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mode was also confused by the accompanying spatialized audio. Some subjects expressed

that the sound was distracting, others that they simply ignored it. Since subjects

employed different strategies and reacted to the accompanying audio in different ways,

unplanned variation was introduced that could have been eliminated.

6.1.2.2 Comparisons between conditions B1 and B2. The basis for the comparisons

of condition B 1 and B2 was the belief that suppressing feedback when the navigator was

in a favorable state would reduce cognitive load. With a reduced cognitive load, subjects

were expected to navigate better. Unfortunately, the data only support two of the four

sub-hypotheses for this question. Therefore, there is only weak support for the research

question 3: Van the absence of audio feedback be used to improve communication of the

relative location of a destination?'

Qualitative data was collect and analyzed to assess user preferences. Support was

found for the comparisons of A2 versus A 1 and B2 versus B1 (sub-hypotheses H le and

H3e, respectively).

Summarizing, a main effect of audio display group was supported. Pair-wise

comparisons showed that many of the expected relationships are supported, and

departures exist with time measures and those associated with condition AO. User

preferences were consistent with anticipated results. Adjustments for the next phase of

this work will be proposed in a later section to address the areas of departure.

6.1.2.2 Single Variate Analysis Issues.	 In the analysis it was found that the

dependent variables which measure accuracy were highly correlated. As such, the

standard procedure is to conduct a multivariate analysis to sort out which of the measures

might actually be having an effect. This was not done since the purpose of the experiment

was to demonstrate how taux could be used to test audio feedback not to develop a set of

recommendations for audio feedback. Also, since the dependent measures in question
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were all a measure of accuracy, the comparisons are accepted as holding no matter what

dependent measure contributed to the results.

6.2 General Observations

Several conclusions are made at this point. These are discussed, in turn.

The proposed evaluation system has been developed and shown to allow the

construction and evaluation of audio display mechanisms. Comparisons of displays have

been undertaken. Using the spatialized audio condition (Al) as a proxy for current

systems, it is strongly suggested that making a single iterative improvement (the

TalkingGuide, condition A2) results in significant performance improvements. Hopefully,

this is just the beginning; continued iterations may yield more significant improvements

that dramatically change the state-of-the-art for audio displays for wayfinding.

It is believed that the taux evaluation system, when compared to other research

systems, provides more information about subject performance. This added data provides

more insight into the relative merits of different display approaches. Several comparisons

are offered to support the claim.

When comparing this evaluation system to full scale research systems, it is

observed that differences exist in the collection of subject performance data. The number

of measures used within taux is generally greater. Ross and Lightman (2005) use time

and veer, while Loomis et al. (1998) used time and distance. Taux uses time, distance,

planar veer and angular veer. The pilot results suggest that, although some measures are

correlated, each measure used collects unique information. Additionally, the frequency

and precision of measurement within taux is performed more often and at a higher level

of resolution. By way of example, taux periodically measures veer as the minimum
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distance from the subject's location to the ideal path, while Ross measures the deviation

from ideal endpoint for a subject only at the very end of a crosswalk traversal. Comparing

these approaches, taux provides higher resolution data in more dimensions and

potentially provides more insight into a user's performance.

Considering another research environment, Walker and Lindsay's SWAN virtual

environment (2006), similar differences are observed. taux provides more measures of

performance, but this time at lower resolution. SWAN/VE provides path efficiency

(distance, essentially) and time to completion, while taux provides these measures plus

angular and planar veer. Again, as in the comparison to full scale research environments,

taux paints a fuller picture of the subject performance. The reporting frequency of taux

will be re-evaluated for the future planned research.

The third and final general conclusion is that subjects encounter significant

difficulty and disorientation if they pass a waypoint without meeting the arrival

condition. Once they pass the waypoint, the audio feedback changes dramatically. The

specifics of the change vary with the actual display but usually changes in such a way

that the subject doesn't process what has happened. Observation of this pattern provides a

significant design guideline: that audio display should provide adequate signaling prior to

waypoint arrival and should aim to prevent a subject from entering this condition.

