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ABSTRACT The advancement of Intelligent vehicle is leading to a growing prevalence and importance
of automotive interactive interfaces, attracting considerable research focus. With the increasing trend of
global aging, the number of elderly drivers is on the rise. Research on the search performance of the
automobile interactive interface for elderly users has yet to be carried out. Based on this, this research adopts
eye tracking technology to explore the effects of varying icon colors on the preferences and perceptions
of elderly drivers within car-human interfaces, employing eye-tracking technology to gauge their impact.
This work aims to improve driving experience by enhancing drivers’ information processing capabilities
and interaction comfort with in-car interfaces. In this study, we examined six distinct foreground colors
against two background colors in icon designs, conducting eye-tracking experiments in standard indoor
lighting. The analysis results show that elderly drivers have faster search speeds for orange icons and the
slowest search speeds for yellow icons. Additionally, the variation in search times for different icon colors
is more pronounced on a white background. These conclusions hold significant implications for future
automotive interface designers. They can leverage these results to optimize the background and icon designs
of interactive interfaces, thereby enhancing drivers’ safety and driving experience, and contributing efforts
to the transportation industry.

INDEX TERMS Human-computer interface, automobile, elderly users, visual search performance, eye
tracking analysis.

I. INTRODUCTION
With the continuous emergence of advanced technologies, the
field of automotive design is undergoing constant transforma-
tion, with increasing depth in the research of human-machine
interaction (HMI) [1]. Due to the widespread adoption of
autonomous driving technology and smart cockpits, large
interactive screens will become standard components in
future vehicles. Designers will focus on enhancing passenger
comfort and in-vehicle experience [2], heralding a new era
of driving experience. Simultaneously, the aging population
is leading to an increasing number of elderly drivers [3],
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posing challenges for them in using smart screens. Con-
sequently, user-centered automotive HMI design becomes
crucial [4]. Elderly drivers often face numerous challenges
while driving, such as slower reaction times and diminished
vision [5], making themmore prone to accidents than younger
individuals [6], [7], [8]. With the advent of new vehicles,
more mechanical control systems are being replaced by dig-
ital interfaces, leading to increased operational demands and
cognitive load, thereby making driving more challenging for
the elderly. The continuous increase in the number of elderly
drivers highlights the urgency of research into age-friendly
automotive interface design. Designers need to cater to the
advancements in modern automotive technology while con-
sidering the special needs and limitations of the elderly, and
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explore suitable design principles to enhance their safety and
comfort on the road [4].

Flöck et al. pointed out in 2008 that one of the future
challenges is designing cars that meet the increasing spe-
cific needs of elderly drivers [9]. Despite elderly drivers
not making up the majority of drivers, the rate of traffic
accidents involving them remains disproportionately high [6],
[10] This has been linked to the increased complexity of vehi-
cle interface interactions, raising concerns over the elderly
drivers’ ability to adapt to the modern, increasingly com-
plex digital interfaces of cars. In this context, enhancing the
design of smart screens becomes particularly crucial, with
a focus on improving accessibility and usability for elderly
drivers. Significant progress has been made in research on
vehicle interface design for elderly drivers, identifying key
areas of difficulty and proposing various solutions. May et
al. [11] focused on the elderly in their interface research, dis-
covering significant differences between elderly and young
drivers in providing landmarks in instructions provided by
in-car navigation systems. They further discussed the impact
of these results on the design of car interfaces for elderly
drivers, laying the foundation for studying more complex
HMI interfaces. Mourant et al. [12] and others found that
elderly drivers need longer eye accommodation to retrieve
information from vehicle displays and are less accurate, high-
lighting the importance of reducing the search load on the
elderly through interface design. Jung et al. [5] emphasized
the importance of designing systems that align with the
sensory, cognitive, and physical abilities of elderly drivers,
suggesting that car interface research for the elderly needs
to consider their sensory capabilities more, exploring cogni-
tive interfaces suitable for elderly users from the interface.
Furthermore, some scholars have pointed out that automotive
systems are rapidly transitioning from pure mechanization to
intelligent assistants. However, the increasing complexity of
these systems not only fails to provide support but also adds
pressure and increases workload for drivers [13. Therefore,
from the perspectives of usability and user experience, it is
crucial to understand the impact of age-related workload dif-
ferences. Young et al. [14] revealed that existing automotive
HMI guidelines have not fully addressed the issues brought
about by aging, emphasizing the importance of considering
the limitations and capabilities of elderly drivers in the design
process. On this basis, we reviewed a large number of relevant
literatures on many factors of HMI usability, among which
color is considered a key factor affecting information search
and cognitive load [15], [16]. Appropriate use of color prop-
erties can not only alleviate visual fatigue but also enhance
the visual appeal of the interface and the user’s recogni-
tion speed [17]. Studies show that with aging, the human
visual system’s sensitivity to color decreases [18], reducing
elderly people’s ability to distinguish certain colors [19],
thereby affecting the ability of elderly drivers to quickly and
accurately process information displayed on vehicle-mounted
screens [20]. Although the importance of HMI has been

