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Assessing the influence of show, don’t tell principle on external human-machine in-
terfaces across cultures

SHOUVANIK SAHA

Department of Mechanics and Maritime Sciences

Division of Vehicle Engineering and Autonomous Systems

Chalmers University of Technology

Abstract

Together with the shift towards green renewable energy sources, the automotive in-
dustry is currently witnessing a rapid advancement in the context of autonomous
vehicle technology. In this setting, the way in which the autonomous vehicle interacts
with the vulnerable road users will be indispensable both in terms of safety and ac-
ceptance. Therefore, understanding the societal perceptions and cultural influences
on the external human-machine interfaces (e HMIs) has become significant. This re-
search investigates the intersection of social constructivism and the show, don’t tell
principle within the context of eHMIs for autonomous vehicles. Grounded in the hy-
pothesis of social constructivism and technological insights from the show, don’t tell
principle, the study aims to analyse the alignment between the current theoretical
frameworks and the practical design solutions. Specifically, it explores how cul-
tural factors impact the acceptance and effectiveness of eHMIs among pedestrians.
In order to achieve autonomous driving with minimal or zero human intervention,
seamless integration of these vehicles into complex urban traffic is required. This
research suggests that the development of culturally sensitive design solutions may
facilitate the harmonious co-existence of autonomous vehicles and vulnerable road
users in urban landscapes.

Keywords: Autonomous vehicles, external human-machine interfaces, culturally
sensitive, dynamic human-machine interfaces, vehicle-pedestrian interaction, urban
traffic, vulnerable road users.
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1

Introduction

The exponential increase in the technology readiness levels of autonomous vehicles
(AVs) makes it quintessential to take into account the values which various auto-
mated and autonomous driving functions would add to the perception of its external
surroundings. As we are moving towards a future with zero human intervention, an
effective and smooth integration of these vehicles into complex urban environments
has become cardinal. By capitalising on the hypothesis of social constructivism [2],
in the context of external human-machine interfaces (eHMIs), this research focuses
on investigating how the current theoretical frameworks and practical design solu-
tions align with the show, don’t tell principle [7][8]. The main idea of this study is to
explore and analyse whether cultural factors of pedestrians influence the acceptance
and effectiveness of such eHMIs. As the market potential in autonomous vehicles
is emerging, it is constitutional to take into account the interaction between the
occupants and the vehicle’s internal and external systems as an important aspect
of user satisfaction and safety [4]. In the context of designing suitable eHMIs for
autonomous cars, there is an inadequacy in the available design frameworks, hin-
dering the seamless development of design concepts [1]. Current eHMIs often lack
the artistry required for a harmonious interaction with pedestrians and other road
users, particularly in a culturally diverse setting. Also, the demonstrated concepts
of eHMIs tend to initiate a direct contact with pedestrians, which is not viable for
complex road conditions—indicating that a shift towards dynamic and culturally
sensitive eHMIs are required with good contextual awareness [9][10]. With increas-
ing automation levels, the complexity of vehicles increases proportionally. Most
people do not have the ability and the motivation to fully understand all the func-
tions of these advanced systems. Consequently, they might struggle to trust such
technology. Trust is an important aspect for the drivers to accept highly automated
vehicles [10]. This chapter reviews existing all eHMI design concepts used for AV-
pedestrian communication, highlighting both their strengths and limitations. While
most of these designs—using text, symbols, and other visual cues—enhance vehicle-
pedestrian interactions, they often rely on explicit communication, which may not
be effective in all cultural settings. This research instead focuses on a different ap-
proach, rooted in the show, don’t tell principle, aiming to reduce explicit signals in
favor of more intuitive, culturally sensitive visual cues. By understanding existing
methods, this study sets the stage for exploring this new design direction.
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1.1 eHMIs for AV-pedestrian interaction

Effective vehicle-pedestrian interactions are crucial for the acceptance and safety
of AVs. Traditional nonverbal cues, such as gestures and eye contact, are essential
for safe interactions but are absent in AVs. eHMIs have been proposed to fill this
communication gap, providing clear and understandable signals to pedestrians [31].
Studies show that eHMIs, especially those using text, significantly improve crossing
efficiency compared to graphic-based systems, as textual information is easier to
understand [17][34].

Building on the latest developments and insights in the areas of human-machine
interfaces and AVs, interactive information should be presented in phases: trigger
indicating intent, contact guiding pedestrians, and end confirming status. Early and
clear communication is recommended to give pedestrians sufficient time to respond,
enhancing their trust in AVs [15][30]. The usefulness of eHMIs also depends on cul-
tural and contextual factors, necessitating designs that consider regional differences
and pedestrian familiarity [23][24].

According to Lagstrom and Lundgren, when encountering a fully autonomous vehi-
cle, pedestrians may perceive a decrease in safety mainly because of the fact that
these vehicles does not occupy a considerable part in the human culture yet. The
research suggests that eHMIs could potentially offer better vehicle-to-pedestrian
communication specifically in complex traffic crossings [43].

eHMIs serve as secondary information sources for pedestrians, influencing their
crossing decisions. Eye contact between pedestrians and AVs, facilitated by eHMIs,
significantly increased perceived safety and reduced decision-making time. Inter-
faces displaying AV intentions improved perceived safety and comfort, highlighting
the importance of eHMIs in negotiation situations [29)].

Research indicates that unsafe vehicle-pedestrian interactions often result from ei-
ther drivers failing to yield or pedestrians making risky crossing decisions. To ad-
dress these problems, AVs are expected to adopt a conservative strategy, yielding to
pedestrians when their crossing intent is detected [22][32]. This strategy necessitates
effective communication of AV intentions, which can be facilitated through eHMIs.
Studies have shown that pedestrians are more likely to cross when encountering AVs
equipped with eHMIs, suggesting increased interaction efficiency [15][34].

1.2 Comparison of eHMI designs

Different methods, including images, videos, and virtual reality have been used to
study eHMI effects. Four categories of information are suggested for eHMI design
are vehicle status, AV intention, AV environmental perception, and AV coopera-
tion capabilities. Studies show that status € intent eHMIs enhance user experience,
with egocentric messages being clearer to pedestrians. Textual and symbolic eHMIs
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are user-friendly, especially for those unfamiliar with traffic rules, due to their low
learning cost [42][38].

However, implicit communication remains dominant. Pedestrians often rely on ve-
hicle motion patterns rather than eHMI displays. Cultural differences and demo-
graphic factors influence eHMI preferences, suggesting the need for tailored designs
considering specific regional symbols and expressions [39].

Experimental designs, such as adding eyes on AVs to mimic eye contact, have been
found to improve pedestrian decision-making speed and safety [15]. However, some
studies indicate that eHMIs might only increase perceived risk without significantly
altering crossing behavior [28]. This implies that pedestrians might still rely on
traditional gap acceptance strategies, such as judging vehicle speed and distance,
rather than solely on eHMI signals [16].

