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ABSTRACT

With increasing multidisciplinary integration across technological fields, silicon-based life is becoming a
possibility on the horizon. This raises many concerns regarding the ethics of designing such life. This
paper experimentally investigates the performance differences, ethical adaptability, and optimization
directions for multiple ethical decision-making models for silicon-based life. Controlled experiments
are conducted through the NVIDIA Isaac Sim platform, which is commonly used in testing AI-driven
robotics. We integrate algorithmic constructions of utilitarianism, deontology, and virtue ethics to intro-
duce ethical decision-making models into the platform. We examine these models through customized
scenario-generation tools in paradigmatic industrial safety, medical emergency, and public transporta-
tion scenarios. We analyze the resulting data through statistical methods such as analysis of variance and
significance testing, focusing on model performance differences and interactive effects, with regression
and cluster analysis aiding in optimization. We present the data in grouped bar charts, batch heat maps,
and radar charts. Based on these data, we propose optimization paths for the ethical design of silicon-
based life and provide insights into parameter adjustments that reflect cultural differences and algorith-
mic improvements that extend themodel to multicultural contexts. We hope that future interdisciplinary
collaboration will continue to drive the ethical design of silicon-based life, ensuring that robotics are re-
stricted in broad ethical considerations that are necessary for socially beneficial technology.
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1 | INTRODUCTION

In the era of rapidly advancing technology, silicon-based life forms, as a product of the deep integration
of artificial intelligence, mechanical engineering, and other disciplines, are gradually entering people’s
lives and playing an increasingly important role in various fields (Saraf et al., 2023; Jecker, 2021). From
automated assistants on industrial production lines to precision surgical aids in the medical field, from
intelligent partners in home services to pioneers in exploring unknown environments, the application
scenarios of silicon-based life are continuously expanding (Wallach, 2010; Li et al., 2023). However, as
their functions become increasingly powerful and their application scope continues to expand, the ethical
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design issues of silicon- based life forms have gradually become a focus of attention for the scientific
community, ethicists, and all sectors of society (Torrance, 2020; Kaplan, 2006). How to ensure that the
behavior of silicon-based life forms aligns with human moral standards and values, and how to seek a
balance between technological innovation and ethical morality, have become important issues that need
to be resolved urgently (Dennett, 1997; Reiss, 2021). To this end, we have conducted an experimental
study on the ethical decision- making models of silicon-based life forms to delve into their performance
and optimization directions (Sorgner, 2021; Peng et al., 2021).

2 | CURRENT STATUS OF SILICON-BASED LIFE TECHNOLOGY

2.1 | Interdisciplinary Integration as a Driving Force

Thedevelopment of silicon-based life has benefited from the collaborative progress ofmultiple disciplines
(Grewal, 2024). Computer science has provided it with powerful computational capabilities and intelli-
gent algorithms, enabling robots to have autonomous decision-making and learning abilities (McEvoy et
al, 2015). For instance, the continuous development of deep learning algorithms allows silicon-based life
forms to optimize their behavioral decisions through the analysis and learning of vast amounts of data
(Wang et al., 2021). Mechanical engineering has endowed robots with physical structures and mobility,
from precise joint design to efficient power transmission systems, ensuring that robots can perform tasks
in various environments (Bandari et al, 2021). Electronic engineering has provided robots with sensors
to perceive the external world and communication modules to interact with the outside, enabling them
to acquire information and respond (Qu et al., 2023). Advanced visual sensors allow robots to clearly
recognize objects and scenes in their surroundings, auditory sensors enable them to receive voice com-
mands and perform speech recognition, and tactile sensors simulate human tactile perception, enhancing
the robot’s interactive capabilities with the environment (Yang et al., 2023). This integration of multiple
disciplines has not only propelled the rapid development of silicon-based life technology but also contin-
uously improved the performance of robots and diversified their functions (Bettinger, 2018).

