














Figure 8.2 Wiimote attached to steering wheel with counterweight

The overall physical layout consisted of a fixed chair 18.5” high and a table 29.5”
high. The front of the chair was initially 7" from the table edge, but was sometimes
adjusted slightly to accommodate users. The steering wheel of 11” diameter was about
14”/15” from the participant’s chest. The driving simulation screen (Samsung LCD
HDTV, 1080P, 40” diagonal) was approximately 35 from the participant’s eyes. The
center console screen was 24” to the right of the centerline, and 30 down the centerline,
and approximately 15” down from eye height (dependent on participant height). The
direct view distance was approximately 41”. The center console screen was oriented to be
approximately orthogonal to the view angle. The center of the eye tracking system was
approximately 30” away.

The FaceLAB eye tracking system was used to track eye direction. It uses
reflected infrared light and stereoscopic cameras for tracking the eyes. It collects data at
60 Hz. The software was running on a Dell Latitude D830 laptop. The eye tracking
system can also track pupil size. However, it was discovered that accurate pupil tracking

generally only works well with participants with light colored eyes and not wearing
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contacts. Otherwise, iris tracking worked better for gaze tracking (e.g. for dark colored
eyes).

Biometric measures of heart rate and galvanic skin response were collected with a
NeXus-10 physiological monitoring and feedback platform connected to an Acer Aspire
5750-6421 laptop, with recordings made at 32 Hz. The heart rate electrode pads were
placed in the modified lead II configuration. Specifically, the layout was with the positive
lead on the left lower ribs, the negative lead under the right clavicle, and the ground
under the left clavicle.

All computers were synced to Network Time Protocol (NTP) a time server
located at Georgia Tech and synchronized via the NetTime program
(http://www.timesynctool.com). This allowed data collection logs to be easily compared

across systems.

Study 5 — Design and Procedure

This study protocol was very similar to the second study. Participants were tasked
with finding menu items in a list of twenty items while simultaneously performing the
OpenDS driving simulator 3VP task.

A 3VP script generator was developed specifically for this study that generates a
randomized event schedule with a modified Poisson distribution. The modification is that
a minimum and maximum time between consecutive events is enforced. At each event
point, a random number and configurable ratio determines whether the event will be
braking of the lead car or turn signal of the rear car. An additional accumulating bias
corrects event type distribution back towards expected means quicker than chance alone
(to avoid long strings of the same stimulus event). Overall, the script generator creates a

semi-random script, ensuring that event type and event schedule are unpredictable, but
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still produce good coverage, especially including 3VP events that often occur
simultaneously with menu tasks.

After informed consent was obtained, participants were instructed with how to
instrument themselves with the heart rate sensors in a private dressing room.
Additionally, participants were instrumented with a GSR finger sensor. Next they
performed eye-tracking calibration and then received automated menu interaction
training. This was followed by driving task training, and then dual task (driving plus
menu) training. After all setup and training, participants completed two paired blocks
each finding ten binned targets of the menu list (ultimately covering all list items) across
the randomized conditions of visual condition of the menu (on or off), and menu type
(push or pull). Unlike the second study, it was not practical to automate the start and stop
of all computer systems. Therefore, the experiment administrator manually completed
this procedure and correlated time stamps in logs from each of the computers to
compensate for the differences (network time synchronization was utilized).

Some log files did not log high-resolution absolute time stamps for all samples
and instead only recorded the absolute time at the start and then either relative offsets for
sample times or frame counts. The worst case for comparison purposes was the eye
tracker log files that only recorded an absolute time stamp for the start of collection and
had an accuracy of seconds rather than milliseconds. This means that it was impossible to
correlate events across log files as precisely as was done in the second study (only to one
second accuracy).

There was a delay of 5, 10, or 15 seconds between each trial (as before). As with
the second study, this allowed for the creation of a condition representing on/off trial
status. Data logs were segmented into samples within the period of finding a menu target
or the period of waiting for the next target.

Measures were recorded from OpenDS 3VP task including follow car turn signal

response, lead car speed reduction task, vehicle speed, lateral lane position, lateral lane
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position variation (an approximate measure of lane position corrections, further discussed
below), lateral lane deviation, lead car follow distance, and lateral lane deviation. The
deviation measures specify a distance outside of an acceptably range defined by the
OpenDS system. If a participant operates her vehicle within the acceptable range then a
value of zero is logged. Otherwise the distance from the edge of the range is logged.
OpenDS records logs to a database at approximately 15 Hz.

A new variable was created from the OpenDS logs. This was a simple measure of
lateral lane position variations meant to capture magnitude of user corrections to lane
drift over time. Unfortunately OpenDS does not have direct logging of steering wheel
inputs. To accomplish this, the standard deviation of lane position was calculated. This
approach was assumed to be effective because the sampling rate was uniform (at 15 Hz)
and directional changes only occur from steering inputs (no simulated wind,
programmatic lane drift, etc.).

The eye tracker records gaze direction, pupil size, and gaze object (determined by
a scene geometry configuration). The scene in this study includes a model of the
simulator screen relative to the eye tracker cameras. This allows determination of
whether a user is looking at the screen or not. The center console screen was not modeled
as it was found to be too small to accurately determine when it was looking at. Pupil size
was ultimately deemed to be problematic because the ability to track pupil size was
highly variable across participants (eye color, contacts, etc.). This is further complicated
by the fact that the FaceLAB system can only be configured for pupil-based or iris-based
gaze tracking. Most often the iris-based tracking worked best for gaze direction, leaving
very few pupil-tracked participants. Ultimately, the pupil size variable was discarded due
to lack of statistically viable data.