To achieve seamless integration of AVs into traffic, Nissan enlisted anthropologist
Gitti Jordan and a team of social scientists to define what socially acceptable driving
entails. This interdisciplinary approach emphasized the social nature of road use,
where human interaction is crucial for navigating traffic. Ethnographically informed
research played a crucial role in this context, providing insights grounded in social
science, before adapting these findings to engineering needs [39]. Road interactions
are inherently social, involving the interpretation of cultural signs and signals to
interact with others. Many road rules depend on human judgment, which AVs
struggle to replicate. This highlights the contrast between social science and Al
research, as human behavior is contingent and non-algorithmic. Understanding
pedestrian behavior requires considering its social context, which is essential for
developing effective eHMIs [40][38]. AVs must engage in real-time negotiations based
on the behaviors of other road users, adapting to be good social partners. Nissan’s
concept of an interactive light strip aims to replace hand-waving and eye—gazing
with visual signals, though current technology limits this to displaying intentions
rather than real-time interactions. This intention indicator concept emphasizes the
importance of considering social dynamics in AV design [42].

1.3 Challenges in eHMI design for AVs

A significant problem in the design and implementation of eHMIs for AVs is the
lack of detailed descriptions of interface functionalities in specific situations, which
complicates the understanding of the underlying concepts of many eHMIs. Moreover,
the lack of a shared understanding of how these communication interfaces function
has made it challenging to develop a consistent approach for addressing their various
uses. Another critical challenge is the need for AVs to communicate effectively
with other road users (ORUs), including vulnerable road users (VRUs) such as
pedestrians and cyclists, to achieve the wision zero goal of zero traffic fatalities
proposed by the European Commission [37].
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1.4 Cultural constructs in eHMI designs

According to some expert and focus-group interviews conducted by Chan Lee and
others in 2021 [45], it was hence confirmed that there is a cultural impact in devel-
oping an internal HMI (iHMI) for autonomous vehicles. In the context of iHMIs,
passengers while sitting inside a fully autonomous vehicle (FAV) are bound to get
engaged in various activities such as sleeping, eating, monitoring vehicle status,
making phone calls, watching movies or using social media. And due to this, it was
found that people coming from different cultural backgrounds hold varying percep-
tion towards the advantages and the disadvantages associated with FAVs. But when
it comes to eHMIs, the level of intricacy multiplies—they are not only required to
convey the vehicles’ intention to the road users, but also to capture and understand
their behavioral intentions. This widens the perspective of implementing an eHMI
developed based upon show, don’t tell (SDT) principle—which means, in order to
reduce the complexities involved, the primary focus should be on how to deliver and
project the intention of an FAV to the road users.

Integrating cultural constructs into design education enhances cross-cultural aware-
ness and prepares students for global collaboration. Culture, learned rather than
inherent, influences attitudes and behaviors towards external stimuli, making cross-
cultural learning vital in design [35][12][20]. Empirical evidence supports the benefits
of intercultural experiences, such as design study tours, in fostering cultural intelli-
gence and creative outcomes [20][30].

These educational practices help students appreciate cultural diversity and apply
cultural insights to practical design challenges. For example, participation in inter-
cultural projects enables students to transfer abstract cultural concepts into tangible
design solutions, promoting innovative thinking and a deeper understanding of dif-
ferent cultural contexts [36].

1.5 Importance of eHMlIs in pedestrian safety

In a study conducted by Guo and others, it was found that 68.5% of participants
felt safer crossing streets with eHMIs that included green, text, symbols, or dynamic
features. eHMIs positively affect vehicle-to-everything communication, with textual
eHMIs being particularly clear to pedestrians [47]. In mixed traffic environments,
explicit communication is necessary to compensate for the lack of implicit cues,
especially in ambiguous scenarios like parking [41]. In a study involving several
volunteers conducted by Habibovic, participants reported feeling significantly less
safe when encountering an AV without an external interface. This suggests that
user-centric eHMIs could enhance the overall user experience and provide pedestrians
with an improved sense of safety [46].

4
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1.6 Public acceptance of AVs

Despite the potential benefits of AVs, public acceptance remains low, posing a sig-
nificant barrier to widespread adoption. Surveys indicate that safety concerns and
a lack of trust are major factors hindering acceptance [11][26][33]. Trust in AVs is
influenced by their perceived performance, process, and purpose, with safety mea-
sures being crucial for building trust [5][19].

Trust is an integral aspect towards the acceptance of highly automated vehicles.
The complexities in such vehicular systems increases exponentially with an increase
in the level of automation. However, many individuals lack both the capacity and
readiness to encompass these complex systems, leading to potential trust issues with
such vehicles when they are out on the roads. And, because of this, in his paper,
Parasuraman came to a conclusion that HMIs (both internal and external) should
be intuitive so that it clearly conveys what it intends to do [6]. A culturally-sensitive
eHMI could help to build trust, thereby increasing its acceptance among the users.

For AVs to gain public trust and achieve market penetration, it is essential to en-
hance their perceived safety and reliability. Clear and effective communication using
eHMIs can greatly enhance the interaction between autonomous vehicles and pedes-
trians. Addressing these trust issues is key to overcoming legislative barriers and
achieving large-scale adoption of AVs [21]]25][27].

Pedestrian understanding of AV intentions can vary based on the design and fa-
miliarity with the eHMI messages [23][24]. While assistance information from AVs
aids safer crossing decisions, the overall impact on decision-making remains mod-
est, suggesting pedestrians’ reliance on legacy behaviors [18]. This underscores the
need for further exploration into the optimal design and implementation of eHMIs
to enhance pedestrian safety [32] [29].

1.7 Aim

The primary objective of this thesis is to explore application of show, don’t tell
principle in the design philosophy of eHMIs in AVs, specifically for complex urban
environments. The ultimate goal of this research is to investigate the impacts of
integrating dynamic response and humane awareness in a comprehensive manner,
so that it can contribute to build a shared and common societal understanding of
vehicle behavior in the era of fully autonomous vehicles. These are the research
questions:

o How is the research community currently harnessing the show, don’t tell prin-
ciple and social constructivism theory in the development of eHMIs for AVs

explicitly addressing complex traffic conditions in urban intersections?

o How do cultural differences in pedestrians influence the acceptance and effec-
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tiveness of eHMIs in AVs which are designed based on the show, don’t tell
principle?

1.8 Limitations

Before reflecting upon the limitations, the common short—comings of these kind
of literature—based survey analysis is usually the limited availability of data or re-
sponses. Cultural sensitivity often leads to stereotyping and generalizations, spe-
cially in a complex and diverse environment such as a city intersection point. Despite
of good results and successful outcome, individual preferences and perceptions might
hamper user acceptance and effectiveness of external HMIs [5].

