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Figure 1. We evaluated user preferences for a light band eHMI with 3 colors (green, cyan, and red), and 5 animation patterns (flashing, pulsing, wiping
inwards, wiping outwards, and wiping alternatively inwards as well as outwards).

ABSTRACT
In this paper, we report user preferences regarding color and
animation patterns to support the interaction between Au-
tomated Vehicles (AVs) and pedestrians through an exter-
nal Human-Machine-Interface (eHMI). Existing concepts of
eHMI differ – among other things – in their use of colors
or animations to express an AV’s yielding intention. In the
absence of empirical research, there is a knowledge gap re-
garding which color and animation leads to highest usability
and preferences in traffic negotiation situations. We conducted
an online survey (N=400) to investigate the comprehensibility
of a light band eHMI with a combination of 5 color and 3
animation patterns for a yielding AV. Results show that cyan
is considered a neutral color for communicating a yielding
intention. Additionally, a uniformly flashing or pulsing an-
imation is preferred compared to any pattern that animates
sideways. These insights can contribute in the future design
and standardization of eHMIs.
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INTRODUCTION
In current traffic, drivers and other road users communicate in
one of two ways: (1) Vehicle-centric cues such as the vehicle’s
velocity, deceleration, and stopping distances [3, 4, 36, 48],
and (2) driver-centric cues such as gestures, eye-contact, and
posture [15, 19, 20, 35, 36, 39, 40, 43]. It has been argued that
in the absence of driver-centric communication, automated
vehicles (AVs) may need external Human-Machine-Interfaces
(eHMI) to communicate safely and effectively with pedes-
trians in road-crossing situations [9, 26]. Recent research
and development have produced several concepts of eHMI
design [6, 8, 33, 41] which vary in their implementation and
form factors. Of these, the form factor of a one-dimensional
light band [12, 18, 21, 22, 28, 42] is particularly popular by
virtue of being relatively simple and easy to implement within
the current design language of a car. Recent studies have
shown mixed results regarding the effectiveness of this design
when compared to other designs of eHMI [1, 9, 14, 22, 23,
25, 34]. However, despite the absolute efficacy of this design
being questionable, its sheer popularity makes it worthwhile
to investigate finer details of its implementation.

Currently, there is no consensus regarding the color or ani-
mation pattern that should be used for crucial communica-
tion messages within this design. Concepts have showcased
light band eHMIs that glow steadily, light up in a pattern, or
move continuously to communicate the message that an AV
is yielding. Furthermore, this design has been proposed and
prototypes implemented in various colors, including white,
amber, magenta, green, and cyan. Not only can this lack of
standardization lead to ambiguity, but in the absence of em-
pirical research, there is a gap in the knowledge regarding
which color and animation pattern yield highest usability and
preferences ratings in in traffic negotiation situations.
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We conducted an online crowdsourcing survey to investigate
the efficacy of 3 colors and 5 animation patterns on a light band
eHMI to convey a yielding intention. We found that red and
green have strong, but sometimes contradictory associations of
‘stop’ and ‘go’ in relation to either the vehicle or the pedestrian,
and may be dangerous in eHMI applications.

Contribution Statement
The findings from our online survey (N=400) contribute to the
body of knowledge in the design of eHMIs for AVs by identify-
ing the suitability and making recommendations for colors and
patterns for use in eHMIs to communicate a yielding message
to pedestrians.

Background

Light Color for eHMIs
Recent research has made several recommendations regarding
color choices of light-based eHMIs. Colors for communi-
cation from an AV’s eHMI should not interfere with colors
already implemented or reserved for other purposes in vehi-
cles according to the specifications of SAE J578 Standard [37]
and UNECE Regulation R-65 [45]. This prohibits the use
of Red, Yellow (Amber), Selective Yellow, Green, Restricted
Blue, Signal Blue and White. The task forces from SAE [38]
and UNECE [46] on lighting and signaling requirements for
automated vehicles show some initial findings regarding the
advantages and disadvantages of using certain color spectrums
for AV-road user communication [44, 49]. Analyses in differ-
ent dimensions of light perception such as visibility, discrim-
inability, and uniqueness suggest that a shade of blue-green,
or turquoise, or cyan is well-adapted as a color of choice for
eHMI to communicate an AV’s intention in traffic. However,
there is still a knowledge gap regarding the contextual efficacy
of the recommended cyan color in an eHMI to communicate
with other road users.

Given that cyan has gained favor as a color of choice for eHMI
design from a technical point of view, the question arises
whether cyan also has any intuitive connotations by nature.
Red and green are commonly-used colors in traffic lights, and
over time have come to be associated with the messages “stop”
and “go”. Although currently established laws and recent
research already recommend that red and green lights may not
be used on the front of a car, it is interesting to investigate what
the innate associations of intended traffic behavior are when
these lights are mounted on a moving vehicle as opposed to a
stationary traffic light. Recently, Petzoldt et al. showed in a
study that a car illuminating a green light in its front to indicate
braking behavior had a positive effect on pedestrians [34].
Regardless of legal implications, a common point of confusion
from a human factors perspective when red or green lights
are mounted on a moving vehicle is the frame of reference
from whom these lights are meant to communicate. Would
a red light indicate that the vehicle itself is stopping, or is it
advising other road users to stop? Conversely, would a green
light indicate the car’s intention to let other road users go, or
its own intention of going? It is thus interesting to investigate
what the preconceived associations with red and green colored
lights on a moving vehicle are, and how cyan fits among them.