recognized, the ability for elderly users to interact quickly
and accurately with automotive HMIs through color has not
been fully explored. Therefore, considering the critical role of
visual cues in the overall usability of digital interfaces inside
vehicles, especially for users with declining vision and reac-
tion capabilities, addressing this oversight becomes crucial.

In the visual search process of icons, color plays a cru-
cial role, guiding users’ visual behavior [21]. Studies on
elderly individuals’ color recognition have been extensive.
Research indicates that the aging process typically leads to
a decline in vision and color discrimination ability, mak-
ing colors like blue and purple harder to perceive, while
colors like red and yellow remain relatively stable [22],
[23]. Some studies have also categorized elderly participants
by gender, investigating differences in color discrimination,
color naming, and color preference, ultimately uncovering
gender-related disparities [24]. Subsequent research began to
combine color with icons, advancing applications on smart-
phones [25]. However, these studies have not been applied to
automotive interfaces. Indeed, research on the role of color
in automotive HMI design has been gradually increasing in
recent years. You et al. [26] tested three commonly used
color and five contrasts on the vehicle interface, collecting
driving behavior and user experience data to inform the color
design of vehicle dashboards. Research has also explored
how neural network systems for visual recognition and user
experience analysis can investigate the color design of intelli-
gent vehicle Human-Machine Interface (HMI). This research
aims to meet users’ physiological and psychological needs,
enhancing their aesthetic experience of interface colors and
providing conditions for designers and companies to improve
HMI interfaces [27]. Xu et al. [28] found that high-contrast
blue purple/cyan color combinations and icons with a high
aspect ratio are more suitable for in-car human-machine
interfaces. These findings contribute to enhancing drivers’
information processing efficiency and comfort in various
driving environments. However, while existing research on
HMI design considers broad user demographics and specific
color styles, it often overlooks the cognitive preferences and
practical applicability for the elderly. Given the crucial role
of customized, age-friendly interface design in ensuring the
safety of elderly drivers, research in this area is essential.

Based on the above research status, this study focuses
on enhancing the usability of automotive HMI designs for
elderly drivers, specifically examining how icon colors [29],
[30] and background colors affect identification speed and
fatigue levels. By reducing cognitive strain and improving
recognition efficiency, the aim is to make vehicle inter-
active interfaces more accessible to older adults. Utilizing
eye-tracking technology [31], the study gathers data on
the automotive HMI, with search time [32], [33], [34] and
pupil diameter [35], [36] serving as quantitative metrics for
assessing search performance. These metrics help evaluate
the effectiveness of interactive interfaces. A mixed-method
approach, combining quantitative evaluation and qualitative
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feedback, is employed to assess the performance and user
experience of different color schemes on smart automotive
screens.

II. METHODS AND MATERIALS
A. PARTICIPANTS
This study recruited a total of 46 participants, aged between
55 and 70 years, with a gender ratio of 31 males to
15 females (as males typically have a higher rate of traffic
accidents [37]). All participants underwent vision screen-
ing to ensure their eyesight was normal or corrected to
normal. Measurements were taken under the participants’
‘‘habitual correction,’’ meaning they wore the glasses or
contact lenses they usually used in the designated viewing
distance [38]. No subjects reported ongoing ophthalmic treat-
ments or eye diseases (detected or declared) [39]. Participants
were required to have no habits of smoking or excessive
alcohol consumption and to have the ability to concentrate.
Additionally, participants were required to be right-handed,
have normal vision or corrected-to-normal vision, no signif-
icant astigmatism, and no cognitive impairments. In order to
adhere to ethical standards, all participants filled out informed
consent forms and all experiments were executed with their
consent.