This study has certain limitations primarily related to the distribution and reach of
the survey. The questionnaire was shared exclusively through social media groups,
leading to a sample that was largely limited to those with internet access and ac-
tive engagement on such platforms. This method inherently restricted participation
to a specific segment of the global population, possibly skewing the demographics
towards younger, tech—savvy individuals. As a result, the data collected may not
be fully representative of broader, more diverse populations, particularly those from
regions with limited internet access or differing social media usage patterns. Conse-
quently, the findings should be interpreted with caution, as they may not accurately
reflect the perspectives of a wider demographic spectrum. Further studies with more
inclusive and varied distribution methods would be necessary to validate the results
on a global scale.
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Theory

This chapter delves into two pivotal theoretical frameworks: the show, don’t tell
(SDT) principle and social constructivism theory, both of which play crucial roles in
the design of external human-machine interfaces (eHMIs) for autonomous vehicles
(AVs). The SDT principle advocates for the use of visual and non-verbal cues to
convey AV intentions, enhancing clarity and trust among road users. This approach
avoids explicit verbal communication, aligning with social constructivism to foster
a shared understanding of AV behaviors across diverse cultural contexts.

2.1 The show, don’t tell principle

The SDT principle in AV development emphasizes the importance of implicitly com-
municating the AV’s intentions without directly addressing specific road users. The
principle suggests that instead of using direct verbal commands, vehicles should
rely on visual cues and behaviors that pedestrians can interpret naturally—much
like how humans intuitively understand the actions of animals or other humans with-
out explicit instructions [14][13]. A study by Rasouli and Tsotsos in 2019 reviewed
various eHMI concepts and found that visual signals, such as light patterns and dis-
plays, effectively convey AV intentions without verbal explanations, aligning with
the show, don’t tell approach [29]. These visual cues help pedestrians and other road
users anticipate the AV’s actions, thereby improving safety and reducing uncertainty.

The implementation of the SDT principle as a design concept for eHMIs would mean
that the vehicle will always clearly demonstrate its planned actions, but without any
further motivation [2]. The focus should be on designing eHMIs that are univer-
sally understandable without being overly directive, enhancing pedestrians’ trust
and confidence. For instance, when a pedestrian and a cyclist are approaching a
crossing simultaneously, the FAV should clearly indicate its intention to halt and
wait without any explicit reason for the action. This deliberate exclusion is also
justified by the theory of social constructivism [44] which aims to avoid any kind
potential misunderstandings between the pedestrian and the cyclist. By refrain-
ing from providing detailed justifications, the design concept prioritizes a culturally
shared understanding of the vehicle’s overall behavior, thereby omitting explicit in-
teraction with the road users. Therefore, if implemented, this design ideology will
not require any previous understanding or knowledge of various isolated scenarios
which could hamper overall perception towards FAVs [2].
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2.2 Theory of social constructivism

Social constructivism theory posits that knowledge and meaning are constructed
through social interactions and cultural contexts. In the realm of AVs, this theory
suggests that effective communication between AVs and humans must consider the
social and cultural norms that govern road use behaviors. Research by Merat in 2018
highlights the importance of designing AV interfaces that reflect social norms and
expectations [41]. Their study on pedestrian—AV interactions demonstrated that
culturally informed eHMI designs significantly impact pedestrian trust and crossing
decisions, underscoring the relevance of social constructivism in AV design.

As of now, there are no clear conventions for designing an eHMI, and most impor-
tantly none of the existing design prototypes has taken into account the cultural
aspect while developing the HMI. But, based on the theory of social constructivism
[44], the motivation for this coherence is to find an accepted design, which over time
will act as a culturally shared understanding of vehicle behavior and intention. The
design platform for this work is based on this theoretical framework, which suggests
an overall design with few contradictions and with good possibilities for global stan-
dardization.

Ethnographic studies provide valuable insights into the social dynamics of road use,
informing the design of AVs that can seamlessly integrate into human environments.
For example, the work of Walker [42] involved video analysis of pedestrian—vehicle
interactions, revealing the nuanced ways in which people negotiate crossings and
interpret vehicle behavior. These findings support the development of eHMIs that
mimic human-like communication methods, such as subtle movements and eye con-
tact, to signal AV intentions effectively.
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Methods

This methodology section describes several key steps that is taken to carefully eval-
uate if there are any cultural impact of different eHMIs for AVs on the pedestrians.
According to existing research and industrial developments, potential HMI design
concepts based on the SDT principle are chosen for further investigation. A test sce-
nario is prepared where a test car is virtually fitted with the each of the chosen HMI
types. The test vehicle is made to steer towards a pedestrian crossing in a realistic
urban traffic. The test event is recorded, post-processed and is presented in the form
of an online survey in order to receive responses from people of different cultural
backgrounds. Statistical methods are adopted to analyse the survey responses with
an intention to find any cultural effect on chosen HMI design concepts.

3.1 Preparation and conduct of the test scenario

A test vehicle is made to navigate towards a pedestrian crossing with a volunteer
crossing the street at the exact same time. Three cameras were set up:

o The first one at the sight of the test scene to capture the interaction between
the car and the pedestrian—giving an overall perspective of the test event.

o The second one on the head of the volunteer crossing the road to capture the
state of the eHMI of the test vehicle approaching from the front.

o The last one on the dashboard of the test vehicle capturing the intention and
motive of the pedestrian who is about the cross.

The test vehicle is manually driven at a controlled speed of around 30 kmph, making
sure that it did not cause any hindrance to the already existing traffic on road. The
recorded video is post-processed by simulating four different kinds of eHMI based
on the SDT principle:

1. Blinking green and red LED strip: the external HMI starts throbbing in
green and red as soon as the sensors detected that a pedestrian is crossing the
street as seen in figure 3.1(a) and (b).

2. Blinking red LED strip: the eHMI starts blinking in red in the presence of
a pedestrian as seen in figure 3.1(c) and (d).
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3. LED strip of varying width: based upon the distance between the car and
the pedestrian, the width of the LED strip varies. The width of the strip
increases as the gap between the car and the pedestrian decreases as seen in
figure 3.1(e) and (f).

4. Blinking blue and white circular LED plate: this eHMI is a circular
LED plate which starts blinking in blue and white upon pedestrian detection
as seen in figure 3.1(g) and (h).

3.2 Selection of survey metric

In assessing the cultural impacts of eHMIs developed based upon the SDT princi-
ple for autonomous vehicles, several metrics can provide valuable insights into how
these interfaces are perceived and understood across diverse cultural backgrounds.
While an exhaustive assessment might include various metrics such as (i) perceived
understanding of road signs and symbols, (ii) cultural sensitivity, (iii) degree of famil-
iarity with autonomous vehicles, (iv) trust in eHMI communication, (v) emotional
responses, (vi) perceived biases related to certain communities, (vii) preferences for
specific features or colors, (viii) demographic variations, (iz) usability across cul-
tures, real-life constraints often demands on adopting a rudimental approach.