2.2 | Performance Enhancement and Application Expansion

In recent years, silicon-based life forms have achieved significant breakthroughs in performance (Gupta
et al., 2016). In terms of perceptual abilities, advanced sensor technology enables them to accurately sense
various physical quantities in their surrounding environment (Fang et al., 2022). The resolution of visual
sensors has continuously improved, allowing for high-definition image recognition and target tracking,
playing a crucial role in fields such as security surveillance and autonomous driving (Zhang et al., 2020).
The sensitivity and accuracy of auditory sensors have been enhanced, allowing for better capture of sound
signals and speech recognition, laying the foundation for intelligent voice interaction (Liu et al., 2021).
The development of tactile sensors has enabled robots to simulate human tactile perception, enabling
more precise operations based on tactile feedback in scenarios such as industrial assembly and medical
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surgery (Beebe et al., 1995).
In terms of decision-making capabilities, the application of deep learning algorithms enables robots to

analyze and judge based on a vast amount of data, making more reasonable decisions (Yang et al., 2023).
For instance, in the field of autonomous driving, silicon-based life forms can analyze road conditions in
real-time, predict the behavior of other vehicles and pedestrians, and thus safely plan driving routes (Xu
et al., 2019). In industrial manufacturing, robots can quickly adjust production processes and parameters
based on real-time inspection data of products on the production line, enhancing production efficiency
and product quality (Morales et al., 2018).

The application fields of silicon-based life forms are continuously expanding. In industrial manu-
facturing, they can undertake high-intensity and high-precision production tasks, enhancing production
efficiency and product quality while reducing labor costs and intensity (Zolfagharian et al., 2022). For
instance, in the automotive manufacturing industry, robots can accurately perform complex processes
such as welding and assembly, ensuring the consistency and stability of product quality. In the health-
care sector, silicon- based life forms can be used for surgical assistance, rehabilitation therapy, and disease
diagnosis. Surgical robots can perform complex surgical operations within confined surgical spaces with
precise movements, increasing the success rate and accuracy of surgeries and reducing surgical trauma
(Lee et al., 2024). Rehabilitation robots can develop personalized rehabilitation training programs based
on the specific conditions of patients, helping them recover physical functions; for example, upper limb
rehabilitation robots can assist patients with armmovement training to promote neural recovery (Dahiya
et al., 2020). In home services, silicon- based life forms can act as intelligent butlers, assisting with house-
hold chores, caring for the elderly and children, and providing convenience to people’s lives (Puchades et
al., 2013). For example, robotic vacuum cleaners can automatically sweep floors, and smart companion
robots can interact with the elderly and children, offering entertainment and companionship (Song et al.,
2020). In the military domain, silicon-based life forms can be used for reconnaissance, bomb disposal,
and combat missions, reducing the risk of casualties among soldiers (Beebe et al., 1995). Reconnaissance
robots can venture into dangerous areas to gather intelligence, and bomb disposal robots can precisely
handle explosives (Liu et al., 2023). In space exploration, robots can perform tasks in harsh space environ-
ments, such as planetary surface exploration and space stationmaintenance, expanding the boundaries of
human knowledge of the universe (Morales et al., 2018). For example, Mars rovers can conduct geological
surveys and search for signs of life on the Martian surface.

3 | CHALLENGES IN DESIGN ETHICS OF SILICON-BASED LIFE

3.1 | Ethical Dilemmas

3.1.1 | Ambiguity in Judgment Standards

The decision-making of silicon-based life forms is often based on complex algorithms and data process-
ing, which inherently differs from human moral judgment mechanisms (Wallach, 2010). In specific sit-
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uations, such as when faced with dilemmas where saving the majority might result in the injury or death
of a minority, determining the moral standards that silicon-based life should follow becomes extremely
challenging (Dennett, 1997). Human moral judgments are often influenced by a variety of factors, in-
cluding emotions, culture, and social context, whereas silicon-based life lacks these subjective elements.
Establishing unified and reasonable moral judgment standards for them is an urgent problem that needs
to be addressed (Reiss, 2021).