B. MEASUREMENT
Participants sat at a distance of 24 inches from the monitor
(1920 × 1200 pixels) at a distance of 45 centimeters (68.2 ◦

viewing angles). The Tobii Pro X3-120 eye tracker (sampling
rate: 30 Hz) was mounted on the monitor.

C. STIMULI
The stimuli for the study consisted of 18 common operational
icons found on car dashboard interfaces. All images were
displayed on a screenwith a resolution of 1920× 1200 pixels.
These icons were commonly encountered in daily life and
possessed clear meanings during the experiment. To ensure
the accuracy of the experiment, we processed these icons to
ensure that each icon appeared on different colored back-
grounds. Each icon had a size of 120 pixels× 120 pixels, with
foreground colors of red, green, blue, yellow, orange, and
purple, while the overall background of the images was set to
black and white. The foreground colors of the 18 icons used
in the experiment were paired with the overall background as
shown in Table 1. These 18 icons were randomly arranged
into three rows, with each row containing 6 icons. The dis-
tance between adjacent icons within each image was set
to 45 millimeters, and the vertical center-to-center distance
was 100 millimeters. The final layout of the complete icon
interface is depicted in Figure 1, with all images stored in
JPEG format as bitmaps.

1) ICON STYLES
To investigate the impact of foreground/background color
combinations of icons on visual search efficiency during

TABLE 1. The foreground color of 18 ICONS is matched with the overall
background.

FIGURE 1. Icon layout and position display.

driving tasks on real automotive manufacturer in-vehicle dis-
plays, we selected 18 common icons from the automotive
manufacturer in-vehicle displays [40]. These icons were then
converted into linear icons [41]. The final style of icons used
in the experiment is shown in Figure 2. Additionally, to ensure
the accuracy of the experiment, we set the target search icons
to different icons. In the experiment, we provided users with
the interface for searching targets as shown in Figure 3.

2) COLOR COMBINATION
To ensure the referential integrity of the experimental data,
the colors for the 18 icons were all selected from the
default palette provided by the CarPlay system. These colors
were carefully chosen to maintain consistency and avoid
any external influences that might arise from using non-
standard colors. The icons in different colors were grouped
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FIGURE 2. Display of icon graphic types (combined with the Tesla brand
for effect processing).

FIGURE 3. Interface for remembering target ICONS.

and contrasted against black and white backgrounds to exam-
ine their visibility and readability in varying conditions. The
six colors chosen for the experiment are red, orange, yellow,
green, blue, and purple. These colors represent a broad spec-
trum and are commonly used in various interface designs,
providing a comprehensive basis for the study. The results of
this research are detailed in Table 4, which includes the RGB
values for each color. The RGB color model is an industry
standard that creates various colors through variations and
combinations of the red (R), green (G), and blue (B) color
channels. This model encompasses almost all the colors per-
ceivable by human vision and is one of the most widely used
color systems.

D. EXPERIMENTAL DESIGN
The independent variables in this study include icons of
different colors and background colors, both manipulated
within subjects. Participants were tasked with performing
search tasks targeting the search objectives on each image.
Therefore, each experiment consisted of search tasks for a
given image, with each participant completing a total of
72 experiments.

In Experiment 1, participants conducted 36 trials using
icons of different colors against a white background, with
each color having 6 sets (the order of experiments for the
6 colors was randomized). Following Experiment 1, partic-
ipants took a 5-minute break.

FIGURE 4. The six carplay system colors are the icon colors in the
experiment.

In Experiment 2, participants conducted 36 trials using
icons of different colors against a black background, with
each color having 6 sets (the order of experiments for the
6 colors was randomized).

