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ABSTRACT 

Influenced by sociocultural norms and ongoing safety shortcomings in urban transportation sys-

tems, women frequently perceive a higher personal risk during routine travel. Building on the 
concept of the “pink tax” in consumer markets, this study introduces the notion of a transportation 

pink tax as a gendered safety-compensation burden, the additional expected monetary cost that 

women incur when safety concerns prompt compensatory behaviors, such as choosing more ex-
pensive travel modes. Using a stated preference (SP) experiment conducted in Shanghai (N = 785; 

391 females and 394 males), we examine mode choice among metro, ride-hailing, and autono-

mous robotaxi services. Both multinomial and mixed logit models are employed to estimate gen-

der-differentiated preferences and derive willingness-to-pay (WTP) for safety-related attributes. 
The results indicate that women place significantly higher marginal utility on safety-enhancing 

features, including female ride-hailing drivers, advanced in-vehicle security systems, and im-

proved lighting, reflecting a greater safety-compensation premium in their utility functions. For 
example, women’s WTP for advanced security measures exceeds that of men by 3.90, 26.05, and 

27.86 CNY for short-, medium-, and long-distance trips, respectively. Importantly, we show that 

this marginal safety premium translates into a tangible cost burden when women shift toward 
higher-cost modes under unsafe conditions. Policy scenario simulations indicate that enhancing 

metro safety, through measures such as shorter walking distances, CCTV installation, increased 

security patrols, and improved lighting, could raise women’s metro usage and reduce their 

monthly travel expenditures by approximately 60–115 CNY, thereby alleviating the gendered 
safety-compensation burden. These results suggest that transportation gender inequities arise not 

from inherent preference differences, but from structural safety externalities that disproportion-

ately impact women. Implementing safety-by-design principles in public transit and emerging 
autonomous mobility services can therefore lower gendered cost burdens and foster more equita-

ble urban mobility. 
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1. INTRODUCTION 

Transportation plays a critical role in fostering social participation and equity by enabling access 

to employment, education, and daily activities (Lucas, 2012). A growing body of evidence indi-

cates that women experience higher levels of perceived insecurity and greater exposure to harass-

ment in public transport settings (Ceccato & Loukaitou-Sideris, 2022). These safety concerns are 
not inherent to women themselves but are shaped by structural factors, including the built envi-

ronment, surveillance conditions, crowding, and prevailing social norms (Borker, 2024; Dubey et 

al., 2025). Consequently, gendered differences in perceived safety can lead to unequal mobility 
experiences. 

In the context of transportation, such price differentials are rarely explicit. Instead, safety short-

comings may prompt compensatory behavioral adjustments. When women perceive higher per-

sonal risk in specific travel environments, they may shift to modes or features that offer greater 
perceived safety, such as ride-hailing services, female drivers, or enhanced in-vehicle monitoring, 

even if these alternatives involve higher monetary costs. 

In this study, we define the transportation pink tax not as direct price discrimination, but as a 
gendered safety-compensation burden, the additional expected monetary cost women incur when 

structural safety deficiencies prompt shifts toward higher-cost travel options. When baseline 

safety conditions are inadequate, women may face a systematic trade-off between personal safety 
and monetary expenditure. 

To address this gap, we designed a stated preference (SP) experiment to examine mode choice 

among metro, ride-hailing, and autonomous robotaxi services in Shanghai. By incorporating 

safety-related attributes, including driver gender, in-vehicle monitoring, security patrols, and 
lighting conditions, into the choice experiment, we estimate how variations in safety conditions 

shape gender-differentiated mode preferences. 

Using multinomial logit (MNL), we first identify gender differences in sensitivity to safety attrib-
utes and estimate willingness-to-pay (WTP) for safety enhancements. This study makes three key 

contributions. First, it reconceptualizes the transportation pink tax as a structural safety-compen-

sation mechanism, rather than merely a reflection of preference differences. Second, it provides 
quantitative estimates of gender-specific safety premiums and connects them to mode substitution 

and resulting expenditure outcomes. Third, it demonstrates how targeted safety interventions in 

public transport systems can alleviate gendered monetary burdens and foster more equitable urban 

mobility. 