6.3 Limitations

The system developed and the subsequent evaluations are subject to certain limitations,

specifically: the validity of the apparatus, the methods and the measures. The concerns

that arise include external, internal and construct validity and need to be addressed. These

are discussed as follows.
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6.3.1 External Validity

In the pilot study and proposed follow on research, the subjects used are selected by non-

random means. Through observation, it is seen that our subjects may be more affluent,

more technologically literate and more spatially adept than the general blind user

population. This limitation doesn't discount the research performed, but, does imply that

further testing or field trials would be required to present results without this limitation.

6.3.2 Internal Validity

Throughout this research, user performance is measured. Several measures are employed;

these introduce possible concerns about their validity. The measures selected are used in

similar research, so concerns of validating these measures are minimal. All of the

measures are sampled, suffering potential risks associated with the selected sampling

frequency. At the most basic level, the timing calculations are dependent upon the

scheduling and timing of the hosting personal computer. Additionally, the distances and

error measures are collected periodically, and subject to degradation based on the

sampling frequency chosen. These timing and sampling errors are expected to be of a

negligible size and consequence.

In the case of Walker and Lindsay's System For Wearable Audio Navigation

Virtual Environment, a much smaller sampling frequency was use for determining a

user's location (2ms vs. 50ms in taux.) Display update frequencies, or response time,

were questioned by two subjects. Using a smaller frequency will be evaluated as part of

the final test experiment.
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6.3.3 Construct Validity

The final area of validity to consider is the mapping of the experiment environment to an

in situ application. There are several distinct differences that can be observed between

this scaled and full scale environment: (1) scaling of a user's motor movements, (2) a

difference in ambient sounds, and (3) the role of environmental cues.

These are each considered more closely. For motor movements, wayfinders use

coarser body and leg movements to navigate in the real world, but use finer hand and

wrist movements in the scaled environment. Considering taux's measured error, an abrupt

sideways motion in the scaled environment may be more costly than the analogous

movement would register in a full scale environment. Although this difference exists it is

not seen as something that would invalidate this research. In fact, it can be argued that the

opposite is true, by scaling the environment and reporting finer errors; an exaggerated

effect is observed which provides more contrast for experiments. Work by researchers

studying blind navigators (Haber, Haber, Penningroth, Novak and Radgowski, 1993)

supports this concern. In this work, the researchers found that locating auditory targets

was better served when subjects pointed a body part (nose, head, chest, or finger) rather

than rotating a dial. In this work the puck is more analogous to the dial, so it can be

argued that accuracy and variability will be adversely affected when compared to real

world navigation.

The next difference, the absence of ambient sounds, is immediately obvious.

Wayfinders in the full scale environment are required to process ambient noise, and may

optionally use environmental audio cues to aid in navigation. These inputs are either very

different or completely absent in the scaled environment, raising a concern. Again, as in

the scaling discussion above, an argument is offered to support suppression of the full
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scale effects. In the case of information-less ambient sound, or noise, elimination of

variable distractions will aid in the quality of the measurements. In the counter case, this

time considering full scale, ambient noise dilutes a subject's attention and degrades

performance. This possibility is recognized, but not addressed at present. Consideration

has been given to this and is suggested as a topic of future inquiry, where ambient noise is

injected into the evaluation system and the effects are better understood through

measurement.

The final concern for construct validity is the presence of environmental cues in

full scale environments. Since these don't exist in the scaled environment, a subject can't

know that they've gone down a stair step, stepped up on a curb or passed through a

doorway. In the full scale environment, these cues may aid a traveler in assessing their

travel progress. In the end, the presence of environmental cues are expected to make the

blind pedestrian's experience better, and may offset some of the positive benefits of a

good audio display. For control purposes it is still valuable to compare the audio displays

in the absence of environmental cues. Once good audio display methods are identified,

these can be adapted and retested in the full scale environment to confirm that

environmental cues do not introduce contrary results.

6.4 Issues Encountered

Issues were encountered in many areas during this research. These were handled as they

were encountered, and were handled previously in the relevant areas within this thesis.

