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fully explored the different measures to identify behavior change, evaluation techniques 
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to affect long-term behavior change. This study uses the unique context of noised-

induced hearing loss (NIHL) among collegiate musicians to explore these issues through 

developing the MIHL Reduction Feedback System that collects real-time data, 

translates it into visuals for music classrooms, provides predictive outcomes for goal-

setting persuasion, and provides statistical measures of behavior change. 
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CHAPTER 1

INTRODUCTION

1.1. Problem Statement

To accommodate a mobile society, computer scientists are becoming increasingly

aware of the power of ubiquitous and pervasive computing systems that can display in-

formation in and about the user’s environment. These scientists use many descriptors for

such systems, but the term “ambient technology” best describes the research related to the

subtle display of information in an unobtrusive manner. One special type of ambient tech-

nology, ambient information systems, involves the informative display transitioning between

the periphery and the center of the user’s attention, implying that the display must be ho-

mogeneous with its environment yet conspicuous enough to attract the user’s attention. The

goal of this type of ambient technology is to produce a behavior change, i.e. convince the

user to perform actions contrary to their established procedure, further implying that the

display must be informative, unobtrusive, and persuasive [69, 75, 95, 40].

Researchers interested in improving ambient information systems have started ask-

ing questions concerning the type and amount of information necessary for monitoring an

event, information presentation, ambiance levels, aesthetic properties, and the design char-

acteristics of a persuasive and unobtrusive system [73, 90, 54, 24, 28, 83, 78]. The unique

characteristics of ambient information systems create a challenge in finding answers to these

questions. For example, researchers evaluate most user-oriented interfaces using work-related

task measures such as time, accuracy, and cognitive workload, to determine display effec-

tiveness. In contrast, users “live with” ambient information systems rather than “interact

with them,” meaning that the traditional measures of effectiveness may not apply, and that

evaluation criteria for ambient information systems may need to involve a combination of

experimental, short-term, and long-term, usage studies to determine a particular interface’s

usefulness and effectiveness [78, 35].

Many ambient information systems provide real-time information to keep users up-
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dated on the current environment and may provide additional information that predicts

a later outcome, but they typically do not provide explicit goals or sufficient feedback to

achieve short-term goals that lead to behavior change. For example, a home thermostat may

inform the user of current atmospheric conditions, but it does not explicitly encourage the

user to work towards a goal. Modern thermostats may also predict energy savings over a

long period, implying a long-term goal, but they do not provide explicit short-term goals or

sufficient real-time feedback that leads to behavior change [50, 1].

To summarize, there are three primary issues lacking in persuasive ambient infor-

mation systems research. First, researchers have developed many systems using a variety of

techniques to display information for a specific context, but the design techniques used to de-

velop them have been, for the most part, ad-hoc or haphazard and without any consideration

for specific design dimensions, or how these dimensions relate to the environment the system

may eventually reside. In many cases, the system should complement the users primary

task, implying that watching the ambient display becomes a secondary task that supports

the primary task in a non-distracting way. Therefore, researchers need to develop methods

that can test different design dimensions and aid/devise a method that tests whether differ-

ent design dimensions of a secondary ambient display either reinforces or detracts from the

primary task.

A second major problem in ambient information systems research is the lack of suf-

ficient measures and techniques to determine if the design meets requirements and specifi-

cations. Researchers often develop an ambient system and then test its effectiveness within

a laboratory setting. Although the laboratory study can provide useful data concerning the

system’s effectiveness, it often lacks face validity and is not necessarily representative of the

real world. The alternative to laboratory tests are short-term field studies with small sample

sizes. Because these studies often take place within highly variable environments, it is dif-

ficult to obtain proper measures that can confirm design decisions. As a result, researchers

doing field studies often rely on surveys that ask questions related to whether users like a sys-

tem or if the system has persuaded them. Such results are highly subjective, and they do not

2



necessarily relate back to specific design decisions. One of the major difficulties with trying

to test whether an ambient display produced behavioral change is finding suitable measures

that can actually detect if a change has occurred. These types of measures demand data

recorded over longer periods and look at a user’s behavior as a long-term dynamic activity.

The third major problem in ambient information systems research relates to the type

of feedback that often occurs in ambient displays. In most cases, feedback provides for a

primary goal and in principle for a micro activity. In some cases, the feedback might include

multiple physical actions that occur over a long period. If the provided feedback for multiple

activities through an abstract representation and the activities are continuous, then the user

will often have difficulty understanding which activity is contributing to the visualization

and whether their current activities will affect some goal [37, 36, 38]. Representing the

relationships between current and potential future actions while ensuring the persuasive

nature of the feedback is extremely difficult. By using predictive modeling that translates

measures of behavior into a predicted goal that encourages the user, it is possible to create

a more persuasive and effective feedback display.

The following section discusses a contextual problem involving noised-induced hearing

loss among musicians that has inherent characteristics allowing us to develop solutions to

the three problems described above. We follow the discussion with an explanation of our

procedures, contributions, and hypotheses concerning predictive modeling for persuasive

ambient technology.

1.2. The Music-Induced Hearing Loss Context

Approximately 28 million Americans suffer from some variety of hearing loss. The

Center for Disease Control reports four million workers exposed to damaging noise each day,

with 22 million workers potentially exposed each year [4, 25]. Dedicated young musicians are

also among the population that is seeing an increase in noise induced hearing loss (NIHL),

termed music induced hearing loss (MIHL)1, as they spend hours developing their abilities

1Musicians dislike referring to music as “noise”. In this dissertation, we use the terms ‘NIHL’ and ‘MIHL’
interchangeably because regulation bodies such as NIOSH and OSHA do not make this distinction.
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and performing for audiences [33, 44, 43, 19, 77, 18, 71, 63, 15, 20, 16, 17]. Hearing loss is a

cumulative and permanent condition that these musicians, who rely on acute hearing, may

experience through symptoms such as distorted sounds, heightened sensitivity to sound, or

an inability to match pitch. Prolonged exposure to loud noise can lead to other physical

and social problems, including high blood pressure, stress, anxiety, and avoidance of social

situations due to difficulty in understanding speech. This situation affects the entire music

profession and influences countless professionals, amateurs, students, and consumers.

There are regulatory agencies and associations that govern occupational safety stan-

dards for hearing safety; however, these agencies rarely apply oversight to music or musical

activities because of the dilemma between government regulation and artistic expression. For

example, the National Institutes of Occupational Safety and Health (NIOSH), the American

Academy of Audiology (AAA), and the National Hearing Conservation Association (NHCA),

have recommended a daily sound exposure limit (typically the equivalent to 85 decibels over

an eight-hour period) but exempt musical activities [14, 2]. The Control of Noise at Work

Regulations in the United Kingdom applies limits for music production in the music and

entertainment industries [27], but those regulations do not apply in the United States. In

addition, these agencies often designed risk assessment protocols for industrial settings in

which unwanted sound is consistent and generated by machines and other work-related pro-

cesses; whereas musical sounds are desirable, complex, highly variable, and reflective of in-

tentional behavioral actions essential for skill acquisition and artistic expression [15, 19, 16].

Furthermore, musicians are reluctant to use hearing protectors [20] and there is a lack of

relevant feedback designed to help musical communities understand how and why specific

events are risky.

Historically, the educational culture for training music professionals does not acknowl-

edge, suggest, sanction, or mandate any actions that ensure awareness or competency for

managing the risk from excessive exposures. Music professionals often view exposure to

loud music as a matter of choice for both the performer and audience as asserted by a let-

ter archived on the Occupational Safety and Health Association (OSHA) website [46]. In
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school environments, students are unknowingly, and under instructor supervision, damaging

their hearing because sound levels generated remain entirely unrestricted and unrestrained

during instructional activities. In response, the National Association of Schools of Music

(NASM), at the urging of the Performing Arts Medicine Association (PAMA), recently pub-

lished advisory documents to promote the best conditions for hearing health in over 600

accredited schools and departments of music in the United States [66]. Accreditation bod-

ies are now asking school administrators to address decibel levels generated during routine

educational activities while developing comprehensive programs that address hearing health

on a continuing basis because exposure levels generated during these activities can lead to

physically and psychologically harmful, cumulative, and permanent consequences. Addition-

ally, NIOSH has issued the DREAM (Direct Reading Exposure Assessment Methods) and

Direct Reading and Sensor Technologies initiatives [26] calling for new and improved tech-

nology and analytical techniques for accurately assessing exposures in time-sensitive ways to

assure worker and public health. Last, the National Academy of Engineering is calling for

the investigation of sound related technology and health issues [68].

The number of instructors and students that are unaware of this health hazard is

unknown, but there is evidence that classroom music instructors are a primary contributor to

the MIHL risk factors [15, 19, 16]. This contribution comes directly from behaviors resulting

from lifetime exposure to influences that affect health behaviors that ultimately manifest

in the classrooms, rehearsal halls, and practice rooms seldom monitored for sound pressure

levels. Prevention is the key to reducing future MIHL among musicians because hearing

loss is cumulative and irreversible. The primary challenges in reducing the risk within the

classroom is to provide real-time information of sound pressure levels so instructors can make

informed decisions during classroom instruction, and to provide post-hoc information, that

allows instructors to identify and understand individual issues and trends in their classroom

and to make voluntary pedagogical decisions to reduce the risk. This project focuses on the

first challenge by providing a persuasive principle-based, social psychologically enriched, and

user-centered real-time ambient information system that motivates and improves decision-
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making within the classroom.

1.3. Objectives

Thus, the broad goal of this research was to find a generalizable solution to designing

an ambient information system for behavior change. This included the development of a for-

malized design methodology, the identification of both quantifiable and qualitative measures

that could confirm behavior change and the correctness of our design methodology, and the

addition of a predictive model to enhance persuasion and induce behavior change. To meet

the specific domain requirements in the MIHL context, we developed the MIHL Reduction

Feedback System, a persuasive ambient information system that provides real-time feedback

and predictive outcomes to enhance persuasion through goal setting for a unique real-world

environment.

This system continuously collects real-time data necessary for indicating NIHL risk by

measuring, storing, and translating sound data into visuals displayed within the music class-

room. Using the real-time data, we designed a series of prototype visuals that dynamically

display a representation of the real-time data. We purposefully designed these visuals to

reflect an ambient information system taxonomy consisting of the four design dimensions of

information capacity, representation fidelity, notification level, and aesthetic emphasis [73].

This design process involved creating two prototype visuals that required testing in a labo-

ratory environment to avoid the highly volatile and variable nature of the field environment

of music classrooms.

Laboratory testing required the development and use of a novel sound-based game

that requires a user to control the speed of a vehicle in sync with background music volume.

Similar to the Field Study, the two visuals intend to inform the user about their progress

toward the goal, without distracting them from the game play. Thus, the experimental

setting simulated many of the characteristics of the Field Study, which allowed us to test the

visuals and refine our measures. Although the prototype visuals proved effective, we used the

information gained from the experimental study to refine the visuals as well as insert a real-

time prediction element that provides feedback to the user concerning their future NIHL risk,
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thus showing them how their current behavior may affect long-term consequences. These

updated prototypes were then tested in both laboratory and field environments.

1.4. Measures and Procedures

To measure behavior change, we used the set of sound data variables for the Field

Study and a combination of these sound variables (i.e., a score) in the Laboratory Study. For

the Laboratory Study, we used the three sound variables of Leq, Dose, and %-Below 73 dB,

associating them with different game parameters, and producing the subject’s game score.

For the Field Study, the MIHL Reduction Feedback System records these variables for each

instructor teaching lab bands and derives Mean, Median, Coefficient of Variation, Skewness,

Kurtosis, Gini Coefficient, Dose and the %-Below 73 dB.

In addition to the quantitative measures for behavior change, we developed a series

of qualitative measures that could validate the correctness of our design methodology. Each

of these measures related to specific questions on a post-hoc survey. One set of questions

asked participants to independently rate a visual display concerning the four design dimen-

sions. Similarly, a second set of questions focused on directly comparing two visuals while

rating them concerning the four design dimensions. Finally, a third set of questions asked

participants to interpret instances of the visuals to determine consistent understanding of

the information presented by the display. For each subject, we collected the means for the

questions relating to these three variables.

The subject pool for this study were students enrolled in upper level and graduate

classes for the Laboratory Study, and band instructors in the music school for the Field

Study. Subjects in both studies were asked to perform their tasks (i.e., play a game or teach

a class) in the presence of two ambient treatment conditions. Following the task, subjects

completed the post-hoc survey. In the Laboratory Study, we analyzed and compared game

scores four treatment conditions. In the Field Study, we collected several weeks of data and

measures, using structural changes tests to detect changes across treatment applications for

the instructors.

General Hypothesis: The general hypothesis for this study is that individuals using
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the ambient displays will change their behavior, thereby affecting their exposure to excessive

sound pressure levels (i.e., perform some action that changes overall sound pressure levels).

According to this hypothesis, a persuasive ambient information system can affect a subject’s

behavior on a task, implying that the same affect is observable for similar tasks. Data

gathered from subjects will provide information about developing displays that require user’s

attention and the effectiveness of visualization features on behavior change. Results from

this study will provide information about how to use design dimensions to evaluate the

effectiveness of ambient information systems. The following is a list of hypotheses that this

study sought to prove.

Hypothesis 1: Groups exposed to an ambient display, while simultaneously playing

a game, will have short-term behavior changes as measured by statistically higher scores

compared to those groups not exposed to ambient displays.

Hypothesis 2: Instructors exposed to an ambient display, while simultaneously teach-

ing band students, will have long-term behavior changes as measured by one or more struc-

tural change measures that compare sound pressure data generated before and after intro-

duction of ambient displays.

Hypothesis 3: Groups exposed to an ambient display, while simultaneously performing

their primary task, will positively rate the display as satisfying the design dimensions of

information capacity, notification level, representation fidelity, and aesthetic emphasis.

Hypothesis 4: Subjects’ understanding of the information contained within the visual

will be significantly higher when viewing an ambient display with a predictive component.

Thus, the interpretation score for groups exposed to the visuals containing the predictive

element will be larger than groups exposed to visuals without a predictive component.

Hypothesis 5: Groups exposed to two ambient displays, while simultaneously per-

forming their primary task, will prefer one display over another and with respect to each of

the design dimensions.
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1.5. Significance

This particular study sought to determine if an ambient system could bring about a

change in a user’s behavior. This study furthers the theoretical and methodological research

in ambient technology in three major ways. First, this study attempts to present a method-

ological approach that combines both quantifiable and qualitative measures to address the

problem of evaluation of persuasive ambient displays. The unique use of sound-based scores

(for the game) and time-series analysis techniques enabled us to quantify behavior change

in both the Laboratory and Field Study environments. Post-hoc surveys were an implicit

measurement technique to assess the design dimensions, persuasiveness, and effectiveness of

the system. The combination of these two measurement methods had the effect of confirming

the persuasiveness of our system in an explicit way, through quantifiable measures, and, in

an implicit way, through attitudinal differences of different design features and preferences.

Second, the testing of visuals in a simulated or laboratory setting provides designers with

necessary insights about how the visual(s) will be effective. Although results from a lab

study are not generalizable to the real world context exactly, it does provide useful insight

into the problems that might occur when the introducing visuals to a wider audience. Our

use of both the Laboratory and Field Study to refine and perfect the visuals is unique in

this research area. Finally, the introduction of a predictive element into an ambient visual

has the potential to improve the feedback element within ambient systems. A predictive

element allows the designer to show the user both current and future conditions. This has

the potential to bring a completely new element to the ambient persuasive experience.

9



CHAPTER 2

LITERATURE REVIEW

2.1. Ambient Information Systems

Human-computer interaction (HCI) is the interdisciplinary study of user interaction

with technology. Three HCI subfields that can help construct a risk regulating system

include ambient displays (a.k.a. peripheral displays), notification systems, and captology.

An ambient display provides information as subtle non-distracting changes, i.e., it creates

awareness without requiring focused attention while being minimally attended, salient, and

non-burdening. The information should be lightweight, limited in amount, non-critical, and

easily interpreted through abstract representations to remain peripheral and seen at a glance.

In addition, there should be aesthetics to make it visually appealing but without information

loss or becoming distracting. Many ambient displays have notifications system components,

which deliver current and valued information efficiently and effectively in a divided-attention,

parallel, and multitasking approach. One design goal is for the notification system to be

extraneous or supplemental to the user’s attention, similar to ambient displays. Therefore, an

ambient information system is the combination of ambient displays and notification systems

that have features necessary to influence risk mitigation.

Captology is the study of computers as persuasive technologies in which designers in-

corporate general persuasive principles including influence, motivation, and behavior change,

with the purpose of changing a person’s attitude or behavior [24]. Persuasion requires intent;

therefore, persuasion must be the designer’s intent and requires attention to the interaction

of humans and the technology [54]. We can describe the interaction, or functionality, in

three ways. First, it must make some behavior easier to perform or change. Second, the

technology serves as a medium that provides an experience. Third, the technology acts as a

social actor, creating a relationship between the user and technology [24]. Ambient displays

and notifications systems may include captology principles, leading to ambient information

systems that have captology principles to produce behavior change.
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Ambient information systems is a subcategory of a broader ambient technology cate-

gory which also includes ambient displays and information visualization, ambient intelligence,

ambient persuasive technologies, ambient hardware, and others, but with these categories

overlapping such that researchers rarely distinguish among them formally. The research

with these technologies typically falls into two subcategories: (1) design methodologies and

considerations including taxonomies and evaluations, and (2) application-oriented projects

that use interesting features of captology and ambient technology, and with most projects

including laboratory and/or field studies. This review will attempt using the authors’ chosen

ambient technology category, but with possible clarification.

Ambient hardware focuses on developing pervasive computing through hardware in-

novation integrated with ambient displays. This commonly involves developing hardware

ambience by decreasing size, while increasing ubiquity, to monitor an environment and pro-

vide information and interaction without being distracting. For example, the authors in [70]

discuss it as development of intelligent spaces that allow individuals to create, manipulate,

and access information using displays and embedded technologies. This requires intuitive,

user-friendly and contextual interfaces, possibility distributed, which further implies multi-

modal approaches. These technologies lead to necessities of mass-compact storage, sensors

and actuators, RFID, and others including ubiquitous displays, both large and small. In

an example of integrating ambient hardware with ambient displays, the researchers in [72]

study smaller displays that require interaction and tactile feedback. The design requires both

hardware components and ambient displays, in which they propose a two-dimension display

design space of abstraction and cognitive load. Their experimental design included adding

tactile feedback to a display and then testing usability within a trial-based controlled lab

environment. They measured the feedback responses and held surveys to demonstrate the

tactile feedback providing better interaction; however, while valuable, their approach has a

limited design space for ambience because important design dimensions, such as information

capacity, notification level, representation fidelity, and aesthetic emphasis, are not included

for overall ambience.
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Intelligence spaces as mentioned above is essentially the same as ambient intelligence,

a term for ubiquitous computing of omnipresent systems that function invisibly and unobtru-

sively in the background [8]. These systems are now in many of the social and built systems

ascribed to by the stream of causation [31] and raises issues in social, economic, and ethical

matters [8], which is beyond the scope of our project. The concept of ambient intelligence

implies designs must consider shared knowledge, communication errors and recovery, and

the situation and context, in a non-explicit human-computer interaction context, i.e. im-

plicit HCI (iHCI) [86]. An application receives implicit and/or explicit input and produces

implicit and/or explicit output in accordance to user’s context, similar to how our ambient

information does this for the MIHL context. Understanding and designing for the ambi-

ent intelligence environment requires a context ontology as proposed by the authors in [76],

who discuss design requirements of application adaptivity, resource awareness, mobile ser-

vices, semantic service discovery, code generation, and context-aware user interfaces. These

requirements led them to the four ontology aspects of user, environment, platform, and ser-

vice. As an example, Meschtscherjakov et al. developed AmIQuin, an ambient mannequin,

with the shoppers as users, a shopping mall as the environment, the platform consisting of

3-D LCD display, and providing mannequin motion and animation to make eye contact with

viewers as a service [59]. In the MIHL context, the instructors are the primary users, the

music classroom is the environment, the service is providing sound pressure level informa-

tion, and the platform consists of integrated components hidden from the user who only uses

the ambient display.

The majority of ambient technology research belongs to the category of ambient dis-

plays because ambient hardware is often a given and allows researchers to focus on the

translation and visualization of information for a specific context. The distinction between

ambient technology categories begins to disappear as they fall into the general category of

ambient information systems. Table 2.1 shows a plethora of research in this area, with most

being application-oriented projects for specific contexts, and provides an informal subcate-

gorization into a primary subcategory and possibly a secondary subcategory depending on
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the author’s emphasis. Those with the primary subcategory of ‘application’ are similar in

approach and may not formalize a design or evaluation methodology. Their research is a

novel way to display information, an explanation of experiments, and the results primarily

come from surveys. Occasionally the authors place emphasis on a unique aspect of their

ambient information system; for example, some emphasize information visualization while

others may emphasize persuasive concepts, but the aspect is still contextual for the specific

application.