To accommodate all these constraints, a set of fundamental questions is devised and
incorporated in the online survey. Participants are asked to provide information
about their age, gender and current country of residence—the condition here is that
the participant should be living in that country for at least three years. Addition-
ally, when observing the videos of each type of eHMIs while attempting to cross
a street, they are prompted to rate their stress and confidence levels in between 1
(minimum) and 10 (maximum) along with a mandatory motivation for each of the
perceived ratings. While this approach may not capture the intricate aspects of cul-
tural perception and preferences comprehensively, it serves as a reasonable method
to gather essential data points within the constraints of the survey design.

3.3 Survey conduct

With the chosen metrics in place, an online user-perception study is conducted
among people coming from diverse cultural backgrounds. In correlation to the sim-
ulated scenarios involving the four types of eHMIs, participants are asked to provide
stress and confidence ratings. They are also asked about the reason for giving such
ratings, thereby offering valuable insights into the effectiveness of the eHMIs.

10
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Figure 3.1: (a) and (b): Green and red blinking, (c) and (d): red blinking, (e) and
(f): varying width, (g) and (h): circular blinking.

3.4 Analysis

The analysis stage is divided into two parts:
o Quantitative analysis: The collected data is referred to as the base of quan-
titative analysis. To find any significant differences in stress and confidence rat-

11
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ings across various eHMI variants and cultural backgrounds, statistical meth-
ods such as t-tests and F-tests are deployed.

Qualitative data collection: In addition to quantitative analysis, qualita-
tive data is also collected to deep dive into the motivations behind the stress
and confidence ratings provided by the survey respondents. This allowed the
participants to articulate their thoughts and perceptions regarding the eHMIs.
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Results

4.1 User study overview

The user study comprised 54 participants from various regions worldwide. The
responses primarily came from individuals residing in Sweden and India, providing
a rich demographic insight into the cultural impacts on the evaluation of eHMI
variants. Additional responses were received from the rest of Europe, Australia,
Turkey, Iran, the US, Kenya, and Argentina. But for better representation, the
top three distribution of responses are illustrated in figure (4.1), and the others are
placed under others.

Number of Responses by Country of Residence Bl ndia

I Sweden

[ ISwitzerland
[ lOthers

Others (24.1%)

India (35.2%)

Switzerland (5.6%)

Sweden (35.2%)

Figure 4.1: Demographic distribution of responses.

4.2 Demographic distribution
Most of the responses were from Swedish and Indian participants. To gain a better

understanding of the demographic distribution, a pie chart was plotted to show the
percentage shares of the responses from different regions as seen in figure (4.1).

13
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Il India

I Sweden
[Iswitzerland
[ IOthers

Others (20.4%)

Number of Responses by Country of Residence

India (38.9%)
Switzerland (5.6%)

Sweden (35.2%)
Figure 4.2: Demographic distribution after adjustment.

4.3 Adjusting for residence duration

From the survey data, if a participant had lived in a particular country for less than
three years, their responses were attributed to their previous country of residence.
This adjustment ensures that the cultural background is accurately represented in
the analysis. Post-adjustment, there were 19 Swedish responses and 21 Indian re-
sponses. This updated distribution is depicted in the new pie chart in figure (4.2).

4.4 Cultural backgrounds in consideration

The primary objective of this study is to assess and verify whether there is a cultural
impact on the stress and confidence ratings for the different external eHMI variants.
Cultural impact refers to the variations in ratings based on cultural biases or per-
ceptions of road signs and symbols. For a more focused analysis, the comparison
between stress and confidence ratings is based upon the predominant responses from
Swedish and Indian participants, providing insights that may reflect European and
South-Asian cultural influences, respectively. This approach helps to identify any
cultural differences in the perception of eHMI variants.

4.5 Statistical methods adopted

To analyze the data, statistical methods such as t-tests and Analysis of variance
(ANOVA) are employed. These methods are essential to determine if there are
statistically significant differences between the groups. In this study, cultural back-
ground is represented by the current country of residence, divided into Swedish and
Indian categories.
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4.5.1 Independent samples t-test

The t-test, specifically the independent samples t-test (Welch’s t-test for unequal
variances), is used to compare the mean stress and confidence ratings between the
two cultural groups. The significance level (alpha value) was set at 0.05.

4.5.1.1 Analysis of HMI variants

As mentioned in the Methodology section, this study analyzed four different types
of eHMIs developed based on the SDT principle. For each HMI variant, two t-tests
were conducted (one for stress ratings and one for confidence ratings), resulting in a
total of eight t-tests. This analysis aimed to uncover any cultural influences on the
perception of different HMI types.

Null and Alternative Hypotheses
For each t-tests, the following hypotheses were formulated:

o Null hypothesis (HO): There is no significant difference in the mean ratings
of stress and confidence between Swedish and Indian participants.

« Alternative hypothesis (H1): There is a significant difference in the mean
ratings of stress and confidence between Swedish and Indian participants.

Statistical results

HMI 1: Blinking green and red LED strip

For the blinking green and red LED strip eHMI, the p value associated with the
t-test for stress and confidence levels is 0.64895 and 0.71417 respectively, which is
greater than the typical significance level of 0.05. This fails to reject the null hy-
pothesis, suggesting that there is no significant difference in stress and confidence
levels between Swedish and Indian people.

e Stress ratings:
— p value: 0.64895
— t-statistic: -0.45885
— Degrees of freedom: 37.9975
— 95 % Confidence interval: [-1.9396, 1.2228]

o Confidence ratings:
— p value: 0.71417
— t-statistic: -0.36904
— Degrees of freedom: 37.6039
— 95 % Confidence interval: [-2.0975, 1.4508]
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In figure 4.3, it is seen that the frequency or the probability of the stress and confi-
dence ratings are similar to some extent for both Indian and Swedish responses. This
indicates that people from both the backgrounds were equally stressed or confident
upon seeing the AV with this eHMI setting.

Distribution of Stress Ratings for HMI1: Blinking GreenRed Distribution of Confidence Ratings for HMI1: Blinking GreenRed
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Figure 4.3: Distribution of stress and confidence ratings for eHMI 1.

HMI 2: Blinking red LED strip

For this eHMI variant, the p value for the stress levels is 0.049143, which is just
below the set level. This signifies that there could be a significant difference in the
ratings based upon the country of residence. The p value for the confidence levels is
just above the significance level, which fails to reject the null hypothesis statistically.

e Stress ratings:
— p value: 0.049143
— t-statistic: -2.033
— Degrees of Freedom: 37.6975
— 95 % Confidence Interval: [-3.3468, -0.0066]

« Confidence ratings:
— p value: 0.05764
— t-statistic: 0.56347
— Degrees of freedom: 37.5857
— 95 % Confidence interval: [-1.3068, 2.3143]

Figure 4.4 indicates that for the stress rating, there are two different clusters. Indians
gave more high stress ratings as compared to the Swedish people. For confidence
rating, the responses between both the groups did not deviate much.

HMI 3: Varying width red LED strip
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Figure 4.4: Distribution of stress and confidence ratings for eHMI 2.