Animation patterns in eHMI
Besides color, the animation pattern in which the light band
illuminates may have certain connotations and inherent mean-
ings in the traffic context. Blinking and flashing patterns are
already commonly used in cars in hazard lights or to indicate
turning intention. Additionally, flashing the headlights of a
car is a common explicit communication tool used by drivers
to negotiate with pedestrians and other road users. Further-
more, in the recent past, some vehicles have adopted the use
of laterally sweeping animation patterns to indicate turning in-
tention (sequential turn signals) [30, 47]. Emergency vehicles
also typically use various forms or rotating or flashing lights
to warn other traffic of their presence. Given this existing
context, it is important to investigate whether – in scenarios in-
volving future AVs that may also attempt to communicate with
pedestrian using some pattern of vehicle lighting – pedestrians
have certain expectations or intuitive associations regarding
the meaning behind certain animations.

Previous research has explored different ways an eHMI can
activate in order to communicate different states in an AV’s
operating cycle [29]. Hensch et al. [24, 25] has shown that a
light bar with two segments of lights that animate sideways has
potential as an effective communicator of yielding intention to
VRUs. In contrast, another recent study [14] shows that steady
or flashing lights in eHMI yield better results than sweeping
lights. Among these contradicting results, we aim to extend
the body of work by exploring the user preferences of color
and animation of a light-band eHMI.

The one-dimensional form factor of a light band eHMI does
not leave a lot of room for different animation patterns to be
implemented in it. However, the flashing and sweeping/wiping
patterns that are already used in current traffic can be adapted
to this form factor and extrapolated to a few different ways of
animation through which a message may be communicated.
Thus, we selected 5 different patterns of animation based on
the basic flash and sweep animations to evaluate their intu-
itiveness. While an eHMI may be needed to communicate
several messages during an AVs active driving cycle (such as
cruising in automated mode, yielding, starting to drive, etc.),
we chose to focus on the yielding message from the AV as
this is when crucial AV-pedestrian negotiations will take place.
However, a yielding vehicle may negotiate its intention with
pedestrians in one of two ways: (1) by announcing its own
intention (“I am yielding”), or (2) by instructing or advising
an action to pedestrians (“Please cross”). While the research
community is fairly united in the recommendation that an AV
should not issue an advice or instruction to others in traffic [2,
27], it is not known whether there are subtle differences be-
tween how an advice or a simple intention announcement is
perceived by pedestrians in traffic. Thus, although the message
for both ways of communication (intention communication/
instruction) are the same in principle, it is further interest-
ing to investigate if a color/animation combination has innate
associations with one or the other.

Research Question and Hypotheses
Until now, no research has systematically looked into the
effectiveness of colors and/or animation patterns in a one-
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dimensional light-bar eHMI from a user-centered design per-
spective. In this study, we aim to address this research gap
with the following research question:

Which color and/or animation pattern on a light-band
eHMI is the most favorable according to users for a
yielding message from an AV towards a pedestrian?

We conducted an online survey to study the user preferences of
3 colors and 5 animation patterns across 2 communication mes-
sages (intention announcement/ instruction). Our hypotheses
were as follows:

• H1: Red will not be intuitive to convey a yielding message
from an AV’s eHMI. Green will be intuitive to communicate
an AV’s yielding intention. Cyan will fall somewhere in the
middle.
Given the current association of red and green lights with

“stop” and “go” respectively in traffic lights, this may extend
to moving vehicles as well. Cyan has no current usage in
traffic and in the lack of an existing association, its intuitive-
ness for a yielding message will likely be neutral.

• H2: Wiping or sweeping animation patterns will be more
intuitive for an yielding message than a uniformly animat-
ing pattern.
Laterally sweeping animation patterns may have an abstract
similarity with gestures from a driver such as a sweeping
hand motion used to indicate a driver’s willingness to let a
pedestrian go first. Thus, applying Wickens’s model of dis-
play design [50], a sweeping animation may map strongly
to users’ mental models and score higher in intuitiveness.

METHOD

Design
The experiment was conducted in a mixed design with three
independent variables (two within-subjects, and one between-
subjects), and one dependent variable. The two within-subjects
independent variables were Color with the three levels green,
red, and cyan as shown in Figure 1, and Animation with five dif-
ferent levels (Flash, Pulse, InSweep, OutSweep, DualSweep)
as shown in Figure 2. The between-subjects independent vari-
able was Message (Intention communication, Instruction). The
dependent variable was the user’s score of the intuitiveness of
a shown eHMI for a yielding message for a car on a Likert
scale of 1 to 5, as well as their subjective opinions on what
drives this intuitiveness.