Primary Secondary References

Application [34, 13, 67, 42, 84, 96, 30, 22, 85, 32]

Application Design [49]

Application Evaluation [87]

Application Info Visualization [11, 10, 9]

Application Persuasion [57, 82, 60, 80, 52, 81]

Design [53, 5, 62]

Design Application [79, 29]

Design Persuasion [65]

Evaluation [94, 92, 56, 61, 41, 21, 48, 39, 51]

Info Visualization [6, 64, 88, 91, 74, 58]

Table 2.1. Subcategories of Ambient Information Systems

We follow a similar approach to these application-oriented projects because we design

the system for the specific MIHL context, perform studies in laboratory and field environ-

ments, and evaluate the results. Our research differs from others in that we use a formal-

ized design process based on an evaluation criteria derived from a formal taxonomy. The

laboratory and field studies examine the design criteria along with system usefulness and

effectiveness. This implies that the evaluation goes beyond traditional work-related task

measures, such as time, accuracy, and cognitive load, and includes additionally measures

of design goal achievement. For example, [57] and [34] decide on an ambient display but
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provide few design goals or a design evaluation. In [13], the researchers provide some de-

sign considerations that led to a useful ambient display, but as they admit, they evaluate

without regard to the design. In many examples, such as [6, 11], evaluations are subjective

responses to surveys. Similarly, we use some subjective survey questions; however, we also

use objective questions and continuous time series data for objective results. We note that

the context of our project provides this unique opportunity in data collection that other

projects may not have available.

Another feature that some projects include is persuasion, or the newer form called

gamification [82] that attempts turning persuasion into game goals while maintaining am-

bience. While novel, the gamification concept can only achieve certain levels of ambience

because games require attention. For example, Rodriguez et al. propose gamification to

improve driving safety by using mirror displays and/or mobile device applications, but dash-

boards and mirrors are well-designed ambient information systems that inform drivers at a

glance. Additional features may distract the driver further from their primary task of watch-

ing road and traffic conditions. The goals within other forms of persuasion are often implicit

as [60] demonstrates with their persuasive operating guide to improve efficiency in a factory.

Our research considers persuasion as discussed in [65] to provide non-traditional feedback

through real-time data collection and explicit real-time goals while including quantitative

measure of effectiveness.

Hausen et al.’s research resembles our work because they proposed an experimentation

method for designing and evaluating technologies with peripheral interaction, which is simi-

lar to ambient information systems and considered as ambient technology [37, 36, 38]. They

identified that the typical development process often involves the repetition of design, pro-

totyping, studies (lab, in-situ, or others), and analysis, and argue that controlled lab studies

could include field study context to determine how a primary task and secondary periph-

eral task affect each other. They suggest a laboratory methodology would need event-based

tasks, requiring reaction and interaction, and a continuous-based task, requiring continuous

interaction. They demonstrate this with two studies: (1) one involving primary event-based
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keyboard input task with a continuous-based mouse input secondary task, and (2) one using

a continuous-based mouse input primary task and a gesture event-based controller for the

secondary task. The primary task in the first study required the user to enter numbers

for colored shapes on one screen, and the secondary task uses the mouse to remove colored

shapes from another screen. The secondary task from the first study became the primary

task for the second study with the secondary task was an event-based music controller.

Our approach is similar in that the field study context is important to design in

the laboratory, but we needed a primary task that resembled a conductor controlling sound

pressure levels, and the secondary task should require no interaction except for occasional

glances. In addition, instead of two independent tasks, our secondary tasks provides pe-

ripheral information to the primary task. Their approach may be a misnomer as one could

argue that they are actually testing multitasking abilities more than periphery tasks; i.e.,

their research is not testing ambience while our research does as one out of four design

dimensions, specifically the notification level, for a larger project. Their research is more

suited for developing the tasks needed for a lab study within a larger project. Our task,

being specialized to the context, also extends to include more measures to detect differences

between primary and secondary tasks.

Researchers have recently began studying the various design dimensions of ambient

information systems. These studies suggest that ambient information systems have four

major design dimensions: information capacity, notification level, representation fidelity, and

aesthetic emphasis [73, 90]. Information capacity involves the count of discrete information

items necessary, which a trade-off between time and space, and a factor is of display flexibility

such that increasing space, or providing view sets, increases information. The notification

level is the degree of user interruption intended by the system (Table 2.2), which ranges

from user poll, in which the user explicitly calls it when needed, to demand attention, which

requires direct attention and interaction. Ambient information systems often focus on change

blind and make aware as an inherit property of unobtrusiveness.

Representation fidelity is the data’s description and encoding, which is typically either
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Degree Description

User poll Explicitly called when desired

Change blind Changes are subtle and go unnoticed

Make aware Draws attention, but does not directly interrupt the user

Interrupt Directly interrupts the user

Demand attention Requires attention and interaction

Table 2.2. Degrees of Notification Levels for Ambient Information System [73]

directly displayed or an abstract representation and dependent on the display constraints.

Semiotics, the primary form of abstraction, uses signs that are either symbolic (e.g. languages

and abstract symbols), iconic (e.g. drawings and metaphors), or indexical (e.g. measuring

instruments, maps, and photographs). Aesthetic emphasis refers to the visual appeal of the

system and its components and is often a trade-off between information capacity, notification

level, representation fidelity, and aesthetic emphasis. Aesthetics is subjective, meaning that

the designer’s emphasis focuses on it as perceived importance to the display, not the artistic

value. [73]

Figure 2.1. Example Design Dimensions for an Ambient Information System

Each dimension is subjectively qualified to rank from low to high and a design weighs

a dimension’s importance and emphasis individually to achieve the system goals. Figure 2.1

shows an example ambient information system classified using this taxonomy. The notifica-

tion level is relatively low to maintain a non-distracting ambience that allows users to focus
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on the primary task. The information capacity is relatively low, only representing the data

necessary for making informed decisions, but has higher representation fidelity so the infor-

mation is discernible quickly and at a glance. The aesthetic emphasis is relatively higher to

increase the persuasive effect because users prefer attractive displays, but it is tempered to

avoid being too distracting. The light-blue rectangles represent an alternative classification

given that dimension categorization is subjective. We synthesized these ideas as the guiding

tool for the system development and the experimental research described later. [73]

2.2. Stream of Causation and Risk Regulators

The Stream of Causation explains how distal social influences affect health behavior

through risk regulators as a person grows throughout life. Figure 2.2 represents this as

a river where an individual flows from upstream (early-life) to downstream (late-life) while

being affected by the riverbed (biological systems) and hills and depressions (social and built

systems) [31]. The riverbed is a system of hierarchical biological systems and components

that provide the individual with abilities of self-expression that becomes the actions and

behaviors influenced by the opportunities and constraints throughout life. The riverbed is

both difficult and slow in changing; for example, a musician may experience accumulating

hearing loss from an early age, which is slowly changing, i.e. damaging, ear organs and

resulting in actions later that increase music volume or, for a music instructor, causing the

students to increase music volume and thereby placing them at risk.

Uphill in Figure 2.2 represents the hierarchy of social and built systems that societies

construct to organize life into social, political, environmental and economic components,

which influences individuals at different times throughout life, as hills and depressions that

affect the water flow. The individual embodies these systems that provide the opportunities

and constraints that affect the individual’s behavior [31]. Continuing the musician example, a

college may provide the opportunity to study and perform music while providing constraints

through scheduled courses, degree plans, or accreditation requirements. Afterwards, college

may have lesser direct influence as work environments gain influence, but the individual

embodied the college experience that continues to influence them.
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Figure 2.2. The Stream of Causation [31]

The social and built systems influence a person through risk regulators that are

relatively stable features between the systems and the individual. This is dissimilar to a risk

factor, or independent risk factor, because it does not attempt associating a specific factor

to be the disease’s cause, but instead describes a variable that shapes health outcomes

indirectly by capturing aspects of social structures that influence individual action. They

are structured contingencies existing external to the individual, vary with the context, and

affect an individual’s risk patterns given the personal, community, and historical processes

that control and regulate risk exposure, but they are not risks themselves. They provide the

opportunities and constraints on behavior, specifically for general health risks; for example,

instead of considering poverty as a direct health risk factor, which may be an inaccurate

cause and controversial risk factor, it considers the risk regulator of material conditions, e.g.

food availability, as the risk source. The availability of different foods provide opportunities
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and constraints on health behavior and are inputs that the individual embodies which affect

biological systems such as the endocrine, immune, and metabolic systems [31].

The risk regulators for musicians may include cultural norms, academic training,

music environments, work conditions, and more, but there are few risk regulators directly

involving NIHL risk exposure. Even indirectly, these risk regulators seldom apply regulations

to musicians exposed to cultural norms such as “louder is better”, hours of daily practice,

and work conditions such as small-room venues and private lessons. Creating an entire

social and built system to provide NIHL risk regulators would be difficult; however, it is

possible to modify risk regulators already within the musician environment. Most notably,

we can construct an ambient information system of real-time NIHL risk for the classroom

that would affect academic training, the work conditions of the instructors and students,

and may become a cultural norm as musicians become aware of the risks.

2.3. Theory of Cognitive Dissonance

The Theory of Cognitive Dissonance describes the psychological discomfort when

holding conflicting or dissonant (inconsistent) cognitive elements (knowledge, opinion, or

belief about the environment, oneself, or another’s behavior) and the desire to reduce the

discomfort [23], and may explain why a persuasive ambient information system can poten-

tially reduce NIHL risk. The theory’s hypothesis is that the existence of dissonance, being

psychologically uncomfortable, will motivate a person to attempt reducing the dissonance

to achieve consonance while actively avoiding situations and information that would likely

increase dissonance. The dissonance is a factor of the relational relevancy of the cognitive

elements as determined by the individual and forms a relationship between consonance and

dissonance, the magnitude of which is a function of the importance.

Cognitive dissonance is a consequence of decision theory in which a person is in conflict

before making a decision and then experiences dissonance after making the decision and

performing the resulting action. The individual will attempt dissonance reduction primarily

by changing or revoking the decision, changing the attractiveness of non-selected alternatives,

or establishing cognitive overlap by determining the similarity between alternatives [23].
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This raises three implications that include forced compliance, voluntary and involuntary

information, and the role of social support. Forced compliance occurs when a force, typically

consisting of a reward or threat, causes an individual to behave or make statements counter

to his or her convictions. This inevitably causes dissonance that motivates the individual

to attempt dissonance reduction by decreasing the number of dissonance relations and/or

increasing the number of consonance relations.

Information concerning the source of the dissonance becomes important to an individ-

ual as they may find this information voluntarily, i.e. they are motivated and actively seek-

ing information, to reduce the dissonance, and become selective in the information search to

avoid increasing the dissonance while increasing information acceptance. In contrast, infor-

mation may be involuntary in that they do not actively seek it but rather find it accidentally

or have it forced upon them. The person is less accepting of involuntary information if it

does not reduce dissonance or they if the cannot be selective. [23]

Dissonance may also result from social groups through disagreements among the

members. Social group dissonance is complex because the magnitude depends on the impor-

tance of cognitive elements among individuals and as a group. In addition, the relevance and

attractiveness of a disagreeing person can affect the magnitude, e.g. a team leader can have

more relevance than the other members because of his/her title or rank. The disagreement’s

extent also becomes a factor as each member considers the issue differently. The dissonance

reduction process is complex because it may involve changing personal opinions and influ-

encing others, processes that can make other people less comparable to one’s self, attributing

different characteristics to others, and even rejecting or derogating another person. [23]

We can establish an ambient information system as a risk regulator that places the

music instructor in conflict of their decision that they are not harming his/her self, or the

students, by informing of NIHL risks. The instructor can then decide on pedagogical proce-

dures that counteract the risk. The resulting decisions may bring additional dissonance, but

the instructor will attempt reducing it with the ambient information system as a risk reg-

ulator because it routinely, and in real-time, provides the necessary information that shows
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results from pedagogical changes. The risk regulator would not force compliance to a specific

behavior model because of academic and artistic freedom, but it would provide voluntary

information as the instructor uses the ambient information system as an information source,

and may provide involuntary information by forcing exposure to unwanted information that

contradicts their opinion. Furthermore, even though the ambient information system would

target the individual, the instructors are a social group in which the system may create

discussions and group dissonance. Essentially, the ambient information system is a source

of dissonance and a tool to help reduce that dissonance.
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CHAPTER 3

DATA COLLECTION SYSTEM AND AMBIENT DISPLAY DESCRIPTION

3.1. Overview

The following sections outline the problem characteristics and a description of the data

system and ambient displays used in this study. Although the contexts for these ambient

displays were sound-related environments, many of the concepts and procedures presented

here are generalizable to a variety of other contexts.

3.2. Problem Characteristics

The MIHL context has many characteristics that are similar to other health-related

monitoring systems (e.g., identification and notification of risk through continuous moni-

toring). The primary difference between the MIHL context and other situations is that,

unlike most health monitoring systems, this system must directly monitor the risk source

because MIHL results from exposure to loud music over time. Music is intentional, con-

tinuous, variable, and a highly dynamic artistic expression, implying that the system must

display real-time sound volume and temporal information. Furthermore, individuals within

the music environment are generally preoccupied with a primary task such as playing an

instrument or conducting the ensemble. A person viewing an ambient display would only

occasionally glance, attempt to discern meaningful information from the display content, and

return to his or her primary task. The time series data necessary to display sound pressure

information naturally leads to statistical measures that can potentially indicate behavior

change. The following sections will describe the sound pressure data and resulting displays

used in this study.

3.3. Data for the Displays

The ambient information system requires the monitoring and collection of sound pres-

sure data, a translation of that data into displayable information, and the creation of ambient

displays that accurately reflect the generated data. Previous research in music classrooms
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has identified the necessity of collecting real-time continuous data using a dosimeter located

in a defined area [15, 19, 16]. As a result, we developed a streaming system for capturing

three real-time data items as evidence of potential NIHL risk (Table 3.1).

Real-time Streaming Data for Displays

SPL Sound Pressure Level, the basic measure of noise level, expressed in decibels

Leq Equivalent continuous SPL over a fixed period, in dB with ‘A’ weighting.

Dose The noise exposure expressed as a percentage of a fixed level for 8 hours

Table 3.1. MIHL Data Types

The instantaneous sound pressure level (SPL) is a measure of sound magnitude as

a relative quantity of the ratio between the actual sound pressure and a fixed reference

pressure, which is usually that of hearing threshold. Thus, SPL is a measure that can

inform individuals about the occurrence of loud sounds and the presence of acoustic trauma

risk from a one-time exposure to excessive SPL. Acousticians often translate SPL into its Leq

equivalent, a value defining continuous sound exposure at some level over a particular period.

The accumulation of Leq values over time forms a distribution, often using three-decibel

intervals because of the exponential doubling of sound power (e.g. 73 dB has twice the power

as 70 dB) for most regulations and recommendations. The time spent at each 3-dB level

determines specific areas of risk including risk from short-term exposure to relatively high

SPL or long-term exposure to relatively low SPL. Finally, the NIHL risk, known as Dose, is

associated with the exposure of noise normalized to an 8-hour workday, thereby defining risk

as a percentage of total exposure time. Therefore, the system collects information concerning

the instantaneous SPL and Leq, the distribution of Leq, and the Dose as a percentage of total

time exposure.

3.4. The MIHL Reduction Feedback System for the Music Environment

The MIHL Reduction Feedback System appears in Figure 3.1. The dosimeter collects

sound pressure levels generated from a band and sends the data to the Real Time Visualizer’s

Collector that pushes the data to the MIHL Data Repository. The Data Repository, in
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addition to storing the data, holds the schedules for the Visualizer and Collector, and provides

the sound data, which the Visualizer translates into the ambient display on the monitor in

the classroom.

Figure 3.1. The MIHL Reduction Feedback System

A LarsonDavis LxT dosimeter, capable of streaming real-time SPL and Leq data,

collects the sound pressure data at a rate of two data points per second. In the case of the

field study, the dosimeter’s microphone is located above the band instructor’s location and

connects to the dosimeter via coaxial cable. The dosimeter connects to a computer system

running the MIHL Real Time Visualizer, with both mounted in a security box on the right

wall when facing the stage. The computer system, responsible for capturing the streaming

data from the dosimeter, connects via a LAN to the MySQL database in the MIHL Data

Repository running on a virtual Linux server. The computer system also has a 50” monitor

connected to show the displays.

LarsonDavis provides C++ libraries and starter programs to control most aspects of

the dosimeter. We used these libraries to build a multi-threaded program that connects to the

MySQL database in the repository and controls key scheduling aspects. One thread controls

the continuous data collection by receiving the SPL and Leq values from the dosimeter,

storing them in a local file on the system, and sending them to the repository located on

the virtual Linux server. The thread also adjusts the values by 3.6 dB to account for the

attenuating effect of sound pressure in the space between the instructor and the microphone.
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A second thread controls the scheduling of the dosimeter collection, resetting necessary values

for the display to coincide with the class times. A third thread schedules the web browser to

swap displays, reset, and turn off when necessary. Finally, a fourth thread controls resetting

prediction values for the visuals, similar to the scheduling, although a separate C++ program

in the data repository calculates the prediction. This program ensures proper timing on the

virtual server by regularly updating the system time before the prediction and updates the

prediction by calling an R script and then storing the result in the database for the Visualizer

to query. The first set of visuals (Section 3.6) use customized HTML, PHP, JavaScript code,

and charts using the HighCharts API [45] which is also based in JavaScript. For performance

gains, the second set of visuals (Section 3.8) also used HTML, PHP, and JavaScript, but

we reduced the amount of code to improve response time. In addition, D3 Data Driven

Documents [12] using SVG replaced the HighCharts API because SVG is an open standard

XML-based language directly interpreted by web browsers and can produce high quality

graphics.

3.5. The MIHL Reduction Feedback System for the Lab Environment

The MIHL Reduction Feedback System is generalizable to other contexts, including

a laboratory environment. The major characteristics of the music environment is that an

individual is performing a task while, at the same time, receiving information about the

task’s characteristics from an ambient display. In the case of the field study, the primary

task was conducting a band who generates the sound data that fed into a display. Directly

testing the ambient information system in classroom can be difficult and may lead to an

inconvenience and distraction. However, it is possible to simulate the conditions of the field

study through another type of task.

A key characteristic of an ambient information system is to remain non-distracting

while a user focuses on some primary task with a visual display providing information con-

cerning the primary task. A person viewing the ambient display would ideally only occasion-

ally glance at the information, discern its meaning, and return to his or her primary task.

In order to simulate this type of activity, we developed a game (Figure 3.2) that requires a
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player to focus on controlling the direction and speed of a vehicle as the background musics

volume changes with speed changes.

Figure 3.2. Sound-Based Game Used in Laboratory Trials

The black square appearing in the figure represents the vehicle controlled by the

player. The player can control the vehicle through the computer’s arrow keys. The right and

left arrow keys move the vehicle sideways while holding down the up-arrow key increases the

vehicle’s speed up to a maximum of 118 mph. The player must release the up-arrow key to

slow down the vehicle because it is not equipped with breaks. The red squares in the figure

are objects that appear as the player continues to drive the car. The number of objects

displayed increases or decreases, depending on the car’s speed. Players can navigate around

the objects to maintain a given speed, or they can capture them, resulting in a decrease the

vehicle speed by 10 mph. The background music volume correlates to the speed of the car,
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starting at 70 mph and maximizing at 118 mph. The speed is equivalent to the sound level

in decibels; however, the sound is not loud enough to cause NIHL risk.

The players three major goals are to spend an equal amount of time in each of 3-mph

ranges to form a uniform distribution of speed levels, minimizing time below 70mph, and

using less than 90% of the fuel. The score consists of one point for each second below 70

mph, a point for each second above or below the expected uniform distribution compiled

over the 3-mph levels from 70-118 mph, and ten points for each 100% over the fuel use goal

of 90% (see Section 4.3.5).

Similar to the music environment, the MIHL Reduction Feedback System collects the

player’s real-time activities and uses it to generate the ambient displays that show informa-

tion concerning the player’s current speed, speed distribution, and fuel. The game records

the player’s speed at 2-4 values per second (variability due to the computer) into a database

and calculates the player’s final score by using two values per second after a four-minute

session. Thus, this provides an environment, which is similar to the music environment and

allows us to test our visuals before placing them into the field environment.