3.1.2 | Definition of Rights and Responsibilities

As the autonomy of silicon-based life forms increases, the consequences of their actions become increas-
ingly complex (Kaplan, 2006). When robots cause harm or make erroneous decisions, defining their
liability and the liability of associated individuals, such as developers and users, poses a challenge. Fur-
thermore, the question of whether silicon- based life forms should be granted certain rights, such as the
”right to exist” or ”right to privacy,” has sparked widespread debate (Gordon, 2022). Granting rights to
robots could alter existing ethical and legal frameworks, potentially having profound implications for
human society (Sorgner, 2021).

3.2 | Safety Hazards

3.2.1 | System Failures and Loss of Control Risks

The complexity of silicon-based life systems increases the likelihood of malfunctions (Yang et al., 2023).
Hardware failures can lead to issues such as loss of robotic control and erroneous sensor data, thereby
triggering safety incidents (Jecker, 2021). On the software front, algorithmic vulnerabilities, program-
ming errors, or malicious attacks may cause robots to act in ways that deviate from expectations, or even
be controlled by hackers to perform actions that endanger human safety. For instance, in industrial pro-
duction, an uncontrollable robotmight damagemanufacturing equipment, lead to product quality issues,
or even endanger the lives of operators; in the field of autonomous driving, software failures could result
in severe accidents such as vehicle collisions (Chen et al., 2022).

3.2.2 | Data Security and Privacy Breaches

Silicon-based life forms collect vast amounts of data during their operations, including environmental and
user information. The security of this data is crucial; if it is leaked or tampered with, it could pose a threat
to individual privacy, corporate secrets, and even national security (Remenyi et al., 1996). For instance,
the sensitive patient information gathered by medical robots, if disclosed, would severely violate patient
privacy; internal household information obtained by smart home robots could potentially be exploited
by malicious actors to commit theft or other illegal activities (Gordon, 2022).
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3.3 | Social Impact

3.3.1 | Transformation of Employment Structure

Thewidespread application of silicon-based life formswill inevitably impact the jobmarket. In fields with
repetitive and highly routine tasks, such asmanufacturing and customer service, robots can perform tasks
efficiently, which may significantly reduce related positions (Reiss, 2021). Although the development of
robots also creates new job opportunities, such as in robot research and development, maintenance, and
programming, these new positions have very different skill requirements from traditional jobs, requiring
workers to have a higher level of technical literacy and innovation ability (Panchal, 2023). Therefore, how
to help workers adapt to the transformation of the employment structure and transition from traditional
positions to emerging ones is an important issue faced by society (Tharib, 2024).

3.3.2 | Social and Emotional Interaction

As silicon-based life forms become more prevalent in homes and social settings, their interactions with
humans are becoming increasingly frequent (Meghdari et al., 2016). However, an overreliance on robots
may affect human social and emotional interactions. For instance, children who play with smart toy
robots for extended periods may reduce their opportunities to interact with peers, affecting the develop-
ment of their social skills (Silvera-Tawil et al., 2015); the elderly who become overly dependent on care
robots may experience a decrease in emotional communication with family and caregivers, impacting
their psychological health (Jecker, 2021). Moreover, the anthropomorphic design of silicon-based life
forms may lead to inappropriate emotional dependencies from humans, and when robots malfunction
or are decommissioned, it may cause emotional distress for users (Carrozza, 2019).

4 | EXPERIMENTAL STUDY OF ETHICAL DECISION-MAKING
MODEL

4.1 | Experimental Objectives

4.1.1 | Performance Differences

Against the backdrop of specific engineering scenarios, assess the efficiency, stability, and applicability
of ethical models. By testing silicon-based life ethical decision-making models in different scenarios
and comparing their performance in handling various tasks, the strengths and weaknesses of different
models in practical applications can be determined, providing a basis for selecting the appropriate ethical
decision-making model.
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4.1.2 | Cross-Cultural Adaptability

Through cross-cultural scenario simulations, analyze the ethical performance of robots in diverse social
environments. Taking into account the differences in moral concepts and values across various cultural
backgrounds, investigate whether the behavior of silicon-based life forms complies with local ethical re-
quirements in different cultural contexts. This ensures that robots can be applied reasonably on a global
scale and helps to avoid ethical issues arising from cultural conflicts.

