Supplementary data for
Not in Control, but Liable? Attributing Human Responsibility for Fully Automated Vehicle Accidents
Siming Zhai a,#, Lin Wang b,#, Peng Liu a,*

a Center for Psychological Sciences, Zhejiang University, Hangzhou 310063, China
b Department of Library and Information Science, Incheon National University, Incheon 22012, Republic of Korea

* Corresponding author. 
E-mail address: pengliu86@zju.edu.cn (P. Liu).
# These authors contributed equally to this work.

1 Demographic information
Participants in the three studies were not different in gender (ps > 0.05), age (ps > 0.30), and possession of a driving license (ps > 0.05), with the only exception in possession of a driving license in Study 1d (χ(2)2 = 11.25, p = 0.004; see Table S1). The conventional taxi condition had a lower percentage of driver participants than the L5 car condition (85.8% vs. 96.6%; χ(1)2 = 8.82, p = 0.003) and L5 taxi condition (85.8% vs. 94.4%; χ(1)2 = 5.18, p = 0.023), whereas participants’ possession of a driving license did not differ between the two L5 conditions (χ(1)2 = 0.71, p = 0.400).

Table S1
Result of demographic difference across the three riding conditions.
	
	Gender
	Age
	Possession of a driving license

	
	χ2
	p
	F
	p
	χ2
	p

	Study 1a
	1.35
	0.510
	0.24
	0.785
	0.88
	0.645

	Study 1b
	0.06
	0.970
	0.52
	0.593
	2.89
	0.235

	Study 1c
	1.43
	0.489
	0.29
	0.751
	3.20
	0.202

	Study 1d
	1.76
	0.415
	0.04
	0.957
	11.25
	0.004

	Study 2a
	2.22
	0.330
	1.02
	0.361
	5.59
	0.061

	Study 2b
	5.70
	0.058
	0.22
	0.806
	3.12
	0.210

	Study 3
	3.32
	0.190
	0.53
	0.588
	0.58
	0.750


The significant difference is bolded.

2 Methods
2.1. Crash scenarios
Table S2
Crash scenarios involving the three riding conditions.
	
	Studies 1a, 1b, 2a, 2b, and 3

	L5 car
	On an urban road, an L5 automated driving car is carrying its owner and operating in the automated driving mode. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the car owner is on his phone, and the fully automated driving system does not work properly

	L5 taxi
	On an urban road, an L5 automated driving taxi is carrying its passenger and operating in the automated driving mode. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the passenger in-vehicle is on his phone, and the fully automated driving system does not work properly.

	Conventional taxi
	On an urban road, a taxi driver is driving a taxi and carrying his passenger. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the in-vehicle passenger is on his phone, and the taxi driver does not respond properly.

	
	Study 1c (first-person perspective)

	L5 car
	On an urban road, you are riding in your L5 automated driving car. This car is operating in the automated driving mode. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, you are on the phone, and the fully automated driving system does not work properly.

	L5 taxi
	On an urban road, you are riding in an L5 automated driving taxi. This taxi is operating in the automated driving mode. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, you are on the phone, and the fully automated driving system does not work properly.

	Conventional taxi
	On an urban road, you are riding in a taxi. It strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, you are on the phone, and the taxi driver does not respond properly.

	
	Study 1d (Occupant absence)

	L5 car
	A car owner sets his destination on his phone APP, gives the order, and waits for his L5 automated driving car to pick him up. On the way to pick him up, the L5 automated driving car strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the fully automated driving system does not work properly.

	L5 taxi
	A passenger sets his destination on his phone APP, gives the order, and waits for an L5 automated driving taxi to pick him up. On the way to pick him up, the L5 automated driving taxi strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the fully automated driving system does not work properly.

	Conventional taxi
	A passenger sets his destination on his phone APP, gives the order, and waits for a taxi driver to pick him up. On the way to pick him up, the taxi strikes a pedestrian suddenly crossing the road and causes injury. Before this collision, the taxi driver does not respond properly.



2.2. Other measure
In each survey, before ascribing responsibility, participants were also asked “What negative feeling did you experience because of the crash?” [1] for their negative affect evoked by the crash, on a 10-point scale (1 = very low; 10 = very high).
In Study 3, we also asked participants to respond to three items assessing the controllability of the other responsible party before their hearing about the crash. In the L5 car condition, the three controllability items were (Cronbach’s α = 0.83): “I feel that the L5 car manufacturer has direct control over the L5 automated driving car,” “I feel that the whole driving process is under the control of the L5 car manufacturer,” and “I feel that the L5 car manufacturer controls the whole driving process” (adapted from [2]), on a seven-point scale (from 1 = strongly disagree to 7 = strongly agree). In the other two conditions, “L5 car manufacturer” was replaced by “L5 taxi manufacturer and operator” or “taxi driver.”
3 Results
3.1 Results of negative affect
We conducted analysis of covariance (ANCOVA) tests, with negative affect as the outcome variable, riding condition (L5 car = 0, L5 taxi = 1, conventional taxi [C. taxi] = 2) as the independent variable, and gender, age, and possession of a driving license as the three covariates. Fig. S1 shows the estimated marginal mean (EMM) of negative affect. Pairwise comparisons were conducted with the least significant difference method. The results of ANCOVA in each study are as below.