During the experiment, after each participant completed
a trial, a gray blank screen appeared for 2 seconds to help
the pupil diameter return to a relaxed state. Afterward, the
participant proceeded to the next trial. In each trial, initially,
an instruction page containing text appears for 5 seconds,
informing participants of the target icon they need to search
for in that trial. Then, an image with icons appears. At this
point, participants begin searching for the target icon, with no
time limit imposed on the search process, until they complete
the search. The images in each set of trials are randomly
ordered.

E. DEPENDENT VARIABLES
The dependent variables include search time and cognitive
load. In this study, search time refers to the time taken from
when the eyes move from the fixation area to completing the
operation during the search process. It is generally believed
that the size of the pupil diameter is related to the user’s
emotions and cognitive load. Typically, larger pupils indicate
higher cognitive load [42], [43], [44], [45]. Any trials contain-
ing errors are not included in the calculation of search time,
fixation duration, and fixation count. Two types of errors
are considered: miss errors (selecting the wrong target) and
abandon errors.
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F. EXPERIMENTAL PROCEDURE
Before the experiment begins, participants are required to
complete a personal information questionnaire (demographic
information) and sign an informed consent form. They are
then briefed on the relevant matters and procedures of the
experiment. After completing 5 training tasks, the formal
experiment begins.

First, participants were informed that they would be under-
going formal trials. All participants completed two control
experiments: recognizing six colored icons against a black
background and recognizing the same colored icons against
a white background. This setup allowed for an in-group com-
parison of icon color data and enabled us to investigate the
effect of background color on the experiment. There was no
time limit for each trial, and a 5-minute break was provided
between the two sessions. Subsequently, the eye tracker is cal-
ibrated using a nine-point grid. In our study, each target icon
within the complete icon interface was designated as an Area
of Interest (AOI). Participants gazed at the screen to locate
the target icon, while the eye-tracker’s camera continuously
captured images of their eyes. By analyzing these sequen-
tially captured images, the eye-tracker was able to pinpoint
the exact locations of the gaze, assigning a timestamp to each
captured fixation. Comparing the timestamps of consecutive
fixation points allowed us to calculate the time spent by users
moving between two points of interest. The captured images
were then sent to a processing unit, where specific algorithms
were employed to identify the pupil and corneal reflection
points within the images. By comparing the size of the pupil
against a known scale, the software was able to accurately
calculate the pupil’s diameter.

At the beginning of the experiment, participants must
observe and memorize the target icons on the in-car display
screen. When participants observe a complete icon interface
on the in-car display screen (consisting of 18 icons arranged
in a 3 rows × 6 columns format), they immediately begin the
search.When participants find the target icon, they must click
the mouse immediately to complete one task and wait for the
next set of task targets to appear. This experimental process
is repeated until the experiment is completed.

After completing the visual search tasks, participants are
required to fill out a questionnaire to investigate their subjec-
tive feedback. They are asked to fill out a subjective feedback
questionnaire based on their experimental experience. They
need to rank their experimental experience on a nine-point
Likert scale ranging from ‘‘describes very poorly (= 1)’’
to ‘‘describes very well (= 9).’’ This questionnaire includes
basic information about the participants and their visual com-
fort. Throughout the entire experimental process, the average
duration for each participant is approximately 20 minutes.

III. RESULTS
A. SEARCH TIME
In this study, we initially conducted a normality test on
the reaction time data. Table 2 presents the results of the

normality test, indicating that all groups had p-values greater
than 0.05 according to the Jarque-Bera test. Consequently,
the search time data for both the white and black background
groups followed a normal distribution.

Subsequently, we performed a two-way analysis of vari-
ance (ANOVA) to examine the effects of icon color and
background color on search time. Table 3 shows the ANOVA
results, revealing that icon color significantly impacted search
time (F = 2.605, p = 0.034 < 0.05). This suggests that dif-
ferent icon colors significantly affect the search performance
of elderly participants on both light and dark backgrounds.

We also plotted the average search time for different icon
colors on white and black backgrounds for elderly partic-
ipants. Figure 5 illustrates the data for six colors on both
backgrounds, with dashed lines representing the black back-
ground and solid lines representing the white background.
The x-axis denotes the six icon colors, while the y-axis
indicates the average search time for each color group on the
white and black backgrounds.