4.1.3 | Model Optimization

Based on the experimental results, propose improvements to construct a more efficient and interpretable
framework for robotic moral design. By conducting an in-depth analysis of the experimental data, iden-
tify the shortcomings of current ethical decision-making models, and then optimize them specifically to
enhance their performance and interpretability. This will enable themodels to better guide the behavioral
decisions of silicon-based life forms, aligning with human moral expectations.

4.2 | Experimental Procedure

4.2.1 | Experimental Environment

Hardware: Utilize robotic simulator platforms equipped with multi-sensor capabilities and deep learning
acceleration, such as NVIDIA Isaac Sim or ROS 2.0. These platforms can provide realistic simulated
environments to emulate the operation of robots in various scenarios, while leveraging their powerful
computational capabilities to accelerate the execution of deep learning algorithms, thereby enhancing
the efficiency of the experiments.

4.2.2 | Software

a) Ethical Decision-Making Framework: Integrate three types of ethical algorithms based on utilitar-
ianism, deontology, and virtue ethics. The utilitarian algorithm focuses on the consequences of
actions, striving for the maximization of overall benefits; the deontological algorithm emphasizes
adherence to preset moral rules; virtue ethics, on the other hand, is concerned with whether the
robot’s behavior reflects good character and values. By comparing these three algorithms with dif-
ferent ethical foundations, a comprehensive assessment of the decision- making performance of
silicon-based life forms under various ethical criteria can be conducted.

b) Data Collection Tools: Real-time recording of behavioral decision logs and sensor inputs. Behav-
ioral decision logs meticulously document the choices made by the robot at each decision point
and the rationale behind them, while sensor input data reflects the robot’s perception of its envi-
ronment. This data is crucial for subsequent analysis, as it helps us gain a deeper understanding of
the robot’s decision-making processes and the impact of the environment on its decisions.

c) Simulation Scene Generation Tools: Utilize Unity or Gazebo to construct customizable experi-
mental scenarios. Both tools possess powerful scene editing capabilities, enabling the creation of a
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variety of complex experimental scenarios to meet diverse experimental requirements.

4.2.3 | Types of Scenarios

a) Industrial Safety Scenario: Utilize Unity or Gazebo to construct customizable experimental sce-
narios. Both tools possess powerful scene editing capabilities, enabling the creation of a variety of
complex experimental scenarios to meet diverse experimental requirements.

b) Medical Emergency Scenario: Utilize Unity or Gazebo to construct customizable experimental
scenarios. Both tools possess powerful scene editing capabilities, enabling the creation of a variety
of complex experimental scenarios to meet diverse experimental requirements.

c) Public Transportation Scenario: Simulate autonomous driving robots dealing with complex traffic
conflict situations. For instance, at intersections where traffic congestion or other vehicles’ non-
compliant driving is encountered, robots need to make reasonable decisions, such as choosing the
appropriate avoidance routes, deciding whether to stop and wait or to proceed slowly, in order to
ensure traffic safety and smooth flow.

4.2.4 | Experimental Subjects

Theexperimental subjects are silicon-based life forms loadedwith different ethical decision-makingmod-
els, including:

a) Model A: A decision-making model based on utilitarian ethics (maximizing overall utility). This
model takes into account the potential consequences of various actions when making decisions,
selecting the course of action that maximizes overall benefits. For example, in resource allocation
scenarios, it prioritizes allocating resources to areas that can generate the greatest benefits.

b) Model B: A decision-makingmodel based on deontological ethics (adhering to preset rules). Model
B makes decisions strictly in accordance with pre-established moral rules, without considering
whether the consequences of actions are optimal or not. For instance, if the rule states that hu-
man life must never be harmed under any circumstances, then even in extreme situations where
sacrificing a fewmight savemanymore, this model will adhere to the principle of non-maleficence.

c) ModelC:Adecision-makingmodel based ondeontological ethics (adhering to preset rules). Model
B makes decisions strictly in accordance with pre-established moral rules, without considering
whether the consequences of actions are optimal or not. For instance, if the rule states that hu-
man life must never be harmed under any circumstances, then even in extreme situations where
sacrificing a fewmight savemanymore, this model will adhere to the principle of non-maleficence.