For both stress and confidence levels, the p value is way below 0.05. This indicates
evidence against the null hypothesis, suggesting that there is a significant difference
in stress and confidence levels between Indian and Swedish people. The t-statistic
for stress is -3.1142 indicates the magnitude of the difference between the means of
two groups. The negative sign here suggests that the means stress level for Swedish
people is lower than that for Indian people. The positive t-statistic of 2.6357 for
confidence levels suggests that the mean confidence level for Swedish people is higher
than that for Indian people.

e Stress ratings:
— p value: 0.0035117
— t-statistic: -3.1142
— Degrees of freedom: 37.764
— 95 % Confidence interval: [-3.4369, -0.72854]

o Confidence ratings:
— p value: 0.01211
— t-statistic: 2.6357
— Degrees of freedom: 37.7852
— 95 % Confidence interval: [0.47464, 3.62006]

The distribution plots in figure 4.5 suggests that there is a difference of opinion
related to stress and confidence ratings between the Indian and Swedih people. For
eHMI3, the indication is, the Swedish people were more confident and less stressed
than the Indian people.

HMI 4: Circular blinking LED plate

For this eHMI variant, the p values are way above the significance level.
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Figure 4.5: Distribution of stress and confidence ratings for eHMI 3.

o Stress ratings:
— p value: 0.74024
— t-statistic: 0.33396
— Degrees of freedom: 37.9934
— 95 % Confidence interval: [-1.4843, 2.0707]

o Confidence ratings:
— p value: 0.84699
— t-statistic: 0.1943
— Degrees of freedom: 37.5845
— 95 % Confidence interval: [-1.6295, 1.9753]

Figure 4.6 indicates that in general, the stress ratings were high for both Indian
and Swedish responses. For confidence ratings, the mean ratings for both of the
responses lies mainly in the centre of the rating scale.

4.5.1.2 Within-culture analysis

An additional analysis is conducted to compare stress and confidence ratings between
two HMI variants within each cultural group. For example, independent two-sample
t-tests were performed between stress and confidence ratings for eHMI 2 and eHMI
3 from Indian responses. This analysis aimed to detect any variations in ratings
within a particular culture. All six combination pairs of eHMI variants are used to
perform 12 t-tests (six for stress ratings and six for confidence ratings).
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Figure 4.6: Distribution of stress and confidence ratings for eHMI 4.

Within-culture t-test hypotheses

« Null hypothesis (HO): There is no difference in stress (or confidence) rat-
ings between the two HMI variants for each cultural background.

o Alternative hypothesis (H1): There is a significant difference in stress
(or confidence) ratings between the two HMI variants for each cultural back-
ground.

Statistical results

Within Indian responses, none of the eHMI variant combinations have shown sig-
nificant differences in the stress and confidence stress ratings as seen in table 4.1.
This indicates that for Indian people, they did not find any one eHMI variant more
effective than the others.

Whereas, for Swedish responses, there are some statistically significant data for two
different eHMI combination pairs, i.e., eHMI 1&3 and 3&4, as seen in the table 4.2.
This indicates that Swedish people found a certain eHMI variant more effective than

others.

Table 4.1: t-test results of various eHMI combinations within Indian responses.

p value t-stat 95% CI
Stress |Confidence| Stress |Confidence Stress Confidence
eHMI 2&3/0.29095| 0.83793 | 1.0702 | -0.20587 |[[-0.7616, 2.4750]|[-2.0604, 1.6794]
eHMI 1&3]0.61713| 0.95666 | 0.50385 | -0.05469 |[-1.1471, 1.9090]|[-1.8073, 1.7121]
eHMI 2&4|0.15559| 0.88242 | 1.4474 | 0.14885 |[-0.5096, 3.0811]|[-1.7968, 2.0826]
cHMI 1&4[0.34556] 0.75445 | 0.95451 | 0.31492 |[-0.9045, 2.5236]|[[-1.5479, 2.1194]
eHMI 1&2|0.57434| 0.87598 |-0.56632| 0.15707 |[[-2.1756, 1.2232]|[-1.6953, 1.9810]
eHMI 3&4| 0.5990 | 0.71989 |0.53005| 0.36114 |[[-1.2056, 2.0627]|[-1.5321, 2.1988]
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Table 4.2: t-test results of various eHMI combinations within Swedish responses.

p value t-stat 95% CI
Stress |Confidence| Stress |Confidence Stress Confidence
eHMI 2&3| 0.078345 | 0.12682 |1.8119| -1.5629 [-0.1507, 2.677] | [-2.7813, 0.36027]
eHMI 1&3(0.0046178| 0.026026 |3.0208 | -2.3216 | [0.69186, 3.5187] |[-3.5499, -0.23957]
eHMI 2&4| 0.40595 0.5665 [-0.8409| 0.57854 |[-2.3344, 0.96598] | [-1.1868, 2.1342]
eHMI 1&4| 0.84719 0.80761 |0.1941 | -0.24531 | [-1.4919, 1.8077] [-1.9511, 1.53]
eHMI 1&2| 0.2775 0.43149 | 1.1026 | -0.79559 | [-0.70677, 2.391] [-2.4284, 1.06]
eHMI 3&4| 0.013703 | 0.035867 [-2.5919| 2.1801 |[[-3.4711, -0.42362]| [0.11745, 3.251]

4.5.2 2-way ANOVA test

The third type of statistical analysis conducted is a two-way ANOVA for stress rat-
ings of two different eHMI variants from the two cultural backgrounds. The purpose
of this analysis is to assess the main effects of eHMI type and cultural background
on stress ratings, as well as to examine any interaction effect between these two
factors. This approach provides insights into how the relationship between eHMI
type and stress ratings might vary across different cultural backgrounds. Similar
test is conducted by taking into account the confidence ratings as well.

ANOVA hypotheses

1. eHMI type (Factor 1): This factor examines the differences in stress ratings
between the two types of eHMIs.

o Null hypothesis (HO0): There is no significant difference in stress rat-
ings between the two types of eHMIs.

o Alternative hypothesis (H1): There is a significant difference in stress
ratings between the two types of eHMIs.

2. Country of residence (Factor 2): This factor examines the differences in
stress ratings between individuals from different cultural backgrounds.

o Null hypothesis (HO0): There is no significant difference in stress rat-
ings between individuals from different cultural backgrounds.

« Alternative hypothesis (H1): There is a significant difference in stress
ratings between individuals from different cultural backgrounds.

. Interaction between eHMI type and cultural background: This exam-

ines whether the effect of one factor (eHMI type) depends on the level of the
other factor which is the country of residence or cultural background in this

case.

o Null hypothesis (HO0): There is no interaction effect between eHMI
type and cultural background on stress ratings.

« Alternative hypothesis (H1): There is an interaction effect between
eHMI type and cultural background on stress ratings.
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Statistical results

F-test between eHMI 2 and 3

For HMI type factor, the F-statistic is calculated as 3.91, and the associated p value
(Prob>F) is 0.0516 as seen in table 4.3. The p value (0.0516) is slightly above 0.05,
suggesting that the effect of HMI type on stress ratings is marginally non-significant.