From Figure 5, it can be observed that the range of fluc-
tuations of the six colors is greater on the white background
compared to the black background. The average search time
for orange was the shortest on both backgrounds, whereas
yellow had the longest average search time. This indicates
that the interaction between background color and icon color
has a differential impact on the visual search efficiency of
elderly participants.

B. PUPIL DIAMETER
In this study, we initially conducted a normality test on the
reaction time data obtained from the experiment. Table 4
presents the results of the normality test, indicating that all
groups had p-values greater than 0.05 according to the Jarque-
Bera test. This finding suggests that the data for average pupil
diameter under both white and black background conditions
followed a normal distribution.

Subsequently, a two-factor analysis of variance (ANOVA)
was employed to investigate the impact of icon color and
background color on average pupil diameter. Table 5 presents
the variance analysis results, which revealed that color signif-
icantly affects mean pupil diameter (F = 8.633, p = 0.000
< 0.05). Additionally, background color also significantly
impacts mean pupil diameter, underscoring the importance
of our study on color.

The objective of this study was to assess the fatigue level
of elderly individuals in recognizing different colors using
pupil diameter as an indicator of cognitive load. Line graphs
were constructed using themean pupil diameter data obtained
under both white and black background conditions. The
dashed line represents the black background, while the solid
line represents the white background. The horizontal axis
represents the six icon colors, while the vertical axis depicts
the average pupil diameter for each color group under both
background conditions.

Figure 6 depicts the mean pupil diameter of elderly
individuals for different colors under black and white
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TABLE 2. Normal distribution test data under two background colors.

TABLE 3. The influence of color and background color on SearchTime.

backgrounds. The experimental data from both groups indi-
cate that the pupil diameter for the six icon colors is generally
higher under the black background compared to the white
background.

C. USER QUESTIONNAIRE
1) COLOR PREFERENCE
The results of the study indicate that, with regard to back-
ground color, 61.7% of participants expressed a preference
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TABLE 4. Normal distribution test data under two background colors.

FIGURE 5. Average search time for different colors on black and white
background.

for white, while 38.3% indicated a preference for black.
These findings are illustrated in Figure 7. Figure 8 presents
the preferences of all participants for six icon colors. On a
white background, the preferences for red, yellow, blue,
orange, green, and purple were 23.91%, 0%, 21.74%, 6.52%,
8.69%, and 2.17%, respectively. On a black background, the

preferences for the same colors were 4.34%, 8.69%, 8.69%,
2.17%, 10.87%, and 2.17%, respectively.

In the context of a white background, red was identified as
the most preferred color, while yellowwas the least preferred.
In contrast, on the black background, green was identified as
the most preferred color, while orange was the least preferred.
These subjective data are inconsistent with the previous phys-
iological data, underscoring the necessity of this research.

2) SATISFACTION DATA
After the experiment, we conducted a subjective evaluation
survey with the users, as shown in Table 6 (located in the
Appendix A). All participants were asked to complete a ques-
tionnaire to indicate their experiences and feelings during the
experiment.

The ratings were based on interest, perception, effort, pres-
sure, and value. From the final proportions indicated by the
affirmative values, it is evident that all five aspects received
high affirmative ratings, suggesting a high level of user cog-
nition across these dimensions.
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TABLE 5. Analysis of variance results of color and background color for mean pupil diameter.

FIGURE 6. Average pupil diameter for different colors in the elderly group
against a black and white background.

IV. DISCUSSION
A. SEARCH TIME
This study employed a rectangular layout based on 18 evenly
distributed positions from existing automotive interface
designs. Experiments were conducted using black and white
background groups, with six different colors paired with
either a white or black background for each experiment. Each
group included six icons for each of the six colors, arranged in
a cycle to prevent visual fatigue from affecting the results. The
findings indicate that color recognition for users searching for
targets is influenced by the background color, with significant
impacts on search performance observed for all six color icon
combinations under both background conditions [46].
From a fluctuation perspective, the variability in response

times is more pronounced with a white background com-
pared to a black background. Specifically, when users search
on a white background, the color of the icons significantly
influences their search times, leading to larger fluctuations
in average search time. This phenomenon can be attributed
to the white background enhancing color contrast, making
colors more vivid and distinc.