Participants
The experiment sample consisted of 400 participants with 200
in each condition of the between-subjects factor (Intention
communication vs. Instruction). We recruited the partici-
pants using Amazon Mechanical Turk (MTurk) [7]. In order
to ensure the quality of the responses, only MTurk Master
Workers were recruited. “A Master Worker is a top Worker of
the MTurk marketplace that has been granted the Mechanical
Turk Masters Qualification. These Workers have consistently
demonstrated a high degree of success in performing a wide
range of HITs across a large number of Requesters”1. Recent
1https://www.mturk.com/worker/help, last access 2019-09-18

Figure 2. The 5 animation patterns studied in this experiment repre-
sented in the cyan color.

research shows that the MTurk worker demographic is highly
skewed towards US and Indian citizens [13], which typically
leads most tasks to be picked up by workers from these two
countries. Given that traffic and automobile cultures are very
different in the US and India; in order to draw meaningful
conclusions and ensure homogeneity and ecological validity
of the responses, we recruited participants only from the US.
In order to ensure that the participants had an acceptable under-
standing of the context and task, we conducted a manipulation
check at the end of the survey. Furthermore, the data was also
scrutinized for any obvious discrepancies or inconsistencies
(as discussed in the Results section below). This resulted in
omitting responses from 17 participants from the Intention
communication condition, and 8 participants from the Instruc-
tion condition. The distribution of the participants with valid
responses for each condition is shown in Table 1.

Experimental Setup
As a medium for the light band eHMI, we used the model of
a Toyota Prius, and we modeled the eHMI on the bumper of
the vehicle in Unity3D2. We placed the vehicle in a feature-
less background devoid of any context - there were no road,
scenery, or speed information. This was done to ensure that

2https://unity.com, last access 2019-09-18
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Age group
Intention
Communication
(53.2% male)

Instruction
(44% male)

18 – 24 4 3
25 – 34 60 69
35 – 44 67 66
45 – 54 28 31
55 – 64 16 17
65 and above 8 6
Total 183 192

Table 1. participant demographics

the intuitiveness of the eHMI’s yielding message can be scored
entirely on its color and pattern, and would not be influenced
by other factors. A video of each eHMI in action (animating in
a certain pattern and color combination) was displayed from
two angles: front (head on), and front three-quarters as shown
in Figure 3. We chose the front view so that an unobstructed
view of the eHMI can be observed by the participants, while
the front three-quarters view helps the participants to perceive
the car like a pedestrian would observe it while standing at the
edge of a sidewalk.

We presented the experiment as a questionnaire on the online
survey platform SurveyGizmo3 and then deployed it through
MTurk.

With the 3 colors and 5 animation patterns tested, each partici-
pant experienced 15 videos during the experiment. In order to
provide the participants with some reference for comparison,
we presented the stimuli of the eHMI either in groups of col-
ors or animation patterns. Each page of the questionnaire was
dedicated to either one color or one animation pattern. Thus
the entire questionnaire consisted of 8 pages – 3 pages for the
different colors, and 5 pages for the different animations. For
each of the 3 colors, we showed the 5 animation patterns next
to each other on the same page. Conversely, for each of the 5
animation patterns, we showed the 3 colors next to each other
on the same page. This led each color/animation combination
of an eHMI to be graded twice: once from the perspective
of its color, and once from the perspective of its animation
pattern. This also allowed us to see whether the perspective
from which an eHMI was scored for its intuitiveness made a
difference.

The survey introduced the concept of Automated Vehicles in
short, adapted from [11]. It then explained that in the absence
of a driver, AVs may communicate with pedestrians with light
on the front of the vehicles. Next, we asked the participants
to regard the light from a pedestrian’s point of view who
wants to cross the road, and requested them to rate the eHMIs
regarding their intuitiveness to a yielding message from a
car. We emphasized that there is no ‘incorrect’ answer, and
encouraged the participants to respond spontaneously without
overthinking.

Each page of the questionnaire asked the participants to con-
sider the following videos of eHMI and rate their intuitiveness.

3https://www.surveygizmo.com/, last access 2019-09-18

Figure 3. A screenshot of the layout of the questionnaire. This page
asks participants to rate the intuitiveness of the 3 colors for the same an-
imation pattern (in this case, DualSweep) in the Intention announcement
condition.

The exact phrase used to elicit the responses from the partici-
pants was as follows:

Rate the signals below. As a pedestrian, how intuitive is
each signal as a representation of the following message
from the car?
<MESSAGE>

(The car wants to let you go first)

The <MESSAGE> was manipulated between the two conditions
as follows:

• Intention announcement: “I am yielding to you”

• Instruction: “Please cross the road”

This was followed by the videos of the eHMIs being tested
in the group, each of which was supplemented with a 5-point
Likert scale for participants to indicate their intuitiveness. An
example of the layout of the question is shown in Figure 3.

We randomized the order of the pages and the order of each
video within each page to counterbalance any learning effects.
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After the scoring of the eHMIs’ intuitiveness was complete, we
requested the participants to fill out their subjective opinions
about what made an eHMI intuitive in an open, free-form text
box, which would serve as qualitative data for our insights.
The survey closed with some demographic questions.

One difficulty with using crowdsourcing to gather scientific
data for research is the question whether the instructions were
successfully conveyed to the participants. Long and dense
introductions may lead participants to skip reading parts of
the instruction, which might lead them to miss important in-
formation. Thus, we took care that the instructions were as
short and succinct as possible. However, it was important
to make sure that the conciseness of the instructions did not
interfere with a thorough understanding of the question and
the task. Thus, at the end of the survey, we asked several
questions as a manipulation check. We verified whether the
participants understood two elements: (1) that the responses
were to be given from the point of view of a pedestrian (as
opposed to cyclists or other drivers), and (2) that the message
they were evaluating the eHMI towards was that the car was
yielding/letting them cross first (as opposed to the car cruising
in automated mode, or starting to drive from rest). In order to
control for participants’ perception of color without having to
ask for medical information, we added another manipulation
check at the end of the study where we asked the participants
to report the colors of the eHMI they observed in the study.