Issues in two additional areas are related to learning and route geometry. These are of a

more global nature and are discussed here.
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6.4.1 Learning

In the experiment procedure for the pilot study, care was taken to confirm that a subject

had performed enough practice within a particular condition before proceeding with the

actual trials. The TimePerUnitDistPerWP measure was examined to assess whether the

subject had trained to criteria, by looking for a plateau effect. This value was examined

on a per-waypoint basis. During the pilot study, plateau effects were not observed, and a

subjective criterion was substituted by the investigator. The investigator looked for

general proficiency or evidence that the subject was listening to the feedback and making

appropriate decisions.

After the experiments were conducted, further inquiry was done. It was observed

that both time and distance measures offer limited value for 'training to criteria' analysis.

In the case of the taux tool, both of these measures are normalized to account for

differences in different trials. Contrary to initial intuition, these are awkward to use for

criteria comparisons since their normalized values are ambiguous prior to trial

completion. Based on this observation, it was identified that error measures may provide

better data for training criteria. In order to study this, post hoc, trend information for off

target error and heading error were plotted for each condition by subject (see plots in

Figure Q-1 through Figure Q-5). Considering the plots for A1, A2, B1 and B2, it is

observed that no downward trend is observed for off target error and that a downward

trend exists in the heading error performance for the conditions B 1 and B2. From these

observations, it is suggested that heading error may be the best measure for learning.

Heading error will be monitored in future studies as a potential indicator of learning.
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6.4.2 Route Geometry

In pilot study planning, it was noticed that certain configurations of route data presented

difficulty for subjects. Paths that pointed toward the sides of the tablet or that had several

turns that oriented the path to point back toward the subject were difficult to follow.

Subjects became disoriented when their egocentric coordinate system became

inconsistent with that of the puck. Different subjects adjusted in different ways. Some

would stand and attempt to circle the tablet and the table it was on; others would tip their

head abruptly. Still others did nothing and struggled. Since this appeared to introduce

variation based on a particular subject's strategy, the routes were modified to follow a

constrained pattern. All paths originate from the bottom area of the tablet and terminate

near the top of the tablet. Routes are not permitted to turn such that they tend toward the

sides or back toward the bottom of the tablet. Additionally, routes are constrained to turn

no more than 135 degrees at each waypoint. This approach introduces a limitation in the

paths that can be used eliminating subject confusion and variability.

6.5 Proposed Improvements

As a result of building the initial implementation and running the pilot study described

within the proposal, the following improvements were identified. These were divided into

two categories, near term and long term. The near term items were planned for

implementation during the successive research work resulting in this dissertation, while

the longer term items were identified and deferred to a future date.
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6.5.1 Near Term

• Modify the visual feedback condition (AO) to use paper templates on the tablet. A
template will be created for each trial, with the corresponding route clearly
printed on it. The graphical feedback from the investigator's console will no
longer be used by the subject for visual feedback. Additionally, the accompanying
spatialized audio feedback will no longer be displayed during this condition. The
instructions will be modified to give the subject clearer instructions about
navigating the path with a consideration of both speed and accuracy.

• Change normalization for time measurement. Rather than using time/unit of ideal
distance, time/unit of ideal distance/waypoint will be used.

• Heading error will be monitored during practice sessions for evidence of learning.

• Frequency of speech used in spatialized audio conditions (A1 and A2) will match
the frequency of tonal reports used in varying pitch conditions (B 1 and B2).

• Varying pitch displays (B 1 and B2) will be improved to provide left and right
signaling in addition to the current varying pitch signals.

• The experimental method will be modified to be counterbalanced, allowing
identification (or rejection) of ordering effects.

• Increase the sampling resolution for location reports.

• Reduce the arrival radius to one half of the current value.

• Exclude all subjects with hearing impairments.

6.5.2 Long Term

• Take results to full scale environment (indoor or outdoor wayfinding system) and
validate.