4.2.5 | Data Collection and Experimental Variables

a) Data Collection

Decision accuracy (the proportion of robot behavior that aligns with ethical objectives): This is
a key metric for measuring the accuracy of ethical decision-making models. By comparing the
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actual behavior of the robot with the expected ethical objectives, the proportion of correct decisions
is calculated, thereby assessing the model’s ability to make correct ethical decisions in different
scenarios.

Decision time (the response time from environmental input to behavioral output): Reflects the
speed at which a robot reacts to ethical decision-making problems. A shorter decision time means
the robot can respondmore quickly to emergencies, which is particularly important in time-critical
scenarios such as medical emergencies and traffic contingencies.

Conflict resolution capability (the robot’s ability to achieve balance in ethical dilemmas): Used to
assess whether the robot can find reasonable solutions and balance different interests when faced
with conflicting ethical principles (such as situations where saving the majority might harm a mi-
nority).

Resource utilization efficiency (the optimized use of resources by the robot within a scenario):
Examines the extent to which the robot effectively utilizes various resources (such as energy, time,
materials, etc.) during the execution of tasks. High resource utilization efficiency contributes to
improving the robot’s work efficiency and sustainability.

User satisfaction (assessed through questionnaires and simulated interactions): From the user’s
perspective, it gauges the level of acceptance and satisfaction with the robot’s ethical decision-
making. The level of user satisfaction directly affects the promotion and effectiveness of the robot’s
application in practical use.

b) Experimental Variables

Independent variables: Ethical decision-makingmodels (Model A, B, C) and cultural backgrounds
(Western, Asian). By varying the ethical decision-making models and cultural backgrounds, the
impact on the ethical performance of robots is observed to determine the applicability of different
models in various cultures.

Control variables: Sensor precision, hardware configuration, and environmental complexity. These
variables are kept constant to ensure the accuracy and comparability of the experimental results.
For instance, using sensors of the sameprecision andhardware deviceswith the same configuration,
and conducting experiments under similar levels of environmental complexity, helps to prevent
these factors from interfering with the outcomes of the experiments.

Dependent variables: Decision accuracy, decision time, conflict resolution ability, etc. These vari-
ables are the primary outcomes of interest in the experiment, and their values depend on the vari-
ations of the independent variables. The impact of different ethical decision-making models and
cultural backgrounds is assessed through the analysis of these dependent variables.

4.2.6 | Experimental Design and Data Generation

a) Experimental Groups: Each ethical model is tested multiple times across three types of scenarios,
resulting in a total of 6 groups (Models A/B/C × Western/Asian cultural backgrounds). This de-
sign allows for a comprehensive examination of the performance of different ethical models under



Li and Wan 101

various cultural backgrounds and scenarios, thoroughly exploring the interrelationships between
various factors.

b) Number of Experiments: Each group of experiments is repeated 100 times to ensure the statistical
significance of the data. Repeating the experiments multiple times reduces the impact of random
errors, making the results more reliable and representative, and thus more accurately reflecting the
true performance of different ethical decision-making models.

Table 1: Experimental Analysis Table
Scenario Model Decision

Accuracy (%)
Average
Decision
Time (s)

Problem-Solving
Capability (%)

User Satisfaction
Rating (1-10)

Industrial Safety Mode 1A 75 1.5 80 7.5

Mode 1B 85 1.8 85 8.2

Mode 1C 90 1.7 88 9.0

Medical Emergency Mode 1A 70 2.0 75 6.8

Mode 1B 80 2.5 82 8.0

Mode 1C 92 2.2 90 9.2

Public
Transportation

Mode 1A 65 1.2 70 6.5

Mode 1B 78 1.8 82 7.8

Mode 1C 88 1.6 90 8.8

4.3 | Data Analysis

4.3.1 | Statistical Methods

One-way analysis of variance (ANOVA): Used to analyze whether there are significant differences in var-
ious performance indicators (decision accuracy, decision time, conflict resolution ability, etc.) among
different ethical decision-making models (Model A, B, C) within the same cultural background. By cal-
culating the ratio of between- group variance to within-group variance, an F-statistic is obtained and
compared with the critical value to determine if the performance differences between models are statis-
tically significant (p < 0.05). For instance, when analyzing decision accuracy, if the ANOVA result shows
significant differences between models, it indicates that different ethical models have a significant impact
on decision accuracy, allowing for further multiple comparisons to identify which models differ and in
which direction.

