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ABSTRACT 
The elder population is rising worldwide; in the US, no 
longer being able to drive is a significant marker of loss of 
independence. One of the approaches to helping elders 
drive more safely is to investigate the use of automotive 
user interface technology, and specifically, to explore the 
instrument panel (IP) display design to help attract and 
manage attention and make information easier to interpret. 

In this paper, we explore the premise that dashboard 
displays can be better designed to support elder drivers, 
their information needs, and their cognitive capabilities. We 
conducted a study to understand which display design 
features are critically linked to issues of divided attention 
and driving performance. We found that contrast of size and 
reduced clutter are instrumental in enhancing driving 
performance, particularly for the elder population. 
Surprisingly, our results showed that color elements have a 
negative effect on driving performance for elders, while 
color elements and fills slightly improve performance. We 
conclude with design implications generated from this 
work. 

Author Keywords 
Automotive UI, dashboard, dashboard display, senior 
drivers, eye tracking, divided attention, interface design 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous. 

General Terms 
Design.  

INTRODUCTION 
The elder population is rapidly rising worldwide. One of the 
significant losses of independence is when elders can no 
longer drive, especially as trips for shopping and social 

activities increase with age [4, 3, 10, 27]. At this point, 
elders relinquish all independence, and must rely on public 
transportation, formalized care, or a family member to leave 
one’s primary home [22]. To fight against the inevitable 
loss of independence, elders often keep driving long after it 
is safe for them to do so. Impairments such as decay in 
vision, hearing, and general mobility issues which restrict 
range of motion and fine motor skills work to collectively 
reduce the performance of elderly drivers [32, 14, 25]. In 
particular, elders face a decline in the ability to perform 
secondary tasks while driving, which require attention 
switching between the primary task of driving and the 
secondary task of looking at in-vehicle information displays 
such as instrument panels or navigation displays [20, 12, 2, 
17].  

One approach is to investigate the use of automotive user 
interface technology to help elders drive safely for longer 
periods of time. Better sensing and display technologies can 
be placed in the car to augment the diligence that an 
individual needs while driving. This can help audiences like 
elder drivers with issues such as slowed reaction time and 
visual acuity. In addition, instrument panel (IP) display 
design can be explored to help attract and manage attention, 
make information easier to interpret, and facilitate the 
cognitive process of making sense of information and 
acting accordingly. In this paper, we explore the premise 
that dashboard displays can be better designed to support 
elder drivers, their information needs, and their cognitive 
capabilities. To do so, we conduct a study to understand 
which display design features are critically linked to issues 
of divided attention and driving performance.  

We will explore two overarching questions: 1) What are the 
differences in the ways elders and non-elders manage 
attention when driving? 2) Can particular aspects of 
instrument panel (IP) display designs help elders better 
manage attention and perform better while driving? To 
answer these questions, 32 participants (18 elder drivers 
and 14 younger drivers) participated in a dual task 
experiment, evaluating a total of six displays while 
performing a simulated driving task. They were asked to 
locate and verbally read dashboard information while 
performing the driving task. 
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We developed two types of designs, high clutter designs 
and low clutter designs (Figure 1). We divided the 
dashboard into two areas, central and peripheral panels, and 
define clutter as the number of features per area. Within 
these two types of designs, we manipulated the contrast in 

size and color among dashboard elements to understand 
how useful, accessible, and legible each manipulation is 
(Figure 2). 

The results of our study demonstrated that our designs 
caused variations in driving performance that were greater 
in elder than in younger drivers. There was a significant 
impact of clutter, affecting how both elder and younger 
drivers managed their attention. The speedometer designs in 
the central panel had the most distinct results in affecting 
driver performance and attention management. Elder 
drivers performed better and had shorter glance times using 
the speedometers in the low clutter designs. Therefore, we 
can conclude that dashboard displays can be better designed 
to support safer driving in the elderly population.  

In what follows, we discuss related work on driving 
performance, icons, visual design features, and in-car 
information displays. Then we present the methods and 
findings from our study. We conclude with design 
implications that can be used to guide instrument panel 
display designs. 