• Work with psychoacoustic domain experts, perform more display iterations,
implement and evaluate more display types

• Enhanced varying pitch mode to report based on movement, not time

• Investigate the effects of varying the scaling between the virtual space on the
tablet and the 3D audio virtual space

• Incorporate hand held or other portable devices (example cell phone)
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• Provide introspection capabilities in taux to permit inspection of new display
components for easy display and manipulation in the investigator's console

• create the proper transformation to move the puck's datum from its centroid to its
central forward extent (its nose, essentially)

• add simulated ambient sound

• look at making the hints spatialized

• evaluate the effects of fatigue

• evaluate the effect of low quality speech v. high quality speech in navigating

• substitute new 3D sound models

• tighter integration with CAD system

• Plot heading error and off target error for each trial

• Provide signaling that the subject has traveled past a waypoint without being near
enough to it to register an arrival



CHAPTER 7

FINAL TEST EXPERIMENT

The focus of this dissertation is on the taux system. Since taux is to be used to support the

running of experiments that evaluate audio feedback for navigation, its usage is

peculiarly entwined with the experiments that it supports. The initial test experiment had

problems not only in the selection and application of stimulus to test but also in the

operation of taux and the design of the initial test experiment. Thus, although the normal

intent of a subsequent set of experiments using taux is that of iteratively testing the audio

feedback stimulus, the subsequent experiment in this thesis (a) improves the experiment

design and (b) improves taux in addition to adjusting the audio feedback.

Since the experiment procedures do not differ from that of the test experiment, the

experiment proecedure and design are not described in detail except where these factors

differ from the test experiment. Overall, this chapter will present the following. First, a

summary of the changes that were made to the evaluation system and to the research

method is provided. Next, the results of the final experiment are presented as graphical

plots of the subjects' navigation paths. Both descriptive and inferential statistics are

provided for the measures taken off the navigation paths in addition to subjects' attitudes

towards each audio display. These were collected through a post-experiment

questionnaire. This chapter's focus is on the analysis of the data collected in this second

study which corrects a series of flaws found in the first study. A discussion of these

results will follow in the next chapter. This discussion will note that new issues with taux

and with the experiment design were found that require more experiments to correct these

flaws before being able to effectively test the effect of the different forms of audio

feedback

209
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7.1 Revisions From Pilot

As described in Chapter 6, multiple changes were identified after running the test

experiment. These were divided into two categories: near term and long term. Near term

changes were anticipated to be completed prior to running the final experiment. Long

term changes are under consideration for implementation after completion of the final

experiment. The near term changes have been performed, with two deviations. This will

be discussed in a moment. The following changes were made completely in accordance

with what was anticipated:

• Modify the visual feedback condition (AO) to use paper templates on the tablet. A
template was created for each trial, with the corresponding waypoints clearly
marked on it. The graphical feedback from the investigator's console was no
longer be used by the subject for visual feedback. Additionally, the accompanying
spatialized audio feedback is no longer displayed during this condition although
subjects are told when a waypoint has been reached. The instructions have been
modified to give the subject clearer direction about following the template for
both speed and accuracy.

• Change normalization for time measurement. Rather than using time/unit of ideal
distance, time/unit of ideal distance/waypoint is used.

• Frequency of speech used in spatialized audio conditions (A1 and A2) will match
the frequency of tonal reports used in varying pitch conditions (B 1 and B2).

• Varying pitch displays (B 1 and B2) will be improved to provide left and right
signaling in addition to the current varying pitch signals.

• The experiment method will be modified to be counterbalanced, allowing control
for possible order effects. A Latin Squares design was utilized and is presented in
Table 7.1.

• Increase the sampling resolution for location reports. The sampling interval was
changed from 50 milliseconds to 20 milliseconds.

• Reduce the arrival radius to one half its current value. The value was changed
from 750 tablet units to 375 tablet units. Three hundred seventy five tablet units
equals 0.148 inches, or just slightly more than 1/8 of an inch.

• Exclude all subjects with hearing impairments
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Table 7.1 Ordering Utilized for Latin Squares Design

Condition

Subject#1 A1 A2 AO B1 B2

Subject#2 A2 B1 A1 B2 AO

Subject#3 B 1 B2 A2 AO A1

Subject#4 B2 AO B1 A1 A2

Subject#5 AO A1 B2 A2 B1

Subject#6 B2 B1 AO A2 Al

Subject#7 AO B2 Al B1 A2

Subject#8 A1 AO A2 B2 BI

Subject#9 A2 A1 B1 AO B2

Subject#10 B1 A2 B2 A1 AO

Due to scheduling issues, time permitted inclusion of all of the near term changes

prior to the proposal defense. Additionally, during this interval and once the changes were

made, five sighted (but not blindfolded) subjects were run. It was anticipated that these

subjects would be part of the final experiment. Subsequently, it was determined that the

final experiment would utilize only blindfolded sighted subjects, and thus not allowing

the combination of the data collected from these five subjects with the remaining data..

