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1) Images are spatial representations 1) There are no pictures (images) stored in memory
Images are generated from underlying abstract Any information stored in memory is only
representations, but the contents of the represented by networks of conceptual
underlying representations are accessible only propositions.
when a surface is generated to experience
the image.

2) Images have a capacity limit 2) Propositions have a capacity limit
Only fixed amount of memory resources is Active memory can only process a finite number
available for processing with images are of conceptual propositions at one time. Both
constructed and represented. This limits the time and effort are needed to make propositional
details that can be activated for an image at structures active.
any pointof time.

3) Images are whole entities 3) Both serial and parallel processes can access
Once images are formed they are experienced conceptual proposition networks
as a wholes that may be compared to percepts Networks may be serially searched for information
in a template-like manner. by accessing nodes in a specified ordered. Pairs

of networks may be compared in parallel to
assess their similarity by accessing all their
nodes simultaneously.

4) The visual system supports imagery 4) Visual information can be represented as
The same structures in the brain that represent conceptual propositions
spatial information being extracted during vision Networks can be constructed so that any desired
also are available to support images. spatial relationship can be represented.

5) Images are functionally equivalent to the 5) Propositional networks can be compared to
objects they represent determine the relative similarity of the entities
Many if the same cognitive processes that are they represent
used to analyzing percepts also can be used Networks or parts of networks are similar or
to investigate images. different to the extent that their elements and

relations are similar and different.

Image Theory Conceptual Propositions
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Category Variations

Graphic tests Basic
Normal
Cued
Longitudinal
Language

Partially graphic and Spatial cued response
reconstruction tests Cloze procedure

Reconstruction
Uni-to-multidimensional tests Metric multidimensional scaling

Mnonmetric multidimensional scaling
Projective convergence

Recognition Map/configuration recognition
Aerial photograph recognition
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��Long cane ��Atlas Strider
��Joople ��Talking Signs
��Guide dog ��Auditory beacons
��Human assistant ��Electronic strips
��Laser cane ��Motion detectors
��Mowat sensor ��Pressure detectors
��Sonic guide ��Bar code readers
��Nottingham Obstacle Detector ��Beacons
��NOMAD ��Braille/Auditory compass
��Tactile displays/maps/arrays ��Vision enhancing devices (monocular)
��Personal guidance system ��Infrared detectors
��MoBIC (Mobility of blind and elderly interacting with computers)



 32

�������
���"�����������
���������	�
�
�����������	��"��������������
�	���

����!������������!�����0��������	
������������	�
�	�����	
	��������������

�����������	�����������
��
����	
�!������

�

	�,�������'��������!������������ ���

	�,������!��� ��������������(���������������������� ���(��� ���

���������
�� ���/������

�  	����	3��	�������"�����������������
�����	����������!������!������

��������	�������	�����*���������
����	�
���
��	������0���������"���������������


����
�������0���������������!���>����"�	�����!�����������������	�������	����0��

�����
���	
����!�	
��	�������	���������
	���!������
�����	�
�
����	
���

	�������	����"����������"$�
����	��������������	��	��������	������	�����	
��������

������������	�����
�	��������	�	����C �	�����	
���������	������"��	����
���"�������

������+�����	�������	�������	���������
�����������"�������������!�������"�	������

���	�!�����	�������
��	3���	�������	��������������	
���������+����������	�����

����
�����������	������
����(�����������	���������+������������������1���
���2�

����	�����	
��������
������������
����	
�������������4���������
���������'�

4��!������
��������&'�8�	����������(
���3�����&���-�������������+��	������������

������
����	��
��������	������
���������	���	�������	����"��������
������������

:���������
���������)�������������
	�	���	�
��

�������
����	
���	�������	���"��

����!	�
��	��
�����	�����	��������
���������������
�	����������	����������	�	����

C 	��������������!���!����"�	������!�����������������	���	��	
��������������������

�	����	����������
����	
����	������!�	�����������	�
�	��������	������	�����	����

� 5"����
�����������	�"���������"�����������

���������	��������	�
	��	����

�	��������������������	������
�����+�����	���	��������
������	
�������M���
�

����/������������������
���	��������	�"���������
���"����
��������������	�
���

�/L�
����
��
����	�	
��	����������	���������	�	�
�������L�
����
�����������������



 33

���	�	�
��% �������
���������&��������
������"���	�������	���
�����	
��	���


���"	�	�	���"��!����������
������������
�	���
�������!	����������	������	�������

���	�
�������"����	�����"�	�
����	������
������������	
�������J����J��0�����������

���	�"������������������	������
���	��������������	3��
�����+�����������!	�
�����

��������	
	�����	����	3��	����(�����������
������"������������
������	�������	���

	����
��
����	
���
����+��������+�������-�����
���
�����������������������	����

�	���������	������	���������������������
�	���
��������'�FD%5:�!�����������


��
�����������������
�	�������!	����������.�����������'�����������"������������

����������
����	�	
��	������	�"	�	�����������������	�
�	��
�����	��������=�'�����

-�������7///����	�	3����������������	�"�������	�
�������������������������	��������

���������
����	
������

5�����
��������
���"������
�	����������������	�
������	�������	�������

����	�
���	��������������	
���������
�	���������	������
���	��	��	������������


���	�����������
��������	������
���"��!��������	�
������	�	����0�"���7�=��

�% ��"�����������#�������	�����*�����	�������5��	�����:	���������9����	�����

���	��������
���	���	������	
�����������	�	���������������
����
���	��	
������


���
���	��������������	�����0�	��	�������������
��������	�����������	�����

�	���������	�
������������	�
�
�������
��������
���
���	�������������
�����


���	�������	
�����������	
���"��� 	�����"�����	������	�������:���������
�����

����)����������������
>����	�
�
���	�������������
���"�������	�
������
	���������

�
�	�	�	�����
�����!�	�	�
��0�����
���	��������������������"������������	���"$�
���

������������,�!������	��������������
�	����������	��������������"$�
����	��	��

	�������������������"������
	�����!	������
�����������(�
��������	����	�����

���
���	�������
���	�������������������������	��������	����������"����	������	����

����	
������	��
�	����0�������������	���	������
���"�������	���	����	����!�����

�	�����������	���	���	�������������������������:���������
���������)�������������

�����	����	������
������
�����	�
����	�
������
����	�
��	�
����������	������
�	�����



 34

0�"���7�=�4����	���������	������	������������?���������=����)���

�

D���������
���������������
���	����	�������������	��������������������	�������

������	�������0���������
���	�
���������
�	��������������������������	�
������	
��

��
�
����������	�	�����������	�����
�������������	�����	�
���	�
������	����	���

����������	�����������������?���������=���5���������������
���	������������
���

�����	����	������������	�����������������	�
������������
	�	
��	����	�������

�������,�!����������������������	��������������	���������������	�����
�����

"�
����������������������������������������������������J���
�	�	����:���������
�

�������)���D�
�	�
�������
��	�����	��������
���	��������	������	
�������������������

���	�	
��	���	�
�����������	
����������
���	�������	������
����������	���

���	�����������������������������������	���	���+���
�	�
�	�������	��������������

�% ��"�����������#�������	�����*�����	�������5��	�����:	���������9���

�

	�,�	��+����!���� ���
����+����

0���
��"	���	�������	������������	
��	�������	������������
���������	�
�

!	�������	�
����	�
�
�����+	������
��
����	
�	�������	����?������	�����

Quality Application / Advantage
��Eyes free Monitoring where other variables or tasks must be observed

visually; complex or quickly changing visualizations;
interface is vision impaired.