BACKGROUND WORK 
Literature from three domains informed our research: 
research on in-vehicle information displays, cognitive 
psychology and attention demand, and icon design and 
research on visual design features that affect attention 
direction and information transfer. 

                   

Figure 1: Six dashboard designs used for the study.
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Figure 2. Design features used in the display designs. 
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In-vehicle information displays 
Attentive driving can be hindered when performing 
secondary interactive tasks, including eating or smoking, 
communicating with others, or using in-vehicle devices. In 
particular, in-vehicle information displays at times demand 
a driver’s visual attention, causing significant issues of 
divided attention. To succeed in both safe driving and 
effective interaction, drivers have to manage their eye-off-
road timings, patterns and frequency. 

Human factors studies have shown that an average of 2.7 
glances and a total of 4.1 seconds fixation time on a display 
are the maximum safely allowed when driving at 30km/h 
[33]. A driver takes approximately 0.78 seconds and 1.26 
glances to read a speedometer [34]. Rockwell’s two-second 
rule states that drivers should not take their eyes off the 
road for longer than a two-second interval [24]. That 
naturally limits the amount of interaction and information 
that can be consumed per distraction: for example, the 
amount of text-based information that can be safely read 
while driving is 6.2 Japanese or 11 Roman characters per 
second [15, 13]). 

Fortunately, we find that visual attention demands can be 
positively impacted by the visual design of the instrument 
panel [20, 19, 17, 18]. For example, [19] used abstraction as 
a design strategy to minimize the complexity of route map 
visualizations in a navigation system, reducing fixation time 
and number of glances. Reduced attention demands led to 
positive effects on elders’ driving-related task performance; 
by minimizing the number and length of transitions 
between a navigation display view and the primary driving 
view, the number of missed turns and pedestrians put in 

danger dropped by more than a factor of two [17]. Adding 
dynamic color to displays has eliminated the significant 
age-related decrease in reaction time seen when displays 
had no color [20]. As noted in [2], advanced automotive 
displays or UI technologies have the potential to improve 
safety and mobility if designed in accordance with the 
sensory/cognitive abilities of older drivers. We believe re-
designing car dashboard displays can help increase elder 
drivers’ visual search speed and decrease attention demands, 
and result in safer driving. 

Visual search tasks and attention demand 
Finding information on a visual display is a visual search 
task. The perceptual psychology literature has identified 
two types of visual search tasks: a top-down task, which is 
goal-driven and implements cognitive strategies; and 
bottom-up tasks, which are thought to work on raw sensory 
input, shifting attention to salient items in a visual field [7]. 
Typically, bottom-up processes are thought to act early on 
in the visual perception process, generally within 100 
milliseconds. 

Within bottom-up mechanisms, the concept of pop-out is 
important [28, 1]. Pop-out is the drawing of attention to an 
object, which occurs when an item in the visual field is 
somehow distinctive. This is done by using highly 
contrasting design variables, as shown in Figure 2. A range 
of design factors can cause pop-out effects, including color, 
brightness, and movement [5, 16, 29, 30]. Interestingly, the 
literature shows that size does not create a pop-out effect 
[1]. 

We can replicate the same visual search phenomena when 
searching for information in a dashboard display using the 
design features of clutter, contrast of size and color. When a 
driver searches for information, she will generally know 
what she is looking for. A top-down search will be invoked, 
and will be modified by particular design features that are 
the target of the user’s search. For example, if the target of 
the driver’s search has a pop-out effect, information will be 
discovered quickly. If other aspects of the display feature 
pop-out, they will hinder the driver’s search for information.  

Icon design and research on visual design features 
Visual design is informed by research in many areas: 
cognitive science, human factors, and semiotics, among 
others. Research has explored identification and/or search 
speeds of text [9], color [8], high-symbolism icons [21], and 
combined text and high-symbolism pictures [6]. Visual 
search studies, on which many of the findings are based, are 
not representative of the dual-task paradigm that occurs 
during driving and that was used in our study.  