The five subject runs were not without value; these trials performed a rigorous walk-thru

of the evaluation system after it had undergone multiple changes. One serious software

bug, arising as a side effect of the timing changes identified previously, was identified

and remedied before the final group of ten subjects was run.

As noted above, two deviations from the prescribed 'near term' list were taken. It

was planned to monitor heading error as training criteria during practice sessions to

determine a subject's achievement of a threshold learning level. While running the five

sighted subjects, this data was collected and monitored. It was determined that this data
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was no better at indicating asymptotic learning performance than the previously

monitored measure of off target error. As a result, monitoring of learning data was

discontinued for the final ten subjects. Subjects were given a set number of practice trials

in the experiment but learning was not measured. This is left as a topic for future

research.

The second deviation was different. In this deviation, two 'long term'

modification items' timelines were accelerated allowing them to be included in the near

term schedule. First, while modifying the visual feedback condition, it was recognized

that allowing the puck's pivot point to remain at the puck's geometric center would

probably result in confusion for the subject. By locating this rotation point at the forward

central extent of the puck, subjects would complete this condition more naturally. In

order to maintain similarity amongst conditions, the pivot point was relocated for ALL

conditions. Second, it was determined that the varying pitch conditions (B 1 and B2)

could be modified to not only include the left/right signaling but also to report audio

updates whenever the subject's motion warranted a note change. So, in addition to

reporting a pitched note on a one second intervals, more frequent updates were provided

to instantly signal direction changes.

7.2 Data Collected and Analysis of Data

In accordance with the procedures outlined in Chapter 4 and the instruments described in

Appendices A-K, ten blindfolded subjects were run. All subjects have good vision either

with or without correction. Subject demographics were collected and are as follows.

Subjects were asked questions about their age, gender, education level, computer

proficiency and hearing ability. The follow paragraph summarizes their responses.
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Of these ten participants, four were female and six were male. Two reported left

handedness, while eight reported right handedness. None reported that they were

ambidextrousness. Two subjects had a high school level education, one had a bachelor's

degree and the seven remaining subjects reported an advanced level of education beyond

a three- to four-year college education. The average age was 44.1 years. The subjects

reported computer use of 2-10 hours per day, with an average of 5.85 hours per day.

Participants reported computer experience ranging from 10 to 40 years, with a mean

value of 19.4 years. Allowing for corrected vision, four subjects exhibited 20/20 vision

while two exhibited 20/30. Of the remaining four subjects, visual acuity was measured at

one each of 20/13, 20/15, 20/25 and 20/70.

7.2.1 Subjects Path Data

As previously illustrated in Figure 5.1 and Figure 5.2, a subject's traversal can be

graphically plotted for comparison with the scheduled path. The following figures (Figure

7.1 and Figure 7.2) show traversals for two subjects in two conditions in two trials. The

data for all subjects in all conditions can be viewed in the five plots found in Appendix R.



Figure 7.1 Traversals of two subjects in trial 2 of condition Al.
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Figure 7.2 Traversals of two subjects in trial 2 of condition A2.
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It can be seen from the data displayed in Figure 7.1 and Figure 7.2 that the

subjects appear to converge upon the targeted waypoint better in condition A2 than in

condition Al. Several other observations are possible. In both conditions, the subjects

missed a waypoint. A severe performance penalty, in the form of excess distance traveled,

can be seen for this navigation error. Additionally, several wide sweeping arcs are

present. These typically appear when a subject rotates the puck in order identify the

direction of a destination. When the puck is not rotated about its pivotal center point,

these arcs exaggerate the apparently intended rotational motion.