��Rapid detection Monitoring; high-stress environments.
��Alerting Monitoring; high-stress environments; general interfaces.
��Orienting Data exploration, indicates areas of interest. In monitoring

tells the eyes where to look.
��Backgrounding Monitoring or exploring very large data sets.
��Parallel listening Exploring high-dimensional systems; monitoring multiple

processes; comparing multiple data sets.
��Acute temporal resolution Time-sequenced data; broad dynamic range (milliseconds

to several thousand milliseconds).
��Affective response Ease of learning; engagement; convey subtle qualitative

information.
��Auditory gestalt information Discerning overall relationships or trends in data; picking out

meaningful events or states in a stream of data.
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��Sight / Vision ��Touch
Horizontal position Position
Vertical position Size
Depth position Shape
Shape Elevation
Size Intensity / sharpness

Length Texture / roughness
Area Frequency
Volume Outline

Angle Density
Curvature Interval
Color Orientation

Hue Vibration
Value Locus
Saturation Frequency

Orientation Amplitude
Pattern / texture Duration
Roughness Temperature
Transparency Pain
Focus Pleasure
Reflectivity
Time-varying parameters ��Kinesthesis / Proprioception

Blinking Position
Movement Movement
Change Effort, tension/force

��Hearing / Audition ��Vestibular Perception
Location Direction
Direction Orientation
Pitch / frequency Acceleration
Damping Rotation
Duration / repetition
Rest ��Smell / Olfaction
Attack rate Fragrance
Decay rate Concentration
Phase Essence
Envelop
Ewave shape ��Taste / Gustation
Timbre Sweetness
Intensity Saltiness
Reverberation Bitterness
Harmony Sourness
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CHAPTER 3 

EXPERIMENTAL DESIGN AND PROCEDURE1 

 

 This research investigates the application of sound variables of pitch and 

duration to enhance the interpretability of topographic maps. Subsequent 

sections detail the steps and techniques utilized in order to perform the statistical 

and cognitive map analyses.  

 

3.1 Map Selection 

The Digital Raster Graphics (DRG), which were scanned images of the 

USGS standard series topographic maps, using a scale of 1:24,000, was used as a 

base map in the experiment. These maps were selected according to the 

following criteria (Greene 2000): 

3.1.1 Contour Interval. The contour intervals vary, depending on the 

complexity of the terrain and the scale of the map. For the sake of simplicity, a 

map with a 10-foot contour interval was selected for the investigation. 

3.1.2 Topographic Variability. In this experiment, maps that had large 

terrain variability (topography) were selected. This map generally has greater 

relief, steeper slopes represented by the contour lines that are close to each other 

on the map, and contains different spatial features, such as hill, valley, and 

stream. 

 

 
1 The experimental design for this research has been approved by the  
   Institutional Review Board (IRB). See Appendix A for an approval form. 
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3.1.3 The General Appearance. Since this research is focused on 

determining the topography of the environment, large urban areas, complex 

road networks, and other cultural features (i.e. golf courses, quarries, 

communication lines and utilities , etc.) were avoided.  

 The maps that were used in this experiment were subsets of the USGS 7.5 

minutes series, specifically topographic maps in rural areas from Thomas and 

Dade Counties, Georgia (Figures 3.1 and 3.2). The portion of the map used in this 

experiment was approximately equivalent to 3.5 inches by 3.5 inches on a printed 

map, covering an area of 4.63 square kilometers. These subsets of maps were on-

screen digitized and enlarged by an additional 100 percent to enhance 

visualization and to facilitate in tagging the contour lines with their 

corresponding notes. This resulted in all of the features on the maps, symbols, 

and contour lines appearing two times larger than their paper counterparts to 

accommodate for the effects of on-screen display. 
 
 

 
Figure 3.1 A subset of map in Thomas County, Georgia. Scale 1:24,000. 
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 Figure 3.2 A subset of map in Dade County, Georgia. Scale 1:24,000. 

 

3.2 Respondents 

 The participants in this research were college students at the University of 

Georgia and other individual volunteers from outside. The sample group 

consisted of individuals who are sighted and those who are visually impaired or 

blind. 

 

 3.2.1 Individuals who are Sighted 

Seventy-three participants, both graduate and undergraduate students 

participated in this experiment. The sighted participants consisted of 46 males 

and 27 females, who were between 18 and 56 (mean 22.6; s.d. 5.8 years) years of 

age. Participants were volunteers from the Cartography and Graphics lab 

sessions and were given extra credit toward their laboratory class grade for their 

participation. Other volunteers were colleagues in Geography Department and 

students enrolled in the Seminar in Climatology and the Weather Analysis and 

157
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Forecasting class. The participants were arbitrarily assigned to one of two groups 

as they entered the testing area so that there were thirty-six people in the first 

group and thirty-seven people in the second group. Participants in the first 

group were instructed to view Tutorial 1 which explored the topographic maps 

without augmentation of the auditory display. The participants in the second 

group were given sonically enhanced maps in which the sound variables pitch 

and duration was incorporated to explore (Tutorial 2). The tutorials provided for 

these two groups were identical except the instruction of how to explore the 

sonically enhanced maps.  

 

3.2.2 Individuals who are Visually Impaired or Blind 

The participants in this group had diverse visual impairments and 

consisted of individuals who are visually impaired (legally blind but with some 

residual or peripheral vision) and those who are blind (both congenital and 

adventitiously blind). These participants were assigned to explore sonically 

enhanced maps in which the sound variables and voice-over were incorporated 

(Tutorial 3). Thirty-five participants participated in this experiment while only 

thirty-one included in the analysis. One participant reported having hearing 

deficiency and was removed because all map quiz questions were related to 

sound determination. Three participants were also removed due to incomplete 

answers during the test. 

 The recruitment was announced and conducted through the local 

organization, VISTA (the resource center for the blind and visually impaired in 

Athens), and other service centers in Georgia. The majority of participants had 

not been involved in this type of research, but some had experiences in tactile 

map reading. Two participants were recruited from the Office for Disability 

Services at the University of Georgia and seven participants were volunteers 

Tutorials/Tutorial1.swf
Tutorials/Tutorial2.swf
Tutorials/Tutorial3/Task3.html
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from VISTA. The Blind and Low Vision Services of North Georgia in Smyrna 

provided five participants and the American Foundation for the Blind (AFB) in 

Atlanta provided nine participants for this research. The other eight participants 

were contacted individually by the researcher. Participants in this group, who 

had either contacted the researcher directly or whose names had been passed on 

to the researcher via the above organizations, were contacted. Information was 

given about the project and contact details were taken. Then, appointments were 

made at their convenience. 

The participants with visual impairments consisted of nine males and ten 

females, who were between 24 and 75 years old (mean 47.8; s.d. 12 years), and 

had been partially sighted between one and 54 years (mean 33.3; s.d. 16.6 years). 

Nine of the participants who are visually impaired were born visually impaired, 

four of them lost their vision prior to their teens, and six of them lost their vision 

later in life. 

The participants with blindness consisted of four males and eight females, 

who were between 25 and 64 years of age (mean 47.5; s.d. 12.7 years), and had 

been blind between two and 64 years (mean 27.4; s.d. 22.6 years). Only one 

participant was congenitally blind, three of the totally blind participants lost 

their vision prior to their teens, and the remaining ones became blind later in life 

(after 21 years of age). 