Also, a new variable was created from the eye tracker logs. This was a count of
the number of times the participant glanced away from the driving simulator screen. This

was accomplished by analyzing individual frames of log data looking for a transition
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from looking at the simulator to not looking at it and back again, marking events at each
transition. The events were filtered to remove glances away shorter than 10 ms (assumed
to be intermittent tracker loss rather than an actual glance). Then the sum total was

reported as the number of glances away.

Study 5 — Results

Results were analyzed similarly to Study 2. Measures such as driving
performance and eye tracking measures were divided into on trial and off trial status
groups. The on trial category refers to measures taken during an auditory menu selection
task. The off trial category refers to measures taken during the break between trials, but
still during an experiment block. This design results in a 2 (menu type: push, pull) x 2
(visual condition: visuals on, visuals off) x 2 (trial status: on, off) repeated-measures
analysis of variance (ANOVA) for driving and eye tracking measures. For menu
interactions and NASATLX workload, a 2 (menu type: push, pull) x 2 (visual condition:
visuals on, visuals off) repeated-measures analysis of variance (ANOVA) is applied. By
chance, two participants did not experience at least one turn signal or at least one speed
reduction stimuli during one of the on/off trial periods. These two participants were
excluded for OpenDS measures analysis. Therefore all driving performance metrics use
an N of 32. Note that after exclusions, the mean number of turn signal events per on/off
trial period was 7.1 (SD = 2.4, Min = 1, Max = 15), and the mean number of speed
reduction events per on/off trial period was 7.1 (SD = 2.2, Min =1, Max = 13).

Statistically significant differences were found with menu type in delay of

response to the turn signal stimulus of the 3VP task, F(1, 31) =4.29, p < .05, np2 =0.12.
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Table 8.1 Menu Type Main Effects on OpenDS 3VP Event Responses

3VP Turn Sig Resp. (ms) | 3VP Speed Red. Resp (ms)
MenuType | Mean Std. Dev. Mean Std. Dev.
Push 1181.31 232.29 1194.47 145.95
Pull 1226.53 240.77 1191.53 103.54

The response to turn signal is 45ms quicker for the push menu than the pull menu.
This could be an influence of the visual on condition with the pull menu, but that
interaction was not significant. Another possibility is differences in workload (and
resource contention) for the two tasks. Interestingly, the speed reduction response time
mean was numerically very close between the two menu types, as seen in the table above.
Given that failure to comply with the speed reduction would result in a simulated vehicle
collision, participants likely placed the highest priority on this task in relation to the turn
signal response and menu interactions. Therefore, it is hypothesized that lower priority
tasks suffer sooner than higher priority tasks as resources are more heavily utilized.
Lastly, the turn signal indicator in the rear view fills a roughly constant visual space and
the location does not change much either. However, in addition to the brake lights of the
lead car during a speed reduction event, there is also a change in perspective as the lead
car gets closer. Visually, the lead car gets bigger as the speed reduction occurs
unchecked. This fact may also contribute to a quicker response relative to the turn signal.
The turn signal stimulus is actually somewhat similar to the Peripheral Detection Task
(PDT) (Martens & Van Winsum, 2000), which has known characteristics in response to
workload. The speed reduction stimulus is arguably more distinct from PDT, and that
perhaps explain some of the observed difference in response time.

Statistically significant differences were found with the visual condition on turn
signal response stimulus of the 3VP task, F(1, 31) =4.65, p <.05, np2 =(.13, and the

speed reduction response stimulus (3VP), F(1, 31)=5.72, p < .05, np2 =0.16.
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Table 8.2 Visual Condition Main Effects on 3VP Event Responses

3VP Turn Sig Resp. (ms) | 3VP Speed Red. Resp. (ms)
Vis. Cond. | Mean Std. Dev. Mean Std. Dev.
On 1229.21 241.60 1215.69 132.42
Off 1178.63 233.98 1169.98 119.85

The visuals on condition resulted in 50.57 ms mean increase in response time for
the turn signal stimuli and 45.71 ms mean increase for the speed reduction stimuli. Again,
these are expected outcomes if participants are looking away from the road when the
stimuli occur.

The on/off trial grouping had a statistically significant effect on vehicle speed,
F(1,31)=20.30,p < .05, npz = 0.40, lateral lane position, F(1, 31) =7.29, p < .05, npz =
0.19, and the distance to the lead car, F(1, 31) =9.78, p < .05, npz =0.24.

Table 8.3 Trial Status Main Effects on OpenDS Measures

Speed (kph) Lane Pos. (m) Lead Car Dist. (m)
TrialStatus | Mean | Std. Dev. Mean Std. Dev. Mean | Std. Dev.
On 54.25 5.36 0.30 0.20 | 22.01 2.79
Off 54.99 5.42 0.29 0.20 | 21.80 2.82

Participants’ speed was slightly higher off trial. A possibility is that participants
slow down during trial as a function of resource contention or increased workload. Lane
position was slightly closer to the lane centerline when off trial; perhaps suggesting on
trial menu interactions with menu buttons caused a drift to the right (menu buttons on the
right of the steering wheel). Another possibility is that further from the centerline was
considered a safer place to escape from pending collision and participants were aware of

the diminished ability to focus on the primary driving task. Also, participants maintained
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their car closer to the lead car when off trial. Again, resource contention could be the
cause of slowing down when on trial, and falling behind the lead car.

A statistically significant interaction of menu type on on/off trial grouping was
detected with longitudinal deviation, F(1, 31) =4.56, p < .05, np2 =0.13. However, post
hoc t-tests showed no significant results.