For country of residence factor, the F-statistic is calculated as 12.1236, and the as-
sociated p value (Prob>F) is 0.0008. Since the p value is less than the significance
level, the null hypothesis for the cultural background factor is rejected. This sug-
gests that there is a significant difference in stress ratings between the two cultural
backgrounds.

For the interaction between the HMI type and country of residence, the F-statistic
is calculated as 0.14, and the associated p value (Prob>F) is 0.7059. Since the p
value is greater than the significance level, the null hypothesis for the interaction
effect cannot be rejected. This suggests that there is no significant interaction effect
between HMI type and cultural background on stress ratings.

Table 4.3: F-test results of eHMI 2 and 3.

Analysis of variance

Source ‘Sum Sq.IDOFIMean sq.‘ F |Prob>F
HMI type (Factor 1) 22.422 1  22.4222 3.91 0.0516
Country of residence (Factor 2) 70.489 1  70.4887 12.3 0.0008
Interaction 0.822 1 0.8222 0.14 0.7059
Error 435.639 76  5.7321

Total 529 729

Figure 4.7 shows the mean stress and confidence ratings of eHMI 2&3 by comparing
the two cultural backgrounds. For both of the cultural groups, eHMI 3 was more
effective as its mean stress rating was lower than that of eHMI 2. Similarly, the
mean confidence rating was higher for eHMI 3 across all cultures. The error bar
represents the average variability within each groups.

F-test between eHMI 1 and 3

For HMI type factor, the F-statistic is calculated as 5.77, and the associated p value
(Prob>F) is 0.0188 as seen in table 4.4. Since the p value is less than the signifi-
cance level, the null hypothesis for the HMI type factor is rejected. This suggests
that there is a significant difference in stress ratings between eHMI 1 and 3.
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Figure 4.7: Distribution of mean stress and confidence ratings between eHMI 2
and 3.

For country of residence factor, the F-statistic is calculated as 5.56, and the asso-
ciated p value (Prob>F) is 0.0209. Since the p value is less than the significance
level, the null hypothesis for the country of residence factor is rejected. This sug-
gests that there is a significant difference in stress ratings between the two cultural
backgrounds.

For the interaction between the HMI type and country of residence, the F-statistic
is calculated as 2.77, and the associated p value (Prob>F) is 0.0999. This p value
suggests that the interaction between eHMIs 1&3 and the country of residence has a
notable effect on stress ratings, but it does not reach conventional levels of statistical
significance, hence the null hypothesis for the interaction effect cannot be rejected.

Table 4.4: F-test results of eHMI 1 and 3.

Analysis of variance

Source ‘Sum sq.IDOFIMean sq.‘ F |Prob>F
HMI type (Factor 1) 30.829 1  30.8291 5.77 0.0188
Country of residence (Factor 2) 29.72 1  29.7204 5.56 0.0209
Interaction 14.829 1  14.8291 2.77 0.0999
Error 435.639 76  5.3447

Total 479.550 79

From the distribution plot in figure 4.8, it is evident that for eHMI 3 the mean stress
rating for Swedish responses is considerably lower than the rest. On the other hand,
for Indian responses, there is very less notable differences in the mean stress and
confidence ratings for both of the eHMI variants.

F-test between eHMI 1 and 2

For HMI type factor, the F-statistic is calculated as 0.1, and the associated p value
(Prob>F) is 0.75 as seen in table 4.5. Since the p value is not less than the signifi-
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Figure 4.8: Distribution of mean stress and confidence ratings between eHMI 1
and 3.

cance level, the null hypothesis for the HMI type factor is not rejected. This suggests
that there is no significant difference in stress ratings between eHMI 1 and 2.

For country of residence factor, the F-statistic is calculated as 3.16, and the asso-
ciated p-value (Prob>F) is 0.0794. The null hypothesis cannot be rejected here as
the p-value is not less than the significance level.

For the interaction between the HMI type and country of residence, the F-statistic
is calculated as 1.33, and the associated p value (Prob>F) is 0.253. This p value
suggests that there is no interaction between eHMIs 1&2 and the country of resi-
dence factor on the stress ratings, hence the null hypothesis for the interaction effect
cannot be rejected.

Table 4.5: F-test results of eHMI 1 and 2.

Analysis of variance

Source \Sum sq.IDOFIMean sq.\ F |Prob>F
HMI type (Factor 1) 0.668 1 06678 0.1 0.75
Country of residence (Factor 2) 20.656 1  20.6561 3.16 0.0794
Interaction 8.668 1 8.6678 1.33 0.253
Error 496.426 76  6.5319

Total 526.2 79

In figure 4.9, it is evident that there is not much difference in the mean stress and
confidence rating among Swedish and Indian people between the two eHMI variants.
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Figure 4.9: Distribution of mean stress and confidence ratings between eHMI 1
and 2.

F-test between eHMI 2 and 4

For HMI type factor, the F-statistic is calculated as 0.25, and the associated p value
(Prob>F) is 0.6214 as seen in table 4.6. Since the p value is not less than the
significance level, the null hypothesis for the HMI type factor is not rejected. This
suggests that there is no significant difference in stress ratings between eHMI 2 and 4.

For country of residence factor, the F-statistic is calculated as 1.3, and the associ-
ated p value (Prob>F) is 0.2577. The null hypothesis cannot be rejected here as
the p value is not less than the significance level.

For the interaction between the HMI type and country of residence, the F-statistic is
calculated as 2.64, and the associated p value (Prob>F) is 0.1086. This p value sug-
gests that there is no interaction between eHMIs 2&4 and the country of residence
on the stress ratings, hence the null hypothesis for the interaction effect cannot be
rejected.

Table 4.6: F-test results of eHMI 2 and 4.

Analysis of variance

Source \Sum sq.‘DOF‘Mean sq.\ F ]Pr0b>F
HMI type( Factor 1) 1.805 1 1.8045 0.25 0.6214
Country of residence (Factor 2) 9.546 1  9.5459 1.3 0.2577
Interaction 19.355 1  19.3545 2.64 0.1086
Error 557.85 76  7.3401

Total 589.2 79

In figure 4.10, it is evident that the mean stress rating for eHMI 2 calculated from
Indian responses is considerably higher than the rest. Point to note here is that the
mean stress for eHMI 4 is similar in both the cultural groups. The mean confidence
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levels are also in equilibrium with less variations across the two cultures with respect
to eHMI 2&4.
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Figure 4.10: Distribution of mean stress and confidence ratings between eHMI 2
and 4.

F-test between eHMI 1 and 4

From table (4.7), Since the p value (0.4151) is not less than the significance level,
the null hypothesis for the HMI type factor is not rejected. This suggests that there
is no significant difference in stress ratings between eHMI 1 and 4.

The null hypothesis for country of residence factor cannot be rejected here as the p
value (0.9561) is not less than the significance level.