 

3.3 Methodology  

Since the participants in this experiment consisted of individuals with 

sight and those with visual impairment or blindness, the creation of graphical 

and audio interfaces were designed to use hypermedia to convey spatial 

information. Hypermedia is comprised of text, still and animated images, and 

sound recordings. It allows people with visual impairments a 'virtual' way of 
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exploring the environment (Jacobson and Kitchin 1997). This technique has also 

been proven extremely useful in cartographic visualization.  

 

3.3.1 Designing the Interface 

The development of a tutorial interface was accomplished with the 

software package Macromedia Flash MX. This package has sound and interaction 

capabilities that enabled the participants to view, hear, and reply in one interface. 

Flash MX has a built-in programming language, “Action Script”, that allows the 

use of a clock to keep track of the time it takes the participant to answer a 

question. It also has the capability of storing multiple sequences of events so that 

the user can return to the tutorial section at any time. 

Three tutorials were created in this experiment. The tutorial section 

included descriptions of the basic fundamentals of topographic maps as well as 

an explanation of how the sonically enhanced map works. The tutorial was 

designed to flow like an interactive web site in which a series of individual 

screens of text were seen by the participants. At the bottom of each screen were 

buttons that linked to the next page or previous page of the tutorial (Figure 3.3).  

Since the same information was presented to the participants who are sight and 

those who are visually impaired, the researcher decided not to include any 

graphics in the tutorial sections. This was to ensure that all participants were 

given the same amount of knowledge to explore during the testing sequence. The 

first and the second tutorials were created for the participants who are sighted in 

groups 1 and 2, and the third tutorial was designed for the individuals with 

visual impairment or blindness in group 3. The content in the tutorial sections 

were the same for all groups except for an instruction of sound in Tutorials 2 and 

3. The voice over was also integrated in Tutorial 3 in order to help the 

participants with no sight navigate through every page of the tutorial.  
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Figure 3.3 An example of tutorial provided for the participants who are sighted. 

 

3.3.2 Sound Generation 

The sounds used to sonify the elevation data were generated using a 

Musical Instrument Digital Interface (MIDI). MIDI is a communication protocol 

that allows electronic musical instruments to interact with each other. It operates 

on 16 different channels, numbered 0 through 15. In its most basic mode, MIDI 

information tells a synthesizer when to start and stop playing a specific note. 

Other shared information includes the volume and modulation of the note. MIDI 

information can also tell a synthesizer to change sounds, master volume, adjust 

modulation devices, and even how to receive information (Lipscomb 2001). The 

individual piano note was recorded through the sound editor software package 

CakeWalk Pro Audio 9.0 (Figure 3.4). These piano sounds were stored in the MID 

format, and then converted to the WAV format using the WinGroove software. 
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Next, the WAV files were edited and saved as individual files in the MPEG 

Audio Layer 3 format (MP3). This step was performed in the sound editor 

software package CoolEdit 2000. The MP3 format is a compression system for 

sounds that helps reduce the number of bytes in the sound while still 

maintaining the original sound quality (Brain 2001). Finally, these MP3 sounds 

were imported into Flash MX in order to sonify the contour lines.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Diagram illustrates the procedures of sound generation. 

 

The contour lines were digitized from the base map and then tagged with 

their corresponding pitch. Musical notes in two octaves were assigned to 

individual contours (Figure 3.5). These sounds varied in pitches in order to 

emulate elevations on topographic map from the lowest to the highest. As one 

traversed the map using the mouse, the pitch varied with equivalent changes in 

elevation. The sound labels, which are verbal audio messages, and the script 
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provided for the participants with visual impairments were read by two 

professional announcers: one was from Magic 102.1 FM, a Southern Broadcasting 

Company radio station and the other one was from WUGA, The University of 

Georgia public radio station. These sounds were recorded in the studio, edited 

using CoolEdit 2000, then imported as individual files to Flash MX. The sound 

labels were attached to the features shown on the maps, such as school, church, 

and map legends. These labels were "spoken" when the appropriate region on 

screen was touched. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 Musical notes apply to elevation data. 
 

 

3.3.3 Applying Sensation  

In this research, the sonically enhanced map was designed as a prototype 

to explore the possibilities for conveying spatial information in a “touch-audio” 
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manner. This means all materials, including the tutorial and map questions, 

provided for the participants who are visually impaired were incorporated with 

the voice-over. An additional device, the iFeel mouse, was also used in order to 

allow the participants with visual impairment and blindness to perform the task 

on a computer. An iFeel mouse is a product from Logitech Corporation (2000). 

This optical mouse is well designed and includes two buttons and a scroll wheel. 

The iFeel mouse works in a manner similar to a conventional mouse with two 

key differences. First, it is an absolute pointing device rather than a relative one, 

so a certain mouse position will always correspond to a certain mouse cursor 

position. Secondly, the device is able to apply sensation, a vibration feedback to 

the hand, to offer varying degrees of vibration in a two dimensional plane. When 

the pointer is moved over icons, buttons, and links on screen, the iFeel mouse 

gives the user the sensation. The vibration level and other properties, such as 

speed and sensitivity, can also be adjusted to meet the user’s capability. 

In order to facilitate the participants who are visually impaired to navigate 

through the tutorial, the tactile effects were applied to all buttons in Tutorial 3. 

The sensations were customized using the Immersion Studio Version 4.1.0. 

Immersion Studio is a fully animated graphical environment for rapid adjusting 

physical parameters, feeling sensations, and then saving them as “touch 

resources” that can be easily accessed and played by other applications (e.g. 

Macromedia Flash, Microsoft Internet Explorer, or Netscape Navigator, etc.). The 

Immersion Web Plugin was also installed on the computer in order to allow codes 

in Flash MX file to cause a touch enabled tactile device to create, modify, play, or 

stop playing various effects. The steps for designing and adding tactile effects in 

Flash MX were as follows: 

1)  Create. Tutorial 3 was first created in Flash MX and saved as a Flash 

movie.  
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2)  Conceptualize. In this step, the researcher decided what kinds of tactile 

effects would best enhance the Flash movie, where each of these effects should be 

placed, and under what condition it should be played. In this experiment, the 

researcher decided to create the position based and time based effects and apply 

them to the buttons in Flash movie. These effects included the texture effect, the 

grid effect, the periodic effect, and the compound effect (Immersion Corporation 

2001). 

a) Texture Effect (Position Based Effect). A texture was a condition, similar 

to friction, which caused the mouse to feel as if it were traveling over a 

series of bumps. Textures were defined by the magnitude, size 

(thickness), and center-to-center spacing of a series of bumps (Figure 

3.6).  

b) Grid Effect (Position Based Effect). A grid was a condition that created a 2-

dimensional array of snap points or snap lines. Grid was not 

geometrically bounded, unless by an enclosure effect (Figure 3.7). 

c) Periodic Effect (Time Based Effect). The periodic effect was a force that 

varied over time, such as a sine wave, square wave, etc. This effect 

created a feeling like a simple back and forth motion or a high 

frequency vibration (Figure 3.8).  

d) Compound Effects. Multiple effects were combined into a single object 

called a compound effect (Figure 3.9). A compound effect was basically 

a collection of references to other effects. When the properties (e.g. 

duration, magnitude, direction, etc.) of the referred effect in one 

compound effect were changed, those properties of the original effect 

were also changed and thus affected the behavior of the other 

compound effect. 
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Figure 3.6 A texture effect Editor. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 A grid effect Editor. 
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Figure 3.8 Periodic effect Editor. 