Other research explores how individual design features 
holistically contribute to a design. Color as a design feature 
has been shown to result in faster search times compared to 
design features such as size, brightness, and geometric 
shape [8]. Another study showed that the discriminating 
effects of color lessen with learning [9]. Other research 
confirms that text can be processed faster than pictures [8], 

Figure 3: Dual task test-bed incorporated with a driving 
simulation game (primary display section 1 for driving task 
and secondary display section 2 for dashboard display), an 

eye tracker and a Wii-wheel joystick).
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that concrete icons are more quickly interpreted than 
abstract ones [21], and that complex icons lead to slower 
search and identification times (whether the symbols are 
learned or unlearned by the viewer) [21]. 

From a rich body of empirical work, icon design guidelines 
have been created for in-vehicle usage [7] and public 
information [36]. Both sets of guidelines stress the 
importance of universal interpretability by using high-
symbolism and simple drawings, because they assume 
viewers will have little or no training with the icons.  

A body of dual-task research exists has examined interfaces 
for safety-critical situations, such as flying and driving. One 
dual-task study showed that finding items on a secondary 
display may not significantly hinder a primary task [26]. 
Other research has focused on icon-function relationships, 
exploring the relationship between visual design, 
complexity, and interpretation of particular designs. 
However, this work does not explore how a display might 
best convey information for a secondary task. This leaves 
open the exploration of designs and renditions that may use 
design features like contrast, color, and abstraction to 
quickly convey information. 

From the literature, we can understand that the goal of 
minimizing complexity on a visual display is important. We 
also know that bottom-up search happens within 100ms of 
attending to a visual display. For this reason, we sought to 
design features that supported bottom-up processes, so that 
the driver’s eye would be naturally directed to changes on 
the screen. Our designs explore clutter as a design strategy; 
increased clutter means there are more interface elements 
that can convey information, while decreased clutter means 
that there is less competition for user attention. Our designs 
also explore the impact of contrast in size and color as 
design variables. The details of particular design features 
relative to one another are important. To uncover them, we 
embarked on an iterative, user-centered design process to 
design the displays for our study.  

PREDICTIONS 
Because we view designs holistically, it is impossible to 
predict how individual design features such as color or size 
might directly affect performance on an experimental task. 
Therefore, we have developed the following predictions, 
based on our six designs: 

a) Clutter type will impact a design’s effect on driving 
performance more than design features.  

b) Low clutter designs will require less fixation time and, 
therefore, less response time in answering a prompt for 
information. This difference will be greater for elder than 
younger drivers. 

c) As predicted in the literature [1, 20], color will cause a 
greater attraction of attention than contrast in size for elder 
drivers. Designs using color will have faster interpretation 
time than designs using contrast in size. Designs using 

contrast in size plus color will demand the most attention 
and have the greatest effect on elders’ driving performance. 

DASHBOARD DESIGN 
For the study, we designed six different car dashboard 
displays based on two design types, Low Clutter and High 
Clutter, and two design features: contrast in size and color 
(Figure 1).  

To design the dashboard displays, we undertook an 
iterative, user-centered design process, which included 
interviews with elder and younger drivers, an expert 
interview with a driving rehab specialist, and a design and 
feature analysis of 36 existing dashboard designs on 
competitive car models. From this, we identified a set of 
design features for the focus of our study. A first round of 
designs was sketched by hand and evaluated by the driving 
specialist. From there, the set of features was narrowed to 
the final list and static designs were created using Adobe 
Illustrator. We then identified a set of interaction features 
for each dashboard (speed, gas gauge, engine light, etc.) 
and implemented these modified designs using Adobe 
Flash. 

EXPERIMENTAL DESIGN 
We conducted a dual-task experiment to test our predictions 
about our designs.  