3.6. Display Set 1: Prototype Visuals

Having devised a way to collect and translate the required data, we initially created

two ambient prototype displays and tested their effectiveness. Both interfaces try to capture

the different sound data elements that contribute to hearing loss using visualizations that

are familiar to the user (i.e., graphs, pie charts, etc.). Examples of the two prototype visuals

are shown in Figures 3.3-3.4 using the collected and translated data1. The first visual,

Histogram 1, shows the SPL, Leq distribution, and Dose in real time. The left component

contains the real-time SPL meter that changes height (decibels) and color (decibel ranges),

with SPL less than 70 dB producing a green bar and SPL above 70 dB producing colors

ranging from yellow to red relative to the volume (y-axis). The middle component is the Leq

distribution in 3-dB intervals for the current session. The colors follow the same scheme as

1These visuals show labeling for laboratory setting. Speed becomes SPL (and Leq) and Fuel becomes Dose
for the field study.
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the SPL meter starting with 70 decibels. The y-axis is the time (seconds) spent at a level,

and the x-axis shows the lower decibel value for the 3-dB intervals. The right component

represents the current NIHL Dose as a percent of the NIOSH recommended 8-hour exposure

limit. The red slice indicates the current Dose in relation to the remaining amount, shown

in green. When the Dose rises above 100%, the Dose chart uses two shades of red to show

the risk exposure while also showing that the risk is above 100%. These red shades change

for each additional 100% that occurs until the risk exposure reaches 700%, at which time

the color becomes a single shade of red.

Figure 3.3. Prototype Visual Histogram 1 for Laboratory Trials

Figure 3.4. Prototype Visual Treemap for Laboratory Trials

The second visual, Treemap, shows the same information, except that it replaces the

histogram with a treemap that captures the exponential effect of Leq in calculating the Dose.

Each colored rectangle represents one of the 3-dB intervals seen in the histogram, while
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the location and size indicate the relative effect on the Dose. Larger rectangles towards

the upper left-hand corner of the visual indicate the relatively higher effect on Dose, while

smaller rectangles in the lower right-hand corner of the visual indicate less effect.

The main reason for developing the two prototype visuals was to test their effective-

ness in an environment that was similar to the field study. This prototype study allowed

us to determine whether any of the two ambient displays effected the subject’s performance

(i.e., improved their scores). We were also interested in discovering which design dimensions

were most effective. As a result, both interfaces were tested in Fall 2013. Results of this

study are discussed in Chapter 4.

3.7. Adding The Predictive Element

Results from the Prototype study indicated that there should be a number of changes

to the displays. In addition, we used this opportunity to add a prediction model to the

display. Therefore, we re-designed the visualizations for the study to accommodate the

predictive element. A description of the predictive element now follows.

Goal setting is an important persuasion concept. The prototype ambient informa-

tion system encompassed an implicit goal of reducing NIHL risk, but having more explicit

goals could provide more information, encourage behavior change, allow freedom of choice,

and enhance the persuasive effect. Adding a predictive component to the display provides

additional information and, as a consequence, a more explicit goal, i.e. the avoidance of a

predicted outcome. In our case, the predictive component represents a calculation about the

future Leq distribution and Dose.

A Hidden Markov Model can model the system and make predictions by using two

assumptions. First, SPL is a continuous random independent variable occurring proba-

bilistically with cumulative effects. Second, research has shown that sound pressure level

distributions from music classroom sessions are non-parametric [93, 47] due to the dynamic

nature of music and teaching styles of different instructors. These distributions can be the

basis for a generic particle filter because they represent probabilities for sampling particles

that can determine a future Leq distribution and Dose. Algorithm 1 is a generic particle
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filter that draws sample particles from a probability density function [3]. It assigns a prob-

ability weight to a particle according to Equation 1 in which the weight is proportional to

the previous particle weight and the conditional probability of the state using the posterior

probability from Bayes’ Theorem [3]. The result is a sampling distribution that forms a

probability distribution representing the next step in a Markov chain and the future Leq

distribution and Dose.

Algorithm 1 Generic Particle Filter [3]

1: procedure [{xi
k, w

i
k}

Ns
i=1] = PF [{xi

k−1, w
i
k−1}

Ns
i=1, zk]

2: FOR i = 1 : Ns

3: Draw xi
k ∼ q(xk|xi

k−1, zk)

4: Assign particle weight wi
k (see Eq. 1)

5: END FOR

6: Calculate total weight: t = Σ[{wi
k}

Ns
i=1]

7: FOR i = 1 : Ns

8: Normalize: wi
k = t−1wi

k

9: END FOR

10: Calculate N̂eff (see Eq. 3)

11: IF N̂eff < NT

12: Resample: [{xi
k, w

i
k}

Ns
i=1] = RESAMPLE[{xi

k, w
i
k}

Ns
i=1] (See Alg. 2)

13: END IF

(1) wi
k ∝ wi

k−1

p(zk|xi
k)p(xi

k|xi
k−1)

q(xi
k|xi

k−1, zk)

(2) Neff =
Ns

1 + V ar(w∗i
k )

(3) N̂eff =
1∑Ns

i=1(w
i
k)2
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The problem with this approach is degeneracy resulting from Equation 1. The multi-

plication of previous probabilities with the proposed conditional probabilities causes particle

weights to become negligible over several iterations. This degeneracy is measurable in terms

of the sample size and variance of the “true weights” w∗i
k as shown in Equation 2 [3]. This

is not directly calculable because the weights are unknown, but they can be estimated using

Equation 3 [3]. The smaller the result, the more severe the degeneracy, but the degeneracy

is reducible by using N̂eff as a threshold and applying one of three common techniques.

One technique is to use a very large sample size of particles, which is impractical.

A second technique is the Good Choice of Importance Density function, which involves

minimizing the variance of the weights in order to maximize N̂eff . The problem with

this technique is that it requires sampling from a typically unknown non-linear probability

function and the non-trivial integration of probabilities over a new state. The third technique,

referred to in Algorithm 1 and shown in Algorithm 2, is to perform multiple re-sampling

with replacement by selecting new particles using an approximate discrete representation of

the weight probabilities, in this case, a cumulative density function of weights. While this

helps with degeneracy, its primary problem is sample impoverishment resulting from a loss

of particle diversity because the algorithm is statistically likely to select those with higher

weights. This would lead to unrepresentative distributions and problems with smoothing

estimates using the re-sampled particles. The next section discusses our application of the

generic particle filter and the degeneracy issue.

3.7.1. Applying the Predictive Element

Our system uses the particle filter with kernel density estimation to construct the

probability density function because SPL is a random variable. The system gathers all known

Leq, calculated from the SPL, from the start of the session until the point of prediction. This

particular technique has three advantages. First, using a larger time interval of data reduces

the degeneracy problem because smaller time intervals with highly variable data leads to

faster degeneration. Second, the high variability means that a smaller subset of the previous

data may not accurately represent the next prediction because the distribution forms over
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Algorithm 2 Resampling Algorithm [3]

1: procedure [{xj∗
k , wj

k}
Ns
j=1] = RESAMPLE[{xi

k, w
i
k}

Ns
i=1]

2: Initialize CDF: c1 = 0

3: FOR i = 2 : Ns

4: Construct CDF: ci = ci−1 + wi
k

5: END FOR

6: Start at the bottom of the CDF: i = 1

7: Draw a starting point: u1 ∼ U[0, N−1
s ]

8: FOR j = 1 : Ns

9: WHILE uj > ci

10: i = i + 1

11: END WHILE

12: Assign Sample: xj∗
k = xi

k

13: Assign Weight: wj
k = N−1

s

14: END FOR

the session. Previously gathered data shows that a prediction window using the entire Leq

distribution produces more accurate predictions than smaller subsets. Third, using the entire

Leq distribution means that previous particle weights wi
k used for Equation 1 are already a

factor of the conditional probability and no longer necessary in the equation, thereby avoiding

the degeneracy problem and making the Algorithm 1 re-sampling component unnecessary.

The ambient information system takes advantage of the particle filter by providing

a new 5-minute prediction every five minutes. The choice of 5-minute prediction intervals

comes from evidence about the Leq distributions and the spatial relationships when visual-

ized. We analyzed past SPL data for several music instructors and attempted two methods

to visualize the distribution and risk with predictions. The first method generated a new

prediction every x-minutes that continues through to the end of the 50-minute class. This

led to inaccurate predictions that showed over 100% Dose for more than half the class ses-

sion. This effectively reduced the amount of useful information presented early in a session
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because an instructor would not see a noticeable change in the visual until much later in the

class period. Nor would the instructor have an accurate view of the relationship between

their changes and achieving the goal. In addition, the instructor may become frustrated and

stop using the display if they did not see noticeable changes quickly.

The alternative is to predict a smaller window that provides a more accurate predic-

tion and better short-term goals. The prediction window of 5-minutes is a trade-off between

being distracting and being informative. If the system updates the prediction too frequently,

i.e. shorter prediction update windows, it may become distracting. If the future prediction

window is too small, the visualized data’s spatial area may be unnoticeable. Anecdotal ev-

idence using the data showed that windows less than 5-minutes often led to smaller spatial

areas that may be difficult to comprehend at a distance and could be distracting because of

frequent changes. Limiting it to the 5-minute predictions updated every 5-minutes achieved

a reasonable balance while resulting in ten short-term goals during the classroom session.

Figure 3.5. Example of 50-minute Prediction vs. 5-minute Prediction

Figure 3.5 is an example component representing Dose in one of the ambient displays

(see Section 3.8) that demonstrates these two methods using red as current Dose, green

as remaining exposure of an 8-hour day, and yellow as the predicted Dose exposure. The

predicted Dose on the left shows that, at 25 minutes into the class, the system is still

predicting that students are over a 100% at risk, if the instructor continues with the current
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behavior until the end of the class. On the right, the visual shows a prediction for 5 minutes.

The visual on the left provides less information because it does not allow the viewer to

determine if their changes are effectively reducing the risk, and it is losing easily discerned

information using the spatial relationship between the red, green, and yellow area. The

image on the right provides a clear image of future risk with a more accurate prediction, and

gives the viewer a better understanding of the information.

3.8. Display Set 2: Updated Prototype Visuals

The results of the first laboratory trial (discussed in Chapter 5) led to the updated

visuals in Figures 3.6-3.7. Histogram 2 uses the same components as Histogram 1, but with a

modified layout and more effective use of display space that allows for a larger visualization.

The second visual, the Bubble chart, replaces the Treemap but provides the same infor-

mation. The NIHL risk becomes overlapping bubbles of red, green, and yellow. The SPL

meter is a bubble that changes size and color, and the Leq distribution is a series of bubbles

that change size and location to indicate the relative amount of time spent at each level. In

addition, both visuals use the prediction element within the Dose and Leq distribution. The

prediction updates every five minutes to show the predicted Dose (yellow) for the next five

minutes. The predicted Leq distribution is represented as translucent areas in the visuals.

The translucent areas in the histogram visualization are an additive effect because

the prediction can never be less than the amount of time already spent at a particular level.

In the case of the bubble chart, this feature had the same basic effect; however, because the

size of a single bubble is always relative the size of the other bubbles, we had to modify the

display. To ensure an accurate interpretation of the predictive levels, we used a white line as

a border to show the current time spent at the level with the translucent area showing the

predicted change in size. For example, Figure 3.8 shows a zoomed view of this effect. The

red bubble shows the system predicting an increase for that level, while the orange bubble

to the right is predicting a decrease. If the prediction is correct, the viewer will see the red

bubble increasing in size to fill in the translucent area while the orange bubble will shrink

towards the solid orange area.
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Figure 3.6. Updated Prototype Visual: Histogram 2

Figure 3.7. Updated Prototype Visual: Bubble

Once the second set of visuals were complete, we were able to start both the Labo-

ratory and Field studies that would test the effectiveness of our displays. The next chapter

describes the procedures used in these two studies.
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Figure 3.8. Bubble Chart Visual Showing Bubbles of Relative Size
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CHAPTER 4

PROCEDURE AND METHODOLOGY

4.1. Subjects

We tested the ambient interfaces in two types of environments: one is a laboratory

setting in which subjects played a game in the presence of one of the displays, and the second

is a field setting where music instructors taught a band class while exposed to one of the

displays. The follow sections provide a more detailed description of each subject pool, the

procedure, and the measures.

4.1.1. Subjects for the Laboratory Study

There was two laboratory experiments completed for this study. The first experiment

tested the effectiveness of the prototype visuals and no visuals, and the second experiment

tested the effectiveness of the second set of visuals. For the laboratory experiments, we

recruited 49 students enrolled in computer science courses at the University of North Texas

(UNT) by offering extra credit in their courses. Students participating in both studies were

enrolled in computer science courses in Fall 2013, Spring 2014, and Fall 2014.

Prior to performing the task, students completed a preliminary survey designed to

capture information about the subject’s basic demographic information including gender,

age, and GPA, along with some other minor characteristics, before playing the game. The

survey also collected information on the subject’s knowledge of sound and noise-induced

hearing loss along with visual impairments including color-blindness. The full questionnaire

is in Appendix C; however, this dissertation only reports on questions vital to show group

consistency.

Table 4.1 summarizes the data obtained from the profile survey. The majority of

subjects were 22-25 year-old males in their senior year or in graduate school, with vary-

ing GPAs or first-time UNT students. Approximately 64.5% reported having some-to-fair

knowledge of decibels as a measure of sound power, while 17.25% reported no knowledge

and 17.25% reported being very knowledgeable or an expert. Over 97% reported none-to-fair
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knowledge of NIHL and the majority do not suspect they have NIHL. No subjects reported

visual problems and one student reported suffering from tinnitus.

Group: Control Prototype Updated-Prototype Total

Total: 14 19 16 49

Gender
Male 7 14 13 34

Female 7 5 3 15

Age

18-21 0 0 6 6

22-25 11 17 8 36

26-30 3 2 2 7

GPA

2.50-3.49 4 4 10 18

3.50-4.00 3 5 6 14

NA 7 10 0 17

Class

Freshman 1 0 0 1

Sophomore 0 0 1 1

Junior 1 0 0 1

Senior 1 0 14 15

Graduate 11 19 1 31

Table 4.1. Laboratory Subject Demographics

4.1.2. Subjects for the Field Study

Subjects for the Field Study experiments were all instructors who teach the various

band courses in the Jazz Studies program at the University of North Texas. As indicated in

Table 4.2, all instructors were males: two in their late 30’s, two in their 50’s, and two over

the age of 60. On average, the instructors reported over 20 years of experience in playing

and teaching music of different genres and at different educational levels. One instructor

reported testing positive for NIHL while the remainder indicated that they suspect that

they do suffer from some form of hearing loss. In addition, none reported color blindness,

but two indicated that they have visual problems involving their retina; however, there was
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no indication that this would cause a problem in viewing the visuals. The profile survey

5-point Likert scale questions indicated that the group, as a whole, had some knowledge of

NIHL (M=2), but most had almost no knowledge of NIOSH/OSHA regulations (M=1.33) or

NASM accreditation standards (M=1.33) on NIHL risk. Furthermore, the group indicated

interest in having the MIHL Reduction Feedback System in their classroom (M=3.833) and

were willing to make pedagogical changes (M=3.33 if voluntarily, M=3.5 if involuntary) to

reduce risk.

Gender
Male 6 Avg Years Playing Avg Years Teaching

Female 0 Classical 18.50 Private 20.33

Jazz 34.67 Grade School 2.00

Age

26-30 2 Rock 19.83 2-year Institution 3.33

51-60 2 Other 17.67 4-year Institution 11.50

60+ 2 Foreign Institution 1.17

Other 3.33

Table 4.2. Field Subject Demographics

4.2. General Procedure

4.2.1. Procedure for Laboratory Study

We randomly assigned subjects who participated in the Laboratory Study to a group

receiving visuals or a group receiving no visual (i.e., Control). All participants began by

scheduling an appointment, which was then followed with an email that asked the subject

to read and sign the IRB notification form (Appendix A) and complete a profile survey

(Appendix B). Upon arriving at the laboratory for the experiment, all participants received

verbal instructions that explained how to control the vehicle, a description of the three goals

of the game, and instructions about how the vehicle’s speed controls the background music

was controlled. The instructions also discussed the scoring system used in the game and

how this related to the specific visual displayed as the subject played the game. Following
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the instructions, the subjects were encouraged to ask questions and review the written in-

structions. Then all subjects began the experiment by playing one practice game. All games

lasted 4 minutes.

Subjects assigned to the no-visual condition (i.e., Control Group) played the game

three times, one practice session and two recorded sessions, without the presences of any

visualization indicating speed. Thus, subjects in the Control Group focused on playing the

game while using the background music only.

The Laboratory Study used a counterbalanced within-subjects design to test differ-

ences among the various visuals. Subjects in the treatment conditions played the game five

times; one practice game with no ambient interface, two games recorded using one of the

visual conditions, followed by two games recorded under a second visual condition. Sub-

jects used the two visuals in different orders in such a way that each visual was in each

sequential position an equal number of times. The score set that had the lowest average

from the two recorded trials for a visual was selected as the score set for that visual condi-

tion. This procedure produced scores for five groups—a control group and four treatment

groups, each representing a different set of treatment conditions: Histogram 1/Treemap,

Treemap/Histogram 1, Histogram 2/Bubble, Bubble/Histogram 2. Figure 4.1 shows the set

up for the game system in the laboratory setting.

After the subjects finished playing the game, they completed a final survey. The

survey contained questions that asked subjects to identify different characteristics of the

visuals. A second set of questions asked subjects to rate each of the visuals on a 5-point scale.

The control group received special questions that did not ask them to identify characteristics

of the visuals, but did ask them to rank their preferences for visuals that might have been

helpful for their tasks.

4.2.2. Procedure for Field Study

The Field Study took place in Kenton Hall in the University of North Texas College

of Music, a rehearsal and recital hall that seats 115 audience members and regularly hosts

band rehearsals for six of the premiere jazz bands in the College of Music. Five of the bands
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Figure 4.1. Example Game Setup for Laboratory Trials

met Monday through Thursday and one band met on Mondays, Wednesdays, and Fridays.

Class sessions are 50-minutes and primarily involve practice with few discussions occurring

within the 50-minute period.

We used the MIHL Reduction Feedback System to capture real-time SPL generated

from each band class sessions. The experimental visual system was set up on a 50” 16x9

monitor and placed within eye-range of the instructor’s podium. The monitor with the

displays was located on the right side, approximately 9 feet from the instructor and was

visible to both instructor and students. Figure 4.2 shows the system implemented in Kenton

Hall. Following the right wall, the mounted black box contained the dosimeter and computer

system that provided the Real Time Visualizer. The microphone is not visible but located

approximately 10 feet above the instructor and next to the classroom projector (grey box at

the top of the image).
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Figure 4.2. The MIHL Reduction Feedback System in Kenton Hall

The experimental procedure for the Field Study was similar to the Laboratory Study.

That is, we first monitored subjects for a three-week period, which allowed us to obtain

baseline data that could identify changes in behavior, i.e., data for this three-week period

served as the control group for the Field Study experiments. After the three-week period,

we provided the visuals one at a time. Once again, we used a counterbalanced within

groups design. Thus, the two visual display conditions interchanged every three weeks, with

different subjects experiencing a different sequence of visuals. As a result, some subjects

viewed Histogram 2 before the Bubble chart visual, and the other group experienced the two

visuals in reverse order. Prior to a visual shift, we notified instructors that a change would

occur and advised about their average Dose over the three-week period as a way to encourage

instructors to continue monitoring their sound levels. At the end of the nine-week period,

the instructors were asked to complete a survey resembling the laboratory trial surveys but

adjusted for this environment (Appendix F).
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4.3. Measures

The various measures for behavioral change resulted from the activities performed by

the subjects and collected by the MIHL Reduction Feedback system. Previous research has

shown that the descriptive statistic measures of an Leq distribution can model an individ-

ual instructor and any combination of these measures can identify occurrences of behavior

change. Thus the measures listed in Table 4.3, consisting of the Mean, Median, Coefficient of

Variation, Skewness, Kurtosis, and Gini Coefficient, account for the overwhelming majority

of variation between individual instructors. In addition, Dose and the %-Below 73 dB, the

demarcation between talking and playing music, are individual to the instructor. Note that

the descriptions here are in the MIHL context, but they are generalizable to different groups

and situations. In the laboratory environment where the subject will participate using a

game to form distributions, Speed replaces Leq, Fuel replaces Dose, and %-Below will use 70

mph instead of 73 dB. Thus, these measures determine if a behavior change had occurred in

both the Laboratory and Field Study.