 

 

 

 

 

 

 

 

 

Figure 3.9 A compound effect Editor. 
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3)  Implement. The tactile effects were then created and refined in the 

Immersion Studio application. All the effects were saved into a single .IFR file (the 

Immersion Studio document file format). 

4)  Command. In the Tutorial 3 Flash movie, an “FS Command Action” 

was added to each button where a tactile effect should be played or stopped. 

5)  Publish. Once all the actions triggering all the desired tactile effects had 

been added and saved in the .FLA file (Flash movie), the .SWF file (Shockwave 

movie) and the HTML page in which Tutorial 3 was played were published.  

The challenge of programming for force feedback or tactile effects is not 

the act of coding. It is the act of designing touch sensations that appropriately 

match the environments. Designing touch sensations requires a creative and 

interactive process where parameters are defined, experienced, and modified 

until the sensations are just right. 

 

3.4 Testing Procedure 

3.4.1 Testing Sequence for the Participants who are Sighted 

The test provided for the participants who are sighted was given in the 

same computer lab over a five-day period of November 12-16, 2002. Participants 

were brought into the testing room by groups but seated individually at a 

computer. They were asked to sign the consent form (Appendix B) and fill in the 

background questionnaire (Appendix C) prior to taking the test. The 

questionnaire contained several questions such as age, gender, and major subject. 

They were also asked to rank their map reading experience and the ability to 

distinguish different pitches according to the qualitative terms of "advanced,” 

“intermediate” or “beginner”.  

As mentioned earlier, the participants who are sighted were randomly 

placed into two groups. The participants in the second group, who were 
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assigned to view Tutorial 2, were asked to complete the preliminary hearing test 

on the computer before they began the tutorial. First, they were asked to identify 

whether the pitches of two given sounds were different. Second, they had to 

determine which given sound was higher or lower. Third, the participants had to 

place three sets of sounds in descending order from highest to lowest pitch. 

Fourth, they had to determine which of the two given sounds had longer 

duration. Fifth, they had to put the three sets of sounds in descending order from 

longest to shortest duration. The testing results were used to exclude the 

participants who had hearing problems from the study. Only the ones who 

passed the initial test proceeded to the tutorial section. All instructions and 

explanations were contained within the tutorial section, so once the participants 

were seated, they could begin the tutorial and work at their own pace. The 

researcher was present at all times during the test and assistance was provided if 

there were problems with the computer hardware or software. However, no 

questions regarding test content were answered. 

 

3.4.2 Testing Sequence for the Participants who are Visually Impaired 

          or Blind 

The data for the group of people who are visually impaired or blind was 

collected between January 23rd and April 7th, 2003. The participants in this group 

were instructed to examine Tutorial 3 which is an interpretation of topographic 

maps with augmentation of sounds. A laptop with an iFeel mouse was provided 

for participants during the testing sequence. The steps assigned to the 

participants who are sighted were identical to the sighted group although 

different approaches were used. First, the consent form was read to the 

participants by the researcher. Then, they were asked to sign it before they could 

perform the task on the computer. Next, the researcher read the questionnaire to 

Tutorials/Pretest.swf


 59

them and recorded the answers on the questionnaire sheet. The participants in 

this group were also asked to take a preliminary hearing test before they started 

the tutorial. This procedure ensured that the participants did not have any 

hearing deficiencies and that they could proceed to the next step. The researcher 

guided them through the pre-test section by reading the questions and clicking 

the buttons to play sounds for them. The participants had to listen to the sounds 

and answer all five questions. Their scores were then recorded. 

After the participants passed the pre-test, they were given Tutorial 3 to 

explore. This tutorial incorporated voice-over and sensations to supplement 

visualization. The instructions on how to use the iFeel mouse and how the 

tutorial was laid out on screen were given to the participants. The majority of 

participants were familiar with computers and keyboards, therefore they were 

willing to try the iFeel mouse and explore the tutorial by themselves. Only a few 

participants felt uncomfortable using the laptop computer and the researcher 

offered guidance through the tutorial and map quiz section. The researcher was 

present at all times to help the participants through the tutorial, but no questions 

regarding test content were answered. 

 

3.5 Tasks Assigned to Participants 

In this experiment, two different tasks were assigned to the participants. 

(Table 3.1) The participants with sight who were placed in the first group were 

given Tutorial 1 to view. They were instructed to perform Task 1 which is an 

interpretation of topographic maps without augmentation of sound. The 

participants with sight who were placed in group 2 were provided Tutorial 2 to 

explore and those who are visually impaired in group 3 were given Tutorial 3 to 

navigate. These participants were assigned to perform Task 2 that utilized the 

sonically enhanced maps to answer questions. 
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Table 3.1 Tasks assigned to participants in the experiment. 

 

3.5.1 Task 1: An Interpretation of Topographic Maps without 

Augmentation of Sound 

This task was assigned to the participants who are sighted only. After they 

reviewed the materials in the tutorial, they were instructed to perform a series of 

tasks on the computer. These included:  

 

a)  determining the relative elevations at a particular location on the map; 

b)  determining the slope of a pre-defined area according to its qualitative 

terms of gentle slope, medium slope, and steep slope; 

c)  determining the profile of the study area; 

d)  determining the distance between the two points on the map; and 

e)  identifying the topographic features on the map such as  hill, valley, 

and depression. 

 

The questions conducted in this experiment were in multiple choice 

formats. The participants were asked to complete the map quiz on the computer 

after they viewed the tutorial (Figure 3.10). There were a total of five question 

types dealing specifically with topographic data. These included questions on 

relative elevation, slope, profile, distance, and landform identification. The 

Group Participant Tutorial Task

1 Sighted 1) Viewing traditional 1) Map interpretation without
     topographic maps     augmentation of sound

2 Sighted 2) Exploring sonically 2) Map interpretation with
     enhanced maps     augmentation of sound

3 Non-sighted 3) Exploring sonically 2) Map interpretation with
     enhanced maps     augmentation of sound
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participants in this group were given a total of twenty-seven questions to 

answer; two of these were dummy questions (questions that are easy to answer) 

that were left out when performing statistical analysis. The results of the dummy 

questions were only used to determine whether fatigue had an effect on the 

participant’s performance. Each type of question was asked repeatedly five times 

while changing the pre-defined location on the map. This yielded the total of 

twenty-five questions (5 question types times 5). The sequences of questions 

were randomly assigned in the map quiz section (Table 3.2). The answers were 

scored and the response time for each question was also recorded by the 

program. After the participants completed this task, they were told to leave the 

testing area quietly. The score summaries were printed out and kept for record. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.10 An example of map question given to the participants in group 1 

who performed Task 1. 
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Table 3.2 Questions given to the participants who performed Task 1. 

 

3.5.2 Task 2: An Interpretation of Topographic Maps with 

Augmentation of Sound Variables Pitch and Duration 

The second task was assigned to the participants who are sighted (group2) 

and those who are visually impaired (group 3). The testing sequences for this 

task were conducted in the same manner as the previous one except for the 

addition of sound. The map provided for this task covers the same area as the 

one employed in the previous task. However, the goal of this task was mainly to 

test the usefulness of sound rather than the visual map interpretation. The 

participants were asked to answer the questions dealing specifically with 

topography. These included: 

 

a)  determining the relative elevations by listening to different pitches; 

Question Type Question Question Number

Relative Elevation The following map has the contour interval of 10 feet. 1, 7, 11, 21, 27

The elevation at point A is                      than the

elevation at point B.