Test-bed setup 
We presented a Java-based driving simulation game with 
two vertically separated areas of focus: a primary driving 
task display in the upper section and our dashboard displays 
in the lower section (See Figure 3). The overall screen size 
was 0.32  0.388 m with the resolution of 1024  1280 
pixels. The screen resolution of the dashboard display 
section was 1024  512 pixels. The driving display featured 
blue coins arranged along a grey curve representing a road. 
Participants manipulated a red dot (representing their car) in 
this scene using a Bluetooth-based Wii steering wheel 
controller. As shown in Figure 3, a runtime timestamp and 
coin collection score can be seen on the top left and bottom 
left side of the task display screen, respectively. To assess 
where drivers were looking, their gaze was tracked using a 
Smart Eye Pro 5.5 contactless gaze tracker 
(http://www.smarteye.se). 

The secondary display section showed dynamic images of 
the dashboard display. Our experiment featured six designs, 
using two clutter types, contrast in size, and variation in use 
of color  (Figure 1). Each display consists of five dashboard 
components: speedometer, fuel gauge, clock, odometer, and 
tachometer. The HC dashboards combined speedometer, 
clock and odometer in a central panel, and fuel gauge and 
tachometer in a peripheral panel. The LC dashboard 
featured only the speedometer in the central panel.  

Dual task 
In the dual task experiment, participants were asked to 
complete a five-minute simulated driving game, and were 
verbally prompted to report information from the dashboard 
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ten times during the game. The game incentive to collect 
coins was included to keep participants focused on the 
primary task of driving, rather than focusing on the 
dashboard. Drivers attempted to collect coins while 
maintaining the car’s position in the center of the road. Five 
voice commands prompted for information twice in a 
counter-balanced order (e.g., “speed”, “fuel”, “time”, 
“odometer” and “tachometer”). Participants verbally 
reported the answers, referring to the dynamically updating 
dashboard display. For simplicity, we employed a top-view 
representation of a car in our driving task, rather than a 
driver-view representation.  

Participants 
We recruited 32 participants (age range/mean: 18-89/56.10, 
10 males and 22 females) including 18 elder participants 
(65-89/74.24, 4 males and 14 females) and 14 younger 
participants (18-63/34.07, 6 males and 8 females). Elder 
participants were recruited through a lifelong learning 
institute at two local universities. We recruited younger 
participants through bulletin board ads placed around the 
university campus and in the local community. Participants 
provided demographic information and participated in an 
eye profiling and gaze calibration task, which took between 
15 and 20 minutes. 

All 18 elder participants reported having more than 30 
years of driving experience. 78% did not report any 
impairment and three elders who reported visual or hearing 
impairments were excluded from the task performance/gaze 
analysis. None of the younger participants reported any 
impairment. Their driving experience varied from 0-2 years 
(14%), 3-4 years (14%), 5-10 years (29%), 11-20 years 
(7%), 21-30 years (7%) and more than 30 years (29%).  

Measurement 
Our automated measures for the primary task included lane 
deviation (LD), measuring the average distance from the 
center of the road, and missed coins (MC), measuring the 
total number of coins that drivers failed to collect during the 
experiment.  

Our measures for the secondary task were collected using a 
video recording, with the timestamp on the driving display 
used to integrate the log of the automated measures and the 
recording. Auditory commands and participant answers 
were also time-coded. Our measures included response time 
(RT), time from when the voice command was announced 
to when the participant began to utter an answer, and 
answer duration (AD), time from the moment the 
participant begins responding until the time the answer is 
completed. These measures indicate how quickly 
participants searched the dashboard display and how long it 
took them to comprehend the visual designs and 
communicate the results. We also analyzed time-on-task by 
adding these two measures. 

To create a measure of divided attention, we measured eye 
gaze movements and calculated eye-off-road times. We 
extracted the coordinates where a subject’s gaze intersected 

with the screen. Using a high-pass noise filter combined 
with linear interpolation, we calculated gaze dwell-on time, 
indicating how long a subject’s gaze remained on the 
dashboard display and on each of the dashboard 
components during our driving task, and gaze drop-by 
frequency that indicates how many times a subject’s gaze 
was drawn to the dashboard display section and each of the 
dashboard components during our driving task. 