Statistical Measures of Behavior

Measure Description

Mean Average Leq for a class session

Median Middle Leq for a class session

Coefficient of Variation Dispersion of the Leq frequency distribution for a class session

Skewness Asymmetry of the Leq frequency distribution for a class session

Kurtosis Peakedness of the Leq frequency distribution for a class session

Gini Coefficient Uniformity of the Leq frequency distribution for a class session

Dose
Noise exposure risk for a class session as a percentage of a

fixed level for 8 hours

%-Below 73
Percent of time below 73 dB for a class session, i.e. the

amount of time talking

Table 4.3. Statistical Measures of Behavior
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4.3.1. Primary Measures - Gini Coefficient and Dose

The principle measures of interest in both the laboratory and Field Study tasks are

the Gini Coefficient and Dose. The Gini Coefficient is a quantitative measure first devised

to analyze the distribution of wealth among a population but has become a quantitative

measure of distribution inequality. In the case of our two tasks, the Gini Coefficient is

a measure of inequality of the frequency distribution of Leq that occur within the game

environment (Task 1) or the band practice sessions (Task 2). The range of values produced

by the Gini Coefficient varies from 0 (complete equality) to 1 (complete inequality), with 0.33

representing a uniform distribution. In this particular case, lower or higher values indicate

levels of non-uniformity among the Leq. One of the goals in Task 1 is for the player eventually

to attain a uniform distribution of speed linked to the sound pressure levels produced by the

game. Since the Gini Coefficient is as part of the subject’s score in the game, we are able

to determine if the displays are effective by measuring the score. In Task 2, there is not a

set goal of uniformity, since music is often very dynamic; however, the primary purpose of

the task is to produce a behavior change. Since research has shown that a music instructor

consistently produces a skewed distribution of higher Leq, we can use the Gini Coefficient

to measure the average amount of change in behavior after the displays are introduced into

the environment. Any change in the instructor’s average Gini Coefficient over time indicates

that a behavior change has occurred. There is an issue with this measure that we will discuss

with the secondary measures.

The Dose measure is a subject’s exposure to noise levels expressed as a percentage

of a fixed sound level for 8 hours. This serves two functions as a primary measure. The

first function is as a direct measure of exposure in which we determined behavior change

as an average change in Dose over several periods. In other words, we measured the Dose

for several periods and determined if it is increasing, decreasing, or remaining the same on

average. In Task 1, there is an explicit goal of 90% or less Fuel; therefore, we can measure

display effectiveness from the 90% mark. In Task 2, there is an implicit goal of remaining

below 100% exposure. As with the Gini Coefficient, we used this measure to determine the
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average amount of change in behavior after display implementation.

4.3.2. Secondary Measures - Kurtosis, Skewness, %-Below 73 dB

The secondary measures include kurtosis, skewness, and %-Below 73 dB (70 mph

for Task 1). It is possible to have the same Gini Coefficient in two different distribution

depending on the concentration of Leq in the distribution. For example, if one distribution

skews to the right and another skews to the left in the same amount, the two distributions

will have the same Gini Coefficient. Skewness measures the distribution’s asymmetry about

the mean in which negative values indicate right-skewed distributions and positive values

indicate left-skewed distributions with 0 indicating no skew. Kurtosis is a measure of the

“peakedness” of the distribution in which a uniform distribution has Kurtosis of 1.8 and

a normal distribution is 3.0. These two measures can explain the non-uniformity seen in

the Gini Coefficient and thus be used as a direct measure of display effectiveness or as an

explanation of the Gini Coefficient. As mentioned before, music instructors consistently

produce a negatively skewed distribution of higher Leq. Therefore, in Task 2, we used these

two measures to determine distribution changes along with the Gini Coefficient. If there

exists a change in average Gini Coefficient, skewness, or kurtosis, it would indicate a change

in behavior.

Research has also shown that music classroom discussions often occur at decibels

below 73 dB and that some instructors spend less time in discussion. This demarcation is a

secondary measure in Task 2 because it could indicate, along with the other measures, that

behavioral change had occurred.

4.3.3. Tertiary Measures - Mean, Coefficient of Variation, Median

The remaining measures of interest are the Mean, Coefficient of Variation (CoV),

and Median. These often do not capture the subtleties of the distribution because of the

dynamics of music and thus less frequently indicate behavior changes. The CoV is a measure

of the variability in Leq, but it only indicates whether there is an increase or decrease in the

variability (i.e. music dynamics) and not the subtleties. These measures lack a baseline,
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e.g. what is a good Mean or Median Leq during a period, and sometimes indicate a general

trend, but interpretation of the trend can be subjective.

4.3.4. Calculating Trends for Statistical Measures of Behavior

Calculating a single instance the measures in Table 4.3 before and after treatment

would not necessarily indicate a behavior change because of daily variations and behaviors

seldom changing rapidly, but the time series of measures could reveal behavior changes

caused by the treatment. For example, an instructor may significantly change skew while

their kurtosis remains relatively unchanged; however, one measured instance before and

after treatment may not capture, or may falsely indicate, a change with highly variable

daily distributions. For each instructor, we calculate each measure in Table 4.3 for each

session, thus providing a time series of each measure. We then use the time series measures

to determine the change through structural change testing across treatment applications.

In the case of the instructor data, we use a Chow Test and Slope-Change Test to identify

behavior changes.

4.3.5. Game Score

Because of the nature of the task, we were able to aggregate three of the measures

into a single score. The miles-per-hour equated with SPL, Fuel equated with Dose, and

maintaining consistent vehicle speeds equates to the Gini Coefficient measure. The game

provides a measure based on the games three goals: (1) to minimize the amount of time

below 70 mph, (2) to use less than 90% of the Fuel, (3) to form a uniform distribution of

speed over time. The score consists of (1) one point for each second of recorded speed below

70 mph, (2) 10 points for each 100% over the Fuel use goal of 90%, and (3) points for each

second above or below the expected uniform distribution, compiled over the 3-mph levels

from 70-118 mph. For example, suppose the user spent 16 seconds below 70 mph and used

115% Fuel. This would add 26 points to the score (16 for seconds below 70 mph, 10 for being

over 90% Fuel use). The expectation is for the uniform distribution to have the remaining

224 seconds distributed uniformly over the 16 speed levels in the histogram, i.e. 14 seconds
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speed level. For each of these levels, we add the |expected− observed| points. Therefore, if

the player spent 17 seconds at level 70-72 mph, then we would add 3 points to the score.

Then if they spent 12 seconds at 73-75 mph, we add another 2 points, and so on. The score is

a summary of how well the player met the goals with lower values indicating greater success.

4.3.6. Survey Measures

Prior to the beginning of the study, we prepared a list of design dimensions that

might be appropriate for our displays including aesthetic emphasis (AE), information ca-

pacity (IC), notification level (NL), and representation fidelity (RF). Figure 4.3 shows our

vision of the design dimensions for an ambient information system design within the MIHL

context. We hypothesized that the notification level should remain relatively low to maintain

a non-distracting ambiance, allowing the user to focus on their primary task. The informa-

tion capacity should remain relatively low, only representing the data necessary for making

informed decisions about sound pressure levels, but should maintain higher representation

fidelity so that the information is discernible quickly and at a glance. The aesthetic em-

phasis is relatively higher to increase the persuasive effect because users prefer attractive

displays, but it is tempered to avoid being too distracting. As an alternative, the system

can emphasize lower information capacity, notification level, and representation fidelity and

still be successful in achieving the goal.

Figure 4.3. MIHL Ambient Information System Design Dimensions
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After identifying the design dimensions, we created a survey that asked students to

evaluate different design dimensions related to the visuals. The surveys had three question

types concerning display design: design dimension questions without comparing visuals,

visual comparative design dimension questions, and visual interpretation questions. The

design dimension questions covered the four dimensions: aesthetic emphasis, information

capacity, notification level, and representation fidelity, and a “Preference” category. The

following discusses the resulting three survey measures (Table 4.4).

Survey Measures

Measure Description

Design Dimension Measure
Mean response to 5-point Likert scale design dimension

without comparing visuals

Visual Comparative Measure
Mean response to 5-point Likert scale design dimension

with comparing visuals

Interpretation Measure Average correctness of visual interpretation questions

Table 4.4. Survey Measures

Design Dimension Measure

The questions (see Table 4.5 or Appendix D) used a 5-point Likert scale ranging from

‘strongly disagree’ to ‘strongly agree’, and for each participant and each visual, we calculated

the mean response for each design dimension so that each participant has a mean for AE,

IC, NL, RF, and Preference for V isualX and for V isualY . We then average them for each

dimension across the treatment group, leading to a group mean for each dimension. Greater

means imply that the participants rated the visual higher in that dimension.

Interpretation Measure

We were interested in a consistent interpretation among participants and to measure

improvement between the treatment groups. Therefore, the survey had four questions (see

Appendix D), two per visual used, asking the participant to select the best interpretation

out of five possible choices. The answer choices have values depending on the correctness of
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the choice, with the best choice receiving 10 points, the second-best choice receiving 8 points,

and the remaining choices receive 0 points. The measure is the mean answer correctness for

each subject then averaged for the group.

Visual Comparative Measures

The visual comparative questions (Appendix D) which used a 5-point Likert scale

ranging from ‘strongly disagree’ to ‘strongly agree’ when comparing one visual to another.

For each participant, we reordered the responses to ensure that each response compared

V isualX to V isualY , then we calculated the mean response for each design dimension so

that each participant has a mean for AE, IC, NL, RF, and Preference for V isualX compared

to V isualY . Finally, we average it for each dimension across the treatment group, leading to

a group mean for each dimension. Greater means imply that the participants rate V isualX

higher than the V isualY .

Our treatment study approach divided the subjects into the three groups: the Con-

trol Group, the Prototype Group, and the Updated-Prototype Group. The Control Group

subjects, who did not use the ambient information system, participated in a post-hoc survey

that asked questions about game play and some visual design questions concerning colors

and layouts of the prototype visuals. The full questionnaire is in Appendix C; however, the

results did not prove insightful because the Control Group did not experience the different

designs.

In contrast, the treatment groups participated in a post-hoc survey (Appendix D)

that focused on questions regarding the four design dimensions (Table 4.5). We derived

the questions from typical heuristic evaluations for ambient displays and questionnaires for

persuasive technology, expanding on both and adapting them for the game environment [89,

56]. The majority of questions concerned the notification level because this is the dominant

design dimension for our system and captures the importance of notifications using a non-

distracting risk monitoring system. The second priority concerned the information capacity

because presenting the right amount and most useful information determines the system’s

usefulness. Representation fidelity and aesthetic emphasis carried less importance since the
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type of data generates an intuitive notion of representation and visualization. Finally, three

questions generally covered all the dimensions to determine overall user preference. Original

questions for the italicized questions in Table 4.5 were ambiguous in terms of the design

dimensions for the Prototype Group; however, we were able to categorize them using the

Cronbach’s alpha estimate of psychometric test reliability and made minor modifications to

remove the ambiguity before the Updated-Prototype Group.

Question Dimension

The display made me curious. AE

The display was attractive. AE

I could easily remember the display between glances. AE

The display was useful for playing the game. IC

The display positively influenced my attitude towards playing the game. IC

The display provided too much information. IC

The display provided necessary information to control the speed. IC

The display caught my attention. NL

The display was distractive. NL

The display reminded me to watch speeds during game play. NL

I looked at the display regularly while playing the game. NL

The display was difficult to understand. NL

Using the display was frustrating. NL

The display updated too frequently. NL

The display caught my attention and so I was able to control the speed

of the car.
NL

The display appropriately represented the speed information. RF

The display was interesting. Preference

I would prefer not to have the display while playing the game. Preference

The overall quality of the display was good. Preference

Table 4.5. Survey Questions Covering Design Dimensions
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The survey asked the participants to answer the questions in Table 4.5 without com-

paring one visual to another. To compare two visuals, the survey also contained a similar set

of questions that directly asked the participant to compare them (see Appendix D). These

questions are associated with the design dimensions and kept in similar proportion as the

other design dimension questions.

Finally, we included questions to determine if participants were interpreting the vi-

sual correctly. Figure 4.4 shows one example in which the visual proposes the situation and

the participant selects the best option that fits the image. We were not necessarily inter-

ested in the participants selecting the correct option because interpretation may depend on

the real-time use of the system and not on a one-time static image of the visuals, but we

were interested in a consistent interpretation and to measure improvement in interpretation

between the treatment groups.

Having identified a pool of measurement items to determine whether our visuals we

are able to affect a behavioral change, and whether the users could favorably and accurately

identify design dimensions, the next phase was quantitative with a focus on the verification

of our hypotheses. The next chapter describes the results of our studies and experiments in

more detail.
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Figure 4.4. An Example Interpretation Question
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CHAPTER 5

FINDINGS

As previously described, we obtained the data for testing the various hypotheses from

two different environments. One, a laboratory setting in which subjects played a sound-based

game in the presence of visuals that informed them of various aspects of their performance,

and a field study in which instructors conducted band students in the presence of visuals that

informed them of potential hearing loss risks. This research was interested in determining

whether the presence of an ambient visual had any effect on subjects’ behavior as measured

by subjects’ scores in the laboratory game, or the time series of statistical measures in Table

4.3 for the instructors. The following discusses the results of these experiments.

5.1. Laboratory Study

5.1.1. Combining Treatment Groups

As previously stated, each subject in the game environment used two visuals while

they played the game. Thus, we needed to determine if there was any difference regarding

the order the subjects viewed the two visuals, i.e. whether subjects who V isualX followed by

V isualY had significantly different game scores than subjects who saw V isualY followed by

V isualX. We analyzed the game scores using t-tests on each of the four subgroups described

in Section 4.1. The results in Table 5.1 show that the order of presentation of the visuals did

not make a significant difference in subjects’ scores. While the Treemap/Histogram 1 scores

were higher for the Treemap sessions, the results were not significant. Thus, we report the

following: Histogram 1 (M=46.40, SD=16.95) and Treemap (M=50.35, SD=9.78) conditions;

(t(9) = 0.6291, p = 0.5390), Treemap (M=75.61, SD=29.94) and Histogram 1 (M=57.01,

SD=15.80) conditions; (t(9) = 1.6669, p = 0.1217), Histogram 2 (M=44.33, SD=19.43) and

Bubble (M=36.93, SD=4.77) conditions; (t(7) = 1.0457, p = 0.3134), Bubble (M=41.45,

SD=4.98) and Histogram 2 (M=48.55, SD=21.67) conditions; (t(7) = 0.9043, p = 0.3812).

These results allowed us to combine the Prototype groups into the two treatment conditions

of Histogram 1/Treemap (Prototype Group), and Histogram 2/Bubble (Updated-Prototype
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Group). Thus, there were four treatment conditions: Histogram 1, Treemap, Histogram 2,

and Bubble chart.

Treatment Order N Visual Mean SD t p

Prototype Group

Histogram 1/Treemap 10
Histogram 1 46.40 16.95 -0.6291 0.5390

Treemap 50.35 9.78

Treemap/Histogram 1 9
Treemap 75.61 29.94 -1.6669 0.1217

Histogram 1 57.01 15.80

Updated-Prototype Group

Histogram 2/Bubble 8
Histogram 2 44.33 19.43 1.0457 0.3134

Bubble 36.93 4.77

Bubble/Histogram 2 8
Bubble 41.45 4.98 0.9043 0.3812

Histogram 2 48.55 21.67

95% Confidence Level Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.1. Comparison of Visuals for Treatment Order

5.1.2. Group Characteristics

Before comparing the visuals, we analyzed group characteristics to determine if there

was any bias towards a particular demographic within any of the treatment condition groups.

As a result, we performed a series of t-tests and ANOVAs to determine if there were any

significant relations between gender, age, or GPA and scores in the game. The control group

reported a single score, whereas the treatment groups had two scores, one for each visual,

which resulted in 15 tests reported in Tables 5.2-5.4.

Results indicate that the Control Group had no significant difference between Game

Scores and Gender (t(13) = −0.531, p = 0.605), Age (t(13) = −1.139, p = 0.227), or GPA

(F (2, 11) = 0.028, p = 0.973). The Prototype Groups who were presented with Histogram 1

showed no significant differences between Game Scores and Gender (t(18) = 0.561, p = 0.584)

and GPA (F (2, 11) = 2.146, p = 0.149), but there were some significant differences between
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Game Scores and Age (t(18) = 2.068, p = 0.054), probably due to the small sample size.

Subjects viewing the Treemaps have no significant differences between Game Scores and

Gender (t(18) = −0.746, p = 0.466), Age (t(18) = 0.834, p = 0.416), and GPA (F (2, 11) =

0.140, p = 0.870). The Updated-Prototype subjects viewing the Histogram 2 visual had no

difference between Game Scores and Gender (t(15) = 0.239, p = 0.815), but Age (F (2, 13) =

20.090, p = 0.000) and GPA (t(15) = 1.9605, p = 0.073) do show significant differences. Post-

hoc comparisons using the Tukey HSD test indicated that the mean scores for Age groups

18-21 (M=34.34, SD=5.07) and 22-25 (M=37.50, SD=4.78) are significantly different than

the age group 26-30 (M=72.00, SD=21.21). The Bubble chart group showed no significant

differences between Game Scores and Gender (t(15) = 0.036, p = 0.973), Age (F (2, 13) =

1.790, p = 0.206), GPA (t(15) = 0.4622, p = 0.651). In summary, 12 of the 15 significance

tests indicate that the groups were consistent with respect to Gender, Age, and GPA.

Demographic N Mean SD t p

Control Group

Gender
Male 7 79.91 38.29 -0.531 0.605

Female 7 91.31 41.91

Age
22-25 11 79.48 36.66 -1.139 0.277

26-30 3 108.10 47.00

GPA

2.50-3.49 4 87.36 31.40 0.028 0.973

3.50-4.00 3 89.29 40.10

N/A 7 83.03 39.50

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

N/A - First time UNT student

Table 5.2. Comparison of Control Group Scores and Demographics
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Demographic N Mean SD t p

Prototype Group, Histogram 1

Gender
Male 14 49.08 15.54 0.561 0.584

Female 5 46.01 7.94

Age
22-25 17 50.33 12.94 2.068 0.054 .

26-30 2 30.72 7.65

GPA

2.50-3.49 4 42.08 11.42 F(2,11)=2.146 0.149

3.50-4.00 5 41.51 8.45

N/A 10 54.13 15.00

Prototype Group, Treemap

Gender
Male 14 60.64 22.22 -0.746 0.466

Female 5 70.24 31.44

Age
22-25 17 64.78 25.22 0.834 0.416

26-30 2 49.44 10.69

GPA

2.50-3.49 4 58.98 14.61 F(2,11)=0.140 0.870

3.50-4.00 5 60.7 39.57

2.50-3.49 10 66.07 20.06

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

N/A - First time UNT student

Table 5.3. Comparison of Prototype Group Scores and Demographics

5.1.3. Game Data Results

Note that the scores for the game are an aggregate of three measures: SPL, Dose,

and the Gini coefficient. The game combines these measures at the end of play, producing

a single score for the game. Subjects played the game twice per visual so we selected the

subject’s lowest average score for analysis in this study. This score represents the subject’s

best performance for a particular visual. We then combined and compared all subject scores

for each visual.
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Demographic N Mean SD t p

Updated-Prototype Group, Histogram 2

Gender
Male 13 40.84 15.83 0.239 0.815

Female 3 39.73 2.61

Age

18-21 6 34.34 5.07 F(2,13)=20.09 0.000 ***

22-25 8 37.50 4.78

26-30 2 72.00 21.21

GPA
2.50-3.49 10 44.83 16.2 1.9605 0.073 .

3.50-4.00 6 33.64 6.16

Updated-Prototype Group, Bubble

Gender
Male 13 45.25 11.88 0.036 0.973

Female 3 45.02 9.56

Age

18-21 6 48.79 8.09 F(2,13)=0.834 0.416

22-25 8 40.41 10.25

26-30 2 53.69 20.24

GPA
2.50-3.49 10 46.14 12.89 0.4622 0.651

3.50-4.00 6 43.67 8.47

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

N/A - First time UNT student

Table 5.4. Comparison of Updated-Prototype Group Scores and Demographics

An inspection of the means for each condition indicates that all treatment groups

had better scores than the control groups (Table 5.6). The ranking of the treatment visuals

from smallest to largest score shows that subjects viewing the Updated-Prototype Visuals

outperformed the Prototype Group, implying that the design improvements that resulted in

these two visuals, as well as the addition of the prediction element, may have contributed to

better performance. The best performance came with the usage of the Histogram 2 visual,

followed by the Bubble chart, implying that the Histogram 2 was the more successful design.
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95% Conf.

Int. for Mean

Ages Diff Lower Upper p

(22-25)-(18-21) 3.1563 -7.5931 13.9056 0.7241

(26-30)-(18-21) 37.6563 21.4048 53.9077 0.0001 ***

(26-30)-(22-25) 34.5000 18.7646 50.2354 0.0002 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.5. Post-hoc Comparison of Updated-Prototype Group Scores and

Demographics

Visual Mean SD F(4,79) p

No Visual 85.61 39.01 10.187 0.000 ***

Histogram 1 48.27 13.80

Treemap 63.16 24.39

Histogram 2 40.63 14.19

Bubble 45.21 11.19

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.6. Comparison of Scores and Visuals

We next analyzed the scores to determine if there were any significant differences

between scores in the game and any of the visuals. Tables 5.6-5.7 provides a summary of the

ANOVA and post-hoc comparison results and shows that there was a significant difference

among subjects (F (4, 79) = 10.187, p = 0.000). Post-hoc comparisons indicated that having

any visual (Histogram 1: M=48.27, SD=13.80; Treemap: M=63.16, SD=24.39; Histogram 2:

M=40.63, SD=14.19; Bubble: M=45.21 , SD=11.19) significantly improves the game score

over no visual (M=85.61, SD=39.01). The only other significant difference is between the

Treemap (M=63.16, SD=24.39) and Histogram 2 (M=40.63, SD=14.19) conditions with

p = 0.029. There is some evidence, although not significant, that the Treemap (M=63.16,
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95% Conf.