2. SURVEY DESIGN AND DATA COLLECTION 

2.1 Stated preference experimental design 

The stated preference experiment included three travel modes representing distinct combinations 

of cost structures and safety configurations: metro, ride-hailing, and robotaxi services. Attribute 
selection was informed by prior research on gendered safety, platform-based mobility services, 

and autonomous vehicle adoption, as well as by contextual considerations specific to Shanghai’s 

transportation system. The experiment incorporated two broad categories of attributes: trip-re-

lated attributes and safety-related attributes. A full summary of all attributes and levels is pre-
sented in Table 1. 

 

Table 1. Attributes and attribute levels in the SP experiment  
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Figure 1. Introduction to the choice tasks 
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An orthogonal fractional factorial design was employed to generate statistically independent com-

binations of attribute levels. The design produced 18 choice tasks for each trip-distance category 
(short, medium, and long). To reduce respondent cognitive burden, the design was divided into 

three blocks of six choice tasks each. Respondents first indicated their typical daily trip distance 

category and were then assigned to the corresponding distance-specific design. Within each cat-

egory, respondents were randomly allocated to one of the three blocks, resulting in each individual 
completing six choice tasks. 

Each choice task presented the three alternatives simultaneously. Prior to the experiment, re-

spondents were instructed to assume they were traveling alone under typical weather conditions 
in Shanghai. To anchor decisions in a consistent and policy-relevant context, we provided a brief 

vignette introducing the choice setting (Figure 1). A sample choice scenario is shown in Figure 2. 

 

 
Figure 2. Example of a SP choice scenario 

2.2 Measurement of Attitudinal Constructs 

Given the central role of perceived safety in mode choice, the survey incorporated attitudinal 

items to capture latent psychological factors that may influence travel behavior. Two constructs 

were measured: sensitivity to personal safety and trust in autonomous driving technology. Each 

construct was operationalized using three statements adapted from prior research on transport 
safety perception and technology acceptance. Respondents reported their agreement on a five-

point Likert scale (1 = strongly disagree, 5 = strongly agree). The complete list of items is pro-

vided in Table 2. 

Table 2. Measurement items for attitudinal constructs 
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2.3 Sample Characteristics 

The survey was administered online to Shanghai residents aged 20–40 via the Huixiang question-
naire platform. The finalized survey was administered between September and November 2025, 

yielding 800 completed responses. Data quality was ensured through a multi-stage screening pro-

cess. After applying these criteria, 785 valid responses remained for analysis, comprising 391 

female and 394 male participants. 
The sample is nearly gender-balanced and broadly aligns with the city’s gender distribution. Ed-

ucational attainment exceeds the city average, a common pattern in online SP surveys. 

3. RESULTS AND DISCUSSION 

3.1 Determinants of Mode Choice Behavior 

3.1.1 Effects of Trip-Related Attributes 

This section analyzes how trip-related and safety-related attributes, travel experiences, attitudinal 

factors, and socio-demographic characteristics influence mode choice. Table 3 presents gender-
differentiated parameter estimates from the MNL models. 

The alternative-specific constants indicate that the metro is intrinsically preferred over ride-hail-

ing and robotaxi services for both genders, reflecting its well-established role in daily commuting. 
As expected, travel cost has statistically significant negative coefficients across all modes and trip 

distances. Increases in travel time also produce significant disutility for short- and medium-dis-

tance trips, whereas the effect is not statistically significant for long-distance trips. 
Waiting time for ride-hailing and robotaxi services is not statistically significant. In contrast, total 

walking distance for metro and robotaxi services has a statistically significant negative effect, 

with a consistently stronger impact on female respondents. 

3.1.2 Effects of Safety-Related Attributes 

For ride-hailing services, the presence of a female driver significantly increases utility for both 

genders, with a more pronounced effect for female passengers. Prior studies suggest that female 
drivers are perceived as more cautious and less risk-prone (Song et al., 2021), and gender-match-

ing mechanisms may reduce perceived harassment risks. Similarly, in-vehicle CCTV cameras and 

security patrols in metro systems, as well as app-based monitoring and in-vehicle cameras in ride-

hailing and robotaxi services, significantly enhance utility. These results align with evidence that 
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visible surveillance and monitoring mechanisms improve perceived safety in shared transport en-

vironments (Abusafia et al., 2025). Across modes, the effects of these security measures are larger 
for female respondents, indicating that safety enhancements generate greater utility gains for 

women. Improved lighting along walking routes also increases the likelihood of choosing metro 

and robotaxi services.  