For each test, we obtained a full dataset consisting of three 
output files: a driving log file, a gaze log file, and a video.  

Questionnaires 
Each participant filled out initial, interim and post-test 
questionnaires. An initial questionnaire surveyed 
participants about their driving patterns and general 
opinions about dashboard design properties. After each 
driving test, an interim questionnaire captured participants’ 
subjective evaluations of the design. Participants rated each 
instrument panel in each dashboard display using a 6-point 
Likert scale. A post questionnaire captured comparative 
preferences for the dashboards. 

RESULTS 
We analyzed each design in four ways: by clutter type (high 
or low), by panel (central or peripheral), and by contrast of 
size and color. We examined post-hoc contrast results for 
more details. 

Preliminary survey 
The initial survey queried drivers about the relative 
importance of the instrument panels and what aspects of 
dashboard displays they felt could be improved. In terms of 
the dashboard display design, both elders and younger 
drivers rated the speedometer to be of primary importance 
to the driving task (89% and 79% respectively), followed 
by the fuel gauge (34% and 14% respectively). The 
tachometer was chosen as the least important instrument 
(78% and 57% respectively). Both groups selected the 
odometer and tachometer as the most difficult to find 
quickly. When asked what features of dashboard displays 
were most ripe for improvement, elder participants selected 
lighting brightness (67%) and display contrast (39%), 
followed by font size (33%). 

 

Figure 4: Primary and secondary task performance  
by age group. 
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Task performance 

Primary task performance 
The primary task was evaluated by two measures: missed 
coins (MC) and lane deviation (LD). We found significant 
performance measures for both, between the two age 
groups. On average, elder participants missed five more 
coins (2.22 times more, F1,27=12.723, p<0.001) and had 
1.28 times larger lane deviations (F1,27=7.551, p<0.011), 
than younger participants (Figure 4). 

In coin collecting performance, we found no significant 
impact either by clutter type or by color (including elements 
and background fills). 

In lane deviation performance, elders showed 1.15 times 
larger lane deviations when using the color-added designs 
(bottom two rows of designs in Figure 1) than when using 
the no-color designs (top row in Figure 1) (F1,139=5.317, 
p<0.023). Interestingly, however, when examining only the 
use of color elements and background fills together (i.e., the 
3rd row of designs in Figure 1), elders' lane deviation 
performance was NOT significantly different from when 
they used the no-color designs (F1,135=0.488,  p<0.486).  

To summarize, younger participants performed better than 
elder participants on the primary driving task. Given the 
lane deviation results, one important implication is that 
dashboard display designs may draw attention away from 
driving safely, and that this effect is larger for elder drivers. 
To explore this issue further, we examined the participants’ 
secondary task performance and gaze movement. 

Secondary task performance 
Secondary task performance was measured by time on task, 
time to answer (RT), and answer duration (AD). There were 
no significant differences between younger and elder 
participants in secondary task performance over all 
dashboards (Figure 4). However, we found design-specific 
differences in both age groups. Clutter type and contrast of 
size had an impact on RT and AD in some of the designs.  

For example, when using LC dashboards, elders’ time to 
respond to speedometer questions was 0.69s faster 
(F1,135=17.276, p<.0001) and younger participants response 
time was 0.50s faster (F1,135=8.319, p<0.005), than using 
HC dashboards. Faster average RTs were also found for the 
other dashboard components when using LC dashboards. 
Despite these results, participants had longer ADs when 
using LC dashboards, spending 0.26s more in reading 
information from the displays (F1,135=6.304,  p<0.013). 

To understand this discrepancy, we conducted a post-hoc 
analysis by grouping the dashboard components into two 
panels: central and peripheral. Interestingly, we found that 
across all participants, both RT and AD in interacting with  
central panels were significantly shorter (0.91s and 0.70s 
per interaction) when using LC dashboards (F1,135=59.423, 
p<.0001 and F1,135=7.732, p<0.006, respectively). Further, 
these significantly shorter durations were seen in both 

younger and elder participants. The peripheral panel of the 
LC dashboards slowed the speed of responding to the 
prompt; here, participants’ AD was 0.44s longer for the 
peripheral panel (F1,135=15.627,  p<.0001). 