There was a statistically significant interaction of visual condition with the on/off
trial grouping on the 3VP turn signal response, F(1, 31) =4.87, p < .05, np2 =0.14, the
3VP speed reduction response, F(1, 31) =5.50, p <.05, npz = (.15, and on lateral lane
movement, F(1, 31) = 5.40, p <.05, n,” = 0.15.

Post hoc t-tests on the turn signal response affected by visual condition and on/off
trial status were not significant after applying a Bonferroni correction of 4. Post hoc t-
tests on lateral lane movement for the same interaction did not yield significant results
either.

Post hoc t-tests on the speed reduction response (by visual plus on/off trial status
interaction) were only significant for comparisons between the visual on condition when
on trial (M = 1247.89, SD = 30.72) and visual on condition when off trial (M = 1183.49,
SD =23.59), #(31)= 2.71, p < .05 (Bonferroni of 4). Again this fits with the possibility of
increased resource contention causing delayed response. That this only affected the visual
on condition suggests that there is increased workload caused by including visual
interface elements.

Eye tracking measures had several exclusions identified during collection due to
clear loss of tracking or clearly incorrect gaze direction as viewed in the live preview
screen of FaceLAB. A total of eight participants were excluded due to these observed
eye-tracking problems. This resulted in an N of 26 for the following analysis of eye
tracking measures.

The visual menu condition had main effects on the percentage of time participants

spend looking at the driving simulator computer screen, F(1, 25) = 5.87, p < .05, np2 =
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0.19, as well as the number of glances away from the simulator, F(1, 25) = 17.54, p < .05,

n,” = 0.41.

Table 8.4: Visual Condition Main Effects on Eye Tracker Measures

Num. Glances Off
Eyes on Driving Sim % Screen
VisCond Mean Std. Dev Mean Std. Dev.
On 0.969 0.001 14.38 11.88
Off 0.985 0.001 6.07 9.25

When the visual component of the menu is turned off, participants spend more
time looking at the driving simulator screen. Note that participants may still occasionally
look at the center console screen if they forget what their menu target is (the target is
always displayed during a trial) or if participants are anticipating the end of a block. In
retrospect, the lack of an auditory alert as to the end of a block was an experiment design
mistake, even with the experiment administrator notifying participants when blocks were
complete. This observation is further addressed in the interaction of visual condition and
on/off trial status discussed later in the results.

The on/off trial grouping had main effects on the percentage of time looking at the

simulator screen as well, F(1, 25) = 8.06, p < .05, np2 =0.24.

Table 8.5: Trial Status Main Effect on Eye Tracker Measure

Eyes on Driving Sim %
Trial
Status Mean Std. Dev.
On 0.972 0.001
Off 0.982 0.001
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While participants are interacting with the menu tasks, they spend less time
looking at the driving simulator screen. This is probably most likely influenced by the
visual condition, which will be observed in the following interactions.

A statistically significant interaction of the visual condition of the menu with the
on/off trial grouping condition on percentage time looking at the driving simulator screen
was observed, F(1, 25) = 14.67, p < .05, np2 = 0.37. Post hoc t-tests were performed and
statistically significant differences were found between on-trial/visuals-on (M = 0.957,
SD = 0.046) and on-trial/visuals-off (M = 0.987, SD = 0.025), #25) = 3.00, p < .05, as
well as on-trial/visuals-on and off-trial/visuals-on (M = 0.981, SD = 0.020), #(25) = 3.43,
p < .05 (Bonferroni correction of 4). Off-trial/visuals-off (M = 0.984, SD = 0.025) was
not significantly different than off-trial/visuals-on. Likewise, when visuals are off, on/off
trial status shows no statistically significant difference for the simulator view percentage.
Otherwise, a reduction in screen viewing percentage is observed when participants
transition from off-trial to on-trial when in the visuals-on menu condition, and a similar

reduction is observed when going from visuals-off to visuals-on while on trial.
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Figure 8.3: Visual Condition Interaction with Trial Status on Eye Tracker Measure
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There was also an interaction of the visual condition with on/off trial status on the
number of glances away from the simulator screen, F(1, 25) =26.00, p < .05, npz =0.39.
Post hoc t-tests were performed and visuals-on/on-trial (M = 17.75, SD = 16.14) was
significantly different than visuals-off/on-trial (M = 4.69, SD = 7.82), #(25) =4.41,p <
.05, visuals-on/on-trial was significantly different than visuals-on/off-trial (M = 11.00,
SD =10.11), #(25) = 2.71, p < .05, and visuals-off/on-trial was significantly different than
visuals-off/off-trial (M = 7.44, SD = 10.91), #(25) = 3.31, p < .05. (All t-tests Bonferroni
corrected for 4 comparisons.) Visuals-on/off-trial and visuals-off/off-trial were not

significantly different.
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Figure 8.4: Visual Condition Interaction with Trial Status on Eye Tracker Glances

Collectively, these observations of the visual condition interaction on on/off trial
status suggest that participants’ percentage view of the simulator (or number of glances)
is primarily negatively affected while on-trial and the visual menu is on. The mean
number of glances in the visuals-off/off-trial are statistically significantly higher than

visuals-off/on-trial. This does fit with the hypothesis that participants spent time quickly
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checking the center console display near the end of blocks to see if the block is complete.
Also, while visuals-on/off-trial and visuals-off/off-trial were not statistically significantly
different, numerical values do suggest that participants spent slightly more time looking
at the center console in the visual-on condition. This is reasonable given that participants
could review the visual menu list while waiting for a new trial.