3.1.3 Effects of Attitudinal and Experiential Factors 

Metro is treated as the reference alternative when interpreting attitudinal and experiential effects. 

Respondents with higher trust in autonomous driving technology are significantly more likely to 
choose robotaxis, with the effect notably stronger among women. Individuals with higher per-

sonal safety sensitivity are more likely to choose robotaxis, particularly among female respond-

ents. This suggests that robotaxi services are perceived as mitigating certain in-vehicle risks as-

sociated with human drivers. 
Travel experiences further reveal gender-differentiated behavioral responses. Female respondents 

who reported privacy invasions on public transport are more likely to shift to ride-hailing services, 

indicating a willingness to incur higher travel costs for a more private environment. In contrast, 
the corresponding effect for male respondents is weaker. Similarly, women who experienced a 

driver intentionally moving closer during a ride-hailing trip are more likely to choose robotaxis, 

whereas this effect is not statistically significant for men. 

3.1.4 Effects of Socio-Demographic Characteristics 

Among women, higher educational attainment, full-time employment, higher income, and stable 

living arrangements are associated with a greater likelihood of choosing ride-hailing or robotaxi 
services. These patterns likely reflect both greater financial capacity and stronger preferences for 

privacy and comfort. Conversely, women in more financially constrained circumstances, such as 

students, low-income earners, or those living with children, are more likely to rely on metro ser-
vices. Male respondents exhibit a different pattern. For example, among men, living with children 

is associated with a higher likelihood of choosing ride-hailing or robotaxi services. This contrast 

likely reflects differences in how household responsibilities interact with mode preferences. For 

women, childcare responsibilities may coincide with tighter household budgets, reinforcing reli-
ance on lower-cost modes. For men, however, co-residence with children may increase the value 

placed on scheduling flexibility and direct routing, thereby enhancing the relative appeal of door-

to-door services. 

Table 3. MNL model estimation results 
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Notes: ***, **, * indicate significance at the 1%, 5%, and 10% levels, respectively;  
# indicates not statistically significant at 10% level, but |Z| > 1. 

3.2 Willingness-to-Pay for Safety Enhancements 

Table 4 presents WTP estimates for safety-related attributes across different travel distances. 

WTP values derived from the alternative-specific constants indicate that respondents generally 

prefer the metro over ride-hailing and robotaxi services. The more negative values observed for 
women suggest a greater compensation requirement relative to men under otherwise comparable 

conditions. 

Women generally exhibit higher WTP for safety-related improvements. For robotaxi services, the 
female–male WTP gap increases with travel distance, reaching 27.86 CNY for advanced security 

measures on long-distance trips, compared with 26.05 CNY and 18.75 CNY for advanced and 

basic measures on medium-distance trips, and approximately 4 CNY for short-distance trips. 
These findings suggest that security enhancements in autonomous mobility contexts confer 

greater marginal utility for women, particularly as exposure duration increases. 
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In ride-hailing services, women also exhibit higher WTP for app-based safety monitoring, alt-

hough the gender gap is relatively modest, with a maximum difference of 3.68 CNY on long-
distance trips. A notable exception is in-vehicle cameras, where women do not display higher 

WTP than men. This pattern may reflect the dual nature of surveillance technologies, which pro-

vide safety assurance while simultaneously raising privacy concerns. 

Importantly, gender differences in WTP do not directly translate into differences in actual ex-
penditures; rather, they reflect differential marginal valuation of safety improvements. The gen-

dered safety-externality burden emerges when inadequate baseline safety conditions prompt com-

pensatory shifts toward higher-cost travel modes. 
 