In other words, when using LC dashboards, RTs were 
generally faster across the panels overall and significantly 
faster for the central panel; ADs were shorter for the central 
panel, as expected, but they were significantly longer for 
the peripheral panel. Given these results, when glancing at 
the dashboard display, drivers may strategically manage 
their attention to ensure that they can continue to drive 
safely. This strategy may differ significantly depending on 
whether they are interacting with the central or peripheral 
panel. To explore this further, we examined the impact of 
the dashboard design factors. 

In particular, when comparing high clutter and low clutter 
displays, we found that elder participants spent significantly 
different amounts of time attending to the central and 
peripheral panel zones. The average ratio of time spent on 
central vs. peripheral panels was closer to 0.5 for the LC 
dashboards, but closer to 1.0 for the HC dashboards (Figure 
5, left). We interpret this to mean that elders changed their 
strategy for answering questions when using the LC and 
HC designs. This was not the case for younger participants, 
who exhibited no significant changes in AD by clutter type 
(Figure 5, bottom right) F1,135=3.057,  p<0.083). 

To summarize, both elder and younger participants’ 
secondary task performance was influenced by dashboard 
components and panels within the designs. LC dashboards 
with high contrast of size yielded a mostly faster response 
time for the secondary task, particularly in the central panel 
and particularly for elder drivers.  

 

Figure 5: Ratios of response time and answer duration by 
panel zone (Average times taken for central panel / 

Average times taken for peripheral panel). 
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Gaze analysis 
Our gaze analysis measures included gaze dwell-on time 
and gaze drop-by frequency; these measures represent how 
long and how often participants took their eyes off the road. 
Using gaze tracking data, we analyzed attention switching 
between the driving game and the dashboard display.  

We found that clutter type, panel, and contrast in size all 
had a significant impact on both gaze dwell-on time and 
gaze drop-by frequency for the dashboard display. When 
using low clutter (LC) designs, participants gazed 4.92s less 
at the dashboard display and took their eyes off the road 
display 5.06 fewer times (F1,77=6.985, p<0.01 and 
F1,77=4.140, p<0.045, respectively); in particular, a post hoc 
analysis revealed that elder drivers’ gaze-dwell on time was 
significantly affected by clutter type (5.96s less when using 
LC, F1,77=4.434, p<0.039). (Figure 6). 

When analyzing by panel, on average our participants spent 
7.08s and 8.59 glances looking at dashboard components in 
the central panel and 4.47s and 6.302 glances for the 
peripheral components. LC dashboards required less gaze 
dwell-on time and lower gaze drop-by frequency than HC 
dashboards: 2.24s shorter (F1,77=25.382, p<.0001) and 4.05 
fewer glances (F1,77=46.065, p<.0001) for the central 
component; 0.81s shorter (F1,77=7.603, p<0.007) and 1.94 
fewer glances (F1,77=15.808, p<0.0002) for the peripheral 
component. 

When analyzing by contrast of size, participants looked at 
the speedometer of the LC dashboards (i.e., high size-
contrast dashboards) for 10.42s less (F1,77=224.775, 
p<.0001) and the clock for 1.68s less (F1,77=41.892,  
p<.0001).   

In conclusion, clutter type was more important than age 
factor in having an effect on gaze drop and gaze dwell time, 
although the degree of impact on gaze was greater in elder 
drivers. LC designs yielded a smaller gaze dwell-on time 
and lower gaze drop-by frequency (i.e., a lower potential of 
eye-off-road issues) over all participants, for both the 
central and peripheral panels (Figure 7), but especially in 
the central panel. 

Design feature analysis 
The color and contrast of size features resulted in distinct 
differences in task performance and gaze patterns between 
elder and younger drivers.  

