOrderAvgDeltaTemp/(double)dauralOrderPointCount<<endl; 
 
  //output the avg GSR for each activity for each subject 
  GSROutfile<<'\t' <<(double)uvisualMemAvgGSR/(double)uvisualMemPointCount; 
  GSROutfile<<'\t' <<(double)uvisualIdentAvgGSR/(double)uvisualIdentPointCount; 
  GSROutfile<<'\t' <<(double)uvisualOrderAvgGSR/(double)uvisualOrderPointCount; 
  GSROutfile<<'\t' <<(double)dvisualMemAvgGSR/(double)dvisualMemPointCount; 
  GSROutfile<<'\t' <<(double)dvisualIdentAvgGSR/(double)dvisualIdentPointCount; 
  GSROutfile<<'\t' <<(double)dvisualOrderAvgGSR/(double)dvisualOrderPointCount; 
  GSROutfile<<'\t' <<(double)relaxAvgGSR/(double)relaxPointCount; 
  GSROutfile<<'\t' <<(double)uauralMemAvgGSR/(double)uauralMemPointCount; 
  GSROutfile<<'\t' <<(double)uauralIdentAvgGSR/(double)uauralIdentPointCount; 
  GSROutfile<<'\t' <<(double)uauralOrderAvgGSR/(double)uauralOrderPointCount; 
  GSROutfile<<'\t' <<(double)dauralMemAvgGSR/(double)dauralMemPointCount; 
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  GSROutfile<<'\t' <<(double)dauralIdentAvgGSR/(double)dauralIdentPointCount; 
  GSROutfile<<'\t' <<(double)dauralOrderAvgGSR/(double)dauralOrderPointCount<<endl; 
 
  //output the normalized avg GSR for each activity for each subject 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uvisualMemAvgGSR/ 

(double)uvisualMemPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uvisualIdentAvgGSR/ 

(double)uvisualIdentPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uvisualOrderAvgGSR/ 

(double)uvisualOrderPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dvisualMemAvgGSR/ 

(double)dvisualMemPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dvisualIdentAvgGSR/ 

(double)dvisualIdentPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dvisualOrderAvgGSR/ 

(double)dvisualOrderPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)relaxAvgGSR/ 

(double)relaxPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uauralMemAvgGSR/ 

(double)uauralMemPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uauralIdentAvgGSR/ 

(double)uauralIdentPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)uauralOrderAvgGSR/ 

(double)uauralOrderPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dauralMemAvgGSR/ 

(double)dauralMemPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dauralIdentAvgGSR/ 

(double)dauralIdentPointCount-GSRScaleFactor2[subjectNum-1]; 
  GSRNormalizedOutfile<<'\t'<<GSRScaleFactor1[subjectNum-1]*(double)dauralOrderAvgGSR/ 

(double)dauralOrderPointCount-GSRScaleFactor2[subjectNum-1] 
     <<endl; 

  
  //output the normalized avg change in skin resistance for each activity for each subject 
  GSRDeltaOutfile<<'\t'<<(double)uvisualMemAvgDeltaGSR/(double)uvisualMemPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)uvisualIdentAvgDeltaGSR/(double)uvisualIdentPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)uvisualOrderAvgDeltaGSR/(double)uvisualOrderPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dvisualMemAvgDeltaGSR/(double)dvisualMemPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dvisualIdentAvgDeltaGSR/(double)dvisualIdentPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dvisualOrderAvgDeltaGSR/(double)dvisualOrderPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)relaxAvgDeltaGSR/(double)relaxPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)uauralMemAvgDeltaGSR/(double)uauralMemPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)uauralIdentAvgDeltaGSR/(double)uauralIdentPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)uauralOrderAvgDeltaGSR/(double)uauralOrderPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dauralMemAvgDeltaGSR/(double)dauralMemPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dauralIdentAvgDeltaGSR/(double)dauralIdentPointCount; 
  GSRDeltaOutfile<<'\t'<<(double)dauralOrderAvgDeltaGSR/(double)dauralOrderPointCount<<endl; 
 }while(subjectNum<33); 
  
 //close the files 
 taskTimes.close(); 
 pulseOutfile.close(); 
 pulseOutfilePercent.close(); 
 tempOutfile.close(); 
 tempNormalizedOutfile.close(); 
 tempDeltaOutfile.close(); 
 GSROutfile.close(); 
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 GSRNormalizedOutfile.close(); 
 GSRDeltaOutfile.close(); 
  