Table 4. Estimated WTP for safety-related attributes (CNY) 

 
 

4. POLICY RECOMMENDATIONS 

4.1 Policy Scenario Simulations 

Based on policy scenario simulations using the estimated model, Table 5 presents changes in 

metro choice probabilities under enhanced safety conditions. Baseline probabilities are derived 
from the current scenario estimated by the MNL model. The simulations show that reducing total 

walking distance by 50%, installing CCTV cameras inside carriages, combining CCTV with se-

curity patrols, and improving lighting along walking paths increase the probability of choosing 

the metro by 5.04%, 7.47%, 9.61%, and 5.52%, respectively. 
These shifts in choice probabilities translate into tangible cost implications. For example, a female 

traveler making 60 trips per month would experience a 5% increase in metro usage as roughly 

three additional metro trips. Assuming an average cost differential of 20 CNY between the metro 
and higher-cost alternatives, this corresponds to a monthly saving of approximately 60 CNY. 
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Under more comprehensive safety improvements, such as combining CCTV with security patrols, 

monthly savings could reach around 115 CNY. These figures do not represent direct compensa-
tion payments, but rather reductions in expected expenditures resulting from decreased reliance 

on higher-cost modes. 

 

Table 5. Changes in women’s mode choice probabilities under enhanced metro 

safety scenarios 

 

4.2 Policy Recommendations 

4.2.1 Transitional Pricing Mechanisms 

While structural safety improvements should remain the primary goal, economic instruments can 

serve as transitional measures where infrastructure or operational upgrades cannot be imple-
mented immediately. The WTP estimates show that women assign higher marginal value to spe-

cific safety features, particularly in robotaxi contexts. Rather than framing these differences as a 

direct “price gap,” they can guide targeted pricing strategies aimed at reducing the economic bur-

den of safety-driven mode substitution. For instance, platforms could provide discounted access 
to enhanced safety features during nighttime travel or in higher-risk areas. Similarly, governments 

could incentivize operators to integrate gender-responsive safety provisions without passing the 

full cost onto users. 

4.2.2 Heterogeneity-Aware Service Design 

The heterogeneity analysis reveals considerable within-gender variation in preferences for safety-

related attributes, indicating that uniform safety interventions may be inefficient. Platforms could 
therefore implement flexible, opt-in safety configurations that allow passengers to select protec-

tion levels aligned with their individual needs. For example, optional female-driver matching or 

enhanced pick-up lighting could be offered dynamically rather than universally mandated. Such 
differentiated service design reduces unnecessary resource allocation while addressing heteroge-

neous safety valuations. Crucially, this approach avoids assuming homogeneous preferences 

within gender groups and aligns with the evidence that safety valuation varies significantly across 
individuals. 

4.2.3 Safety-by-Design Principles for Robotaxi Systems 

The larger WTP differences observed in robotaxi services suggest that perceived uncertainty in 
autonomous contexts amplifies the marginal value assigned to safety features. If such features are 

offered only as add-ons, they risk creating a stratified safety environment, in which basic 
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protection becomes a premium service. To prevent this, safety-by-design principles should be 

incorporated as default system features. These may include transparent emergency response pro-
tocols, real-time remote operator intervention, clearly communicated data governance standards, 

and pick-up/drop-off infrastructure designed for visibility and surveillance. Embedding safety as 

a standard feature reduces the likelihood that emerging mobility systems generate new forms of 

gender-differentiated burden. 

5. CONCLUSIONS 

The concept of a “pink tax” in transportation rarely manifests as direct fare discrimination but 
instead emerges as a structural safety-compensation burden, where inadequate baseline safety 

conditions lead women to shift toward higher-cost travel options. Using a SP experiment in 

Shanghai, this study analyzes mode choice among metro, ride-hailing, and robotaxi services under 
varying safety conditions. The results reveal systematic gender differences in the valuation of 

safety attributes: women gain greater marginal utility from female ride-hailing drivers, enhanced 

in-vehicle monitoring, and improved lighting, and place substantially higher value on security 

measures, particularly in robotaxi services. Policy simulations indicate that improving metro 
safety can reduce women’s safety-compensation burden by increasing metro use and lowering 

safety-driven mode substitution. Overall, the findings suggest that gender inequality in urban mo-

bility is shaped not only by differences in preferences but also by the structural organization of 
safety within transport system. 
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