A pilot study conducted with 5 people before deployment
showed that the survey took between 8 and 12 minutes to
complete. Accordingly, we compensated each worker with
2.00 USD for their participation. Since we conducted the
experiment as a between subjects study, we deployed the In-
tention communication condition of the study first and allowed
it to run until the necessary number of responses (200) was
reached. After receiving these 200 responses, we deployed the
second condition (Instruction) by excluding any Worker who
had already participated in the previous condition.

Limitations
The major limitations of this study are embedded in the study
approach itself. We selected MTurk as a cost-efficient method-
ology enabling data collection from a rather large and varied
participant sample; however, using online crowdsourcing is
not without challenge. As highlighted before, to ensure the
quality of the responses, we only recruited MTurk Master
Workers. They were also subjected to a manipulation check
to ensure basic understanding of the task and context, as well
as color perception. However, this does not warrant that the
survey was, for instance, answered with full attention or with
great honesty. The fact that the participants got paid for partic-
ipating amplifies the risk for such issues. However, we think
that this risk is not much higher compared to distribution an
online survey through other channels. Furthermore, the videos
used in the survey were on purpose decontextualized (e.g.,
they did not display any traffic situation nor environment)
which might have made it more difficult for the participants to
envision the function of the eHMI, especially if considering
that AVs are a new phenomenon and that few people have
experience of interacting with them. However, using decon-

textualized material enabled us to study the effect of color and
pattern in isolation from other potentially confounding factors.
Based on these limitations, however, we recognize a need for
conducting more contextualized studies as well as assessing
the capability of MTurk to replicate results from correspond-
ing studies where participants are selected in a more controlled
manner.

RESULTS

Manipulation Check and Data Analysis
The responses to the manipulation check questions showed
that most participants understood the context and the task of
the question correctly. The participants who failed to answer
these questions correctly were omitted from the data analy-
sis. The 5-point intuitiveness scale responses per participant
were aggregated, and checked for variances within individu-
als across the different eHMI colors and animations. Some
responses showed little to no variation among the perception
of different color/animation conditions – i.e., some partici-
pants felt that irrespective of the eHMI property, every eHMI
they encountered were equally intuitive or equally unintuitive.
Thus, the Standard Deviation of the responses for each partici-
pant was calculated, and all participants for whom response
SD < 0.5 were also omitted from the analysis. Essentially,
for these participants, eHMI colors or animation patterns did
not make any difference. We analyzed the rest of the data from
participants for whom the eHMI color or pattern had a mean-
ingful difference SD > 0.5. This led to a slightly reduced
participant pool for the analysis form the original 200 per con-
dition (N = 183 for the Intention communication condition,
and N = 192 for the Instruction condition).

The rest of the data were subjected to analysis using para-
metric tests. Although opinion is divided regarding whether
Likert scale data is suitable for parametric tests, research sug-
gests that for data from Likert scales with 5 or more points
and with a large number of participants (>30), application of
parametric tests lead to negligible Type I or Type II errors [10,
31, 32]. The analysis was done in 3 steps. In the first two
steps, the results from the two studies corresponding to each
of the two between-subjects factors of the Message (Intention
communication and Instruction) were analyzed separately us-
ing repeated-measures ANOVA. In the third and final step,
a mixed ANOVA was conducted to analyze the impact of
Message since the study design across the Message was identi-
cal, and the overall effects were used to inform overarching
insights. While this multi-step analysis raises a potential dan-
ger of multiple-comparison issues, the results of the mixed
ANOVA are used to draw a holistic picture from the two in-
dependent studies. We report only the statistically significant
effects and interactions for the sake of brevity.

Results of Intention Communication
We used a repeated-measures ANOVA to test the effects of the
colors and animation patterns of the eHMI for the Intention
communication message. Since we collected the responses to
an eHMI’s intuitiveness twice (different colors for the same
animation, and different animations for the same color), we
considered this as another independent variable ’Measure’ to
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Figure 4. Intuitiveness of different eHMI colors and animation patterns
for the Intention Communication condition. Intuitiveness is scored from
1 (Not intuitive at all) to 5 (Completely intuitive), with 3 being Neutral.

Figure 5. The effect of measurement perspectives on intuitiveness of
eHMI color in the Intention announcement condition. Intuitiveness is
scored from 1 (Not intuitive at all) to 5 (Completely intuitive), with 3
being Neutral.

investigate whether the perspective of evaluation of the eHMI
had any effect on the eHMI’s intuitiveness score. Thus, there
were 3 independent variables (Color, Animation, and Measure)
and one dependent variable Intuitiveness. Mauchly’s test in-
dicated that the assumption of sphericity had been violated
for both eHMI Color (χ2(2) = 73.82, p < 0.001), and Ani-
mation (χ2(9) = 484.07, p < 0.001). Therefore, multivariate
tests are reported as they do not assume sphericity [16, 17]
(εcolor = 0.751, and εanimation = 0.405). The results showed
a significant main effect of the eHMI Color on intuitiveness
(F(2,183) = 62.34, p < .001, η2

p = .41). The intuitiveness
of the eHMI was also significantly affected by the Anima-
tion (F(4,181) = 6.57, p < .001, η2

p = .13). The interaction
Color * Animation was not significant, but the overview of
the interaction is shown in Figure 4. The variable Measure
(whether the intuitiveness of the eHMI was scored from the
perspective of the color or animation) had a significant inter-
action with Color (F(2,183) = 7.44, p = .001, η2

p = .08), and
an effect size of 0.08 shows a medium effect. This interaction
is shown in Figure 5. No other factors or interactions were
statistically significant.