The menu performance metrics cannot be meaningfully segmented into on/off
trial groupings because menu interactions only take place on trial. Because of this, there
were no issues with missing or excluded data, other than the one participant excluded
overall, discussed previously. Therefore, analysis takes place on 34 participants (N = 34).
Menu type had statistically significant main effects on the menu performance metrics of
trial accuracy, F(1, 33) = 80.22, p < .05, np2 =0.71, and menu trial duration, (1, 33) =
10.68, p < .05, np2 =0.24, as well as NASA TLX workload estimate, F(1, 33)=12.41, p
<.05,m," =0.27.

Table 8.6: Menu Type Main Effects on Menu Performance and Workload

Menu Menu

Accuracy Duration NASATLX
Menu
Type Mean Std. Dev. | Mean Std. Dev. | Mean Std. Dev.
Push 0.90 0.05 10.21 0.80 56.69 13.56
Pull 0.99 0.02 8.68 2.94 51.31 14.41

These results agree with previous studies with pull menus being superior in

selection accuracy and trial duration, as well as lower perceived workload.

The menu visual condition had statistically significant main effects on menu trial

duration, F(1, 33) =7.41, p<.05,n,"=0.27.
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Table 8.7: Visual Condition Main Effects on Menu Duration

Menu Duration

Vis. Cond. | Mean Std. Dev.

On 9.18 1.86
Off 9.72 1.68

The increase in menu trial duration for the visuals off condition relative to visuals
on is in agreement with the results of the first study that showed that pull menu
interaction performance is increased by the presence of a visual menu. The same
interaction has been observed in Study 5 and is detailed below.

A statistically significant interaction between menu type and menu visual
condition was observed on menu trial duration, F(1, 33) = 10.02, p < .05, np2 =0.23. Post
hoc t-tests were performed and statistically significant differences were found between
push-menu/visuals-on (M = 10.21, SD = 0.82) and pull-menu/visuals-on (M = 8.14, SD =
3.35), t(34) = 3.84, p < .05, and between pull-menu/visuals-on and pull-menu/visuals-off
(M =9.23, SD =2.84), #(34) = 3.21, p < .05 (Bonferroni correction for 4 comparisons).

This result mirrors the interaction observed in the first study.
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Figure 8.5: Menu Type Interaction with Visual Condition on Menu Trial Duration
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Study 5 — Discussion

This study has provided evidence that push menus can have benefits over pull
menus while an individual is simultaneously performing driving tasks. There is clear
support for the hypothesis that push menus impact driving task less than pull menus,
specifically regarding the turn signal response of the 3VP scenario. Users may be able to
prioritize tasks overall such that activities with the most immediate potential for
repercussions are managed (such as not running into the car in front of the driver). The
impact of differing menu interactions on these critical tasks may be less distinct than the
impact on supplementary diligence tasks like periodically checking rear and side view
mirrors. This suggests that a future research direction could focus more on the impact of
menu type on situation awareness in driving, or at least measures of driving performance
deemed to be most impacted by the level of situation awareness. Again, it is noted that
the 3VP task is limited in its ability to recreate a realistic driving scenario.

The simulated 3VP driving task has limitations in that it measures stimulus
responses for events that occur at an unrealistic schedule. Additionally, the artificial
nature of the 3VP scenario does not provide a real world scenario with higher-level tasks
and opportunities for the user to demonstrate problem solving that may be affected by
situation awareness. Furthermore, the 3VP task takes place on a simulated road that is
perfectly straight. This likely results in a ceiling effect on lateral lane holding. Ideally, the
road should involve some randomly determined curvature. It’s hypothesized that the
study repeated with this change could demonstrate statistically significant menu type
effect on lateral lane holding performance.

Given 3VP limitations, it may be interesting to conduct a further study with
driving tasks involving a realistic simulated scenario such as navigating to a particular
location while obeying traffic controls and interacting with other drivers.

This study is consistent with the previous studies in regards to menu accuracy and

response rates, as well as perceived workload. Biometric measures of workload were
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desired as such data would likely help distinguish between the impact of user preference
of menu type on perceived workload estimation. Regrettably, difficulties with
measurement equipment made these comparisons impossible for the study.

In summary, this study has been in line with the previous dual task experiment
(Study 2) and has demonstrated some preliminary results regarding the positive effects

that the push menu type can have on driving tasks.
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CHAPTER 9

DESIGN GUIDELINES

Through the efforts of this research, a number of design guidelines have been
identified. Most pertinent is that push menus appear to be primarily useful in dual task
scenarios. In isolated menu interaction tasks, users are frustrated by the lack of control of
the presentation of the menu items. However, when a user is focused on a demanding
visual-motor primary task, the frustrations are no longer as much a concern as the user is
so engaged with the primary task. Ultimately push menus seem to preserve much higher
MRT resources for the primary task as opposed to the resource contention caused by pull
menus.

Push menus also have the advantage of requiring a minimal physical interface of
just one button. This can be advantageous for devices with limited physical real estate
such as a wearable device, devices that must be extremely low cost, or devices that must
be extremely easy to use with universally understood affordances.

Push menus also seem most appropriate for short to mid-length menus of around
fifteen items or less. Longer menus are more likely to be frustrating for users. It may be
possible to break up larger lists of items in a hierarchy, but menu designers run the risk of
users getting lost within the structure. Additionally, a menu designer could increase the
presentation rate of a push menu but there is a risk of increasing selection error.