Several adjustments to the data collected were necessary. For three subjects, they

were not able to complete navigation in a particular condition. The affected condition was

'spatial audio' (without hints, labeled as condition "AO"). In one of the cases the subject

was able to complete one of three trials before giving up or asking for help; this data is

included in the analysis. In the other two cases, both subjects did not make it past the

practice sessions and no data was recorded. These omissions are easily identified by

looking at the tracking plots in Appendix R and observing which subjects are missing an

entry in the plot's legend.

Some data was removed or edited from the analysis. There were two conditions

that warranted this handling. In the first case, when a subject requested help during a trial,

that set of observations for that entire trial was removed from the dataset. This occurred

five times: in condition B1 for subject 20-Oct-2007-001 (route 1.dat), condition B1 for

subject 17-Oct-2007-001 (routes 1.dat and 2.dat), condition A1 for subject 19-Oct-2007-

001 (route 3.dat) and condition A1 for 29-Oct-2007-001 (route 2.dat). This problem

highlights a shortcoming in the experiment design (ceiling effect) and an area of further

inquiry which is included in the future research section. Under the second scenario,

changes to the puck's pivot point provoked an "out of bounds" message for some users
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who were completing navigation to the final point in the route (This was condition A2,

route dataset 3.dat). This problem arose as a side effect of the repositioning of the puck's

pivot point and only affected some of the subjects. In this case, rather than invalidating

the entire route's data for all the subjects, the data was amended to truncate the route to

only contain the points from the first point until the next to the last point. This effectively

severs that last waypoint's data and measurements from the trial. All dependent measures

were adjusted accordingly. For example, the DistRatio measure was calculated based on

the new, shorter scheduled distance and not the original scheduled distance.

7.2.2 Descriptive Statistics for Performance Data

After the described maintenance of the collected data was performed, the mean,

minimum, maximum and standard deviation were calculated. The descriptive statistics

for the dependent variables are summarized in Table 7.2. Source code for the statistical

package R that was used in these calculations can be found in Appendix N.
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Table 7.2 Descriptive Statistics for Final Experiment

Group Table of Means

Spatialized
Audio

(Al)

Variable N Mean Std. Dev. Min Max

DistRatio 21 2.258 0.804 1.416 4.319

AvgOTE 21 1106.2 353.73 630.50 2000.0

AvgHE 21 0.831 0.369 0.322 1.645

T/UD/WP 21 0.672 0.294 0.315 1.464

Spatialized
Audio +

Hints

(A2)

Variable N Mean Std. Dev. Min Max

DistRatio 30 1.738 0.460 1.208 2.897

AvgOTE 30 694.10 181.29 337.63 1136.10

AvgHE 30 0.432 0.230 0.163 1.319

T/UD/WP 30 0.835 0.374 0.377 2.200

Spatialized
Audio +
Visual

Feedback

(AO)

Variable N Mean Std. Dev. Min Max

DistRatio 30 1.640 0.318 1.206 2.657

AvgOTE 30 511.15 160.69 272.12 866.86

AvgHE 30 0.953 0.285 0.458 1.617

T/UD/WP 30 0.150 0.056 0.056 0.253

Varying
Pitch

(BI)

Variable N Mean Std. Dev. Min Max

DistRatio 27 2.097 1.060 1.270 6.302

AvgOTE 27 952.90 589.57 458.15 3428.2

AvgHE 27 0.515 0.260 0.173 1.111

T/UD/WP 27 0.695 0.387 0.218 2.003

Varying
Pitch

w/Silence

(B2)

Variable N Mean Std. Dev. Min Max

DistRatio 30 2.083 0.547 1.461 3.939

AvgOTE 30 793.03 203.47 461.62 1268.6

AvgHE 30 0.428 0.134 0.187 0.683

T/UD/WP 30 0.795 0.410 0.294 1.984

As done in Chapter 5, the group means are plotted along with other descriptive

statistics for visual comparison. Please refer back to Table 5.2 for a full display of the

descriptive statistics. The plots reflecting the descriptive statistics reported in Table 7.2

can be viewed in Figure 7.3.
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Figure 7.3 Summary plots for descriptive statistics of dependent variables.