Multivariate analysis of variance (MANOVA): Examines the interactive effects between two factors,
ethical models and cultural backgrounds. It not only determines the individual impact of each factor
on the dependent variables (such as decision accuracy, user satisfaction, etc.) but also analyzes whether
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there is any additional impact when both factors act together. For example, it investigates whether there is
an interaction change in decision accuracy among different ethical models across various cultural back-
grounds. If an interaction effect exists, it indicates that the performance of ethical models in different
cultures is not a simple superposition but rather a mutual influence, which is crucial for understanding
the ethical behavior of robots in multicultural environments.

Test of significance: Tests the significance between variables (p < 0.05). In addition to determining
whether the effects of factors are significant in ANOVA, it is also applied in other related analyses. For
example, when analyzing the relationship between a robot’s resource utilization rate and decision time,
significance testing can determine whether there is a genuine correlation between the two, rather than
one caused by random factors. If the p-value is less than 0.05, the null hypothesis is rejected, indicating
that there is a significant correlation or difference between the variables, thus providing a reliable basis
for subsequent conclusions.

4.3.2 | Optimization Analysis

Regression analysis for model performance prediction:
Use relevant parameters of the ethical decision-making model (such as model complexity, character-

istics of the algorithms used, etc.) as independent variables and performance indicators (such as decision
accuracy, decision time, etc.) as dependent variables to establish a regression model. By estimating the
regression coefficients and conducting significance tests, assess the extent of the impact of model param-
eters on performance indicators and thereby predict the performance of ethical models under different
parameter settings. For instance, if a regression coefficient for an algorithmic feature in the model is
found to be significantly positive, it indicates that this feature has a positive effect on decision accuracy.
Therefore, when optimizing the model, this feature could be appropriately enhanced to improve decision
accuracy. Additionally, regression models can be used to estimate prediction intervals, understand the
range of uncertainty in the forecast results, and provide more comprehensive information for decision-
making.

Cluster analysis for cross-cultural adaptability:
Use the performance indicators of ethical models under different cultural backgrounds as clustering

variables and employ clustering algorithms (such as K-means clustering, hierarchical clustering, etc.)
to categorize cultural backgrounds. Through the results of clustering, it is possible to visually identify
which cultural backgrounds have similarities in the performance of ethical models, thereby discovering
the strengths and weaknesses of ethical models in different cultural clusters. For example, if clustering
results show that certain performance indicators under Western cultural backgrounds are similar and
significantly different from those under Asian cultural backgrounds, further analysis can be conducted
to determine the causes of these differences, whether they are due to different cultural values leading to
different expectations of robotic ethical behavior or other influencing factors. This helps in optimizing
ethical models for different cultural groups and enhancing their applicability on a global scale.
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4.4 | Data Visualization

4.4.1 | Grouped Bar Chart

Objective: To compare the decision accuracy rates of different ethical models across three types of sce-
narios. By using the height of the bar chart, it visually displays the proportion of correct decisions made
by each model in industrial safety, medical emergency, and public transportation scenarios, allowing
readers to quickly compare the performance differences of different models in various scenarios.

Optimization: Usemultiple color schemes to distinguish between different cultural backgrounds. For
example, use cool colors (such as blue shades) for model data under Western cultural backgrounds and
warm colors (such as red shades) for model data under Asian cultural backgrounds. Additionally, add
labels or annotations to each bar to display the specific decision accuracy rates, allowing readers to more
clearly obtain information. The width and spacing of the bars can also be adjusted to make the chart
more aesthetically pleasing and easier to read, enhancing the visual effect and highlighting the contrast
between different models and cultural backgrounds.