Consequently, colors stand out more prominently against
the background, increasing their ability to attract attentio—a
phenomenon consistent with the Von Restorff effect [47].

Conversely, on a black background, the fluctuations in
attention caused by icon colors are relatively smaller. This

might be because black backgrounds absorb more light than
they reflect, resulting in an overall lower brightness of the
visual environment compared to brighter backgrounds [48].
Consequently, the distinction between colors is less pro-
nounced on a black background than on a white one.
Therefore, while color remains an important visual cue on
a black background, its impact on user search efficiency is
somewhat diminished.

In both black and white backgrounds, orange consistently
has the shortest average search time, while yellow has the
longest. A review of the literature on user interfaces for the
elderly indicates that there is a decline in sensitivity to color
discrimination with age, particularly for short-wavelength
colors [19]. Consequently, warm tones such as orange are
more easily recognized by older adults, which effectively
reduces their search time. However, despite also being a
warm tone, yellow has the slowest recognition speed. Studies
have demonstrated that higher color contrast can enhance
users’ search performance [49]. This suggests that the slow
recognition of yellow may be attributed to its high brightness
value relative to white icons, which results in insufficient
color contrast [50].

Both sets of experimental data underscore that orange min-
imizes search time effectively among elderly users, thereby
enhancing search efficiency. In contrast, yellow consistently
prolongs search times in this experimental context, signif-
icantly increasing both search duration and gaze duration
for users. Therefore, yellow is not recommended for use in
vehicle interface designs aiming to optimize user interaction.

B. PUPIL DIAMETER
This study investigated the impact of background color and
icon color on pupil diameter as a measure of cognitive load
in visual search tasks among elderly participants. The data
indicate that the combination of background and icon col-
ors significantly affects the ease with which users process
information on the display interface [51]. Appropriate color
combinations can reduce the cognitive effort required for
searching and understanding information [52].
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FIGURE 7. Participants’ preference for black and white background at the
end of the experiment.

FIGURE 8. Participants’ preferences for six icon colors after the
experiment.

The data indicate that the average pupil diameter is larger
when icon colors are displayed on a black background. This
may be due to a higher level of arousal associated with darker
colors [53]. The extant literature indicates that darkness can
intensify individuals’ startled responses, which may culmi-
nate in elevated cognitive load during recognition tasks on a
black background due to augmented physiological strain [54].

In contrast, the average pupil diameter is smaller with a
white background. Studies have shown that under artificial
‘‘daylight’’ white lighting, performance on short-term mem-
ory tasks improves [55]. This may explain the smaller pupil
diameter observed in subjects when viewing a white back-
ground. The higher brightness of the white background likely
improves visibility and enhances the overall harmony with
the icon’s brightness, making it more comfortable for subjects
to view. This reduces the stress associated with recognizing
colors and shapes.

Further research indicates that perceived cognitive load
is influenced by readability, which in turn affects the target
search process. Brighter displays cause pupil constriction,
limiting the amount of light reaching the retina, whereas
darker displays cause pupil dilation, allowing more light to
reach the retina to view the information correctly. These
findings align with our experimental results [50].
This insight can guide designers in creating more

user-friendly interfaces for elderly users by considering
color combinations that reduce visual stress. By doing so,
they can enhance the safety and comfort of visual display
environments.

C. USER QUESTIONNAIRE
1) COLOR PREFERENCE
In a survey assessing the impact of background color on
search experience, the data clearly revealed user preferences.
By surveying a substantial number of participants, the results
indicated a pronounced preference for a white background,
with the majority of participants favoring it. This preference
underscores the widespread popularity of white backgrounds
in providing a clear and bright visual experience. However,
36.95% of participants expressed a preference for a black
background, indicating that while white backgrounds are
generally preferred, black backgrounds should not be entirely
disregarded by designers.