Int. for Mean

Group Diff Lower Upper p

No Visual/Histogram 1 -37.340 -59.139 -15.541 0.000 ***

No Visual/Treemap -22.446 -44.245 -0.647 0.040 **

No Visual/Histogram 2 -44.981 -67.630 -22.332 0.000 ***

No Visual/Bubble -40.399 -63.048 -17.750 0.000 ***

Histogram 1/Treemap 14.894 -5.186 34.974 0.243

Histogram 1/Histogram 2 -7.641 -28.641 13.359 0.847

Histogram 1/Bubble -3.059 -24.059 17.941 0.994

Treemap/Histogram 2 -22.535 -43.535 -1.535 0.029 **

Treemap/Bubble -17.953 -38.952 3.047 0.130

Histogram 2/Bubble 4.582 -17.299 26.463 0.977

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.7. Post-hoc Comparison of Scores and Visuals

SD=24.39) also performs poorly when compared to the Bubble chart (M=45.21, SD=11.19)

with p = 0.130 and Histogram 1 (M=48.27, SD=13.80) with p = 0.243. The lack of signifi-

cant difference among visuals may be the results of the scoring mechanism and the game’s

goals. For example, we observed that once the subject saw the connection between the visual

(any visual) and the game’s activities, they quickly improved their scores and plateaued at

high levels of performance. Thus, the overall scores for each group using any of the visuals

became relatively high.

5.2. Field Study

5.2.1. Examples of Collected Real-time Data

Unlike the game, subjects’ data in the Field Study were not limited to a single four-

minute session. The data for the Field Study consisted of 50-minute instructional sessions

spanning three-week periods. Moreover, because each band instructor asked their students
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Figure 5.1. Leq Time Series for a Typical Class Session in Kenton Hall

to play different music pieces, the data generated from such sessions is not easily comparable

among instructors. Thus, the assumption concerning the instructors is that any analysis

of behavior change should occur at the individual level. An example of the type of data

generated by an individual instructor is presented in the time series data shown in Figure 5.1.

This example shows two Leq per second for a 50-minute class session. The distinct difference

between higher and lower Leq segments is the difference between talking and playing music

in the classroom.

The instructor’s behavior is hidden within this time series and comes forth through

the measures in Table 4.3. For each day, we determine the Leq distribution, which typically

resembles the one in Figure 5.2 (the dashed line marks 73 dB), and create a time series

for the statistical measures in Table 4.3. If a visual has an effect, there should be changes

in these statistics over time. Figure 5.3 shows the resulting time series for these measures

using Instructor E (see Appendix G for other instructors) with the dashed line indicating

the day that the visual was introduced, the blue line indicating the linear trend for all data,

and the red line indicating the linear trend for each period (no visual, V isualX, V isualY ).

Instructors A-C used Histogram 2 before the Bubble chart while Instructors D-F used the
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Figure 5.2. Leq Distribution for a Typical Class Session in Kenton Hall

Bubble chart before Histogram 2. These time series measures are testable for structural

changes using the visual implementations as breakpoints.

5.2.2. Structural Change Measure I - Chow Test

A structural change test could identify behavioral change by identifying a shift in the

fundamental structure of the time series. There are several structural change tests available,

but choosing the correct test depends on the type of data that one has. If the data is linear,
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Figure 5.3. Example Behavior Measures as a Time Series (Instructor E)

then there are numerous linear regression tests available, but these tests are a subclass of

non-linear regression tests that may be more appropriate. In addition, linear regression tests

are often parametric and may not be sensitive enough to detect changes, especially if the
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data is non-parametric. It is unclear if the time series of statistical measures of behavior are

linear and parametric, although logically it should be non-linear and non-parametric. This

uncertainty led to the conclusion that the Chow Test may be acceptable to analyze the data

for the Field Study.

The Chow Test [99, 97, 98, 55] uses F-test statistics to determine structural changes

in parametric and linear data by comparing the linear regression models before, after, and

across a breakpoint, and showing the probability of rejecting the null hypothesis that there

has not been a structural change. We calculate this for each time series resulting from the

Table 4.3 measures by using the display implementation date in the classroom as a known

breakpoint. If there is a difference when comparing regression test before and after the

breakpoint, then the resulting p-value is an indication of significant change for that measure

of behavior.

5.2.3. Chow Test Analysis

The Chow Test used the same amount of data both before and after a breakpoint and

fits a linear regression model to (1) the entire data subset, (2) the data before the break-

point, and (3) the data after the breakpoint, and performs F-tests to determine differences.

Figure 5.4 shows the p-value results of the Chow Test with values colored from red (lower) to

green (higher) with yellow representing the 0.15 significance level (see Appendix H for com-

plete results). A change in any of the behavior measures indicates a change in instructor’s

behavior, so every instructor has shown some behavior change, except Instructor C, who

shows no significant difference on any of the measures, with the lowest values of p = 0.160

and p = 0.169. On an individual basis, Instructor A’s behavior is changing the most when

presented with the Bubble chart, while instructor B’s behavior changes when presented with

the Histogram 2. Instructor C changes more when presented with the Bubble chart as well,

although Instructor C shows no significance for any condition. There are several significant

differences among all the visuals for Instructors D-F, and these three instructors appear most

affected by the visuals.

The order that the instructors used the two visuals defined the two groups of in-
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structors. For the first group, Instructors A-C, the Chow Test reported fewer significant

differences, although many are approaching significance as indicated by the yellow shading.

The stark difference between this group and the Instructor D-F group may be due to numer-

ous factors including general attitudes, age, etc. We know from the laboratory trials that

the Bubble chart had a higher perception of notification level and aesthetic emphasis, which

may have caused more changes to behavior than Histogram 2.

Figure 5.4. Chow Test Results for Instructor Behavior Change
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5.2.4. Structural Change Measure II - Slope-Change Test

The Slope-Change Test is a non-parametric regression test that indicates percent

change across the breakpoint [7]. It determines a regression by first calculating slopes for

numerous pairwise data points along the time series and aggregating it into an average slope.

Second, it determines a regression by calculating slopes for numerous pairwise data points

along the time series, with the condition that one data point is before the breakpoint and

one after, and then aggregating it into an average slope. The difference, or percent change,

between these two slopes is an indication of structural change for a particular measure of

behavior.

5.2.5. Slope-Change Test Analysis

We should view the results of the Chow Test cautiously because it uses a linear

regression model under a parametric distribution that, as mentioned previously, may not suit

the data in this time series. An alternative method is to use the non-linear, non-parametric,

Slope-Change Test that does not rely on a distribution to determine structural changes. As

with the Chow Test, we use the same amount of data before and after a breakpoint, but

this test only creates two models for testing. The first model is the Slope-Change for the

entire subset of the data through pairwise-point slopes, and the second is the slope change

across the breakpoint from selecting a point before and after to determine the slopes. If the

difference between the two slopes is zero, then no change has occurred; otherwise, a change

occurred and the percentage-change determines the strength of structural change. As with

the Chow Test, these results are unique to each instructor and may only indicate structural

changes in a subset of the behavior measures.

Figure 5.5 shows the percentage-change for each instructor who used Histogram 2

before the Bubble chart. The Slope-Change Test is highly sensitivity to changes and man-

ifests in large percent changes as seen in the figure. The measures for Instructor A show

large changes in coefficient of variation, kurtosis, Gini coefficient, %-Below 73 dB, and Dose

when using Histogram 2, and these changes continue when the Bubble chart is introduced,

resulting, in some cases, even greater changes. Instructor B shows relatively fewer changes,
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Figure 5.5. Slope-Change Test Results for Instructors A, B, and C

implying that neither visual made a significant difference in their behavior. Instructor C

shows several changes as well, but as expected, the changes were in measures that were dif-

ferent from the other instructors. Similar results can be seen in the results from Instructors
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D-F (Figure 5.6), with Instructor F showing the smallest changes in measures.

Figure 5.6. Slope-Change Test Results for Instructors D, E, and F

There are two important items to note. First, the structural changes that were found

between the period when V isualX was introduced followed by V isualY could be the result
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of a shift back towards the original behavior; however, any given shift does not necessarily

indicate an overall negative effect. For example, even though the skewness in Figure 5.3

shows a shift back, the Dose is beginning to show a downward trend. Second, one needs

to be cautious when comparing the Slope-Change results to the Chow Test results because

these are fundamentally two different tests operating under different assumptions.

Figure 5.7. Ranking Measures by Percent-Change for the Instructors.

The Slope-Change Test can help identify the most significant measures of behavior

change for an instructor. Figure 5.7 ranks the measures using the average percent-change

for the two visuals, with the numbers and colors indicating the measure ordered from least

to greatest average percent-change for each instructor. The largest percent-change, the two

right-most columns, shows that kurtosis (#5), Gini coefficient (#6), and skewness (#4)

change the most for the majority of instructors. This is logical because these distributions

are more likely to change if there is any effect, whether positive or negative. The smallest

percent-change, the two left-most columns, show that the Dose (#8) is least likely to change,

which is logical because the exponential decibel scale used to calculate Dose may counteract

small changes in the distribution that the Slope-Change Test does not detect. For example,

a small 3-dB shift in the skew will have little effect on Dose if the distributions skew is highly

negative, or highly positive, before the change.

Thus, our analysis of the data for the instructors indicates that there were noted

behavior changes in all of the instructors. These behavior changes were sometimes different
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for each instructor, but this is probably a consequence of the music played and the instructor’s

individual pedagogy.

5.3. Survey Data Results

As described in Chapter 4, subjects assigned to the treatment conditions completed a

post-hoc survey intended to elicit their responses to questions concerning the different design

dimensions and user preferences. Although we asked subjects participating in both the lab

and field studies to complete the same survey, only three subjects in the field study took

part in this section of the study, with one subject only partially completing it. Therefore,

we report on the survey results from the laboratory study first.

5.3.1. Laboratory Study Survey Results

Information Capacity

Visual N Mean SD SS MS F(3,66) p

Histogram 1 19 3.66 0.58 2.698 0.8994 2.544 0.0636 .

Treemap 19 3.22 0.70

Histogram 2 16 3.72 0.41

Bubble 16 3.58 0.63

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.8. Comparison of Group Responses on Information Capacity Questions

Comparisons of subject responses to questions concerning the design dimensions and

the four treatment conditions indicate that only the information capacity dimension showed

a difference between condition means. The one-way analysis of variance (Table 5.8) revealed

a significant difference in the subjects’ ratings of visuals with respect to information ca-

pacity (F (3, 66) = 2.544, p = 0.0636). A post-hoc test (Table 5.9) indicated that subjects’

ratings of the information capacity representations in the Histogram 2 (M=3.72, SD=0.41)

visual were much higher than the information capacity representations in the Treemap visual
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95% Conf.

Int. for Mean

Visuals Diff Lower Upper p

Histogram 1/Treemap -0.4342 -0.9427 0.0743 0.1205

Histogram 1/Histogram 2 0.0609 -0.4709 0.5927 0.9904

Histogram 1/Bubble 0.0798 -0.4520 0.6116 0.9789

Treemap/Bubble -0.3544 -0.8862 0.1774 0.3034

Treemap/Histogram 2 -0.4951 -1.0269 0.0367 0.0770 .

Histogram 2/Bubble 0.1406 -0.4135 0.6947 0.9084

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.9. Post-hoc Comparisons of Visuals and Information Capacity

Notification Level

Visual N Mean SD SS MS F(3,66) p

Histogram 1 19 3.18 0.40 0.224 0.07479 0.469 0.705

Treemap 19 3.18 0.47

Histogram 2 16 3.13 0.30

Bubble 16 3.29 0.38

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.10. Comparison of Group Responses on Notification Level Questions

(M=3.22, SD=0.70). Although not significantly different, subjects rated the information ca-

pacity representation in the Histogram 1 (M=3.66, SD=0.58) visual to be higher than the

Bubble (M=3.58, SD=0.63) visual. None of the other design dimensions showed significant

differences among subjects ratings (Tables 5.10-5.12). However, there were interesting mean

preference differences among each of the other dimensions. For example, the subjects rated

the Treemap visual lowest among all the design dimensions, except in the area of notification

level. Given the low ratings in three out of the four design dimensions, it is not surprising
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Representational Fidelity

Visual N Mean SD SS MS F(3,66) p

Histogram 1 19 4.26 0.73 3.22 1.072 1.293 0.284

Treemap 19 3.68 0.89

Histogram 2 16 3.94 1.00

Bubble 16 4.00 1.03

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.11. Comparison of Group Responses on Representation Fidelity

Questions

Aesthetic Emphasis

Visual N Mean SD SS MS F(3,66) p

Histogram 1 19 3.39 0.73 2.766 0.9218 2.119 0.106

Treemap 19 3.23 0.78

Histogram 2 16 3.67 0.49

Bubble 16 3.71 0.56

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.12. Comparison of Group Responses on Aesthetic Emphasis Questions

to find that subjects had the highest scores (i.e., poorest performance) with the Treemap

treatment condition.

Histogram 2 rated as having a higher information capacity, and viewed as being

comparable to the Bubble chart visual in terms of representation fidelity. However, subjects

rated the Histogram 2 visual lowest on the notification level dimension. The Bubble chart, on

the other hand, ranked highest on the aesthetic emphasis and notification levels, but ranked

lower in the area of information capacity. This implies that subjects found the Bubble chart

to be more attractive, which may have caused them to be more aware of the changes in
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the movements of the bubbles that occurred while they were playing the game. Finally, the

Histogram 1 visual rated highest in the area of representation fidelity and ranked second

on information capacity. While the Treemap visual was the obvious outlier, the other three

visuals appeared to have high ratings, but in different aspects of design.

Prototype Group

Visual N Mean SD t p

Histogram 1 19 3.04 0.44 0.20 0.42

Treemap 19 3.00 0.61

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.13. Comparison of Prototype Visual Preference Questions

Updated-Prototype Group

Visual N Mean SD t p

Histogram 2 16 3.06 0.44 -1.45 0.08 .

Bubble 16 3.29 0.42

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.14. Comparison of Updated-Prototype Visual Preference Questions

There were several survey questions that belonged to the general category called

“Preference” that identified subjects “liking” for a particular visual independently of a

second visual. As Tables 5.13-5.14 show, there was not a significant difference between

subjects’ preferences for the Treemap visual (M=3.00, SD=0.61) versus the Histogram 1

visual (M=3.04, SD=0.44) in the Prototype Study (t(18) = 0.20, p = 0.42); however, there

was small significant difference between subjects’ preference for the Bubble chart (M=3.29,

SD=0.42) as opposed to the Histogram 1 visual (M=3.06, SD=0.44) in the Updated Study
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(t(15) = −1.45, p = 0.08). Moreover, the Bubble chart had the highest overall mean prefer-

ence score of all four visuals, implying that the Bubble chart was preferred overall.

Group Comparison IC NL RF AE Pref.

Prototype Histogram 1 vs Treemap 3.36 3.21 3.84 3.70 3.49

Group Comparison IC NL RF AE Pref.

Updated-Prototype Histogram 2 vs Bubble 3.58 2.96 3.81 2.48 3.05

Table 5.15. Subject Comparison Between Two Visuals

We also analyzed survey questions in which subjects compared one visual to another

for each of the four design dimensions and overall. The questions asked that subjects make a

direct comparison between the two visuals that they had seen. Results shown in Table 5.15

show the overall means computed for these questions. In other words, a higher mean shows

more preference for the Histogram 1 visual when subjects compared it with the Treemap

in the Prototype Group, and a higher mean in the second table shows more preference for

the Histogram 2 visual when subjects compared it with the Bubble chart in the Updated-

Prototype Group. The results shows that the Prototype Group preferred Histogram 1 to

the Treemap in every design dimension. It also shows that the Updated-Prototype Group

preferred Histogram 2 for information capacity, representation fidelity, and just slightly over-

all (although this seems to contradict findings in the previous paragraph). Subjects in the

Updated-Prototype Group liked the Bubble chart visual best for its notification levels and

aesthetic emphasis.

Figure 5.8, repeated from Section 4.3.6, is a representation of the different levels

for the design dimensions that were proposed for the MIHL context, with the dark-blue

color indicating the preferred levels of each dimension and the light-blue color representing

acceptable alternatives. We hypothesized that the notification level for the visuals should

remain relatively low, in order to maintain a non-distracting ambiance, allowing the user

to focus on their primary task. We also believed that the information capacity level should
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Figure 5.8. MIHL Reduction Feedback System Design Dimensions

remain relatively low, only representing the data that was necessary for making informed

decisions about sound pressure levels. On the other hand, we wanted the representation

fidelity level for the visuals to be higher so that subjects could discern the information

quickly. Moreover, we thought the aesthetic emphasis should be higher in order to increase

the persuasive effect on users who were though to prefer attractive displays.

The results of the design dimension survey questions show mean ratings above 3.0

for all the visuals on all four dimensions. Histogram 2 has the highest rating for information

capacity (M=3.72), the Bubble chart has the highest rating for notification level (M=3.29)

and aesthetic emphasis (M=3.71), and Histogram 1 has the highest rating for representation

fidelity (M=4.0). The high mean responses for each of the four visuals seems to imply that we

actually exceeded our expectations concerning representation of the four design dimensions

in the four visuals. It also may indicate the need to make sure that all four dimensions are

present in each of our visuals, with more weight than previously anticipated. Not only did

subjects acknowledge the presence of a dimension in a visual, they seemed to want it.

Table 5.16 describes the mean results of the subjects’ basic understanding of the infor-

mation presented in the visuals. These survey questions were to verify that subjects actually

understood the displayed information. Answers from this part of the survey were first classi-

fied as being either the “best” answer or the “second best” answer. We then computed totals

for each visual condition with Table 5.16 showing the mean scores of correctness for subjects
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Visual N Mean SD SS MS F(3,66) p

Histogram 1 19 13.58 6.24 355.6 118.533 3.3119 0.0253 *

Treemap 19 11.89 6.66

Histogram 2 16 16.38 4.14

Bubble 16 10.00 5.61

95% Confidence Level

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.16. Comparison of Group Responses on Visual Interpretation Questions

95% Conf.

Int. for Mean

Visuals Diff Lower Upper p

Histogram 1/Treemap -1.6842 -6.8001 3.4317 0.8214

Histogram 1/Histogram 2 2.7961 -2.5543 8.1464 0.5178

Histogram 1/Bubble 3.5789 -1.7714 8.9293 0.3002

Treemap/Bubble 1.8947 -3.4556 7.2451 0.7871

Treemap/Histogram 2 -4.4803 -9.8306 0.8701 0.1319

Histogram 2/Bubble 6.3750 0.8001 11.9499 0.0187 *

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Table 5.17. Post-hoc Comparisons for Visuals and Interpretation Questions

assigned to each of the four treatment conditions. Results from the one-way ANOVA revealed

a significant difference between the mean scores of the groups (F (3, 66) = 3.3119, p = 0.0253).

The post-hoc comparisons using Tukey HSD (Table 5.17) showed no significant differences

between the two Prototype visual conditions and Histogram 2 (M=16.38, SD=4.14) or Bub-

ble (M=18.25, SD=5.61) chart visuals; however, there was a significant difference between

subjects’ understanding of the information contained in the Histogram 2 visual versus the

information displayed in the Bubble chart (p = 0.0187). This was somewhat surprising

because subjects seemed to think that the Bubble chart was more aesthetically pleasing,
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which presumably would have caused them to look at the visual more frequently. However,

subjects also rated the Bubble chart third lowest on the information capacity dimension,

which might account for the low scores on the survey interpretation questions.

Results from the subjects’ responses to the interpretation questions also indicate that

subjects understood, for the most part, the information presented in the different visuals.

The information in each of the visuals was correctly identified by 80% of subjects for the

Histogram 2 visual; 73% of the subjects for the Histogram 1 visual; 68% of the subjects

for the Treemap visual; and 50% of the subjects for the Bubble chart. While the Bubble

chart appears to be more difficult to interpret than the other visuals, the other three visuals

seemed to have successfully conveyed their information.

To summarize, the results from the laboratory surveys show that having any visual

significantly improves subject performance. Both the Histogram 2 and the Bubble chart vi-

suals showed improvements over the prototype visuals and produced the best results in game

scores. Moreover, the Histogram 2 and Bubble chart rated higher on both design dimensions

and user preferences. Although we did not specifically test the predictive element of both

Histogram 2 and Bubble chart visuals, the fact that students scored higher under these two

conditions leads one to conclude that the predictive element did make a difference. The sig-

nificant differences between subjects’ understanding of information presented in Histogram 2

versus the Bubble chart highlights the trade-off between the design dimensions and effective

usefulness. Although subjects tended to like the novelty of the Bubble chart, they performed

better with the Histogram 2 visual, and they had better understanding of the information

presented to them. In the MIHL context, this is an important trade-off because utility may

lead to lower NIHL risk than user preference. The next section reports on the field studying

using these two visuals.