A push menu with auditory representation is largely not affected in user
performance by the presence of a multimodal visual menu. The user cannot make a push

menu go any faster and thus the user cannot take advantage of the benefits of visual
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scanning like can be done with a visual pull menu. Regardless, it is reasonable to
consider blanking an interface screen while a user is interacting with a push menu and
focused on another primary task with visual demands. For activities such as operating a
vehicle, this lack of competing visual can be of great benefit and the auditory
representation provided sufficient means of interaction. Further research is needed to
determine if users are less inclined to look at menu visuals when engaged with push
menus as compared with pull menus.

A variety of aspects of push menu auditory rendering can impact the speed of
interaction. Ideally, a menu designer will want to speed up interaction without significant
detriment to menu item selection accuracy. The previous studies identify silence interval
duration and selection overlap as two effective attributes that can be adjusted for optimal
speed/accuracy trade-off. The ideal values in the context of the controlled experiments
presented are 200ms silence duration and 200ms selection overlap.

Furthermore, a menu designer may consider speeding up the playback of the
actual menu items via pitch-corrected time compression of the audio stream. While not
explored in this research, this may be a further useful dimension in the optimization of
push menu throughput.

Menu familiarity is anticipated to confound efforts to increase the presentation
speed of a push menu. For instance, menu designers might draw upon generalized
characteristics of spoken word recognition in informing push menu overlap duration (see
Study 4). However, one may imagine a number of possibilities in which a user is
interacting with a menu. These possibilities may include whether the user knows exactly

which menu item she seeks (e.g. “Air Conditioner Control”) or perhaps the user must
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make a decision as to which category is most relevant to an interface goal (e.g. the user
wants to change the fan speed of the air conditioner with an unfamiliar vehicle interface
and doesn’t know the menu item title). Additionally, the user may or may not be familiar
with the complete menu and options, including the order of presentation. Related to this,
menus may reorder themselves based on frequency of use or other contextual
information. Collectively, these variations on menu use case can impact the most
appropriate optimizations of the push menu.

For instance, it is hypothesized that a user that knows exactly which menu item is
desired but that is not familiar with the entirety of the menu or the order of items will
react similarly to previous spoken word recognition studies (Allopenna, Magnuson, &
Tanenhaus, 1998). However, if the user is further aware of the menu order then she might
instead respond more quickly than spoken word recognition models predict. In this case,
a menu designer may need to reduce push menu overlap duration. If a user is not aware of
the exact menu item desired, she may choose to listen to all options once before making a
selection of the second go-round. Again, this may result in behavior that differs from the
other scenarios above.

In light of this potentially variable response, it may be desirable to dynamically
model user capabilities in push menu interaction. Such a system may adaptively adjust
push menu characteristics so as to optimize menu throughput. Such optimizations could
be bounded by recognition of menu error rate, but this is not necessarily straightforward
to detect unless there are well-defined corrective user inputs or confirmations of action

that the user must submit.
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Prediction of the user’s push menu interaction capability may be further modeled
in light of MRT. For instance, if the menu system is aware that a vehicle operator is
engaged with a particularly difficult driving task then overall push menu throughput
could be reduced accordingly to anticipated contention at various MRT stages of
processing.

While the research presented in this thesis did not utilize an adaptive menu
system, experimental results do suggest that optimal push menu configuration does vary
with individual ability and context (e.g. menu familiarity and multitasking demands).
Assuming a push menu designer is not able to create an adaptive system, then the push
menu characteristics should be conservatively set such that the menu is generally
accessible to the target user. A user configurable push menu throughput rate could be a
useful compromise to satisfying varying user ability.

One other design approach worth consideration is the notion of switching between
push and pull menus as appropriate. This concept might work by allowing a user to
interact with a pull menu when singularly focused on the menu system interaction.
However, if demands on the user change then the menu system can be switched to a push
menu. This menu type switch can be initiated directly by the user, or automatically
triggered by some contextual measurement (e.g. continuous measure of primary task
difficulty, user workload, stress, etc.) This is a potentially powerful approach to
leveraging the advantages of both menu interactions.

Menu designers may desire to make efforts to further improve push menu
selection accuracy through additional inputs from the user to confirm/correct the

selection. Study 3 discussed one such approach of allowing a sort of rewind function
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when a user overshoots. Many other methods may be effective approaches. For instance,
the menu system could include a confirmation of selection (e.g. “Select Air Conditioner?
Yes...No.”). Another option is to repeat push menu options temporally close to the user
selection event. Likely, the push menu would play at a slower speed for this secondary
confirmation selection. This approach is somewhat similar to the fast forward feature on
digital video recorders, which when a user selects to end a fast-forward operation moves
the play cursor back in the timeline to compensate for delayed user response. Another
approach may be to support a jog wheel style interface where the user can pick a speed of
menu playback dynamically.

Any of the above approaches to allowing the user to clarify push menu selections
may be effective in improving menu selection accuracy. However, menu designers
should be cautious in that any of these techniques can be abused in that a user can
become equally as engaged with physical menu interactions as a pull menu. In fact, Study
3 clearly indicated an unintended emergent abuse of the menu overshoot correction
feature by some participants.

There are a variety of application areas in which it may be appropriate to apply
push menus. The research presented suggests vehicle operation as a particularly
important area. Naturally, this applicability can be extended to all kinds of vehicles,
especially those in which the operator is continuously engaged in applying input control.
Aircraft such as airplanes and especially helicopters could benefit from push menus.

Additionally personal wearable devices could see benefit from push menus. Users

may be variously engaged with the demands of their activities and surroundings. Devices
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such as smart earpieces have extremely small form factors and hardly room for a single
button. In this case, a push menu may be particularly appropriate.