When examining preferences for six icon colors, blue
was the most favored on a white background, and yel-
low the least favored. Conversely, on a black background,
green was the most favored, and orange the least. How-
ever, objective eye-tracking experiments demonstrated that
orange yielded the fastest search times on both black and
white backgrounds. These findings suggest that subjective
preferences do not align with experimental data, indicating
that the differences in objective results are not influenced
by participants’ color preferences. Further analysis revealed
that no participants preferred yellow icons on a white
background, indicating that the combination of yellow and
white is suboptimal for elderly users, both subjectively and
objectively.

The data presented herein assist designers and develop-
ers in better understanding the preferences of older user
groups and also emphasize the importance of considering
user choices in the design process. In order to meet the indi-
vidual needs of different user groups, the use of switchable
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color combination modes (e.g., day mode and night mode) is
an effective strategy in interfaces that do not involve opera-
tional performance and cognitive load.

2) SATISFACTION DATA
To ensure that the difficulty of the experiment was appropriate
and that it accurately reflected the normal psychological state
of drivers, we included an evaluation scale during the study.
The specific contents are detailed in Table 6 (located in the
Appendix A). The initial question was employed to ascertain
the degree of attention exhibited by the drivers throughout the
experiment, evaluating the extent to which the experimental
tasks aligned with their cognitive load and difficulty. The
results indicated that 84.78% of participants reported a high
level of concentration.

Secondly, questions 2, 3, and 4 were employed to ascertain
whether the tasks induced undue pressure and whether the
participants’ experiences were consistent with our expec-
tations. This allowed us to ascertain whether the subjects
were able to complete the experimental tasks in a manner
consistent with their psychological state while driving, and
to identify any anomalous data that may have been caused by
excessive stress.

Finally, we sought to ascertain the impact of our experi-
ment on the target population through the fifth question. The
final data indicated that 91.3% of users perceived a benefit
from the intervention, thereby demonstrating that our study
aligned with the needs of the elderly.

In conclusion, the aforementioned measures were imple-
mented with the objective of validating the moderate dif-
ficulty of the experiment and ensuring its capacity to
authentically represent the psychological state of drivers. This
subjective assessment contributes to the exploration of the
validity and reasonableness of the experimental results from
a subjective perspective, thereby providing valuable insights
for future experiments.

V. CONCLUSION AND FUTURE WORK
This study examines the effects of different background col-
ors (white and black) and six color icons on user search
efficiency. The findings demonstrate that, irrespective of
background color, purple and orange icons demonstrably
reduce search time, whereas yellow icons consistently result
in the longest search times. Furthermore, the research shows
that black and white background colors affect users’ color
recognition and visual search efficiency. The findings offer
valuable recommendations for the design of automotive inter-
faces to enhance traffic safety.

Subjective surveys revealed a notable discrepancy between
users’ subjective color judgments and objective data.
Accordingly, design processes must consider a variety of
perspectives.

Additionally, this experiment has certain limitations. Cur-
rently, our study population may predominantly reflect users’
experiences from a specific region in China. In the future,
we plan to broaden both the quantity and scope of partic-

TABLE 6. A questionnaire used to survey participants’ post-trial
satisfaction.
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TABLE 6. (Continued.) A questionnaire used to survey participants’
post-trial satisfaction.

ipants to enhance the comprehensiveness of our research.
Differences in diversity among the target groups, including
age, cultural backgrounds, and cognitive abilities, can also
impact the extrapolation of research results.

This study primarily focuses on the short-term graphical
search speeds of the target group under different background
colors, without evaluating the long-term effects of training
and neural adaptation. This limitation restricts the applicabil-
ity of our study results for practical applications. In addition
to pure visual assessments, integrating cognitive evaluations
is crucial. Future efforts could delve deeper into understand-
ing the cognitive responses of elderly drivers interacting with
a vehicle interfaces in real driving scenarios to derive more
design principles aimed at enhancing safety and usability for
older drivers.

In addition, environmental factors significantly influence
color recognition during driving. Therefore, future experi-
ments will encompass a broader spectrum of environments
and incorporate a more diverse range of color variations.
These studies will also explore non-uniformly distributed
interactive interface layouts, moving beyond traditional car
central control interfaces to investigate a wider array.

APPENDIX A
POST-EXPERIMENT QUESTIONNAIRE
To understand the participants’ subjective evaluations after
the experiment, we included the specific questionnaire items
and their responses in Table 6.
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