Results of Instruction
Similarly as the Intention communication condition, a
repeated-measures ANOVA was used to test the effects of

Figure 6. Intuitiveness of different eHMI colors and animation patterns
for the Instruction condition. Intuitiveness is scored from 1 (Not intuitive
at all) to 5 (Completely intuitive), with 3 being Neutral.

Figure 7. The effect of measurement perspectives on intuitiveness of
eHMI color in the Instruction condition. Intuitiveness is scored from 1
(Not intuitive at all) to 5 (Completely intuitive), with 3 being Neutral.

the Color and Animation patterns of the eHMI for the Instruc-
tion message. Once again, there were 3 independent variables
(Color, Animation, and Measure), and one dependent variable
Intuitiveness. Mauchly’s test for sphericity had also been vio-
lated in this condition for both eHMI Color (χ2(2) = 42.21, p <
0.001, and Animation (χ2(9) = 237.83, p < 0.001). Therefore,
multivariate tests are reported as they do not assume sphericity
(εcolor = 0.835, and εanimation = 0.568). The results showed
a significant main effect of the eHMI Color on intuitiveness
(F(2,192) = 153.01, p < .001, η2

p = .61), demonstrating a very
large effect. The intuitiveness of the eHMI was also signifi-
cantly affected by the Animation (F(4,190) = 2.98, p = 0.02,
η2

p = .06), but the partial η2 shows only a medium effect in
this condition. The interaction Color * Animation was again
not significant, but the overview of the intuitiveness across
different colors and animations is shown in Figure 6. Measure
(whether the intuitiveness of the eHMI was scored from the
perspective of the color or animation) once again had a sig-
nificant interaction with Color (F(2,192) = 13.28, p < .001,
η2

p = .12), and an effect size of 0.12 shows a medium to high
effect. This interaction is shown in Figure 7. No other factors
or interactions were statistically significant.

Comparing Intention Communication and Instruction
A mixed ANOVA was used to test the effects of the colors and
animation patterns of the eHMI with respect to the between-
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Figure 8. Overall intuitiveness of different eHMI colors and animation
patterns across both conditions. Intuitiveness is scored from 1 (Not intu-
itive at all) to 5 (Completely intuitive), with 3 being Neutral.

subjects conditions of Intention communication and Instruc-
tion messages. This led to an analysis with 4 independent
variables: 3 within-subjects (Color, Animation, and Measure),
and one between-subjects (Message). The dependent variable
was once again Intuitiveness.

Mauchly’s test once again showed that the assumption of
sphericity had been violated for both eHMI Color (χ2(2) =
108.28, p < 0.001) and Animation (χ2(9) = 659.34, p < 0.001).
Therefore, multivariate tests are reported (εcolor = 0.798, and
εanimation = 0.479). Across the two different Messages, the
results showed a significant main effect of the eHMI Color
on intuitiveness (F(2,372) = 190.23, p < .001, η2

p = .51). The
intuitiveness of the eHMI was also significantly affected by
the Animation (F(4,370) = 8.21, p < .001, η2

p = .08). The effect
sizes of Color was extremely large, while that of Animation
was medium, and showed that both these factors had a signifi-
cant impact in how participants scored the intuitiveness of an
eHMI for an yielding message from an AV. Overall, the inter-
action Color * Animation was significant but had a low effect
size (F(8,366) = 1.99, p = 0.047, η2

p = .04). The combined
overview of the intuitiveness of Color and Animation across
the two Messages is shown in Figure 8.

The main effect of the between-subjects condition variable
Message (Intention communication/ Instruction) was not sig-
nificant (F(1,373) = 1.54, p = 0.21, η2

p = .004). However,
the interaction Color * Message was statistically significant
(F(2,372) = 4.89, p = .008, η2

p = .03), and an effect size of 0.03
shows a small to medium effect. This interaction is shown
in Figure 9. Post-hoc tests (pairwise comparison of the main
effects of the different Colors with Bonferroni confidence
interval adjustment) for both the Intention communication
and Instruction messages showed that the estimated marginal
means for Green, Cyan, and Red were all different from each
other in a statistically significant way.

The interaction between Message and Animation was not sta-
tistically significant. This interaction is shown in Figure 10 for
a comparative overview. Post-hoc tests (pairwise comparison
of the main effects of the different Animations with Bonfer-
roni confidence interval adjustment) showed some difference
in the effect of the animation patterns on eHMI intuitiveness
between the conditions. For Intention communication, while

Figure 9. The effect of the Message Intent communication/ Instruction on
intuitiveness of eHMI color. Intuitiveness is scored from 1 (Not intuitive
at all) to 5 (Completely intuitive), with 3 being Neutral.