5.3.2. Field Study Survey Results

After the nine-week period, we turned off the visuals in the classroom of the Field

Study and asked the instructors to participate in the survey mentioned in Section 4.3.6.

Only two out of the six instructors completed the survey. Some instructors filled in partial
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Visual IC NL RF AE Pref.

Histogram 2 2.88 2.50 2.00 2.50 3.33

Bubble 2.13 2.50 2.50 2.33 3.33

Note: Sample size of N=2

Table 5.18. Mean Instructor Responses on Design Dimension Questions

Instrsuctors

Visual N Mean

Histogram 2 2 18

Bubble 2 2.5

Table 5.19. Interpretation Question Results for Field Study.

Group Comparison IC NL RF AE Pref.

Instructors Histogram 2 vs Bubble 4.375 3.300 5.000 3.333 3.833

Table 5.20. Instructor Comparison Between Two Visuals

surveys, but others simply failed to respond, even after repeated requests over several months,

including bribery with a $25 Amazon Gift Card. The instructors never expressed concerns

about any of the design dimensions related to any of the visuals during the Field Study, so we

can only speculate on why a participant would decide not to complete a survey. These reasons

may include confusion, end-of-semester issues, holiday stress, general fatigue, annoyance,

attitude changes towards the project, or a general pushback towards the information.

Due to the extensive time between the end of the Field Study and the next oppor-

tunity to take the survey, it was concluded that further harassment of instructors would be

nonproductive. We include Tables 5.18-5.20 to show the responses from the two instructors

that completed the survey. Even with these few results, it is difficult to draw conclusions.

Mean results on each of the four design dimension are below 3.0, which is obviously less than

the means that were reported for the laboratory study. However, the two instructors did
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seem to have any equally “liking” for both the Bubble chart and the Histogram 2 visual.

Although there was insufficient data from the Field Study to make any type of con-

clusions about the effectiveness or preference for the visuals, data results from both the

Chow and Slope-Change Tests indicate that the participants in the field study did undergo

behavior changes when the visuals were displayed in the classroom.

5.4. Summary of Results

The MIHL Reduction Feedback System showed positive results in both laboratory and

field study environments. Subjects participating in the game had significantly higher scores

when the visuals were present than when they were absent. Similarly, all six instructors

showed changes in one or more sound-related measures in the presence of visuals when

compared to the sound-related measures generated before introducing the visuals. Moreover,

survey results indicated that the design dimensions were useful in guiding the development of

the four display visuals. Although different visuals appear better at representing the design

dimensions than others, all rated at acceptable levels in the study. Finally, subjects in the

game environment seemed to correctly interpret the information displayed in each of the four

displays. The following is a summary of the results and their relationship to the original five

hypotheses.

5.4.1. Hypothesis 1

Groups exposed to an ambient display, while simultaneously playing a game, will have

short-term behavior changes as measured by statistically higher scores compared to those

groups not exposed to ambient displays.

This study found that the mean game scores for subjects in the ambient display

treatment conditions had significantly higher scores than subjects in the control group. While

there was no significant differences among the four treatment displays, subjects’ who viewed

the Histogram 2 visual scored highest, followed by the Bubble chart visual, Histogram 1,

and Treemap. Therefore, Hypothesis 1 is accepted.
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5.4.2. Hypothesis 2

Instructors exposed to an ambient display, while simultaneously teaching band stu-

dents, will have long-term behavior changes as measured by one or more structural change

measures that compare sound pressure data generated before and after introduction of am-

bient displays.

This study found that instructors using the ambient display showed significant differ-

ences in for several statistics of behavior as measured by the Chow Test and Slope-Change

Test. Therefore, Hypothesis 2 is accepted.

5.4.3. Hypothesis 3

Groups exposed to an ambient display, while simultaneously performing their pri-

mary task, will positively rate the display as satisfying the design dimensions of information

capacity, notification level, representation fidelity, and aesthetic emphasis.

This study found that subjects participating in the Game study rated every ambient

display as average or above average for each of the four design dimensions. The Histogram 2

visual was rated highest on information capacity; the Bubble chart was rated highest on

notification level; the Histogram 1 visual was rated highest on representation fidelity; and

the Bubble chart was rated highest on aesthetic emphasis. While there was no clear winner

among the four visuals concerning the four dimensions, it is obvious that all four satisfied,

to some degree, the various design requirements. Therefore, Hypothesis 3 is accepted.

5.4.4. Hypothesis 4

Subjects’ understanding of the information contained within the visual will be sig-

nificantly higher when viewing an ambient display with a predictive component. Thus, the

interpretation score for groups exposed to the visuals containing the predictive element will

be larger than groups exposed to visuals without a predictive component.

This study found that the while subjects viewing the Histogram 2 visual, which

contains the predictive component, scored higher on interpretation questions than other

groups who saw visuals without the predictive component, although it was not significantly
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higher. Moreover, subjects viewing the Bubble chart, a visual also containing the predictive

component, had significantly lower scores on the interpretation questions than Histogram 2

subjects. Therefore, Hypothesis 4 is rejected.

5.4.5. Hypothesis 5

Groups exposed to two ambient displays, while simultaneously performing their pri-

mary task, will prefer one display over another and with respect to each of the design

dimensions.

(1) This study found that subjects assigned to the Prototype Group rated Histogram 1

higher than the Treemap overall, and on all four of the design dimensions. Thus for Prototype

Study, Hypothesis 5 is accepted.

(2) This study found that subjects assigned to the Updated-Prototype group rated

Histogram 2 higher than the Bubble chart overall, and on 3 out of 5 design dimensions.

Therefore, Hypothesis 5 is accepted.
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CHAPTER 6

DISCUSSION AND CONCLUSION

6.1. Discussion

The growth in ubiquitous and pervasive computing has increased the use of ambi-

ent technology, specifically ambient information systems, that use informative displays that

transition between a user’s periphery and the center of their attention. The major goal of

these systems is to be unobtrusive, informative, and not distracting, while providing real-

time information to the viewer. The infusion of captology, particularly with a focus on

goal-oriented psychological persuasive principles, implies the need for systemic goal-setting

techniques that provide short-term goals for long-term behavior change. This introduces

many design challenges that it must balance while providing real-time useful information,

and requires new design methodologies and measures beyond the typical time, accuracy, and

cognitive workload, often used for other systems.

The MIHL context provided the opportunity to develop a unique ambient information

system for use in the real-world environment of collegiate musicians. The actual problem

consisted of the need to monitor the sound pressure levels (SPL) within classroom band

environments because historical evidence that suggested that long-term exposure to loud

sounds could lead to noise induced hearing loss (NIHL). Thus, it is important to inform

classroom band instructors when these high levels of sound were occurring and, perhaps,

notify them to decrease the sound levels within the classroom. As a result, we created a

continuous real-time data collection system that recorded the necessary measures that would

indicate the existence or non-existence of risk. These measures included the SPL, Leq, and

Dose with the system storing the measures and relating them back to the specific classroom

that generated the sound.

Having completed this phase of the project, we turned to the development of the nec-

essary visuals that could inform instructors about whether their classrooms were at risk. We

used the same data collection system that was recording the sound generated in the class-
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room to develop the various ambient visuals. At the same time, we adopted a set of design

dimensions [73] that could be used to help gauge the quality of the different displays. These

design dimensions included information capacity, representation fidelity, notification level,

and aesthetic emphasis, and used to guide the design of two Prototype visuals: Histogram 1

and Treemap.

Rather than introducing the visuals directly into the Field environment, we chose to

test the two Prototype visuals in a less complex setting. This led to the unique use of a

sound-based game to focus attention on a task while using the ambient information system to

inform users about their progress. The sound-based game that was developed asked players

to manipulate a vehicle’s speed in sync with the volume of background music. The players

three minor goals were to spend an equal amount of time in each of 3-mph ranges to form a

uniform distribution of speed levels, minimizing time below 70mph, and using less than 90%

of the fuel. Achieving the minor goals determined the players score, with the major goal

being to have the lowest score. The visuals provide players with information concerning how

well they were achieving these three goals. Thus, the sound-based game simulated many of

the characteristics found within the Field Study. Having completed the game development,

we tested the effectiveness of the Prototype visuals by comparing the scores of subjects who

had use of the visuals versus those without visuals. The comparisons indicated that subjects

with visuals had significantly lower scores than those subjects without visuals.

Although the two Prototype visuals appeared to be effective, we felt that additional

improvements might yield even better scores. More specifically, subjects who viewed the

Treemap did not perform (although not significantly) as well as subjects who viewed the

Histogram 1 visual. Moreover, we believed that adding a feature that would inform subjects

about their predictive values would also lead to bigger changes in behavior. The collected SPL

data is a continuous random independent variable that creates non-parametric distributions,

which allow use of a Hidden Markov Model and generic particle filter to generate predictions.

These added predictions to the ambient information system create short-term goals that lead

to long-term behavior change. To the best of our knowledge, this is the first time an ambient
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information system has used continuous data as the informative component, measure of

effectiveness, and as a prediction method for goal setting. As a result, we updated and

replaced the two Prototype visuals with two new visuals: Histogram 2 and Bubble chart and

tested both the laboratory and field environments.

The laboratory study showed that the ambient information system was useful in gen-

erating short-term behavior change. Subjects who played the game when visuals were present

had significantly lower scores (better performance) than subjects who did not see the visuals.

Subjects with visuals seemed to show greater ability to control and make decisions on the

focused task. Since there were no statistical differences between the demographic variables

of the subjects that participated in the Control and Prototype study versus the Updated

Visual study, we were able to combine the data for all three groups and determine whether

groups with the visuals outperformed the control group and whether one of the visuals out-

performed the others. Results from this analysis indicated that all subjects with visuals

outperformed subjects without visuals. Although there was no significant differences among

the four visual groups, scores were lowest for Histogram 2, followed closely by Bubble and

Histogram 1. The Treemap visual had the highest scores, meaning the worst performance.

Although not significant, the Updated visuals outperformed the Prototype visuals. This

latter finding seems to suggest that the predictive element in the visuals may have helped

improve performance.

Subjects in the field study used only the Updated-Prototype visuals in their exper-

iments. The results of this study show that the two visuals affected long-term instructor

behavior as shown in the results of the two structural change tests. The Chow Test, which is

the inferior of the two structural change tests, showed significant changes in both individual

and a combination of measures, particularly for instructors using the Bubble chart followed

by Histogram 2. The Slope-Change test bypassed the problems of linearity and unknown

data distributions to provide a change-sensitive test that further demonstrated support for

the general hypothesis that individuals using the monitoring system changed their behavior,

thereby affecting student’s exposure to excessive sound pressure levels.
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The structural change tests showed that the visuals did appear to contribute to a

change of behavior among instructors classroom behavior. Unfortunately, a sufficient number

of instructors failed to complete the post study surveys that asked them to provide us with

feedback concerning the quality and effectiveness of the ambient visuals. Thus, we had to

rely on the surveys collected from the laboratory environment for insights into our visuals’

effectiveness.

Results from the surveys taken in the lab environment indicate that subjects rated

the four visuals differently along the four design dimensions. The two Histogram visuals

rated highest on the information capacity dimension, while the Bubble chart was highest on

the notification level dimension. Histogram 1 and Bubble rated highest on the representation

fidelity dimension, while the Bubble and Histogram 2 rated highest on aesthetic emphasis.

We also compared these subject ratings to the design levels proposed prior to the study.

These proposed levels had argued that the visuals should be somewhat low on information

capacity and notification level, but relatively higher on representation fidelity and aesthetic

emphasis. The high mean responses by subjects for the design dimensions for each of the

four visuals seems to imply that we actually exceeded our expectations. However, it may also

indicate that we underestimated the importance of the information capacity and notification

level dimensions.

While subjects did not significantly prefer one visual to another, there were obvious

preference differences when subjects rated one visual over another on each of the four design

dimensions. When asked for their preferences, subjects preferred Histogram 1 to the Treemap

overall, and on all four design dimensions. Subjects also preferred Histogram 2 to Bubble,

only slightly overall, and on only two out four design dimensions. Thus, there appears to be

a strong preference for Histogram 1 when compared to the Treemap, and a far less preference

for Histogram 2 when compared to the Bubble chart.

Subjects also answered questions related to their interpretation of the information

presented in each visuals. Subjects’ scored significantly higher on interpretation questions

related to the Histogram 2 visual as opposed to the Bubble chart. However, there were
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no significant differences among subject interpretation scores for Histogram 2, Histogram 1,

or the Treemap visuals. Interestingly, the interpretation scores for the four visuals reflect

subjects’ ratings of the information capacity of each visual.

In summary, this study focused on creating a persuasive ambient information feedback

system applied to real-time, high-workload environments to induce a non-conscious change

in user behavior. The aim of our studies was to condition users to change their behaviors,

based on subtle visuals, with our experiments designed accordingly. The first study evaluated

whether ambient visuals could improve subjects’ scores in an interactive game, and the second

exposed instructors to the same real-time visuals to assess their potential at reducing hearing

loss risks. Our results suggest that ambient visuals are indeed effective and can provide the

user with added support without dissipating attention resources. Moreover, we believe that

these interfaces are developable with reasonable attention to good design elements and that

users can quantify these design elements.

6.2. Conclusion

The study continues the work on ambient displays and makes an important contri-

bution to the field of persuasive ambient technologies. We see the approach presented in

this study as a promising way to align the specific characteristics of ambient displays with

the contrasting demands on technology in a real-time environment. More specifically, the

design methodology used in this study provides an approach that other researchers can use.

The development of the real-time collection system for sound data enabled us to capture

the necessary measures needed for the ambient displays. We followed with the development

of the necessary ambient displays using guidelines based on the four design dimensions and

tested these displays in a laboratory setting consisting of a game that had many of the same

characteristics of the field study. At the same time, we developed direct measures of behavior

change for both the laboratory and field environments. We developed surveys to evaluate the

quality of the displays, determine their effectiveness, and to identify dimension correctness.

Finally, we provided a field study to determine if the ambient displays would be effective over

a longer term. Thus, we believe that this methodology is a reusable, extensible, modular,
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and adaptable technique, applicable to numerous situations. The following list summarizes

the contribution of this dissertation.

• The development of a novel persuasive ambient information system to reduce noise-

induced hearing loss among collegiate musicians, applicable to other environments.

• The use of that novel persuasive ambient feedback information system for capturing

sound-related measures within a gaming environment.

• The novel transformation of an ambient information system classification taxonomy

into visuals for an ambient display.

• A laboratory study using treatment conditions to design and test an ambient infor-

mation system for a specific context.

• The novel use of a game, resembling a field study environment, to test visuals and

determine visual effectiveness.

• A field study using a persuasive ambient information system to study effects on

long-term behavior.

• The development and novel use of a prediction component for psychological persua-

sion through goal setting with an ambient information system in a specific context.

• The novel use of descriptive statistics of distributions and time series data to gen-

erate predictions for persuasive short-term goals that lead to long-term behavior

changes from using an ambient information system.

• The novel use of descriptive statistics of distributions, structural change tests, and

time series data, to detect and measure behavior change induced by an ambient

information system.

• The novel design of surveys that adapt heuristics evaluations for ambient displays

and questionnaires for persuasive technology into design dimension questions to

determine effective design decisions.

6.3. Future Research

This study has numerous implications for future research. First, an obvious avenue

of future research would be to incorporate gaze detection into the evaluation of the ambient
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displays. This would allow us to know if the display actually entered the field of view of

the gamer or instructor. Such information may correlate with other measures to provide a

better picture of how the display is actually functioning. Other items that would aid in these

evaluations would include absolute location tracking (to know how long a person was in the

presence of the display). Furthermore, visuals designed for the specific context may enhance

their effect. For example, the visualizations in this study used basic data representations,

but creating musical visuals that a user can directly associate with their activity may affect

outcome more than standard visualizations.

Second, we assumed that the SPL data was a non-parametric distribution that al-

lowed us to use standard statistical measures and a generic particle filter to predict future

distributions; however, the daily distribution often appeared as a bimodal distribution, with

one peak for the time below 73 decibels and the other for above 73 decibels. Understanding

the distributions, their change over time, and their ability to profile an instructor could help

improve or create new measures and prediction techniques for other subjects under study.

Third, the generic particle filter performed well and we were able to avoid the de-

generacy issue by using the accumulating distribution. Technically, the degeneracy problem

still existed, but using the cumulative distribution minimized it. Additional research may

reveal specific techniques to handle the degeneracy under certain conditions that may allow

better predictions, fewer computations, and use smaller data subsets.

Next, the assumption that an ambient information system effects the music instruc-

tors is a fundamental hypothesis that could hold true for other subjects as well. Finding

techniques to collect, model, and mine the data for these systems could help develop profiling

techniques that can eventually tailor visualizations and information to the specific individual

or groups of individuals.

On the technical aspects, there are numerous research opportunities. The dosimeter

used in this research cost approximately $5,000 dollar and included many features that were

not necessarily. It is possible to develop less expensive and more highly specialized data

collection devices and sensor networks for monitoring different locations within a defined
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area, e.g. studying the ambient information system from both the drummer and instructor

perspective at the same time. Other technical aspects could include development of specific

data mining techniques for sound related data, specialized software, and a specialized data

repository for sound, music, and other measurable data.

Finally, the lack of participation in the surveys by the instructors may be a factor

of cognitive dissonance. An investigation of cognitive dissonance and other psychological

principles as a major contributor to the success or failure of ambient information systems

may reveal new design strategies and techniques. This could expand the design dimen-

sions to include psychological dimensions such as persuasion, cognitive load, and cognitive

dissonance.
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Office of Research Services 

University of North Texas 

Last Updated: August 9, 2007 

Page 1 of 2 

 

University of North Texas Institutional Review Board 

Informed Consent Notice  

Before agreeing to participate in this research study, it is important that you read and understand 

the following explanation of the purpose, benefits and risks of the study and how it will be 

conducted.   

Title of Study:  Reducing Music Induced Hearing Loss with Persuasive Technology 

Student Investigator:  Jason Powell, University of North Texas (UNT) Department of 

Computer Science and Engineering. Supervising Investigator: Kathleen Swigger 

Purpose of the Study: You are being asked to participate in a research study that involves 

designing persuasive technology for reducing noised-induced hearing loss risk among student 

musicians.  During the study, we will ask you to play a computer game and participate in surveys 

designed to determine features and attributes of visuals that may affect game play. 

Study Procedures: You will be asked to perform three tasks. (1) A profile survey to collect 

basic information including three medical questions concerning whether you have visual 

impairments, hearing impairments, and/or ADD/ADHD. The collected information will remain 

private and only used for statistical purposes. (2) You will be asked to play a computer game 

involving different levels of sounds and different visualizations for the sound levels. During 

game play, we will use a non-invasive/non-intrusive eye tracker to record where you are looking 

on the screen. (3) A post-game play survey to ascertain the best features, effectiveness, and 

preferences of the visuals.  

 

Foreseeable Risks: The study will involve sound, but we will NOT expose you to dangerous 

sound levels. OSHA/NIOSH recommends no more than the equivalent of 85 dBA (A-weighted 

decibels) over an 8 hour day and we will keep the sound below 85 dBA. No foreseeable risks are 

involved in this study. 

 

Benefits to the Subjects or Others: This study is not expected to be of direct benefit to you, but 

your participation will potentially benefit music students by reducing exposure to dangerous 

sound levels that lead to noise-induced hearing loss. 

  

Compensation for Participants: If you are a student of Dr. Swigger or Dr. Chesky, extra credit 

in their course will be offered, upon completing all requested tasks. Those choosing not to 

participate will have an alternative way to earn the equivalent extra credit points with the same 

amount of time and effort as participating in the study. 

 

Procedures for Maintaining Confidentiality of Research Records: The confidentiality of your 

individual information will be maintained in any publications or presentations regarding this 

study. All data, answers to surveys, and activities will be stored on a protected server. At the 
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Office of Research Services 

University of North Texas 

Last Updated: August 9, 2007 

Page 2 of 2 

 

completion of the project, any private information will be destroyed or obfuscated to make it 

untraceable. 

 

Questions about the Study: If you have any questions about the study, you may contact Jason 

Powell at jasonpowell@my.unt.edu or Dr. Kathleen Swigger at Kathy@cs.unt.edu 

Review for the Protection of Participants: This research study has been reviewed and 

approved by the UNT Institutional Review Board (IRB).  The UNT IRB can be contacted at 

(940) 565-3940 with any questions regarding the rights of research subjects.  

Research Participants’ Rights: Your participation in the survey confirms that you have read all 

of the above and that you agree to all of the following:  

 Jason Powell has explained the study to you and you have had an opportunity to 

contact him/her with any questions about the study. You have been informed of 

the possible benefits and the potential risks of the study.  