In summary, the push menu concept offers a broad range of advantages across a
number of potential application areas. There are a number of design dimensions that can
be adjusted as appropriate and some informed recommendations are presented. There are
still many aspects of push menus yet to explore, particularly related to dynamically
adjusting the menu parameters according to context. However, push menus can clearly be

effective with the methods presented.
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CHAPTER 10

CONCLUSION

This thesis traces a focused research thread exploring the interface modality of
auditory display as applied to menu selection activities that must be performed
simultaneously with heavy contention on perceptual, cognitive, and response processing
stages of task completion. This work goes beyond simply swapping visual interface
widgets with equivalent auditory constructs. Instead it considers the demands of
multitasking and attempts to diminish the dissonance created by antagonistic dual tasks.

In particular, four key contributions have been made. First, an empirically
grounded design space of push menus was presented. Second, a theoretical basis within
the context of Multiple Resource Theory was given, explaining the benefits of push menu
interaction during demanding primary tasks. Third, a flexible and functional auditory
menu system was developed supporting both push and pull menus as well as established
auditory display capabilities. Lastly, the effectiveness of push menus in dual task
scenarios was demonstrated with statistically significant evidence supporting that
hypothesis.

It is clear that there are tradeoffs between the two menu types. Push menus
concede overall efficiency, perceived workload, and preference to pull menus. However,
there is significant evidence that push menus can have less negative impact on a critical
visual motor primary task. This has shown to be true even when users must stay engaged
with a push menu for a longer period of time than a pull menu for an otherwise

equivalent selection task (due to the longer selection time).
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Pull menu interactions can be heavily shaped by users through preemptive
navigation actions, allowing for significant process optimization. Push menus however
can only be optimized through playback speed and interpretation of user response at the
system level. The overall playback speed can be adjusted by the silence interval between
menu items as well as the actual menu item’s presentation rate (perhaps pitch corrected
time compression). Leveraging the fact that it takes a user some amount of time to
recognize a menu item, the selection intervals can also be optimized to improve menu
selection accuracy with little or no negative impact on accuracy rates (as detailed
previously in discussion of selection overlap). This effort to optimize playback rate can
likely be further improved through dynamic adjustment of speed, perhaps driven by user
feedback, either directly though user setting or indirectly via behavior analysis.

Push menus may also benefit from the ability to manually refine interactions. An
initial effort was presented in the third study via the correction interaction. However, any
such interaction runs the risk of devolving into a pull menu through abuse of the feature if
not properly constrained. Another possibility not explored in these studies but presented
is the concept of selection confirmation. A selection confirmation could allow a user to
make a selection, and then be presented with a second opportunity for input confirming
the selection. An absence of follow-up confirmation could cancel the selection. This
could also reduce some of the frustrations users have identified. However, every
additional input required from the user runs the risk of negative impact on the primary
task.

The success of the push menu concept as compared to pull menus is supported by

the Multiple Resource Theory. At minimum, there appears to be a reduction of resource
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contention at the response processing stage. The fact that users engaged with a pull menu
must rapidly transition from auditory perceptual to cognitive decision making to tactile
response over and over suggests that there may also be a context switch penalty. This is
in comparison to a push menu interaction where a user is primarily engaged with auditory
perceptual and cognitive processing until the target menu item is recognized and a
response is required.

Push menus have proven straightforward to implement and should be easy to
integrate into any event based user interface system with robust audio output capabilities.
The research effort detailed in this thesis resulted in an implementation that supported
both the System for Wearable Audio Navigation (SWAN) as well as the user study
platform. This begins to show the flexibility of the interface components associated with
push menus.

In conclusion, push menus are a viable auditory interface for use in dual task
scenarios involving significant visual motor primary tasks. The most immediate
application is in vehicles with peripheral computer systems such as an infotainment
center console. Push menus could be equally applicable for users that have visual

impairments or are temporarily unable to safely look at a visual interface.
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APPENDIX A

SCREEN CAPTURES FROM EXPERIMENT SOFTWARE

TARGET: Burger Bowl
Buzz
Sideways the Dog
Tech Tower
George P. Burdell
The Shaft

Burger Bowl
Junior's Grill
Uncle Heinie Way
North Avenue
Ramblin' Wreck
The Whistle

¥ MORE V¥

Figure A.1: A screen capture of the experiment software with a menu of items.

Introduction

Thank you for your participation in this study. You will interact with
auditory menus to aid in an experiment measuring the efficiency of
different types of menus. You will be given a number of different
TARGETS that you must find within each menu as quickly and
accurately as you are able.

Use the LEFT and RIGHT directions on the DIRECTION PAD of the
controller to move through the options at the bottom of each
instruction page. Select one of the highlighted options with the A
BUTTON.

You can also select READ to have the instructions spoken aloud.
Select NEXT PAGE when you are ready to continue.

Next Page

Figure A.2: The experiment software with built in multimedia instructional pages.
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NASA TLX for MANUAL Menu, Size: 5

Hold down left/right to quickly adjust scale bar, then hit B.

How mentally demanding was the task?

Mental Demand ‘ .

Very Low Very High

How physically demanding was the task?

Physical Demand ‘ .
Very Low Very High
How hurried or rushed was the pace of the task?
Temporal Demand .
Very Low Very High
How successful were you in accomplishing what you were asked to do?
Performance

Failure Perfect

How hard did you have to work to accomplish your level of performance?
Effort L L]
Very Low Very High

How insecure, discouraged, irritated, stressed, and annoyed were you?