For the interaction between the HMI type and country of residence, the F-statistic is
calculated as 0.3, and the associated p value (Prob>F) is 0.5826. This p value sug-
gests that there is no interaction between eHMIs 1&4 and the cultural backgrounds
on the stress ratings, hence the null hypothesis for the interaction effect cannot be
rejected.

Table 4.7: F-test results of eHMI 1 and 4.

Analysis of variance

Source \Sum sq.‘DOF‘Mean sq.\ F ]Prob>F
HMI type (Factor 1) 4.668 1 4.66779 0.67 0.4151
Country of residence (Factor 2) 0.021 1  0.02118 0 0.9561
Interaction 2.118 1 211779 0.3 0.5826
Error 528.411 76 6.95278

Total 525.95 79

Figure (4.11) depicts that there is not much of a difference in the mean stress
and confidence ratings between the two cultural groups. Though, the graph clearly
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implies that the Indian people were less stressed with eHMI 4, wehereas, the Swedish
people were equally stressed with both of the eHMIs when they encountered them
in the survey video.
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Figure 4.11: Distribution of mean stress and confidence ratings between eHMI 1
and 4.

F-test between eHMI 3 and 4

For both HMI type and country of residence factors, the respective null hypotheses
cannot be rejected as their p values are not less than the significance level as seen
in table (4.8).

But for the interaction between the HMI type and country of residence, the F-
statistic is calculated as 4.58, and the associated p value (Prob>F) is 0.0356. This
p-value suggests that there is an interaction between eHMIs 3&4 and the country of
residence on the stress ratings, hence the null hypothesis for the interaction effect
can be rejected.

Table 4.8: F-test results of eHMI 3 and 4.

Analysis of variance

Source \Sum sq.IDOFIMean sq.\ F |Prob>F
HMI type (Factor 1) 11505 1 11.5049 1.87 0.1755
Country of residence (Factor 2) 15.971 1 159711 2.6 0.1113
Interaction 28.155 1  28.1549 4.58 0.0356
Error 467.624 76  6.1529

Total 521.55 79

The distribution graph in figure (4.12), depicts that there was significantly low stress
level and high confidence level among the Swedish people while encountering the AV
with eHMI variant 3 as compared to eHMI variant 4. For Indian people the level
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of stress and confidence were similar for both of the eHMI variants, when they
encountered them.
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Figure 4.12: Distribution of mean stress and confidence ratings between eHMI 1

and 4.
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Discussion

This chapter consolidates the insights gathered from both the extensive literature
review and the conducted survey, addressing the research questions of this study.
The first part explores how the research community is currently applying the show,
don’t tell (SDT) principle alongside social constructivism theory in the development
of external human-machine interfaces (eHMIs) for autonomous vehicles (AVs), par-
ticularly in managing complex traffic situations at urban intersections. This section
emphasizes the theoretical frameworks that guide current design practices and how
these approaches aim to enhance vehicle-pedestrian interactions. The second part
explores the cultural impact on the acceptance and effectiveness of eHMIs. The
analysis focuses on survey data that reveals how cultural differences among pedes-
trians can influence their interaction with AVs, especially those employing implicit
communication methods as suggested by the show, don’t tell approach. By examin-
ing these cultural variations, the discussion highlights the need for designing eHMIs
that are sensitive to regional contexts, ultimately contributing to safer and more
intuitive AV integration in diverse urban environments. The chapter concludes by
synthesizing these theoretical and empirical findings, offering a foundation for the
conclusions and identifying areas for future research advancements.

5.1 Contribution

In this section, I will outline the contributions I aim to make with this thesis towards
evaluating the cultural correlation of eHMIs on pedestrians. The primary objective
is to address the research questions presented at the beginning of this thesis. I will
provide detailed explanations of the inferences drawn from the results to answer
these research questions, thereby attempting to enhance the existing knowledge in

the field.

1. How is the research community currently harnessing the show, don’t tell prin-
ciple and social constructivism theory in the development of eHMIs for AVs
explicitly addressing complex traffic conditions in urban intersections?

Based on the extensive literature survey and referred study experiments, it
is evident that for the successful integration of AVs in complex urban inter-
sections, the development of effective eHMIs is quintessential. Here, complex
refers to roads and streets used by vulnerable road users such as pedestrians
and cyclists. These eHMIs are crucial for facilitating clear communication
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between AVs and VRUs to ensure safety and efficiency.

Several eHMI design concepts that attempted two-way communication with
pedestrians have been tried, but many resulted in confusion. When AVs had
to interpret and respond to pedestrian gestures and behaviors, the commu-
nication became complicated and ambiguous. This complexity often ham-
pered trust and acceptance among pedestrians, who were left uncertain about
whether it was safe to cross. The ambiguity in these interactions highlighted
the need for a more straightforward approach.

The eHMI designs developed based on the SDT principle leaves the interpre-
tation to the road users, which aligns with how humans naturally understand
intentions in traffic. For instance, an AV might use a front-mounted LED
strip, indicating its movement intentions without direct verbal or written in-
structions.

Combining the principle with social constructivism theory provides a more
effective strategy for eHMI design. Social constructivism emphasizes the im-
portance of cultural and social contexts in understanding human behavior. By
focusing on showing the vehicle’s intent through minimalistic yet clear signals,
eHMIs can leverage the natural social dynamics of road use. For example, the
LED strip indicating proximity to objects can be easily interpreted by pedes-
trians based on common road-use behaviors and norms. This approach reduces
ambiguity, enhances trust, and improves safety by aligning with pedestrians’
expectations and experiences.

In summary, the research community is actively leveraging the show, don’t
tell principle and social constructivism theory to develop eHMIs for AVs that
can effectively address the complexities of urban intersections. By focusing on
implicit communication and culturally informed designs, these efforts aim to
create AVs that seamlessly integrate into the social fabric of road use, reducing
uncertainties and improving safety for all road users. Ethnographic studies and
real-world implementations continue to provide valuable insights, guiding the
development of interfaces that are both socially acceptable and effective in
real-world scenarios.

. How do cultural differences in pedestrians influence the acceptance and effec-
tiveness of eHMIs in AVs which are designed based on the show, don’t tell
principle?

Based on the quantitative analysis, there are valuable insights to answer this
research question. Firstly, the analysis is divided into two main cultural
groups—Swedish and Indian. Apart from being the majority of the responses
captured country-wise, these two countries are also polar opposites when it
comes to cultural preferences, knowledge about vehicle and traffic safety, etc.
The challenge or the task here is to find any kind of indication or proof, whether
a specific eHMI type would also have an effect on pedestrians’ perception of
AVs based on the cultural differences between the two groups under consider-
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ation, while crossing a road. From the independent samples t-test conducted
in chapter (4) and section (4.5), it is evident that for a certain type of eHMI,
there is a significant difference in the mean ratings of stress and confidence be-
tween the Swedish and Indian participants. This would mean, since the level
of familiarity towards a particular technology widely varies across cultures, it
is important to take into account how the user interprets of what is shown and
intended.