Figure 10. The effect of the Message Intent communication/ Instruction
on intuitiveness of eHMI animation. Intuitiveness is scored from 1 (Not
intuitive at all) to 5 (Completely intuitive), with 3 being Neutral.

each uniform animation (Flash and Pulse) resulted in statis-
tically significantly higher intuitiveness than any sweeping
animation (InSweep, OutSweep, or DualSweep), each anima-
tion within their own group did not have a significant differ-
ence. In contrast, for Instruction, only the Pulse animation
scored significantly higher in intuitiveness than InSweep and
DualSweep. There were no other significant differences be-
tween the animations. However, when the data is combined
and analyzed across the two messages, the overall differences
suggest that just as in the Intention communication condition,
uniform patterns (Flash and Pulse) score higher than sweeping
animations (InSweep, OutSweep, DualSweep), although there
are no significant differences between themselves.

All other factors or interactions were not statistically signifi-
cant, and are not reported.

Qualitative Data
Apart from the quantitative data, qualitative feedback allows
us to gain insights from the subjective reasoning of the par-
ticipants. Responses to the open ended question that asked
participants for their reflection on what made a certain eHMI
intuitive were subjected to thematic analysis. The insights
from this is discussed here, and are furnished with a few rele-
vant participant quotes. In explaining their thought processes,
participants often used various words for a blue-green color
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such as ‘teal’, ‘turquoise’, or simply ‘blue’ to refer to the
cyan color. For the sake of data integrity, the quotations are
furnished unchanged. Remarks made by participants in the In-
tention communication condition are reported under the prefix
‘I’, whereas those by participants in the Instruction (Advice)
condition are reported under the prefix ‘A’.

Green indicates ‘Go’; Red indicates ‘Stop’
An overwhelming majority of the participants commented
that the colors green and red led them to make instinctive
associations with ’go’ and ’stop’ respectively as commonly
used in traffic lights. Some relevant quotes include:

(I7) “For anything red, it was less likely that I would think
that it was intuitive. Red usually signals stop, danger, or
do not proceed. So, the red would make me think that the
car would not stop or is a danger to me if I were to cross
the street. Green is more intuitive because it means ‘Go’
or something is more safe to proceed.”
(I152) “I think that the red is not very intuitive because to
me, red automatically means ‘stop’. The green that goes
all the way across the car’s bumper is the most noticeable
and the right color for the car to tell a pedestrian to ‘go’.”
(A9) “I think we are programmed to know that green
means go and red means stop. I think that can also be
extended to assume that green is a positive and red is a
negative. I was more intuitively resigned to choose green
to mean to cross the road, whereas I assumed red meant
there was something wrong.”
(A56) “All my life red has meant stop and green has meant
go. If it’s safe to cross in front of this car, I would assume
any green color would be a sign that things are safe, and
red would mean ‘don’t cross, it’s not safe’. Kind of like
stop lights.”

Sometimes, red and green can lead to confusion
While most participants embraced the associations of ‘go’ with
green and ‘stop’ with red, some participants remarked that for
commonly used traffic colors applied to a moving vehicle, they
would not know whether the notion of stopping or going would
apply to the vehicle or to them as a pedestrian. Among the
participants who noted their confusion, there were individual
differences - for some, only red or only green caused the
confusion. Some relevant quotes include:

(I8) “When I saw green, I figured that was a signal that it
was safe to walk in front of the car. Red I was confused
on. I can understand red meaning it will stop, but it could
also be warning me not to cross in front of the car.”
(I138) “If I saw the red, I would think the car was stopping
which would make me think it was ok to walk. If I saw
the green, I would probably think that the car was going
to keep driving so I am not so clear on that one. The only
issue with me was typically, if you see a red light it means
‘stop’ and green means ‘go’. So I took the perspective of
the car telling me what it was doing rather than the car
telling me what to do. I figured red meant the car was
stopping, green meant the car was in motion.”
(A17) “As a pedestrian, it would be hard to figure out if
the lights meant what the car was doing, or what the car

wanted me to do. The green and red would mean very
different things.”
(A125) “Regarding color and its comparison to current
traffic lights, red is confusing to me. I instinctively think
‘stop’, but don’t intuitively know if I should stop or if the
car will stop. A blinking or other pattern in red leads to
the same confusion. While a green color could potentially
mean either the car will go, or I can go, I intuitively think
that a green color is giving me permission to cross the
road.”

Cyan is considered neutral, but may also be confusing
Most participants showed some form of a strong bias towards
red and green as colors – either from the perspective of the
pedestrian or the car. However, cyan did not have a specific
preference. Some participants noted that cyan can work to
show yielding intention as a neutral color. Others remarked
that in the absence of cyan in current traffic, they would not
know what significance to attach to it, and this would lead to
confusion:

(I124) “I rated the colors from negative (red) to neutral
(blue) to green (inviting).”
(I159) “The highest priority for me was the colors. Green
indicated go (for the pedestrian) while red indicated stop.
Teal was unclear.”
(A10) “I liked the blue because I don’t already associate
it with stop or go. The red could either be that the car is
stopped or that I should stop, and green makes it seem
like either I can go or the car is going to go forward.”
(A107) “Red usually means stop, while green usually
means go; so by those standards if a car is blinking red, I
would assume it’s telling me to stop, while green would
make me think to cross. Blue confuses me but is closer
to green so it is somewhat understandable.”