Frustration .
Very Low Very High

Redo TLX

Figure A.3: Experiment software with built-in NASA TLX dimension ranking.

NASA TLX for MANUAL Menu, Size: 5

Please select the item that in your opinion contributes more towards
the workload of the task you just completed.

(Press Down. Select with B Button)

Frustration

Temporal Demand

Figure A.4: Experiment software with built-in NASA TLX dimension ratings.
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STUDY 1 - EXTENDED RESULTS

APPENDIX B

Table B.1: Menu Type * Menu Size t-Tests

Menu Menu p p <
Measure | Menu Size | Type A Type B t(28) (corrected) | 0.05 ?
Trial
Duration size 5 pull push -15.61 .00 1
push pull 15.61 .00 1
size 20 pull push -22.07 .00 1
push pull 22.07 .00 1
size 40 pull push -31.40 .00 1
push pull 31.40 .00 1
Table B.2: Menu Type * Menu Size t-Tests (2)
Menu Menu Size | Menu Size p p<
Measure | Type A B t(28) (corrected) | 0.05 ?
duration pull size 5 size 20 -13.36 .00 1
size 5 size 40 -21.97 .00 1
size 20 size 40 -19.17 .00 1
push size 5 size 20 -45.21 .00 1
size 5 size 40 -53.68 .00 1
size 20 size 40 -44.01 .00 1
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Menu Visual
Type Condition | Mean Std. Dev.
pull off 9.75 1.98

on 4.21 1.85
push off 16.81 1.83

on 15.97 1.70

Visual
Menu Size | Condition | Mean Std. Dev.
size 5 off 3.41 0.44
on 2.57 0.41
size 20 off 9.69 1.38
on 7.78 1.28
size 40 off 26.74 3.42
on 19.93 3.19

Table B.3: Menu Type * Visual Condition Trial Duration Descriptive Statistics

Table B.4: Menu Size * Visual Condition Trial Duration Descriptive Statistics

Table B.S: Menu Type * Visual Condition on Selection Duration t-Tests

Visual Menu Menu p

Condition | Type Type t(28) (corrected) | p<0.05?
off 1 2 -17.40 .00 1

on 1 2 -31.11 .00 1
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Table B.6: Menu Type * Visual Condition on Trial Duration t-Tests (2)

Visual Visual
Menu Condition | Condition p
Type A B t(28) (corrected) | p<0.05?
pull off on 10.81 .00 1
push off on 1.79 34 0

Table B.7: Menu Size * Visual Condition on Trial Duration t-Tests (3)

Visual Menu Size | Menu Size p
Condition | A B t(28) (corrected) | p<0.05?
off size 5 size 20 -27.31 .00 1
size 5 size 40 -37.57 .00 1
size 20 size 40 -34.52 .00 1
on size 5 size 20 -24.34 .00 1
size 5 size 40 -30.04 .00 1
size 20 size 40 -26.42 .00 1

Table B.8: Menu Size * Visual Condition on Trial Duration T-Tests (4)

Visual Visual
Condition | Condition p
Menu Size | A B t(28) (corrected) | p <0.05?
size 5 off on 7.32 .00 1
size 20 off on 5.38 .00 1
size 40 off on 7.71 .00 1
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Table B.9: Menu Type * Menu Size * Visual Cond. Trial Duration Descriptive

Statistics

Menu Visual
Type Menu Size | Condition | Mean Std. Dev.
pull size 5 off 2.86 0.61
on 1.60 0.57
size 20 off 7.09 2.05
on 3.63 1.91
size 40 off 19.29 4.11
on 7.41 3.83
push size 5 off 3.95 0.55
on 3.54 0.51
size 20 off 12.29 1.55
on 11.93 1.44
size 40 off 34.19 4.33
on 32.45 4.03

Table B.10: Menu Type * Menu Size * Visual Condition on Trial Duration t-Tests

Visual Menu Menu p p <
Menu Size | Condition | Type A Type B t(28) (corrected) | .05 ?
1 0 1 2 -7.68 .00 1

1 1 2 -14.69 .00 1
2 0 1 2 -11.62 .00 1

1 1 2 -19.90 .00 1
3 0 1 2 -16.00 .00 1

1 1 2 -28.88 .00 1
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Table B.11: Menu Type * Menu Size * Visual Cond. on Trial Duration t-Tests (2)

Menu Visual Menu Size | Menu Size p p<
Type Condition | A B t(28) (corrected) | .05 ?
pull off size 5 size 20 -12.35 .00 1
size 5 size 40 -22.20 .00 1
size 20 size 40 -20.01 .00 1
on size 5 size 20 -6.38 .00 1
size 5 size 40 -8.43 .00 1
size 20 size 40 -6.66 .00 1
push off size 5 size 20 -30.89 .00 1
size 5 size 40 -37.47 .00 1
size 20 size 40 -31.06 .00 1
on size 5 size 20 -33.42 .00 1
size 5 size 40 -38.50 .00 1
size 20 size 40 -31.29 .00 1

Table B.12 — Menu Type * Menu Size * Visual Cond. on Trial Duration t-Tests (3)

Visual Visual
Menu Condition | Condition p p <
Type Menu Size | A B t(28) (corrected) | .05 ?
pull size 5 off on 8.06 .00 1
size 20 off on 6.53 .00 1
size 40 off on 11.20 .00 1
push size 5 off on 2.92 17 0
size 20 off on 0.92 1.0 0
size 40 off on 1.56 1.0 0
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APPENDIX C