 You understand that you do not have to take part in this study, and your refusal to 

participate or your decision to withdraw will involve no penalty or loss of rights 

or benefits.  The study personnel may choose to stop your participation at any 

time.  

 Your decision whether to participate or to withdraw from the study will have no 

effect on your grade or standing in your courses. 

 You understand why the study is being conducted and how it will be performed.   

 You understand your rights as a research participant and you voluntarily consent 

to participate in this study.  

 You understand you may request a copy of this form for your records.   

________________________________  

Printed Name of Participant 

 

________________________________   ____________  

Signature of Participant             Date 

 

For the Principal Investigator or Designee: I certify that I have reviewed the contents of this 

form with the subject signing above. I have explained the possible benefits and the potential risks 

and/or discomforts of the study. It is my opinion that the participant understood the explanation. 

 

______________________________________  ____________  

Signature of Principal Investigator or Designee            Date 

92



Office of Research Services 

University of North Texas 

Last Updated: August 9, 2007 

Page 1 of 2 

 

University of North Texas Institutional Review Board 

Informed Consent Notice  

Before agreeing to participate in this research study, it is important that you read and understand 

the following explanation of the purpose, benefits and risks of the study and how it will be 

conducted.   

Title of Study:  Reducing Music Induced Hearing Loss with Persuasive Technology 

Student Investigator:  Jason Powell, University of North Texas (UNT) Department of 

Computer Science and Engineering. Supervising Investigator: Kathleen Swigger 

Purpose of the Study: You are being asked to participate in a research study that involves 

designing persuasive technology for reducing noised-induced hearing loss risk among student 

musicians.  During the study, we will ask you to play a computer game and participate in surveys 

designed to determine features and attributes of visuals that may affect game play. 

Study Procedures: You will be asked to perform three tasks. (1) A profile survey to collect 

basic information including three medical questions concerning whether you have visual 

impairments, hearing impairments, and/or ADD/ADHD. The collected information will remain 

private and only used for statistical purposes. (2) You will be asked to use, at your discretion, a 

mounted display of various visualizations of sound pressure levels within the classroom. (3) A 

survey to ascertain the best features, effectiveness, and preferences of the visuals.  

 

Foreseeable Risks: No foreseeable risks are involved in this study. 

 

Benefits to the Subjects or Others: This study is expected to be of benefit to you by informing 

you of sound pressure levels in the classroom so that you can make informed decisions that may 

reduced the risk of noise-induced hearing loss for both you and your students. 

  

Compensation for Participants: None 

 

Procedures for Maintaining Confidentiality of Research Records: The confidentiality of your 

individual information will be maintained in any publications or presentations regarding this 

study. All data, answers to surveys, and activities will be stored on a protected server. At the 

completion of the project, any private information will be destroyed or obfuscated to make it 

untraceable. 

 

Questions about the Study: If you have any questions about the study, you may contact Jason 

Powell at jasonpowell@my.unt.edu, Dr. Kathleen Swigger at Kathy@cs.unt.edu, or Dr. Kris 

Chesky at Kris.Chesky@unt.edu. 
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Review for the Protection of Participants: This research study has been reviewed and 

approved by the UNT Institutional Review Board (IRB).  The UNT IRB can be contacted at 

(940) 565-3940 with any questions regarding the rights of research subjects.  

Research Participants’ Rights: 

Your participation in the survey confirms that you have read all of the above and that you agree 

to all of the following:  

 Jason Powell has explained the study to you and you have had an 

opportunity to contact him/her with any questions about the study. You 

have been informed of the possible benefits and the potential risks of the 

study.  

 You understand that you do not have to take part in this study, and your 

refusal to participate or your decision to withdraw will involve no penalty 

or loss of rights or benefits.  The study personnel may choose to stop your 

participation at any time.  

 You understand why the study is being conducted and how it will be 

performed.   

 You understand your rights as a research participant and you voluntarily 

consent to participate in this study.  

 You understand you may request a copy of this form for your records.   

 

________________________________  

Printed Name of Participant 

 

________________________________   ____________  

Signature of Participant             Date 

 

 

For the Principal Investigator or Designee: 

 

I certify that I have reviewed the contents of this form with the subject signing above. I have 

explained the possible benefits and the potential risks and/or discomforts of the study. It is my 

opinion that the participant understood the explanation. 

 

______________________________________  ____________  

Signature of Principal Investigator or Designee            Date 
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Male

Female

Yes

No

Undeclared

Profile and Education

Please enter the random 5 digit number sent to you in your email. This number will be
used to identify your survey when you arrive for the experiment and then removed for
security purposes.

Gender

Age

1821 2225 2630 3140 4150 5160 61 or over

Current UNT GPA (estimate if unknown, select N/A if it is your first semester at UNT)

< 1.00 1.00  1.49 1.50  2.49 2.50  3.49 3.50  4.00 N/A

Select your current classification

Freshman Sophomore Junior Senior Graduate PostGraduate

Is your major within the College of Music?

Gaming Experience

During an average week, how many hours do you spend playing video games?

      < 1 13 46 79 1012 > 12

Laptop or Desktop games
(PC based games)    

Console video game
systems
(XBox, PlayStation, etc)

   

Mobile devices
(Cell phones, tablets, etc)    
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Yes, and I consider myself an amateur

Yes, and I consider myself a professional

No

Yes

No

Red–green color blindness

Blue–yellow color blindness

Total color blindness

Other

In an arcade
 

   

Other    

Music Experience

Do you perform music?

How many years have you practiced and performed music?

 

Years
(20 = 20 years or

more)

What is your primary musical instrument.

Medical

Do you have color blindness?

What type of color blindness?

Please explain the color blindness.

  0 1 3 4 6 7 9 10 11 13 14 16 17 19 20

97



3/23/2015 Qualtrics Survey Software

https://unt.az1.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview&T=1p6WjNslmUGaqYC5IiZWtj 3/4

Yes

No

Yes

No

yes

No

I have been examined and do suffer from hearing loss.

I have been examined and DO NOT suffer from hearing loss.

I have NOT been examined, but I suspect I suffer from hearing loss.

I have NOT been examined, and I DO NOT suspect I suffer from hearing loss.

Yes

No

Unknown

Do you have any other vision impairments? (Excluding those corrected by corrective
lenses)

Please briefly explain the vision impairment.

Have you been diagnosed with Attention Deficit Hyperactivity Disorder (ADHD) and/or
Attention Deficit Disorder (ADD) 

Do you currently take medicine for it?

Rate your knowledge level concerning the following.

      None Some Fair Very Expert

Decibels as a measurement of
sound    

Noised Induce Hearing Loss (NIHL)    

Do you suffer from hearing loss?

Do you suffer from any other hearing impairment not described as hearing loss?

Please briefly describe the hearing impairment.
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Easy

Medium

Difficult

Easier

Same

More difficult

Game Play

Please enter the random 5 digit number sent to you in your email. This number will be used to identify
your survey upon completion of the experiment and then removed for security purposes.

Please rate the overall difficulty of game play required to achieve the goal.

Visuals  Part 1

Suppose we were to provide the visuals below that update in real time as the game is played.
 
(a) A color bar whose height and shades of color provide the current speed in miles per hour (MPH).
 
(b) A histogram showing the different speed levels (horizontal axis) over time (vertical axis) with color
shading  that  indicate  relative  speed  from  lower  (yellower)  to  higher  (redder)  and  the  bar  height
indicating the time spent at each level.
 
(c) A  gauge  showing  the  fuel  used  (red)  relative  to  remaining  fuel  (green)  associated with  the  speed
levels.
 
Please answer the following questions.

Using the three visuals above during game play, do you think game play will be

Using the images of the three visuals above, rank by the order of perceived usefulness based on your
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experience playing the game.
1 2 3

(a) Current speed in MPH

(b) Histogram of speed levels

(c) Fuel used

Using the image above, rate the overall attractiveness of the colors used (1 = not attractive, 7 = very
attractive)

      1 2 3 4 5 6 7

Black background    

Red    

Green    

Yellow    

color gradient (yellow to red)    

White labeling    

Using the images above, which arrangement of the three visuals do you like best

(a) (b) (c) (d) (e) (f)

Please provide any suggestions or explanations that you feel would improve the visuals above.
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Easier

Same

More difficult

Visuals  Part 2

Suppose we were to provide the visuals below that update in real time as the game is played. (Note that
(a) and (c) are the same as the other visuals, only (b) has changed.)

(a) A color bar whose height and shades of color provide the current speed in miles per hour (MPH).

(b) A treemap showing the different speed levels as colored boxes that change size and arrangement
based on time spent at given speed levels. The color indicates the speed from lower (yellower) to higher
(redder) and the size and location indicates the proportion it contributes to the fuel use (the red area of
the pie graph). For example, in the image below, the redder boxes are smaller and towards the right
corner, indicating less contribution to the fuel use. The larger orange boxes indicate middle range
speeds contributing the most.

(c) A gauge showing the fuel used (red) relative to remaining fuel (green) associated with the speed
levels.   

Please answer the following questions.

Using the images of the three visuals above, do you perceive game play will be

Using the images of the three visuals above, rank by the order of perceived usefulness.
1 2 3

(a) Current speed in MPH

(b) Treemap of speed levels

(c) Fuel used
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Using the image above, rate the overall attractiveness of the colors used (1 = not attractive, 7 = very
attractive)

      1 2 3 4 5 6 7

Black background    

Red    

Green    

Yellow    

color gradient (yellow to red)    

White labeling    

Using the images above, which arrangement of the three visuals do you like best

(a) (b) (c) (d) (e) (f)

Please provide any suggestions or explanations that you feel would improve the visuals above.
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Easy

Medium

Hard

Game Play

Please enter the random 5 digit number sent to you in your email. This number will be used to identify
your survey upon completion of the experiment and then removed for security purposes.

Please rate the overall difficulty of game play required to achieve the goal.

Visuals  Part 1  Histogram

The following is an example of the first set of visuals provided while playing the game. Please answer
the following questions without comparing this set of visuals to the second set of visuals you used.
 
(a) A color bar whose height and shades of color provide the current speed in miles per hour (MPH).
 
(b) A histogram showing the different speed levels (horizontal axis) over time (vertical axis) with color
shading  that  indicates  relative  speed  from  lower  (yellower)  to  higher  (redder)  and  the  bar  height
indicating the time spent at each level.
 
(c) A  gauge  showing  the  fuel  used  (red)  relative  to  remaining  fuel  (green)  associated with  the  speed
levels.

Using the images of the three visuals above, rank each by the order of usefulness, relative to each
other, based on your experience playing the game. (1 = most useful, 3 = least useful)

1 2 3

(a) Current speed in MPH

(b) Histogram of speed levels

(c) Fuel used
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Please indicate your level of agreement for each of the following statements about the first set of
visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    

The display was attractive.    

The display was useful for playing the game.    

The display reminded me to watch speeds during game play.    

I looked at the display regularly while playing the game.    

I would prefer not to have the display while playing the game.    

The overall quality of the display was good.    

The display was difficult to understand.    

I could easily remember the display between glances.    

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control the speed of
the car.    

The display positively influenced my attitude towards playing the game.    

The display provided too much information.    

The display provided necessary information to control the speed.    

The display appropriately represented the speed information.    

Please provide any suggestions or explanations that you feel would improve the visuals above.

Please use the image below to answer the following question.
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Overall, I have been traveling too fast and have used too much fuel.

Overall, I have been traveling too fast and have stayed within the fuel goal.

Overall, I have been traveling too slow and have used too much fuel.

Overall, I have been traveling too slow and have stayed within the fuel goal.

Overall, I have done well balancing my speeds and stayed within the fuel goal.

Overall, I have been traveling too fast and have used too much fuel.

Overall, I have been traveling too fast and have stayed within the fuel goal.

Overall, I have been traveling too slow and have used too much fuel.

Overall, I have been traveling too slow and have stayed within the fuel goal.

Overall, I have done well balancing my speeds and stayed within the fuel goal.

Given the image above , select the best interpretation of the visuals. Please read the statements
carefully.

Please use the image below to answer the following question.

Given the image above , select the best interpretation of the visuals. Please read the statements
carefully.

Visuals  Part 2 Treemap

The following is an example of the second set of visuals provided while playing the game. (Note that (a)
and (c) are the same as the other visual, only (b) has changed.) Please answer the following questions
without comparing this set of visuals to the first set of visuals you used.
  
(a) A color bar whose height and shades of color provide the current speed in miles per hour (MPH).
 
(b) A  treemap showing  the different speed  levels as colored boxes  that change size and arrangement
based on time spent at given speed levels. The color indicates the speed from lower (yellower) to higher
(redder) and the size and location indicates the proportion it contributes to the fuel use (the red area of
the pie graph)
 
(c) A  gauge  showing  the  fuel  used  (red)  relative  to  remaining  fuel  (green)  associated with  the  speed
levels.
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Using the images of the three visuals above, rank each by the order of usefulness, relative to each
other, based on your experience playing the game. (1 = most useful, 3 = least useful)

1 2 3

(a) Current speed in MPH

(b) Treemap of speed levels

(c) Fuel used

Please indicate your level of agreement for each of the following statements about the second set of
visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    

The display was attractive.    

The display was useful for playing the game.    

The display reminded me to watch speeds during game play.    

I looked at the display regularly while playing the game.    

I would prefer not to have the display while playing the game.    

The overall quality of the display was good.    

The display was difficult to understand.    

I could easily remember the display between glances.    

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control the speed of
the car.    

The display positively influenced my attitude towards playing the game.    

The display provided too much information.    

The display provided necessary information to control the speed.    

The display appropriately represented the speed information.    
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Overall, I have been traveling too fast and have used too much fuel.

Overall, I have been traveling too fast and have stayed within the fuel goal.

Overall, I have been traveling too slow and have used too much fuel.

Overall, I have been traveling too slow and have stayed within the fuel goal.

Overall, I have done well balancing my speeds and stayed within the fuel goal.

Please provide any suggestions or explanations that you feel would improve the visuals above.

Please use the image below to answer the following question.

Given the image above , select the best interpretation of the visuals. Please read the statements
carefully.

Please use the image below to answer the following question.

Given the image above , select the best interpretation of the visuals. Please read the statements
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Overall, I have been traveling too fast and have used too much fuel.

Overall, I have been traveling too fast and have stayed within the fuel goal.

Overall, I have been traveling too slow and have used too much fuel.

Overall, I have been traveling too slow and have stayed within the fuel goal.

Overall, I have done well balancing my speeds and stayed within the fuel goal.

carefully.

Comparing the Sets of Visuals

Please indicate your level of agreement for each of the following statements about comparisons
between the two sets of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

I enjoyed using the treemap more than the histogram.    

The histogram made more curious than the treemap.    

The histogram grabs my attention more than the treemap.    

The treemap is less distractive than the histogram.    

The treemap was more interesting than the histogram.    

The histogram is more attractive than the treemap.    

The treemap was of better quality than the histogram.    

The histogram is less memorable between glances than the treemap.    

I think the histogram is more useful than the treemap for playing the game.    

The histogram positively influenced my attitude towards playing the game more
than the treemap.    

The treemap reminded me to watch speeds more often than the histogram.    

I used the histogram more than I used the treemap while playing.    

I prefer using the treemap over the histogram.    

I prefer using neither display while playing the game.    

The treemap is more frustrating to use than the histogram.    

This histogram updated more frequently than the treemap.    

The treemap provided more information than the histogram.    

The histogram provided more necessary information to control the speed than the
treemap.    

This histogram was a more appropriate representation of speed information than
the treemap.    
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Easy

Medium

Hard

Game Play

Please enter the random 5 digit number sent to you in your email. This number will be
used to identify your survey upon completion of the experiment and then removed for
security purposes.

Please rate the overall difficulty of game play required to achieve the goal.

Visuals  Histogram

The following is an example of the first set of visuals provided while playing the game.
Please answer the following questions without comparing this set of visuals to the
second set of visuals you used.
 
(a) A gauge showing the fuel used (red) relative to remaining fuel (green) and the
predicted fuel use (yellow).
 
(b) A color bar whose height and shades of color provide the current speed in miles per
hour (MPH).
 
(c) A histogram showing the different speed levels (horizontal axis) over time (vertical
axis) with color shading that indicates relative speed from slower (yellower) to faster
(redder), the bar height indicating the time spent at each level, and with predicted
speed levels in translucent colors.
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Using the image of the three visuals above, rank each by the order of usefulness,
relative to each other, based on your experience playing the game. (1 = most useful, 3
= least useful)

1 2 3

(a) Fuel used with predicted fuel use

(b) Current speed in MPH

(c) Histogram of speed levels with predicted speed levels

Please indicate your level of agreement for each of the following statements about the
first set of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display graphics made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    

The display was attractive.    

The displayed information was useful for playing the game.    

The display reminded me to watch speeds during game play.    

I looked at the display regularly while playing the game.    

I would prefer not to have the display while playing the game.    

The overall quality of the display was good.    

The display graphics were difficult to understand.    

I could easily remember the display graphics between glances.    
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Overall, I have been traveling too fast, used too much fuel, and projected to use even more fuel.

Overall, I have been traveling too fast, have stayed within the fuel goal, and projected to go over the fuel
goal.

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control the
speed of the car.    

The displayed information positively influenced my attitude
towards playing the game.    

The display provided too much information.    

The display provided necessary information to control the speed.    

The display appropriately represented the speed information.    

Please provide any suggestions or explanations that you feel would improve the visuals
above.

Please use the image below to answer the following question.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.
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Overall, I have been traveling too slow and have used too much fuel, and projected to use more fuel.

Overall, I have been traveling too slow, have stayed within the fuel goal, and projected to stay within the fuel
goal.

Overall, I have done well balancing my speeds, stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too fast, have used too much fuel, and projected to use even more fuel.

Overall, I have been traveling too fast, have stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too slow, have used too much fuel, and projected to use even more fuel.

Overall, I have been traveling too slow, have stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have done well balancing my speeds, have stayed within the fuel goal, and projected to stay below
the fuel goal.

Please use the image below to answer the following question.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Visuals  Bubbles

The following is an example of the second set of visuals provided while playing the
game. Please answer the following questions without comparing this set of visuals to
the first set of visuals you used.
 
(a) A gauge showing the fuel used (red) relative to remaining fuel (green), and the
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predicted fuel use (yellow).

(b) A color bubble whose size and shades of color provide the current speed in miles per
hour (MPH).
 
(c) A bubble chart showing the different speed levels as colored bubbles that change
size and location based on time spent at given speed levels. The color indicates the
speed from lower (yellower) to higher (redder), the size and location indicates the time
spent at each level relative to each other, and with current bubbles outlined in white
and prediction bubbles not outlined.

Using the images of the three visuals above, rank each by the order of usefulness,
relative to each other, based on your experience playing the game. (1 = most useful, 3
= least useful)

1 2 3

(a) Fuel used with predicted fuel use

(b) Current speed in MPH

(c) Bubble chart of speed levels with predicted speed levels

Please indicate your level of agreement for each of the following statements about the
second set of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display graphics made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    
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The display was attractive.    

The displayed information was useful for playing the game.    

The display reminded me to watch speeds during game play.    

I looked at the display regularly while playing the game.    

I would prefer not to have the display while playing the game.    

The overall quality of the display was good.    

The display graphics were difficult to understand.    

I could easily remember the display graphics between glances.    

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control the
speed of the car.    

The displayed positively influenced my attitude towards playing
the game.    

The display provided too much information.    

The display provided necessary information to control the speed.    

The display appropriately represented the speed information.    

Please provide any suggestions or explanations that you feel would improve the visuals
above.

Please use the image below to answer the following question.

118



3/23/2015 Qualtrics Survey Software

https://unt.az1.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview&T=6LwVVDJbawADl6V0iAXxhR 7/9

Overall, I have been traveling too fast, have stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too fast, have used too much fuel, and projected to use even more fuel.

Overall, I have done well balancing my speeds, have stayed within the fuel goal, and projected to stay below
the fuel goal.

Overall, I have been traveling too slow, have stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too slow, have used too much fuel, and projected to use even more fuel.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Please use the image below to answer the following question.
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Overall, I have been traveling too fast, have stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too fast, used too much fuel, and projected to use even more fuel.

Overall, I have done well balancing my speeds, stayed within the fuel goal, and projected to go over the fuel
goal.

Overall, I have been traveling too slow, have stayed within the fuel goal, and projected to stay within the fuel
goal.

Overall, I have been traveling too slow and have used too much fuel, and projected to use more fuel.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Comparing the Sets of Visuals

Please indicate your level of agreement for each of the following statements about
comparisons between the two sets of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

I enjoyed using the bubble chart more than the histogram.    

The histogram made more curious than the bubble chart.    

The histogram grabs my attention more than the bubble chart.    

The bubble chart is less distractive than the histogram.    

The bubble chart was more interesting than the histogram.    

The histogram is more attractive than the bubble chart.    

The bubble chart was of better quality than the histogram.    
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The histogram is less memorable between glances than the
bubble chart.