For the first eHMI variant, the ratings given by the both of the groups matches
to certain extent as seen in the figure (4.3). This particular variant flashed
blinking green and red lights while approaching a pedestrian crossing. Based
upon the motivations given by the participants, the qualitative analysis sug-
gests that most of the Swedish people understood what is going on or what
the car intends to do, and their mean stress rating was 4.74 out of 10 and their
mean confidence rating was 6.10 out of 10. Few of them told that their stress
level would remain the same both for AVs and human-driven vehicles. There
were only two justifications which stated that it could not understand what the
car is doing and that they are highly stressed. There is not much of difference
in the mean ratings from the Indian participants as compared to the Swedish
participants. The average rating for stress and confidence given by the Indians
was 5.09 and 6.42 respectively. Coming to the qualitative justifications given
by the Indian participants, there were a fair mix of comments stating being
stressed and not being stressed while crossing. In general, for this variant,
people from both backgrounds understood that something is going to happen
and that they should stop and be somewhat careful while crossing. Mostly
importantly, according to some justifications, the flashing of the green light
gave a feeling of safety in both of the cultural groups.

The second eHMI variant is a red blinking LED strip, where average the stress
is 3.89 and the mean confidence is 6.78 for the Swedish responses. For the In-
dian responses, it is 5.57 and 6.28 respectively. According to the figure (4.4),
it is indicative that the Indian people were more stressed than the Swedish
people while encountering this particular eHMI variant, and hence the null
hypothesis rejected for this t-test. Whereas for the confidence ratings, there
were not much variations between the two group. According to qualitative
analysis, the motivations provided by the Swedish participants were mostly
converging, with some stating that "Red signal makes me feel that the au-
tonomous vehicle detects me". In general, the Swedish people were clear of the
car’s intention that it would stop and would let them pass, hence they were
less stressed. Coming to Indian responses, most of them mentioned a sense of
ambiguity and uncertainty in their justifications.

Moving on to the third variant, the varying width LED strip proves to be
the most statistically significant among the lot. The mean stress and confi-
dence rating is 2.63 and 8 respectively for the Swedish responses. For Indians,
the average stress was 4.7 and average confidence was 5.95. As discussed in
chapter (4) and section (4.5), based on the statistical data, there is a signifi-
cant difference in the mean ratings between Swedish and Indian participants
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for this particular eHMI. From a qualitative point of view, there are also dif-
ference in perceptions between the Swedish and the Indian people. Swedish
justifications mostly stated the fact that the AV’s intent was clearly under-
standable and that they would be more confident to cross as compared to
the previous two variants. Most of the interpretations by the Swedish people
were clinical and caught the AV’s behavior on point, for example, "Seems like
the car is clearly indicating approaching some sort of obstacle with increasing
signage levels showing it can accurately tell how close the obstacle is. This
would indicate to me that I have been seen and it is safe to cross', "These
types of signal makes me more sure that the autonomous vehicle detects me”,
etc. For the Indian responses, the justifications mostly involved keywords such
as skeptical, worried, intense, etc. Few of them also mentioned that they did
not understand the AVs intention fully and someone wrote that "Multiple en-
counters will develop confidence...". The last variant was sort of same for both
the cultural groups. The mean stress and confidence ratings for the Swedish
group is 4.57 and 6.31 respectively, and for Indian group it is 4.28 and 6.14
respectively. The fact that the Swedish group was slightly more stressed can
be justified by the fact that the blue and white flashing of the light was per-
ceived as an signal from a Police Vehicle by them. This was not the case for
the Indian group as the color cues for police vehicle signal is different in India.
They were more stressed when the color cues included red, as in the case of
the other variants.

Analysis of different combinations of eHMI variants within each cultural groups
was not fruitful (no significant difference), when it comes to Indian responses—
which means their stress and confidence levels did not vary based upon the
type of eHMI they are encountering. On the contrary, for the Swedish group,
for certain combinations of eHMIs such as 1&3 and 3&4, the stress levels varied
significantly. For eHMI combination 1&3, the Swedish people felt that eHMI
3 was less stressful than that of eHMI 1—this is justified by a positive t-stat
value in the table (4.2). In the t-test involving variants 3&4, the t-stat value
for the Swedish group is -2.59, where the negative value suggests that eHMI 3
has lower stress ratings than that of eHMI 4.

The purpose of conducting a two-way ANOVA in this context is to assess
the main effects of eHMI type and cultural background on stress ratings, as
well as to examine whether there is an interaction effect between these two
factors. This allows to understand the individual and combined influences of
eHMI type and cultural background on stress perception. Out of all the F-
tests conducted, the findings for the F-test between eHMI 1 and 3 suggest that
both the type of eHMIs and cultural background has an influence on perceived
stress. Additionally, there appears to be a slight interaction effect between
the two eHMI types and cultural background, indicating that the impact of
eHMI types on stress ratings may vary depending on an individual’s cultural
background, and vice versa.
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5.2 Conclusion

The literature review highlights that integrating the show, don’t tell principle, along-
side social constructivism theory, into the design of eHMIs for autonomous vehicles
has the potential to enhance their cultural adaptability and effectiveness. While the
show, don’t tell principle does not solely focus on non-verbal cues, it outlines the
importance of implicit, context-aware communication that does not rely on explicit
commands. This approach encourages AVs to utilize intuitive signals, such as visual
behaviors, to communicate intent. Such design strategies could enable AVs to in-
teract more naturally with road users, especially in diverse urban settings, fostering
an environment where AV behaviors are easily understood across different cultural
contexts. By prioritizing subtle, non-direct communication, AVs may contribute to
safer and more fluid interactions with pedestrians and other vulnerable road users
in complex urban intersections.

Furthermore, the analysis of survey data and statistical assessments emphasizes
that different eHMI designs induce varying levels of stress and confidence among
users from different cultural contexts. Though conducted for a small data set, this
variability suggests that future eHMI designs might incorporate cultural nuances
to optimize user experience and acceptance. The findings indicate that culturally-
informed eHMI designs can play a crucial role in the successful integration of AVs
into real-time traffic conditions, reducing ambiguity and enhancing trust among road
users. Therefore, a culturally adaptive approach to eHMI design is essential for the
widespread acceptance and safe operation of AVs in diverse urban settings.

Although the results are promising and highlight significant differences, they serve
merely as an indication. To gain full confidence in these findings, larger data sets
are needed. Additionally, it’s important to note that the color cues used in the
four types of eHMIs are not legally compliant according to the current taxonomy
of interface designs. These cues were specifically utilized in this survey analysis to
assess any cultural impact they might have on observers.

5.3 Future work

These could some possible extensions to this work:

« Focus groups involving ’specific’ cross—cultural user studies: It would
be beneficial to conduct the same study in a country-side setting with larger
data sets to understand how cultural diversity influences user preferences and
acceptance towards Human—Machine Interfaces in autonomous vehicles.

o Testing and evaluating real-world ccenarios: Another extension could
be to develop a culturally adaptive external interface prototype with legally
compliant design cues and assess the user experience in a real-world setting
or environment.
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