7.2.3 Inferential Statistics for Performance Data

Following the same steps as those in Chapter 5, an analysis is performed to identify the

amount of correlation between dependent variables. The results are displayed in Table 7.3
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Table 7.3 Pearson Product-Moment Correlation Coefficients Between Dependent
Variables for Final Experiment

Note: Significant Values in Boldface

Dependent Variable DistRatio AvgOTE AvgHE TimePerUnitDistPerWP

DistRatio 1.00 0.69 0.24 0.41

AvgOTE 0.69 1.00 0.19 0.21

AvgHE 0.24 0.19 1.00 -0.47

TimePerUnitDistPerWP 0.41 0.21 -0.47 1.00

Consulting a table of critical values for r, any value over 0.167 is considered significant

(rα=0 05,11=138=0.167). Significant values are identified in Table 7.3 in boldface type. It is

observed that correlations above 0.4 exist for three pairs of dependent measures:

DistRatio with AvgOTE and TimePerUnitDistPerWP and AvgHE with

TimePerUnitDistPerWP. This suggests that a multivariate analysis needs to be considered

in comparing audio conditions.

To further assess whether a multivariate analysis is appropriate, assumptions are

checked to determine normality. The Shapiro-Wilk statistic is calculated for each sample

of the dependent variable within each condition. The associated probabilities are

tabulated in Table 7.4. It is seen by the low values of p that many samples do not exhibit

normality and thus, a multivariate analysis of variance cannot be used. Since the

normality assumption is not satisfied further analysis to determine homogeneity of

variance is not conducted. This suggests a variety of approaches for comparing

conditions. First, corrections can be applied to the distributions to make them normal. It

can be seen from the boxplots that the distributions of each variable are skewed on the

high end. This is because of the difficulties the subjects have when they reach a waypoint.

Either a threshold can be set around the waypoint and the data from this part of the path

ignored or the distribution can be made normal and homogeneous through a logarithmic
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transformation. Then a multivariate analysis of variance and paired comparisons can be

carried out. Alternatively, new techniques exist for non-parametric multivariate analyses

but these will have a low power. A decision was made to take a third approach, that is, to

ignore the requirement for a multivariate analysis and run a simple non-parametric test

comparing the conditions of interest. This was done primarily because the hypotheses

used in this study were not to build a theoretical basis for guiding audio wayfinding

design but as examples of how such a type of study could be done using taux. As such,

the results from the study are suspect, but illustrative of what could be done if one wanted

to use taux to build up a theory of audio wayfinding.

Table 7.4 Summary of Probabilities, Tabulated by Condition and Dependent Variable,
for Shapiro-Wilk Statistic

AO A1 A2 B1 B2

DistRatio 0.001 0.002 0.001 <0.0001 0.001

AvgOTE 0.165 0.121 0.568 <0.0001 0.625

AvgHE 0.368 0.023 <0.0001 0.022 0.257

Time/UD/WP 0.476 0.339 <0.0001 0.003 0.234

The Mann Whitney statistic (U) and associated probabilities was calculated to

draw inference about the differences observed between the group means for the AO

through B2 conditions. This distribution-free approach allows substitution of order

statistics for the collected data to support the study's hypotheses. Table 7.5 provides a

summary of the U statistic and associated probabilities for a one-tailed two sample

approach. The R source code for this analysis in included in Appendix N. It can be seen

that fifty percent of the hypotheses are supported; the departures will be discussed in the

next chapter.
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Table 7.5 Paired Comparisons Using Mann Whitney Statistic. Values Displayed are U
Statistic and Corresponding Probability (p), with Significant Values Shown in Bold at
95% Level.

A2 v. A1 B2 v.B1 AO v. A1 AO v. A2

DistRatio 464 321 500 485

0.002 0.910 0.0001 0.306

AvgOTE 535 435 607 696

<0.0001 0.320 <0.0001 <0.001

AvgHE 554 463 222 63

<0.0001 0.180 0.963 1.000

Time/UD/WP 219 342 630 900

0.968 0.843 <0.0001 <0.0001

Supported/unsupported status is identified for each of the experiment hypotheses

in Table 7.6.