Color overrides animation patterns
Most participants noted that the color of the eHMI made a
more significant conscious impact in their decision-making
compared to the animation patterns. This is corroborated by
the following quotes:

(I17) “The patterns mattered less as the survey progressed.
The colors stood out to me as the intuitive part.”
(I88) “I don’t know that any of the patterns are really
intuitive except maybe just blinking to grab attention. I
would default to the color over the pattern as a signal if I
was walking and assume green means for me to go and
red means for me to stop.”
(A69) “The patterns were not important in my decision,
only the colors because I would immediately see the
lights and not think about directions they were moving
or how long they were lit.”
(A131) “The color was the biggest factor... What the
lights were doing played a part but not as big a one.”

Uniform patterns make more sense over sweeping ones
Among participants for whom the animation patterns had an
effect, several commented that uniformly changing patterns
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(such as Flash or Pulse) were preferable over the moving or
sweeping patterns:

(I52) “I felt like anything blinking was sending the mes-
sage that “I am waiting for you”. Blinking green made
the most sense to me. The sliding lines didn’t commu-
nicate anything to me really because I wasn’t sure how
they were meant to be interpreted.”

(I82) “: I think the solid lights flickering on and off in a
solid band of color across the front of the car were most
effective as they showed the car was ‘waiting’. Having
the lights move from the center toward the sides of the
car was next – It seemed to me the car was telling me
to go ahead and move around the car. However, I could
also see where this could [be] confused with a turn signal
light, and maybe the car is not waiting to yield at all, but
just waiting for its turn (against other vehicles) to go. The
option where the lights moved from the sides toward the
front of the car seemed least intuitive to me. It seemed
like the car was telling me to go to the front of the car,
not walk along the crosswalk.”

(A73) “The segmented or crossing lines were slightly
less intuitive and made it seem like the car was doing
something, but I wouldn’t be sure it was safe for me to
cross or that I was supposed to go first.”

(A129) “The solid lights that strobed off and on seemed
to indicate a signal, whereas the lights that moved back
and forth just looked like a decoration rather than an
indication of intent on the vehicle’s part.”

Evaluation of Hypotheses
From these data, we are able to determine the validity of our
hypotheses as follows:

H1: Red will be unsuitable as a color to convey a yielding
message from an AV’s eHMI. On the other hand, green will
be intuitive to communicate an AV’s yielding intention. The
intuitiveness of cyan will fall somewhere in the middle.
Quantitative results show a clear impact of colors on the in-
tuitiveness of an eHMI to communicate a yielding message.
Green scored highly, and red scored poorly in intuitiveness,
while cyan came in the middle. This was corroborated by
the qualitative data - for a vast majority of participants, green
corresponded to ‘go’ and red corresponded to ‘stop’. As cyan
did not have any innate associations for a message, it was
regarded as a neutral color. This leads us to accept H1.

H2: Wiping or sweeping animation patterns will be more in-
tuitive for an yielding message than a uniformly animating
pattern.
As observed from Figure 8, and both the quantitative and qual-
itative results discussed earlier, uniform animation patterns
such as (Flash or Pulse) scored higher in intuitiveness than any
of the sweeping patterns in a statistically significant way. Very
few participants ascribed the sweeping patterns to a gesture
(we revisit this in the Discussion section), and most people
found them to be confusing. This leads us to reject H2.

DISCUSSION
In this paper, we reported our findings from a survey study
how color and animation patterns on a light-band eHMI drive
its intuitiveness to communicate a yielding message from an
AV. We reflect upon our findings from the quantitative and
qualitative results for each independent variable we tested.

Implications of eHMI colors
The results showed a strong preference for green and a dis-
favor for red to communicate a yielding message. This was
corroborated in the qualitative feedback when a vast majority
of the participants noted an innate association of green with
an invitation to the pedestrian to cross, and red with a warning
or advice for the pedestrian to stop. Some participants com-
mented quite strongly regarding how red is a “terrible color to
use” (A43) and green was “perfect” (I11) for communicating
yielding. However, some participants did not know what per-
spective to take while interpreting red or green, while some
others confidently ascribed completely reverse intentions to
these colors. Several people equated a red light to a brake
light in the front of the vehicle and reasoned that it indicated
that the car is coming to a stop. On the other hand, some peo-
ple concluded that a green light indicates the car’s intention
to move. Despite the imbalance in the associations and the
strong overall association with green as a yielding message,
this shows that the understanding of red and green, especially
on moving AVs, is not universal, and has room for strong
confusion. Thus, although we empirically accepted our hy-
pothesis that green may be intuitive as a color to communicate
‘yielding’ intention, this may not be a good universal solution.
This points towards the recommendation that apart from legal
and regulatory constraints, red and green may not be suitable
for use in eHMI from a user-centered design perspective. Prior
research [34] showed positive pedestrian reactions to a green
front brake light on a car. However, our research suggests that
such implementations are not advisable.

Cyan was regarded as a neutral color, and people were ambiva-
lent about its use. Some observed that cyan was reasonably
close to green to be ‘passable’ as a yielding signal, although
not quite as well as green. Others remarked that cyan was
neutral and did not tell them anything. Yet others noted that in
the absence of cyan from current traffic use, they did not know
what to make of the cyan color and it confused them. The lack
of a strong association with any contextual meaning allows
pedestrians the possibility to learn and assign a new meaning
to it without leading to misunderstandings. This therefore
leads to a recommendation that cyan may be well-suited for
communicating a yielding message in eHMIs.