Study 1a. The crash in different riding conditions had a significant influence on negative affect (F(2, 387) = 6.71, p = 0.001, ηp2 = 0.034). Participants felt more negative affect evoked by the two L5 crashes as compared to that by the conventional taxi crash (ΔEMML5 car‒C. taxi = 0.85, t = 3.64, p < 0.001; ΔEMML5 taxi‒C. taxi = 0.50, t = 2.16, p = 0.031; see Fig. S1(a)). Negative affect did not differ between the two L5 conditions (p = 0.133).

Study 1b. It had no significant influence on negative affect (p = 0.110; Fig. S1(b)).

Study 1c. It had no significant influence on negative affect (p = 0.086). Participants claimed non-different negative affect evoked by the two L5 crashes (p = 0.476) and by the L5 and conventional taxis crashes (p = 0.144); however, more negative affect was evoked by the L5 private car crash than by the conventional taxi crash (ΔEMM = 0.53, t = 2.18, p = 0.030; see Fig. S1(c)).

Study 1d. It had a significant influence on negative affect (F(2, 365) = 8.34, p < 0.001, ηp2 = 0.044). Participants claimed more negative affect in the two L5 conditions as compared to the conventional taxi condition (ΔEMML5 car‒C. taxi = 0.92, t = 3.83, p < 0.001; ΔEMML5 taxi‒C. taxi = 0.74, t = 3.15, p = 0.002; see Fig. S1(d)). Non-significant difference was found between negative affect in the two L5 conditions (p = 0.456).

Study 2a. It had a significant influence on negative affect (F(2, 389) = 3.12, p = 0.045, ηp2 = 0.016). Participants claimed more negative affect in the two L5 conditions as compared to the conventional taxi condition (ΔEMML5 car‒C. taxi = 0.56, t = 2.29, p = 0.023; ΔEMML5 taxi‒C. taxi = 0.49, t = 2.01, p = 0.045; see Fig. S1(e)). Negative affect did not differ between the two L5 conditions (p = 0.781).

Study 2b. It had no significant influence on negative affect (p = 0.341; see Fig. S1(f)).

Study 3. It had no significant influence on negative affect (F(2, 363) = 2.07, p = 0.127, ηp2 = 0.011). Participants claimed more negative affect in the L5 taxi condition as compared to the conventional taxi condition (ΔEMM = 0.52, t = 2.03, p = 0.043; see Fig. S1(g)). Non-significant difference was found in the other two contrasts (ps > 0.20).

The above ANCOVA tests showed that the influence of the riding condition on negative affect evoked by the crash was not consistent. One reason might be that the reported negative affect evoked by the crash in these studies was very high so that its rating in different riding conditions reached the ceiling effect. We summarized the results from all of these studies through a series of single-paper meta-analyses [3]. The point estimates of the simple effect of L5 car vs. conventional taxi, L5 taxi vs. conventional taxi, and L5 car vs. L5 taxi were 0.28 (95% CI [0.18, 0.37]), 0.25 (95% CI [0.16, 0.34]), and 0.03 (95% CI [‒0.07, 0.12]) (all in standard deviation units), respectively (see Fig. S1(h)). Overall, the crash caused by the two L5 vehicles (both L5 private car and L5 taxi) evoked more negative affect than the identical crash caused by a conventional taxi.
[image: ]
Fig. S1. Estimated marginal means of negative affect evoked by the crash across the three riding conditions. Error bars represent ± 2 standard errors. *p < 0.05; **p < 0.01; ***p < 0.001. C taxi: conventional taxi.

3.2. Mediation analysis in Study 3 (with a focus on the other responsible party)
In Study 3, ANCOVA showed a significant influence of the riding condition on perceived controllability of the other responsible party (EMML5 car = 5.09, EMML5 taxi = 5.12, EMMC. taxi = 5.88; F(2, 363) = 20.61, p < 0.001, ηp2 = 0.102). Participants perceived more controllability of the other party in the two L5 conditions than that in the conventional taxi condition (ps < 0.001). Their perceptions of the other party’s controllability were non-different between the two L5 conditions (p = 0.859).
[bookmark: _Hlk90820455]Study 3 explored whether perceived controllability of the other responsible party (L5 car manufacturer, L5 taxi manufacturer and operator, and conventional taxi driver) can account for their responsibility differences across the three conditions (see Fig. S2). We run a mediation analysis with the riding condition as the multi-categorical independent variable (two contrasts were designed: the L5 car relative to the conventional taxi; the L5 taxi relative to the conventional taxi). Mediation analysis showed the indirect effect through perceived controllability (f1 = ‒0.29, 95% CI [‒0.46, ‒0.13]; f2 = ‒0.28, 95% CI [‒0.45, ‒0.12]). The direct effect of the riding condition was still significant (c1’ = ‒1.74, p < 0.001; c2’ = ‒0.79, p = 0.002). Thus, mediation analysis indicates that less controllability of the other party perceived in the two L5 vehicles (vs. the conventional taxi) partially accounted for less responsibility allocated to the other responsible party.
[image: ]
Fig. S2. Mediation analysis of perceived controllability of the other party on their responsibility allocation. **p < 0.01; ***p < 0.001. 
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