Slope If you travel from point A to point B, you are going 2, 6, 16, 20, 26

                                .

Profile What does the cross section from point A to point B 3, 10, 14, 18, 24

look like?

Distance The map you view on screen has a scale of 1:48,000. 4, 8, 12, 17, 23

How far is it from point A to point B.

Landform According to the information you derive from the map, 5, 9, 13, 19, 22

in/on what landform is point A located?

Dummy Question 15) Where is Mt. Olive Church located on the map? 15, 25

25) The 200 and 500 contour lines that are drawn in

red on the map are called                         contours.
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b)  determining the slope of a pre-defined area by listening to a set of 

notes played; 

c)  determining the slope by listening to different pitches and duration; 

d)  determining the profile of the study area by listening to a set of notes 

played; 

e)  determining the profile by listening to different pitches and duration; 

f)  determining the distance between the two points by listening to the 

sounds played in different duration; 

g)  identifying the topographic features on the map such as  hill, valley, 

and depression by listening to a set of notes played; and 

h) identifying the topographic features on the map by listening to 

different pitches and duration. 

 

During the map quiz session, the participants in group 2 were presented a 

blank screen with only transect lines, the “Speaker” buttons, questions, and 

multiple choices visible (Figure 3.11). No visual maps were given to participants 

except for ones in dummy questions. Sound occurred just as if the contour lines 

were there. Participants were then asked to determine the relative elevation, 

slope, profile, distance, and landform of the pre-defined area. The same set of 

questions was given to the participants with visual impairment in group 3. The 

interface and screen displayed were designed in a manner that allowed the 

individuals who are visually impaired to navigate through the map quiz session. 

The questions were read aloud and the sounds were played automatically. The 

sensation and voice-over were also applied to help participants locate the 

buttons on screen and to provide a step-by-step instruction for them. When the 

pointer was moved over the buttons, the voice-over was activated and the 

sensation was generated. If the participants would like to listen to the questions 
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or the sounds again, they could just click the “Repeat” button that was placed on 

the left of the screen (Figure 3.12). The “Answer Choice” buttons were placed 

vertically from A to E on the right half of the screen. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 3.11 An example of map question given to the participants in group 2 
who performed Task 2. 

 

A total of forty-two questions were given to the participants in groups 2 

and 3 (Table 3.3). Two of these were dummy questions and were excluded from 

the analysis. There were eight question types randomly asked five times in map 

quiz section, resulting in a total of forty questions (8 question types times 5). The 

correct answers were scored and the response time for each question was 

recorded. After the participants completed their task, they were told to leave the 

testing area quietly. The researcher then printed out the results and kept them for 

record. 
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Figure 3.12 An example interface provided for the participants with visual 
impairment in group 3 who performed Task 2. 

 

3.6 The Pre-test and Initial Results 

Before the experiment was implemented, the initial prototype was 

developed with input from a few students who are sighted and visually 

impaired at the University of Georgia. This allowed the researcher to review the 

initial prototype design to ensure it would be effective with the target groups. 

The purpose of the pre-test was more for discovering problems with interface, 

especially for the individuals with visual impairment, than to examine possible 

results. The pre-test also helped the researcher gauge the difficulty and improve 

the clarity of the questions to be asked during the experiment. Using this 

approach, the initial results were obtained to refine the designs before the 

researcher tested with target groups, thus ensuring the researcher provided the 

best interface designs for them. 
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Table 3.3 Questions given to the participants who performed Task 2. 
 

 

The total of ten participants (seven with sight and three without sight) 

volunteered to perform tasks in the pre-test session. These participants consisted 

of graduate and undergraduate students from the University of Georgia (UGA). 

Only one person in the group of people with visual impairment was not 

affiliated to the UGA. Three participants who are sighted were given Tutorial 1 

to view and four participants were given Tutorial 2 to explore (Tables 3.4 and 

3.5). Most of the participants who are sighted did not have difficulty going 

Question Question Question
Type Pitch Duration Number

Slope X If you travel from point A to point B, 1, 13, 21,

you are going                             . 31, 35

Slope X X If you travel from point A to point B, 5, 16, 25,

you are going                             . 32, 39

Landform X What type of landform does the 7, 14, 23,

profile represent? 31, 37

Landform X X What type of landform does the 2, 11, 18,

profile represent? 27, 42

Relative Elevation X The elevation at point A is              than 3, 9, 17,

the elevation at point B. 26, 41

Profile X What does the cross section from 4, 12, 20,

point A to point B look like? 33, 40

Profile X X What does the cross section from 8, 15, 24,

point A to point B look like? 29, 36

Distance X The sound played on speaker 1 6, 13, 22,

represents the distance of 1 kilometer. 30, 34

Please determine the distance of the

second sound based on the first

sound played.

Dummy Question N/A N/A What does the dot on the map 19 (integrating

represent? voice-over)

Dummy Question X What is the elevation of the red 38

contour line shown on the sonified map?

Sound variable
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through the tutorial and answering the questions on both traditional and 

sonically enhanced maps. 

 
Table 3.4 Tasks assigned for participants who viewed Tutorial 1 during the 

pre-test session. Only five questions were asked in map quiz section. 
 

 
 

Table 3.5 Tasks assigned for participants who explored Tutorial 2 during the 
pre-test session. Eight questions were asked after they completed the tutorial. 

 

 
 

The same tutorial (Tutorial 2) and map questions were given to the 

participants who are visually impaired. During the pre-test session, voice-over 

and sensation were not incorporated to the tutorial yet. Therefore, the researcher 

read the content in the tutorial and map questions out loud to them. The answer 

Tutorial 1 Viewing traditional topographic map

Task Map interpretation without augmentation of sound

Question Types 1) Relative elevation
2) Slope
3) Profile
4) Distance
5) Landform

Tutorial 2 Exploring sonically enhanced map

Task Map interpretation with augmentation of sound

Sound Variables Pitch and duration

Question Types 1) Slope (using pitch)
2) Landform (using pitch and duration)
3) Relative elevation (using pitch)
4) Profile (using pitch)
5) Slope (using pitch and duration)
6) Distance (using duration)
7) Landform (using pitch)
8) Profile (using pitch and duration)
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choices provided for the questions pertaining to topographic profiles (questions 4 

and 8) were also verbally described (Figures 3.13 and 3.14). 

The participants were also asked to draw the cross sections according to 

the sounds they heard in questions 4 and 8. The drawings shown in Figure 3.15 

illustrated that they could associate sounds with the topographic data. Although 

the vertical and horizontal scales were distorted, the overall shapes were 

maintained. The participants were able to response to map questions without 

difficulties as they listened to the sounds. All participants suggested that if the 

voice-over were included in the tutorial, it would help them navigate through 

the tutorial on the screen. 

It was important to consider the needs of individuals with disabilities 

during the initial software development phase. The researcher found that it was 

beneficial to discuss this with the people with visual impairment early in this 

stage. Some guidelines and design strategies were provided as follows: 

1) Use consistent, standard user-interface elements. 

Create an interface that was consistent throughout the program and 

consistent with other applications so individuals could learn to navigate the 

program quickly with skills they had developed using other applications. 