Contrast of size 
Contrast of size did not cause a significant difference in 
primary task performance for younger participants. 
However, across all participants, secondary task 
performance and gaze movement varied depending on 
which contrast of size they saw in the design (Note: in this 
section we will summarize the results without replicating 
the numbers in clutter comparison).  

Across all participants, both RT and AD in interacting with 
central panels were significantly shorter when using high 
size-contrast designs. Particularly for elder drivers, high 
size-contrast yielded a faster response time. We also found 
that contrast of size had a significant impact on both gaze 
dwell-on time and gaze drop-by frequency for the 
dashboard display. The lower potential for needing eyes-
off-road, owing to large size contrast was clearly exhibited 
in the central panel. 

 

Figure 7: Analysis of gaze by panel (central or 
peripheral) and age group. 

Figure 6: Analysis of gaze in the dashboard display zone, 
split by age group (left) and combined (right). 
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In conclusion, our contrast of size design feature had an 
effect on both elder and younger drivers. In particular, 
elders’ secondary task performance and eye-off-road time 
was more affected by contrast of size.  

Color 
Color as a design variable caused interesting effects on 
elder and younger drivers. Elder participants were 0.44s 
faster in response time (RT) for a dashboard component in 
the peripheral panel using the dashboards with background 
color fills (F1,139=3.954, p<0.049). However, color did not 
have any significant impact on gaze movements for elder 
participants. Younger participants took on average about a 
second less to look at a peripheral component when using 
any of the colored dashboards (1.04s shorter F1,81=5.508, 
p<0.021). Color did not cause any significant difference in 
either primary and secondary task performance for younger 
participants. This is in keeping with the findings in [20], 
which state that elders will have significantly better 
performance when using a dashboard display with color.  

Contrast of size vs. Color 
Most of our results show that the designs using high 
contrast of size provide the best results in secondary task 
performance and gaze durations. In addition, we also found 
some evidence that participants were affected by color fills 
in elements or background. One question we hoped to 
answer is which design feature, contrast of size or color, 
contributes to better performance.  

We compared three combinations: 1) Large contrast of size 
+ No color; 2) Large contrast of size + Color/Fill; and 3) 
Low contrast of size + Color/Fill. For the primary task, 
elder participants had better driving performance with the 
first combination than the second combination (1.20 times 
smaller lane deviation, F1,139=4.261, p<0.041). Adding color 
to the high size-contrast dashboards reduced the legibility 
of the design for elders. In the secondary task, the third 
combination resulted in a slower RT than the other 
combinations, especially for the central panel (1.04s slower 
than the second combination and 1.22s slower than the first 
combination (i.e., contrast dominant dashboards), 
F1,139=27.115, p<.0001 and F1,139=27.952, p<.0001, 
respectively).  

The third combination also resulted in a longer gaze dwell-
on time than the other dashboards, especially for the central 
panel (e.g., 2.65s longer gaze dwell-on time than the no 
color dashboards, F1,81=16.097,  p<.0001). 

To summarize, size-contrast appears to be more dominant 
than color in improving performance. 

Dashboard familiarity 
In post-task questionnaires, all participants were asked 
about familiarity with the question “Which dashboard most 
looks similar to your dashboard?”. We found no significant 
effect of participants’ familiarity on task performance and 
gaze-related measures; however there was an effect of 
familiarity on overall rating, which was higher when 

dashboards were described as familiar. When analyzed with 
respect to age group, these results are almost the same.  

DISCUSSION  
In our study, we created six dashboard display designs 
using differing levels of clutter, contrast of size, and color 
elements and fills. Our experiment strove to understand the 
performance of these designs holistically, but in order to do 
so, we hoped to understand the relative strength of 
individual design features.  

In general, both younger and elder drivers performed better 
using the LC, high contrast in size designs. Older drivers 
exhibited a greater variability in the measures of 
performance with different designs. In particular, the design 
of the speedometer panel in the LC designs — using high 
contrast of size and no color — resulted in the best 
performance measures for all participants.  