When participants evaluated different colors of an eHMI for
the same animation, they rated green as higher and red as lower
in intuitiveness than when they evaluated different animations
for the same color (see Figures 5 and 7). Participants’ idea of
intuitiveness varied more widely between the colors when dif-
ferent colors were presented next to each other than when they
saw each color in isolation among different animation patterns
for the same color. This effect did not hold for the animation
and there was no significant interaction effect. Participants
were not consistent in their evaluations of colors and patterns
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across the Measure. However, this also shows that the effect
of Color was stronger than the effect of Animation patterns.

The qualitative feedback in the survey reveals that six partici-
pants (I45, I68, I139, I148, A57, A103) spontaneously offered
suggestions that they would like to see a different color than
the green, cyan, and red used in the study; they would like
to see yellow or amber as the color to indicate yielding. The
association of yellow with a yielding intention is unclear. We
know that red and green are the two extremes of the message
of a traffic light corresponding to ‘stop’ and ‘go’. On the
other hand, the yellow or amber color is traditionally in the
middle, and is associated with changing signals which may be
regarded as ‘standby’. It is possible that the role of yellow in
the traffic light was subconsciously extended in the context of
a moving vehicle – a vehicle showing yellow or amber light
could potentially indicate that it is on standby or it is waiting
(i.e. yielding). Yellow as an eHMI color has been explored in
the past [5, 22]. However, its efficacy is unclear, and should
be tested in future research. Additionally, yellow and amber
lights are already in use on utility, construction, and some
emergency vehicles depending on the country, and therefore
may be unsuitable for use in eHMI [37].

Impact of animation patterns on eHMI
Although the main effects for animation patterns showed a
statistically significant effect on the intuitiveness of the eHMI,
the the effect size was not large. In line with this, the quali-
tative results showed that animation patterns were regarded
as less important than colors. Many participants mentioned
that the sweeping patterns caused confusion. The flashing
pattern had a similarity with the blinking of hazard lights, and
possibly was easy to identify with a ‘waiting’ message. The
pulsing lights were not too different from the flashing pattern,
and might have therefore had a similar effect. The sweeping
light segments, on the other hand, were associated more with
turn signals (similar to the sequential turn signals of some
recent cars).

Our hypothesis was that the sweeping lights might map to a
waving hand gesture – as if the car is asking the pedestrian
to move. Although some feedback was in line with this hy-
pothesis, the majority of the participants did not feel this way.
Even within the pool of participants who thought that sweep-
ing animations might relate to gestures, only a small fraction
noted that the movement of the light segments mimicked a
hand wave. Examples of other interpretations include: a) the
InSweep pattern indicated that the car was bowing and asking
the pedestrian to go (I107), b) the (OutSweep) indicated the
car was “opening a path” and inviting the pedestrian to cross
(A167), c) sideways sweeping motion mirrors the motion di-
rection of a pedestrian crossing in front of the car, implying
an invitation to cross (I166, A18, A81, A94). From these
varying remarks, it appears that sweeping animations do not
have a clear and identifiable message. Hensch et al. [24, 25]
suggested that eHMI animation is rather unintuitive without
prior information. In our study, we extend this knowledge
by showing that there does exist a slight user preference for
uniform light patterns as opposed to sweeping lights. This is
in line with the findings from [14].

These results suggest that more uniform animation patterns
could be suitable for showing yielding intention. Laterally
animating lights may cause confusion, and may not be ideally
suited for communicating intent to yield.

In order to adhere to a symmetry of design, the sweeping
movements were all designed to fire in alignment with the
center of the car – the light segments began or ended from one
end of the bumper to the middle of the bumper. This may have
magnified the tendency of participants to liken the sweeping
patterns to turn signals. Four participants (A43, A61, A81,
A177) also suggested that the ideal pattern would be the one
where the light segment alternately moves all the way from
one end of the bumper to the other and then returns back. This
may be an interesting research question for future work.

Effect of Message
The kind of Message: Intention communication [“I am yield-
ing”] or Instruction [“Please cross”] did not have a signifi-
cant main effect, although there was a significant interaction
between Color and the Message. Figure 9 shows that the
intuitiveness score for Green in Instruction was higher than
the score for Green in the Intention communication condi-
tion. Correspondingly, the intuitiveness score of red was lower
in the Instruction condition than the Intention Communica-
tion condition. This indicates that the suggestive powers of
these two colors – green as an invitation to cross, and red as a
warning to not cross – are strong. While participants gener-
ally ascribed the same meaning in principle to each color in
both the conditions, it shows that red and green also have a
tendency to be associated more strongly with an instruction
from the vehicle, as opposed to a simple announcement of its
intention. Given that communication via instruction is not
recommended [27], this is yet another reason to discourage
the use of red and green in AV eHMIs.

CONCLUSION
This study utilized online crowdsourcing to explore the role
of different colors and animation patterns when used in a
light-band external human-machine interface (eHMI) to com-
municate a yielding message of an automated vehicle. The
results suggest that while red and green have immediate asso-
ciations with ‘stop’ and ‘go’, the meaning of these messages
is not always clear and may lead to confusion. Cyan, on the
other hand, is largely considered a neutral color and may thus
be more suitable for communicating a yielding message. Yet
another conclusion is that animation patterns do not have as
much impact as colors in this communication, although uni-
form animations may be more favorable than laterally sweep-
ing ones. Given the fact that the role of color and animation
for the design of eHMI is currently rather unexplored, our
empirical insights might be crucial for the development and
standardization of eHMI design in the future.
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