 //indicate processing is complete to terminal window 
 cout<<"done."<<endl; 
 return 0;
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Appendix I: Matlab Code to Calculate the 
Temperature and GSR Normalization Factors 
 
 
for i=1:33 
    %load the data in the files and sort them accounting for the naming 
    %convention 
    if i<10 
        load(strcat('TemperatureF', char(i+48), '.txt')); 
        load(strcat('GSR', char(i+48), '.txt')); 
        sortedTemperatures = sort(eval(strcat('TemperatureF', char(i+48)))); 
        sortedGSR = sort(eval(strcat('GSR', char(i+48))));  
    elseif i<20 
        load(strcat('TemperatureF1', char(mod(i,10)+48), '.txt')); 
        load(strcat('GSR1', char(mod(i,10)+48), '.txt')); 
        sortedTemperatures = sort(eval(strcat('TemperatureF1',  

char(mod(i,10)+48)))); 
        sortedGSR = sort(eval(strcat('GSR1', char(mod(i,10)+48))));  
    elseif i<30 
        load(strcat('TemperatureF2', char(mod(i,10)+48), '.txt')); 
        load(strcat('GSR2', char(mod(i,10)+48), '.txt')); 
        sortedTemperatures = sort(eval(strcat('TemperatureF2',  

char(mod(i,10)+48)))); 
        sortedGSR = sort(eval(strcat('GSR2', char(mod(i,10)+48))));  
    else 
        load(strcat('TemperatureF3', char(mod(i,10)+48), '.txt')); 
        load(strcat('GSR3', char(mod(i,10)+48), '.txt')); 
        sortedTemperatures = sort(eval(strcat('TemperatureF3',  

char(mod(i,10)+48)))); 
        sortedGSR = sort(eval(strcat('GSR3', char(mod(i,10)+48))));  
    end 
     
    %find out how many points are in the file 
    sizeOfArray = size(sortedTemperatures,1); 
     
    %find the minimum, maximum, 5th, and 95th percentile of the temperature 
data 
    minimumTemperatures(i)= min(sortedTemperatures); 
    maximumTemperatures(i)= max(sortedTemperatures); 
    fifthPercentileTemps(i) = sortedTemperatures(int16(sizeOfArray*.05)); 
    ninetyfifthPercentileTemps(i) =  

sortedTemperatures(int16(sizeOfArray*.95)); 
    scaleFactor1Temp(i) = 90/(ninetyfifthPercentileTemps(i)- 

fifthPercentileTemps(i)); 
    scaleFactor2Temp(i) = fifthPercentileTemps(i) .*scaleFactor1Temp(i)-5; 
    %clear the array for the next iteration 
    clear sortedTemperatures 
     
    %perform the same analysis on the GSR data 
    minimumGSRs(i)= min(sortedGSR); 
    maximumGSRs(i)= max(sortedGSR); 
    fifthPercentileGSRs(i) = sortedGSR(int16(sizeOfArray*.05)); 
    ninetyfifthPercentileGSRs(i) = sortedGSR(int16(sizeOfArray*.95)); 
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    scaleFactor1GSR(i) = 90/(ninetyfifthPercentileGSRs(i)- 
fifthPercentileGSRs(i)); 

    scaleFactor2GSR(i) = fifthPercentileGSRs(i) .*scaleFactor1GSR(i)-5; 
    clear sortedGSR 
     
end 
    %write out the temperature scaling data to a tab delimited text file 
    dlmwrite('temperatureScaling.txt', minimumTemperatures) 
    dlmwrite('temperatureScaling.txt', fifthPercentileTemps, '-append') 
    dlmwrite('temperatureScaling.txt', ninetyfifthPercentileTemps,'-append') 
    dlmwrite('temperatureScaling.txt', maximumTemperatures, '-append') 
    dlmwrite('temperatureScaling.txt', scaleFactor1Temp,'-append') 
    dlmwrite('temperatureScaling.txt', scaleFactor2Temp,'-append') 
     
    %write out the GSR scaling data to a tab delimited text file 
    dlmwrite('GSRScaling.txt', minimumGSRs) 
    dlmwrite('GSRScaling.txt', fifthPercentileGSRs, '-append') 
    dlmwrite('GSRScaling.txt', ninetyfifthPercentileGSRs,'-append') 
    dlmwrite('GSRScaling.txt', maximumGSRs, '-append') 
    dlmwrite('GSRScaling.txt', scaleFactor1GSR,'-append') 
    dlmwrite('GSRScaling.txt', scaleFactor2GSR,'-append') 
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