   

I think the histogram is more useful than the bubble chart for
playing the game.    

The histogram positively influenced my attitude towards playing
the game more than the bubble chart.    

The bubble chart reminded me to watch speeds more often than
the histogram.    

I used the histogram more than I used the bubble chart while
playing.    

I prefer using the bubble chart over the histogram.    

I prefer using neither display while playing the game.    

The bubble chart is more frustrating to use than the histogram.    

This histogram updated more frequently than the bubble chart.    

The bubble chart provided more information than the histogram.    

The histogram provided more necessary information to control the
speed than the bubble chart    

This histogram was a more appropriate representation of speed
information than the bubble chart.    

121



APPENDIX E

INSTRUCTOR PROFILE SURVEY

122



3/23/2015 Qualtrics Survey Software

https://unt.az1.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview&T=1p6WjNslmUGaqYC5IiZWtj 1/4

Male

Female

Profile

Please enter the random 5 digit number sent to you in your email. This number will be used to identify
your survey upon completion of the experiment and then removed for security purposes.

Gender

Age

1821 2225 2630 3140 4250 5160 61 or over

Number of years playing music (by type)

 

Classical

Jazz

Rock

Other

Please explain other:

Estimated number of years teaching music:

 

Private lessons

  0 10 20 30 40 50 60 70

  0 10 20 30 40 50 60 70
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Yes

No

Redgreen color blindness

Blueyellow color blindness

Total color blindness

Other

Yes

No

Grade school

2year institution

4year institution

Foreign institution

Other

Please explain "Estimated number of years teaching music: other":

Do you have color blindness?

What type of color blindness?

Please briefly explain the color blindness.

Do you have an other visual impairments? (Excluding those corrected with corrective lenses.)

Please briefly explain the impairment.
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I have been examined and do suffer from hearing loss.

I have been examined and DO NOT suffer from hearing loss.

I have NOT been examined, but I suspect I suffer from hearing loss.

I have NOT been examined, but I DO NOT suspect I suffer from hearing loss.

Yes

No

Unknown

Do you suffer from hearing loss?

Do you suffer from any other hearing impairments  not described as hearing loss?

Please briefly describe the hearing impairment.

How familiar are you with the following?

      None Somewhat Fairly Very Expert

Decibels as a measurement of sound    

Noise Induced Hearing Loss (NIHL)    

OSHA and/or NIOSH standards on sound exposure    

NASM accreditation standards on sound exposure    

In your current job, estimate the average percentage of time your class spends talking vs. playing music
in a typical classroom session.

0  20% Talking 21  40% Talking 41  60% Talking 61  80% Talking 81  100% Talking

How interested are you in a system that will report sound pressure levels within the classroom in real
time? 

Not interested Neutral Somewhat Fairly Very

How willing would you be to make your own pedagogical changes, voluntarily, to lower sound pressure
levels in your classes.

Not willing Neutral Somewhat Fairly Very

How willing would you be to make your own pedagogical changes, due to regulation/accreditation rules,
to lower sound pressure levels in your classes.
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Not willing Neutral Somewhat Fairly Very
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Introduction

Please enter the random 5 digit number sent to you in your email. This number will be
used to identify your survey upon completion of the experiment and then removed for
security purposes.

Visuals  Histogram

The following is an example of the first set of visuals provided in Kenton Hall. Please
answer the following questions without comparing this set of visuals to the second set
of visuals you used.

(a) A gauge showing the noise dose (red) relative to the remainder of the noise
exposure recommendation for an 8hour work day (green) and the predicted dose
(yellow).

(b) A color bar whose height and shades of color provide the current sound pressure
level (SPL) in decibels (dB).
 
(c) A histogram showing the different sound pressure levels (horizontal axis) over time
(vertical axis) with color shading that indicates relative loudness from lower (yellower)
to higher (redder), the bar height indicating the time spent at each level, and with
predicted sound pressure levels in translucent colors.

Using the image of the three visuals above, rank each by the order of usefulness,
relative to each other, based on your experience in Kenton Hall. (1 = most useful, 3 =

128



3/23/2015 Qualtrics Survey Software

https://unt.az1.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview&T=6LwVVDJbawADl6V0iAXxhR 2/8

least useful)

1 2 3

(a) Noise dose with predicted noise dose

(b) Current sound pressure level in decibels

(c) Histogram of sound pressure levels with predicted sound pressure levels

Please indicate your level of agreement for each of the following statements about the
first set of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display graphics made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    

The display was attractive.    

The displayed information was useful for monitoring sound
pressure levels.    

The display reminded me to watch sound pressure levels.    

I looked at the display regularly while teaching.    

I would prefer not to have the display while teaching.    

The overall quality of the display was good.    

The display graphics were difficult to understand.    

I could easily remember the display graphics between glances.    

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control
sound pressure levels.    

The displayed information positively influenced my attitude
towards monitoring sound pressure levels.    

The display provided too much information.    

The display provided necessary information to control sound
pressure levels.    

The display appropriately represented the sound pressure
information.    

Please provide any suggestions or explanations that you feel would improve the visuals
above.

Please use the image below to answer the following question.
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Overall, it has been relatively loud with high noise dose that is projected to go even higher.

Overall, it has been relatively loud with reasonable noise dose that is projected to stay reasonable.

Overall, it has been relatively quiet but with high noise dose that is projected to go even higher.

Overall, it has been relatively quiet with reasonable noise dose that is projected to stay reasonable.

Overall, sound levels have been moderate with reasonable noise dose that is projected to stay reasonable.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Please use the image below to answer the following question.
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Overall, it has been relatively loud with high noise dose that is projected to go even higher.

Overall, it has been relatively loud with reasonable noise dose that is projected to stay reasonable.

Overall, it has been relatively quiet but with high noise dose that is projected to go even higher.

Overall, it has been relatively quiet with reasonable noise dose that is projected to stay reasonable.

Overall, sound levels have been moderate with reasonable noise dose that is projected to stay reasonable.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Visuals  Bubbles

The following is an example of the second set of visuals provided in Kenton Hall. Please
answer the following questions without comparing this set of visuals to the first set of
visuals you used.
 
(a) A gauge showing the noise dose (red) relative to the remainder of the noise
exposure recommendation for an 8hour work day (green) and the predicted dose
(yellow).

(b) A color bubble whose size and shades of color provide the current sound pressure
level (SPL) in decibels (dB).
 
(c) A bubble chart showing the different speed levels as colored bubbles that change
size and location based on time spent at given speed levels. The color indicates the
speed from lower (yellower) to higher (redder), the size and location indicates the time
spent at each level relative to each other, and with current bubbles outlined in white
and prediction bubbles not outlined.
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Using the images of the three visuals above, rank each by the order of usefulness,
relative to each other, based on your experience playing the game. (1 = most useful, 3
= least useful)

1 2 3

(a) Noise dose with predicted noise dose

(b) Current sound pressure level in decibels

(c) Bubble chart of sound pressure levels with predicted sound pressure levels

Please indicate your level of agreement for each of the following statements about the
second set of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

The display graphics made me curious.    

The display caught my attention.    

The display was distractive.    

The display was interesting.    

The display was attractive.    

The displayed information was useful for monitoring sound
pressure levels.    

The display reminded me to watch sound pressure levels.    

I looked at the display regularly while teaching.    

I would prefer not to have the display while teaching.    

The overall quality of the display was good.    

132



3/23/2015 Qualtrics Survey Software

https://unt.az1.qualtrics.com/ControlPanel/Ajax.php?action=GetSurveyPrintPreview&T=6LwVVDJbawADl6V0iAXxhR 6/8

The display graphics were difficult to understand.    

I could easily remember the display graphics between glances.    

Using the display was frustrating.    

The display updated too frequently.    

The display caught my attention and so I was able to control
sound pressure levels.    

The displayed positively influenced my attitude towards
monitoring sound pressure levels.    

The display provided too much information.    

The display provided necessary information to control sound
pressure levels.    

The display appropriately represented the sound pressure
information.    

Please provide any suggestions or explanations that you feel would improve the visuals
above.

Please use the image below to answer the following question.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.
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Overall, it has been relatively loud with reasonable noise dose that is projected to stay reasonable.

Overall, it has been relatively quiet but with high noise dose that is projected to go even higher.

Overall, it has been relatively loud with high noise dose that is projected to go even higher.

Overall, it has been relatively quiet with reasonable noise dose that is projected to stay reasonable.

Overall, sound levels have been moderate with reasonable noise dose that is projected to stay reasonable.

Overall, it has been relatively quiet but with high noise dose that is projected to go even higher.

Overall, it has been relatively loud with high noise dose that is projected to go even higher.

Overall, it has been relatively quiet with reasonable noise dose that is projected to stay reasonable.

Overall, it has been relatively loud with reasonable noise dose that is projected to stay reasonable.

Overall, sound levels have been moderate with reasonable noise dose that is projected to stay reasonable.

Please use the image below to answer the following question.

Given the image above, select the best interpretation of the visuals. Please read the
statements carefully.

Comparing the Sets of Visuals

Please indicate your level of agreement for each of the following statements about
comparisons between the two sets of visuals.

     
Strongly
Disagree       2             3             4      

Strongly
Agree

I enjoyed using the bubble chart more than the histogram.    

The histogram made more curious than the bubble chart.    
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The histogram grabs my attention more than the bubble chart.    

The bubble chart is less distractive than the histogram.    

The bubble chart was more interesting than the histogram.    

The histogram is more attractive than the bubble chart.    

The bubble chart was of better quality than the histogram.    

The histogram is less memorable between glances than the bubble
chart.    

I think the histogram is more useful than the bubble chart for
playing the game.    

The histogram positively influenced my attitude towards playing
the game more than the bubble chart.    

The bubble chart reminded me to watch speeds more often than
the histogram.    

I used the histogram more than I used the bubble chart while
playing.    

I prefer using the bubble chart over the histogram.    

I prefer using neither display while playing the game.    

The bubble chart is more frustrating to use than the histogram.    

This histogram updated more frequently than the bubble chart.    

The bubble chart provided more information than the histogram.    

The histogram provided more necessary information to control the
speed than the bubble chart    

This histogram was a more appropriate representation of speed
information than the bubble chart.    
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Instructor A Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Histogram 2 2 18 0.397 0.678

Histogram 2 to Bubble 2 20 2.612 0.098

Median
No Visual to Histogram 2 2 18 0.113 0.893

Histogram 2 to Bubble 2 20 1.643 0.218

CoV
No Visual to Histogram 2 2 18 0.520 0.603

Histogram 2 to Bubble 2 20 3.188 0.063

Skewness
No Visual to Histogram 2 2 18 0.399 0.677

Histogram 2 to Bubble 2 20 1.977 0.165

Kurtosis
No Visual to Histogram 2 2 18 1.850 0.186

Histogram 2 to Bubble 2 20 2.827 0.083

Gini
No Visual to Histogram 2 2 18 0.537 0.594

Histogram 2 to Bubble 2 20 3.445 0.052

Below 73
No Visual to Histogram 2 2 18 0.703 0.508

Histogram 2 to Bubble 2 20 3.030 0.071

Dose
No Visual to Histogram 2 2 18 1.032 0.376

Histogram 2 to Bubble 2 20 1.051 0.368

Table H.1. Chow Test Results: Instructor A
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Instructor B Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Histogram 2 2 20 0.742 0.489

Histogram 2 to Bubble 2 20 0.375 0.692

Median
No Visual to Histogram 2 2 20 1.711 0.206

Histogram 2 to Bubble 2 20 0.001 0.999

CoV
No Visual to Histogram 2 2 20 1.651 0.217

Histogram 2 to Bubble 2 20 0.467 0.634

Skewness
No Visual to Histogram 2 2 20 3.518 0.049

Histogram 2 to Bubble 2 20 0.545 0.588

Kurtosis
No Visual to Histogram 2 2 20 3.855 0.038

Histogram 2 to Bubble 2 20 0.865 0.436

Gini
No Visual to Histogram 2 2 20 1.504 0.246

Histogram 2 to Bubble 2 20 0.391 0.681

Below 73
No Visual to Histogram 2 2 20 1.307 0.293

Histogram 2 to Bubble 2 20 0.104 0.901

Dose
No Visual to Histogram 2 2 20 3.942 0.036

Histogram 2 to Bubble 2 20 0.976 0.394

Table H.2. Chow Test Results: Instructor B
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Instructor C Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Histogram 2 2 20 0.208 0.814

Histogram 2 to Bubble 2 20 1.051 0.368

Median
No Visual to Histogram 2 2 20 0.381 0.688

Histogram 2 to Bubble 2 20 1.790 0.193

CoV
No Visual to Histogram 2 2 20 0.700 0.508

Histogram 2 to Bubble 2 20 1.807 0.190

Skewness
No Visual to Histogram 2 2 20 0.583 0.567

Histogram 2 to Bubble 2 20 0.971 0.396

Kurtosis
No Visual to Histogram 2 2 20 2.012 0.160

Histogram 2 to Bubble 2 20 0.710 0.504

Gini
No Visual to Histogram 2 2 20 0.820 0.455

Histogram 2 to Bubble 2 20 1.945 0.169

Below 73
No Visual to Histogram 2 2 20 0.020 0.980

Histogram 2 to Bubble 2 20 0.663 0.526

Dose
No Visual to Histogram 2 2 20 0.956 0.401

Histogram 2 to Bubble 2 20 0.078 0.925

Table H.3. Chow Test Results: Instructor C
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Instructor D Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Bubble 2 18 9.005 0.002

Bubble to Histogram 2 2 20 0.266 0.769

Median
No Visual to Bubble 2 18 5.524 0.013

Bubble to Histogram 2 2 20 0.625 0.546

CoV
No Visual to Bubble 2 18 2.774 0.089

Bubble to Histogram 2 2 20 5.072 0.017

Skewness
No Visual to Bubble 2 18 2.373 0.122

Bubble to Histogram 2 2 20 0.220 0.804

Kurtosis
No Visual to Bubble 2 18 0.577 0.572

Bubble to Histogram 2 2 20 8.455 0.002

Gini
No Visual to Bubble 2 18 3.250 0.062

Bubble to Histogram 2 2 20 5.628 0.012

Below 73
No Visual to Bubble 2 18 4.997 0.019

Bubble to Histogram 2 2 20 0.047 0.954

Dose
No Visual to Bubble 2 18 2.563 0.105

Bubble to Histogram 2 2 20 1.611 0.225

Table H.4. Chow Test Results: Instructor D
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Instructor E Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Bubble 2 12 1.236 0.325

Bubble to Histogram 2 2 10 3.069 0.091

Median
No Visual to Bubble 2 12 0.388 0.687

Bubble to Histogram 2 2 10 2.039 0.181

CoV
No Visual to Bubble 2 12 1.468 0.269

Bubble to Histogram 2 2 10 6.668 0.014

Skewness
No Visual to Bubble 2 12 0.467 0.638

Bubble to Histogram 2 2 10 1.424 0.286

Kurtosis
No Visual to Bubble 2 12 1.127 0.356

Bubble to Histogram 2 2 10 1.486 0.272

Gini
No Visual to Bubble 2 12 1.408 0.282

Bubble to Histogram 2 2 10 7.043 0.012

Below 73
No Visual to Bubble 2 12 1.624 0.238

Bubble to Histogram 2 2 10 2.268 0.154

Dose
No Visual to Bubble 2 12 0.199 0.822

Bubble to Histogram 2 2 10 0.115 0.892

Table H.5. Chow Test Results: Instructor E

148



Instructor F Breakpoint Num DF Den DF F Value Pr >F

Mean
No Visual to Bubble 2 20 4.809 0.020

Bubble to Histogram 2 2 18 2.131 0.148

Median
No Visual to Bubble 2 20 3.584 0.047

Bubble to Histogram 2 2 18 0.598 0.560

CoV
No Visual to Bubble 2 20 3.960 0.036

Bubble to Histogram 2 2 18 4.007 0.036

Skewness
No Visual to Bubble 2 20 2.368 0.119

Bubble to Histogram 2 2 18 0.028 0.972

Kurtosis
No Visual to Bubble 2 20 0.104 0.902

Bubble to Histogram 2 2 18 5.998 0.010

Gini
No Visual to Bubble 2 20 2.846 0.082

Bubble to Histogram 2 2 18 4.523 0.026

Below 73
No Visual to Bubble 2 20 5.785 0.010

Bubble to Histogram 2 2 18 0.484 0.624

Dose
No Visual to Bubble 2 20 0.727 0.496

Bubble to Histogram 2 2 18 2.024 0.161

Table H.6. Chow Test Results: Instructor F
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[8] Jürgen Bohn, Vlad Coroamă, Marc Langheinrich, Friedemann Mattern, and Michael

Rohs, Social, economic, and ethical implications of ambient intelligence and ubiquitous

computing, Ambient intelligence, Springer, 2005, pp. 5–29.

[9] Dirk Borner, Ambient learning displays: distributed mixed reality information mash-ups

to support ubiquitous learning, Wireless, Mobile and Ubiquitous Technology in Educa-

150

https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=9735
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=9735


tion (WMUTE), 2012 IEEE Seventh International Conference on, IEEE, 2012, pp. 337–

338.

[10] Dirk Börner, Marco Kalz, and Marcus Specht, Thinking outside the box–a vision of

ambient learning displays, International Journal of Technology Enhanced Learning 3

(2011), no. 6, 627–642.

[11] Dirk Börner, Bernardo Tabuenca, Jeroen Storm, Sven Happe, and Marcus Specht, Tan-

gible interactive ambient display prototypes to support learning scenarios, Proceedings of

the Ninth International Conference on Tangible, Embedded, and Embodied Interaction,

ACM, 2015, pp. 721–726.

[12] Mike Bostock, D3 data-driven documents, 2015.

[13] Johanna Brewer, Amanda Williams, and Paul Dourish, A handle on what’s going on:

combining tangible interfaces and ambient displays for collaborative groups, Proceedings

of the 1st international conference on Tangible and embedded interaction, ACM, 2007,

pp. 3–10.

[14] Centers for Disease Control and Prevention, Niosh publication no. 98-126, criteria for

a recommended standard on occupational noise exposure, 1998,

http://www.cdc.gov/niosh/docs/98-126/pdfs/98-126.pdf.

[15] Kris Chesky, Preventing music-induced hearing loss, Music Educators Journal (2008),

36–41.

[16] , Measurement and prediction of sound exposure levels by university wind bands,

Medical problems of performing artists 25 (2010), no. 1, 29–34.

[17] , Schools of music and conservatories and hearing loss prevention, International

journal of audiology 50 (2011), no. S1, S32–S37.

[18] Kris Chesky, William J Dawson, and Ralph Manchester, Health promotion in schools

of music, International Society for Music Education, Seminar of the Commission for

the Education of the Professional Musician, Escola Superior de Musica de Catalunya,

Barcelona, July, 2004.

[19] Kris Chesky and M Henoch, Sound exposure levels experienced by a college jazz band

151

http://www.cdc.gov/niosh/docs/98-126/pdfs/98-126.pdf


ensemble: Comparison with osha risk criteria, Medical problems of performing artists

15 (2000), no. 1, 17–22.

[20] Kris Chesky, Marla Pair, Eri Yoshimura, and Scott Landford, An evaluation of musician

earplugs with college music students, International journal of audiology 48 (2009), no. 9,

661–670.

[21] Sunny Consolvo and Jeffrey Towle, Evaluating an ambient display for the home, CHI’05

Extended Abstracts on Human Factors in Computing Systems, ACM, 2005, pp. 1304–

1307.

[22] A Espinoza, J-P Garcia-Vazquez, Marcela D Rodriguez, AG Andrade, and C Garcia-

Pea, Enhancing a wearable help button to support the medication adherence of older

adults, Web Congress, 2009. LA-WEB’09. Latin American, IEEE, 2009, pp. 3–7.

[23] Leon Festinger, A theory of cognitive dissonance, vol. 2, Stanford university press, 1962.

[24] B. J. Fogg, Persuasive technology: Using computers to change what we think and do, 1

ed., Science & Technology Books, 2002.

[25] Centers for Disease Control and Prevention, Noise and hearing loss prevention, 2013.

[26] , Niosh direct reading and sensor technologies, 2014.

[27] Department for Work, Pension Health, and Safety Executive, Control of noise at work

regulations 2005, 2006,

http://www.legislation.gov.uk/uksi/2005/1643/pdfs/uksi_20051643_en.pdf.

[28] Jon Froehlich, Leah Findlater, and James Landay, The design of eco-feedback technology,

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, ACM,

2010, pp. 1999–2008.

[29] Juan Pablo Garcia Vazquez, Marcela D Rodriguez, and Angel G Andrade, Design di-

mensions of ambient information systems to assist elderly with their activities of daily

living, Proceedings of the 12th ACM international conference adjunct papers on Ubiq-

uitous computing-Adjunct, ACM, 2010, pp. 461–464.

[30] Juan-Pablo Garcia-Vazquez, Marcela D Rodŕıguez, Angel G Andrade, Diana Saldaña,
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