2) Label all graphics and icons. 

Provide text labels for all iconic elements so they could be rendered by 

other software. Users who were visually impaired may be able to decipher a text 

label easier than they could recognize an icon. Similarly, text labels helped users 

who are sighted learn the function of each icon. 

3) Do not rely on color alone to convey information. 

Provide redundant means of conveying information. Color-based 

distinctions may be invisible to people who are color blind, who are visually 

impaired and blind, or who use speech or Braille access technology. 
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        Question 4 Profile (using pitch only) 

        What does the cross section from point A to point B look like? 

 

a)  This sound represents a rounded hill that 

      looks like the turtle shell. It has a steep slope 

      on the left side and levels off on the right side.  

 

b)  This sound represents a peaked hill that has 

      steep slopes (approximately 50o) on both sides. 

      On the right side, about half way down hill, 

      slope is steeper.  

 

  c)  This sound represents a peaked hill with a 

      wider top. It begins with a steep slope on the 

      left side and continues to go up. About half 

      way up, there is a break in the slope and levels 

      off. Then it continues to the top of the hill. 

      On the way down hill, the slope is gradual 

      and extending half the altitude of the other side. 

 
Figure 3.13 The description of profiles in question 4 provided for 

the participants who are visually impaired. 
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        Question 8 Profile (using pitch and duration) 

        What does the cross section from point A to point B look like? 

 

   a)  This sound represents a V-shape valley that 

      has uniform slopes on both sides. 

        

 

  b)  This sound represents a U-shape valley with 

      the terrain on the left side and rounded hill top 

      on the right side. 

 

  c)  This sound represents a U-shape glacial valley. 

      It begins with a gradual slope on the left side 

      and continues to go down with a steep slope 

      until it reaches the bottom of the valley. This 

      area has a flat and wide valley. On the right side,     

      on the way up hill, the slope is more gradual. 

 

Figure 3.14 The description of profiles in question 8 provided for 
the participants who are visually impaired. 
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 Correct answer for question 4.                Correct answer for question 8. 

 

 

 

 

Drawings from the first participant. 

 

 
    N/A 
 
 

 

Drawings from the second participant. 

 

 

 

 

Drawings from the third participant. 

 

 

 

 

 
 

Figure 3.15 Drawings derived from the participants who are visually impaired 
during the pre-test session. 
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3.7 Analysis Techniques 

Descriptive statistics were computed to obtain the frequencies, means, and 

standard deviations for the data obtained from the questionnaire sections. The 

frequency data were used to class numeric variables such as age and number of 

geography classes taken. Each of the participants responses were converted to 

either ‘1’ for correct or ‘0’ for incorrect. These parameters provided a general feel 

for which group performed more accurately during the experiment as a whole. 

The data were manipulated in Microsoft®Excel 2000 and the statistical 

calculations were performed using the SPSS program (SPSS for Windows 

Version 10.0.5). An alpha level of 0.05 was required for significance in all 

comparisons. 

The One-Way Analysis of Variance (One-way ANOVA) was conducted in 

order to determine if there were statistically significant differences in the overall 

results among groups, and the differences in the number of correct answers for 

each question type among these three groups. The One-Way ANOVA procedure 

produced a one-way analysis of variance for a quantitative dependent variable 

by a single factor variable (Table3.6). Analysis of variance was used to test the 

null hypotheses (Ho1, Ho2, and Ho3) that several means were equal. This 

technique was an extension of the two-sample t test. In addition to determining 

that differences existed among the means of these three groups, the Tukey's post 

hoc test was used for pairwise multiple comparisons to indicate which means 

differed. 

In order to statistically analyze whether the sound variables pitch and 

duration enhanced the interpretability of topographic data, two approaches were 

utilized. The first step involved treating the participants as two groups (groups 2 

and 3) for comparison (the number of correct answers obtained from the slope, 

profile, and landform question types) between groups using One-way ANOVA 
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(Table 3.7). The second step involved analyzing the results within group using 

Paired Samples t-test to assess whether there were significantly differences 

between the results derived from one sound variable (pitch) and two sound 

variables (pitch and duration combined) on an individual basis for each question 

type (Table 3.8). Using a t-test for paired samples provided a method to evaluate 

in a very general sense which of these two sound variables facilitated in map 

interpretation.  

Finally the Univariate Analysis of Variance was conducted to analyze if 

other factors (e.g., age, gender, status, computer skill, etc.) had effects on 

participants’ performances (Table 3.9). This procedure tested about the effects of 

other variables on the means of various groupings of a single dependent 

variable. The interaction between factors could be investigated as well as the 

effects of individual factors. The Tukey’s post hoc test was also performed to 

evaluate differences among specific means if the F-test showed significance. 

As a follow up to the statistical analysis, the cognitive analysis was 

performed on the profile data derived from the participants who are visually 

impaired and blind. These data were first chain coded (see Burrough and 

McDonnell 1998), and then analyzed using cross chain correlation. The Freeman 

chain code is a compact way to represent a contour of an object (Freeman 1974). 

The chain code is an ordered sequence of n links {Ci, i = 1, 2, …, n}, where Ci is a 

vector connecting neighboring contour pixels. The directions of Ci are coded with 

integer values k = 0, 1, …, K-1 in a counterclockwise sense starting from the 

direction of the positive x-axis (Iivarinen et al. 1997). The directions of the eight 

connected chain code were applied in this experiment (Figure 3.16).  
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Table 3.6 The variables used to analyze the overall results among 
participants in three groups. 

 

 

 
Table 3.7 The variables used to analyze the results of participants in 

groups 2 and 3 who performed task on sonically enhanced maps. 
 

 

 

 

Statistical Analysis: One-way Analysis of Variance

Dependent Variables Standardized total score
The number of correct answers for relative elevation question type
The number of correct answers for slope question type
The number of correct answers for profile question type
The number of correct answers for distance question type
The number of correct answers for landform question type
The speed of response (in seconds) for relative elevation question type
The speed of response (in seconds) for slope question type
The speed of response (in seconds) for profile question type
The speed of response (in seconds) for distance question type
The speed of response (in seconds) for landform question type

Independent Variables Groups (1, 2, and 3)

Statistical Analysis: One-way Analysis of Variance

Dependent Variables The number of correct answers for slope question type
(using pitch only)
The number of correct answers for slope question type
(using pitch and duration)
The number of correct answers for profile question type
(using pitch only)
The number of correct answers for profile question type
(using pitch and duration)
The number of correct answers for landform question type
(using pitch only)
The number of correct answers for landform question type
(using pitch and duration)

Independent Variables Groups (2 and 3)
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Table 3.8 The variables used to analyze whether sound variables had an effect 
on the number of correct answers within group. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Statistical Analysis: Paired Samples t -test

Test Variables The number of correct answers for slope question type from group 2
(using pitch only)
The number of correct answers for slope question type from group 3
(using pitch only)
The number of correct answers for slope question type from group 2
(using pitch and duration)
The number of correct answers for slope question type from group 3
(using pitch and duration)
The number of correct answers for profile question type from group 2
(using pitch only)
The number of correct answers for profile question type from group 3
(using pitch only)
The number of correct answers for profile question type from group 2
(using pitch and duration)
The number of correct answers for profile question type from group 3
(using pitch and duration)
The number of correct answers for landform question type from group 2
(using pitch only)
The number of correct answers for landform question type from group 3
(using pitch only)
The number of correct answers for landform question type from group 2
(using pitch and duration)
The number of correct answers for landform question type from group 3
(using pitch and duration)

Group Variables Groups (2 and 3)
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Table 3.9 The variables used in Univariate Analysis of Variance. 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.16 The directions of the eight connected chain code (K = 8). 