Our first prediction, that clutter type would impact a 
design’s effect on driving performance more than other 
design features, was partially supported. When using LC 
dashboards, drivers responded more quickly to the prompts 
for information generally faster across the panels overall 
and significantly faster for the central panel. Answer 
durations were also shorter for the central panel, as 
expected, but they were significantly longer for the 
peripheral panel. 

Our second prediction, that low clutter designs will require 
less fixation time and, therefore, less response time in 
answering a prompt for information, and would be greater 
for elder than younger drivers, was supported. When 
driving with the LC dashboards, participants looked at the 
elements on the dashboard less (in particular, the 
speedometer), and answered questions more quickly. 

Our third prediction was that color would cause a greater 
draw in attention than contrast of size, particularly for elder 
drivers. This prediction was made based on literature 
stating that color, not size, created an attraction of attention 
[1], and that color had been shown to assist in 
comprehension of driving displays in the elder population 
[20]. We believed that designs using color would have 
faster interpretation times than designs using contrast in 
size, and that designs using contrast in size plus color 
would communicate information quickly and have the 
greatest effect on elders’ driving performance. This 
prediction, surprisingly, was not uniformly supported. The 
contrast dominant dashboards mostly performed better than 
the color dominant dashboards, especially in the central 
panel. It indicates that size-contrast was more dominant 
than color in improving performance. An interesting detail 
to note is that our color designs resulted in shorter than 
average glance durations. The literature cites 1.6 seconds 
threshold for in-vehicle glances (discussed by [35] as well 
as the recommended limits [22]), and our color displays 
averaged 0.84 seconds. 
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We also saw differences in the behavior of younger and 
elder drivers in interacting with the different designs. Elders 
had larger performance improvements with the LC designs, 
particularly with the speedometer design that featured high 
contrast of size. Elder drivers spent significantly different 
amounts of time attending to the central and peripheral 
panels depending on the types of clutter. We believe that 
this indicates that elders developed different strategies for 
responding to prompts for information using the two 
designs, so that they could maintain good driving 
performance over all designs. Color as a design element, 
however, did not uniformly improve elders’ performance in 
driving. Designs with color elements-only especially caused 
larger lane deviations in elder drivers. 

DESIGN IMPLICATIONS 
Our design implications from this work are fairly 
straightforward, and generally follow the principles of good 
information design (i.e., [31]). When designing dashboards 
to support elder drivers, the following considerations should 
be made: 

Low clutter. Simple, low clutter designs should be used for 
the whole dashboard. Ample “white space” is needed, 
particularly between individual features of the dashboard. 

Contrast of size. Reserve maximum contrast of size for the 
center panel, in particular the speedometer, since this 
feature is what elder drivers reference most often when 
driving. 

Color. Use color for elements plus background fills, rather 
than  for elements only. While the literature describes an 
increase in driving performance in elder drivers with the 
use of color, our findings do not uniformly support this 
work. Our research showed that contrast of size had more 
of an effect than color in increasing the performance of a 
design. For elders, designs with color and fill performed 
about the same as designs with no color. More research is 
needed to understand how color can help to make a 
dashboard display more legible in different lighting 
conditions. 

Our future work will expand upon our renditions of high 
performing designs, placing them in the context of a real 
dashboard, rather than a lab, to test performance of 
legibility combined with human factors issues such as gaze 
distance, posture, and even driver fatigue. 

CONCLUSION 
No longer being able to drive is a significant marker of loss 
of independence. In this study, we sought to understand 
how the instrument panel (IP) display can be designed to 
help attract and manage attention in elder drivers, resulting 
in safer driving performance. Our dual-task study revealed 
which design features helped to increase driving 
performance and reduce eyes-off-road time. We found that 
contrast of size and reduced clutter are instrumental in 
enhancing driving performance for the elder population. 
Surprisingly, our results showed that color elements have a 

negative effect on driving performance for elders. By 
considering the outcomes of our work, combined with 
technical opportunities of future in-vehicle systems, we 
expect that better display systems can be designed and 
deployed that help elder drivers in the future. 
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