STUDY 2 - EXTENDED RESULTS

Table C.1: Menu Type * Menu Size Descriptive Statistics

Measure menuType | menuSize | Mean Std. Dev
gameAccuracy | pull 5 .88 .08
20 .83 .10
40 .80 12
push 5 .90 .08
20 .87 11
40 .86 .10
trialDuration | pull 5 3.49 0.97
20 8.76 2.01
40 20.06 6.55
push 5 3.99 0.57
20 12.49 1.75
40 33.55 3.11
menuAccuracy | pull 5 95 .08
20 95 .09
40 95 .05
push 5 93 .05
20 92 .07
40 .86 15
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Table C.2: Menu Type * Menu Size t-tests

) p<.05
Measure menuType | menuSize A | menuSize B | #(35) = | (corrected) | ?
gameAcc pull 5 20 7.00 .00 1
5 40 10.25 | .00 1
20 40 4.13 .00 1
push 5 20 3.00 .03 1
5 40 5.57 .00 1
20 40 1.88 .76 0
trialDurati
on pull 5 20 -17.45 | .00 1
5 40 -15.54 | .00 1
20 40 -11.44 | .00 1
push 5 20 -31.36 | .00 1
5 40 -56.41 | .00 1
20 40 -45.00 | .00 1
menuAccu
racy pull 5 20 0.27 1.00 0
5 40 0.08 1.00 0
20 40 -0.23 | 1.00 0
push 5 20 1.33 1.00 0
5 40 3.27 .03 1
20 40 243 0.20 0
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Table C.3: Menu Type * Menu Size t-tests (2)

menuType | menuType p<.05
Measure menuSize | A B 1(35) p (corrected) | ?
gameAcc |5 pull push -1.75 76 0
20 -3.90 .01 1
40 -5.18 .00 1
trialDur 5 pull push -3.05 .05 1
20 -11.21 | .00 1
40 -11.66 | .00 1
menuAcc |5 pull push 1.47 1.00 0
20 2.20 28 0
40 4.04 .00 1
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APPENDIX D

STUDY 3 - EXTENDED RESULTS

Table D.1: Menu Size * Silence Duration Interaction Descriptive Statistics

Silence
Measure Menu Size | Duration | Mean Std. Dev.
Accuracy size 5 200ms 92 .09
400ms 96 .04
600ms 98 .03
size 20 200ms .86 .07
400ms 96 .04
600ms 97 .03
Duration size 5 200ms 3.22 0.31
400ms 3.63 0.20
600ms 4.07 0.20
size 20 200ms 9.59 0.53
400ms 11.39 0.54
600ms 13.36 0.53
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Table D.2: Menu Size * Silence Duration Interaction t-tests

Menu Silence Silence
Measure | Size Duration A | Duration | #(22) | p(corrected) | p <.05?
accuracy | size5 200ms 400ms -2.00 |.52 0
200ms 600ms -2.95 .07 0
400ms 600ms -1.55 | 1.00 0
size20 200ms 400ms -7.23 1 0.00 1
200ms 600ms -7.00 | 0.00 1
400ms 600ms -0.91 | 1.00 0
duration | size5 200ms 400ms -7.83 1 0.00 1
200ms 600ms -13.36 | 0.00 1
400ms 600ms -11.89 | 0.00 1
size20 200ms 400ms -18.97 | 0.00 1
200ms 600ms -33.63 | 0.00 1
400ms 600ms -16.37 | 0.00 1
Table D.3: Menu Size * Silence Duration Interaction t-tests (2)
Silence Menu
Measure | Duration | Menu Size A | Size B 1(22) | p(corrected) | p<.05?
accuracy | 200ms size5 size20 4.46 0.00 1
400ms size5 size20 0.55 1.00 0
600ms size5 size20 1.44 1.00 0
duration | 200ms size5 size20 -73.25 | 0.00 1
400ms size5 size20 -76.83 | 0.00 1
600ms size5 size20 -85.17 | 0.00 1
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APPENDIX E

STUDY 4 - EXTENDED RESULTS

Table E.1: Paired-Sample t-tests of Effects of Selection Overlap

Measure | Overlap Overlap t(26) ?corrected) p<0.05?
duration 300 ms 200 ms -10.44 0.00 1
300 ms 0 ms -17.73 0.00 1
200 ms 0 ms -12.10 0.00 1
workload | 300 ms 200 ms 1.74 0.28 0
300 ms 0 ms 3.08 0.02 1
200 ms 0 ms 1.82 0.24 0
Table E.2: Menu Size * Selection Overlap Descriptive Statistics
Measure | Menu Size | Overlap Mean Std. Dev.
Duration size 5 300 ms 2.98 0.28
200 ms 3.22 0.34
0 ms 3.62 0.28
size 20 300 ms 8.61 0.52
200 ms 9.52 0.48
0 ms 11.58 0.78
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Table E.3: Menu Size * Selection Overlap t-tests

Menu Size | Menu Size p
Overlap A B t(26) (corrected) | p<0.05?
300 ms size 5 size 20 -51.61 0.00 1
200 ms size 5 size 20 -67.01 0.00 1
0 ms size 5 size 20 -65.81 0.00 1
Table E.4: Menu Size * Selection Overlap t-tests (2)
p
menuSize | Overlap A | Overlap B | t(26) (corrected) | p<0.05?
size 5 300 ms 200 ms -3.39 0.02 1
300 ms 0 ms -10.83 0.00 1
200 ms 0 ms -5.09 0.00 1
size 20 300 ms 200 ms -8.13 0.00 1
300 ms 0 ms -16.63 0.00 1
200 ms 0 ms -13.33 0.00 1
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