 

When collecting the data, the participants who are visually impaired were 

presented with a blank piece of paper which they could orientate to suite their 

purposes. Participants were not told to orientate their drawings or to try and fit 

the drawing to a set scale. In order to make the drawings comparable for chain 

code correlation calculation, the data were transformed to the same scale. The 

Statistical Analysis: Univariate Analysis of Variance

Dependent Variables Standardized total score

Factors for all groups Gender
Age
Status (Graduate / Undegraduate students)
The number of Geography calsses taken
Computer skill
Topographic map interpretation skill
Sound skill

Factors for participants Condition (Congenitally blind / Blind early in life / Blind later in life)

who are visually Visibility condition (How much do you rely on vision?)

impaired (group 3) Time that has been blind (How long ago did you lose your vision?)



 77

drawings were scanned and pasted into CorelDraw. The scanned images were 

then re-drawn to increase definition and the images were scaled to match the 

actual profile. Finally, these images were imported to ArcView in order to create 

a chain code. A 9” x 9” grid was generated and overlaid on the profile. The 

conventional chain code method described above was then utilized. A chain code 

is a more succinct way of representing a contour than a simple collection of co-

ordinate points along the profiles. It describes a profile as a series of one-pixel 

vector transitions at different orientations (8 different move directions for 8-

connected profiles), with only the starting point being defined explicitly. In this 

experiment, the leftmost pixel in a given profile was chosen as the starting point. 

The size and shape of a profile could be represented as a set of directional codes, 

with one code following another like links in a chain (Figure 3.17).  

After the cognitive profiles were chain coded, the cross chain correlation 

was calculated in order to compare the similarities between the actual and the 

cognitive profiles. Cross chain correlation measured the degree and direction of 

any association between configurations. The following equation (3-1) was 

applied to calculate the correlation if the two profiles had the same length: 

   

 

 

 

 

For unequal chain lengths, simply slide the chains over another, then re-

compute a correlation coefficient at each step. The portion that resulted in the 

highest correlation coefficient was used in the analysis. The following equation 

(3-2) was applied if the two profiles had different lengths: 
 
 

(3-1)

where 
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The cosine function guarantees the matching measure to be less than one. When 

Cab = 1, there is a perfect match between the actual and cognitive profiles. Cab = 0 

indicates that the two profiles are perpendicular. If Cab = -1, then the profiles are 

mirror images. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3.17 An example of chain code; the reference pixel is marked by 
an arrow. The actual profile is represented by solid line and 

the cognitive profile is represented by dash line. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Chain code for the cognitive profile: 0, 22, 1, 2, 0, 22, 02, 73, 0, 6, 0, 6, 0, 
       62, 0, 62, 0, 7, 0, 62, 7, 6, 7, 6, 7, 62, 03, 1, 0, 2, 0, 2, 0, 2, 0, 2, 1, 2, 1, 2, 1, 2, 
       0, 2, 0, 2, 12, 22, 1, 2, 0, 22, 0, 2, 73, 0, 6, 0, 7, 0, 7, 0, 6, 0, 6, 0, 62, 0, 62, 0, 6, 
       0, 6, 72, 6, 0, 62, 0, 63 

(3-2)

where 
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2 3 -8.43 3.18 .025



 82

-�#
	������2�	�����
���
		���������	�����)
����
��������

�

���������
����9
		����3���
������
	�:
����
���2�	������#��
�3���������

����� ;������
��<���	������
��

-�#
	���������
��	���������������

�����	�����������������������	
�������

����	�	�����
��
�������
��

	�������
���
�
#	������������= �����
���	��#�����

�������
	����
	������������
��)
����
������	�������������#	

���������"�
��������

���	
���������� ,���#��	��������
	����������
������#	

�����'�����	�#���

��	������������
���	�
	�������.��
�������
���������������������������	�������

)
����
����	������#��
�	���������������
���
		������+�,�
������������#	

���>������

��
	��4�+��/+?�#	

��">��������
	��4�+��0����������������	�������������#	

����

�����	����
		������
����!!���,�
��������������������"�������
��	����	��
��������	���

���
���	�������������
���
���

�����	��������������������#����������������������1���

0

10

20

30

40

50

60

70

80

90

100

P
er

ce
nt

 C
or

re
ct

 A
ns

w
er

s

Group 1 77.22 58.89 62.22 37.78 66.11

Group 2 91.89 68.11 74.59 24.86 56.49

Group 3 91.61 64.84 85.81 30.32 79.68

Elevation Slope Profile Distance Landform



 83

4�!� + ����5��1���
��	���������������
������	������
��
���
�
#	������������@��

��#��������������	�����������
���	�
���
		����	���
������������
�����	�����������
�

�����	�)
����
����
	�����
	�����������	��
�������
������������������	������
�

��#��������������	���������������
	����������������	�������������#	

���������"�

��
���	�
	�������.��
���
�����������������������������������

�

��������"�3��
�����	
��
�������%&'(%��
	��������
��)
����
����

�
����������2
���6
��������
	������
���	�
���
		����	���
��������

�������
��)
����
���������������#	

����

�

���������
����9
		����3���
������
	�:
����
���2�	������#��
�7�
����

����� <���	������
��

����	��
�����	
���������� �����-�#
	���������
��	���������������	�������������

#	

���������"��������#��	���
	����������
������#	

����������������������������	�

	����������������
��0/���,�����0��/�,��������	�������������#	

����������������

�
������������
	��
�� /�/+,������	��
������
��������	
�������������
	����

����������

�����	�����
	�
	���������
�
#	������������6
����	������������������

Group Mean Standard 
Deviation

N F P

1 77.22 21.99 36 7.595 .001

2 91.89 15.96 37

3 91.61 15.30 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 -14.67 4.24 .002

1 3 -14.39 4.44 .005

2 3 .2790 4.41 .998
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Deviation

N F P

1 58.89 19.09 36 2.159 .121

2 68.11 19.98 37

3 64.84 18.23 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 -9.22 4.49 .105

1 3 -5.95 4.70 .417

2 3 3.27 4.67 .764
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Group Mean Standard 
Deviation

N F P

1 62.22 26.52 36 8.664 .000

2 74.59 23.05 37

3 85.81 18.76 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 -12.37 5.43 .063

1 3 -23.58 5.68 .000

2 3 -11.21 5.65 .121
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Deviation

N F P

1 37.78 22.31 36 3.386 .038

2 24.86 19.67 37

3 30.32 21.83 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 12.91 4.98 .029

1 3 7.46 5.21 .329

2 3 -5.46 5.18 .545
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Group Mean Standard 
Deviation

N F P

1 66.11 20.74 36 13.917 .000

2 56.49 17.03 37

3 79.68 15.81 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 9.62 4.23 .064

1 3 -13.57 4.43 .008

2 3 -23.19 4.40 .000
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Group Mean Standard 
Deviation

N F P

1 25.7 8.26 36 199.627 .000

2 23.49 7.77 37

3 88.79 24.60 31

(I) Group (J) Group
Mean 

Difference 
(I - J)

Standard 
Error Significance

1 2 2.21 3.51 .805

1 3 -63.10 3.68 .000

2 3 -65.30 3.65 .000
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1 2 2.04 3.45 .825