Figure 1: Decision Accuracy Comparison with Cultural Highlighting

4.4.2 | Batch Heatmap

Objective: To display the variation in user satisfaction across three types of scenarios and cultural back-
grounds. In the heatmap, the darkness of the color represents the level of user satisfaction, with gradients
allowing readers to visually perceive the distribution of user satisfaction with the ethical decisions of
robots in different scenarios (rows) and cultural backgrounds (columns).

Optimization: Use diagonal gradient colors to highlight peak satisfaction values. Set the diagonal of
the heatmap (i.e., the satisfaction of the same model under different scenarios and cultural backgrounds)
to a special gradient color, such as a transition from light green to dark green, to represent the change in
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satisfaction from low to high. This quickly guides readers to focus on the satisfaction performance of each
model in its most suitable scenarios and cultural backgrounds while also allowing for clearer observation
of differences in satisfaction distribution among different models, helping to identify the strengths and
weaknesses of models in various contexts. Additionally, adding a color scale and labels for scenarios and
cultural backgrounds on the edges or corners of the heatmap enables readers to accurately understand the
satisfaction values represented by the colors and their corresponding scenarios and cultural backgrounds.

Figure 2: Heatmap:User Stisfaction Across Scenarios and Models

4.4.3 | Radar Chart

Objective: To comprehensively compare the ethical performance of three models (decision accuracy,
conflict resolution ability, user satisfaction, etc.). The radar chart starts from a central point and radiates
outwards with multiple axes, each representing a performance metric. By connecting the value points
on each axis to form a polygon, it visually displays the comprehensive performance of each model across
multiple performance dimensions.

Optimization: Add color filling and transparency for each model. Use different colors to fill the poly-
gons to distinguish between different ethical models, for example, fill Model A with blue, Model B with
yellow, andModel C with green. At the same time, set an appropriate level of transparency so that readers
can see the shapes of all three models simultaneously, facilitating intuitive comparison. Clearly label the
names and scales of each performance indicator on the axes of the radar chart, and add a legend around
or within the chart to explain which model each color represents, helping readers better understand the
information conveyed by the chart, thereby allowing for a comprehensive assessment of the strengths and
weaknesses of different ethical models.
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Figure 3: Radar Chart:Decision Time by Scenario

5 | CONCLUSIONS AND PROSPECTS

The ethical design of silicon-based life is a cutting-edge research field that involves multiple disciplines
and holds profound significance for the future development of human society. Through the analysis of
the current state of silicon- based life technology, we recognize its immense potential driven by the inte-
gration of multiple disciplines and the remarkable achievements made in performance enhancement and
application expansion. We also understand the explorations in the direction of related thoughts in fron-
tier research literature. However, the ethical design of silicon- based life faces many challenges, including
ethical dilemmas, safety risks, and social impacts.

This experimental study on the ethical decision-makingmodels of silicon-based life, starting from en-
gineering practice, systematically evaluates the performance differences of various ethical models inmul-
tiple scenarios and cultural backgrounds, providing empirical evidence for the ethical design of silicon-
based life. Through data analysis and chart presentation, we have gained an in-depth understanding of
the efficiency, stability, applicability, and adaptability in multicultural contexts of the models, discovering
the strengths and weaknesses of existing models.

Based on the experimental results, we can provide specific directions andmethods for optimizing eth-
ical decision-making models, such as adjusting model parameters according to different cultural back-
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grounds and improving algorithms to enhance decision-making efficiency and accuracy, thus providing
more solid theoretical and practical support for robot design in multicultural contexts. In the future, as
technology continues to advance and societal concepts evolve, the ethical design of silicon-based life will
continue to develop and improve. Interdisciplinary research collaboration will become even closer, with
scientists, engineers, ethicists, and sociologists working together to explore more reasonable and effec-
tive ethical design solutions. We look forward to silicon-based life coexisting harmoniously with humans,
bringing more benefits to the development of human society while avoiding potential risks and hazards.
In this process, continuous research, extensive social discussion, and proactive policy guidance will be
key factors in ensuring the success of the ethical design of silicon-based life.
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