1 3 -48.03 3.61 .000

2 3 -50.07 3.59 .000
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2 3 -123.21 6.19 .000
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1 24.31 9.64 36 103.249 .000
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Standard 
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1 2 1.32 2.94 .896
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2 3 -39.37 3.06 .000
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Variables F Significance

Question Type: Slope Group 2 Group 3

Pitch 3.76 3.52 .728 .397

Pitch and duration combined 3.05 2.97 .079 .779

Question Type: Profile Group 2 Group 3

Pitch 3.32 4.29 8.917 .004

Pitch and duration combined 4.14 4.29 .324 .571

Question Type: Landform Group 2 Group 3

Pitch 2.51 4.16 41.161 .000

Pitch and duration combined 3.14 3.81 8.203 .006

Mean Scores
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Variables Means df t
Significance 

(2-tailed)

Question Type: Slope

Group 2: p vs. pd .703 36 2.987 .005

Group 3: p vs. pd .548 30 2.003 .054

Question Type: Profile

Group 2: p vs. pd -.811 36 -3.545 .001

Group 3: p vs. pd .000 30 .000 1.000

Question Type: Landform

Group 2: p vs. pd -.622 36 -3.186 .003

Group 3: p vs. pd .355 30 1.731 .094

p = pitch condition

pd = pitch and duration combined

Paired Differences
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Variables df       SS       MS         F P

Group 2 3,284.70 1,642.03 10.143 .000

Gender 1 1,201.37 1,201.37 7.421 .008

Interaction 2 138.18 69.09 .427 .654

Within Groups 98 15,865.52 161.89

Total 103 19,843.85
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Variables df       SS       MS         F P

Group 2 1,113.11 556.55 3.205 .045

Age 4 651.35 162.84 .938 .446

Interaction 4 598.70 149.68 .862 .490

Within Groups 93 16,151.72 173.67

Total 103 19,843.85
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Variables df       SS       MS         F P

Group 2 2,797.35 1,398.68 8.665 .045

Status 2 91.6 45.80 .284 .446

Interaction 2 1,476.67 738.33 .862 .490

Within Groups 97 15,658.32 161.43

Total 103 19,843.85
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Variables df       SS       MS         F P

Group 2 1,975.82 987.91 6.207 .003

Number of Classes 3 1,612.68 537.56 3.38 .022

Interaction 4 63.46 15.86 .100 .982

Within Groups 94 14,962.06 159.71

Total 103 19,843.85
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Variables df       SS       MS         F P

Group 2 1,330.90 665.448 4.186 .018

Computer Skill 3 1,238.97 412.99 2.598 .057

Interaction 4 958.95 239.74 1.508 .206

Within Groups 94 14,943.02 158.97

Total 103 19,843.85

Variables df       SS       MS         F P

Group 2 1,870.83 935.41 6.644 .002

Map Reading Skill 2 3,482.09 1,741.05 12.366 .000

Interaction 4 670.36 167.59 1.190 .320

Within Groups 95 13,375.42 140.79

Total 103 19,843.85
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Variables df       SS       MS         F P

Group 1 839.27 839.27 5.484 .022

Pitch Identification Skill 2 397.30 198.65 1.298 .280

Interaction 2 463.47 231.73 1.514 .228

Within Groups 62 9,488.89 153.05

Total 67 11,639.24
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Group Mean Standard 
Deviation

N F P

(1) Congenitally Blind 77.12 9.06 13 1.384 .267

(2) Blind Early in Life 69.17 14.35 12

(3) Blind Later in Life 70.83 14.38 6
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     Group Mean Standard 
Deviation

N F P

(1) < 5 years 67.50 7.07 2 .224 .922

(2) 5 - 10 years 71.88 10.08 4

(3) 11 - 15 years 73.75 12.42 6

(4) 16 -20 years 68.33 16.27 3

(5) > 20 years 74.22 13.90 16
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              Group Mean Standard 
Deviation

N F P

(1) None 76.32 10.20 17 2.906 .053

(2) Rarely 76.67 11.81 3

(3) Sometimes 76.67 12.33 3

(4) As Much As Other Senses 62.50 13.69 8
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Variables Mean df t
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(2-tailed)

Pair 1: Pitch - Pitch and Duration -5.62E-03 28 -.594 .557

Paired Differences
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Question Type Result

Average score for all questions Difference (p  < .01)

Elevation Difference (p  < .01)

Slope No Difference (p  > .05)

Profile Difference (p  = .00)

Distance Difference (p  < .05)

Landform Difference (p  = .00)
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I                                                        agree to take part in a research study titled An Analysis of the 
Utilization of Sounds for Cognitive Enhancement of Topographic Maps for the Visually Impaired, 
which is being conducted by Paporn Thebpanya, Geography Department at the University of 
Georgia-Athens, 542-2856 under the direction of Dr.Thomas Hodler, Geography Department at 
the University of Georgia-Athens, 542-4795. I do not have to take part in the study; I can stop 
taking part at any time without giving any reason, and without penalty. I can ask to have 
information related to me return to me, remove from the research record, or destroy. 
 
The purpose of the study is to develop a new method of learning and interpreting topographic 
maps by means of sound instead of vision. I will not directly benefit from this research. However, 
my participation may lead to information that could benefit the visually impaired community 
from gaining more knowledge about spatial concept of the geographic environment. If I volunteer 
to take part in this study, I’ll be asked to do the following things: 
 

1.  Perform a preliminary hearing test on the computer for qualification; 
2.  Fill in the background questionnaire; 
3.  Sit at the computer and view the tutorial section; and 
4.  Complete the computerized map quiz. 

 
The complete test will take approximately 20-25 minutes. No discomforts or stresses are 
expected. Neither any risk is expected when I take this test. 
 
I understand that my name or personal contact information will not be collected by the researcher 
and therefore participation is confidential. 
 
The researcher will answer any further questions about the research, now or during the course of 
the project, and can be reached by telephone at: 542-2856. 
 
My signature below indicates that the researcher has answered all of my questions to my 
satisfaction and that I consent to volunteer for this study. I have been given a copy of this form. 
 
 
 
 
Signature of Researcher  Date 
 
 
 
Signature of Participants Date 
 
 
For questions or problems about your rights please call or write: Human Subjects Office, 
University of Georgia, 606A Boyd Graduate School Research Center, Athens, Georgia 30602-
7411; Telephone (706) 542-6514; E-mail Address IRB@uga,edu. 
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Date         /         /                          Participant #            . 

Please fill in the following questions 

1) Sex:  Male         Female       

2) Age:            .        

3) Major:                                   . 

4) How many geography classes have you had? (If none, write down a zero)           . 

5) How comfortable are you working with computers? 

  Very comfortable 

  Comfortable 

  Uncomfortable 

  Very uncomfortable 

6) 'Topographic maps' use contour lines to show elevation (height above mean sea level). 

     How would you rank your topographic map reading experience? 

  Advanced 

  Intermediate 

  Beginner 

7) Absolute pitch or AP (commonly referred to as "perfect pitch") is the ability to identify   

     a note on the musical scale without any reference note. How would you rank your ears    

     according to this criterion? 

  Close to perfect pitch 

  Intermediate 

  Not good at pitch 

8) Do you have any hearing deficiencies that you are aware of? 

  Yes (Please explain                                                                                                 .) 

  No 
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