Pre-analysis plan: Travel Time Uncertainty, Ambiguity Attitudes and Mode Preference


Introduction
There is growing attention to the complex pattern of uncertainty attitudes in the traffic context. For example, people may choose a transport mode/route/departure time because they hold certain attitudes toward the travel time uncertainty associated with mode/route/departure time. Existing studies often assume that travellers treat travel time uncertainty as risk, i.e., outcomes with a known probability distribution (i.e., Kim et al., 2017; Ghader et al., 2019). Hence our existing understanding of the behavioural mechanism of travel time uncertainty is focused on risk attitudes. It is rare, however, when travellers have precise information on the probability distribution of the network. In fact, travellers often face ambiguous travel times, i.e., with an unknown probability distribution. So, it is valuable to understand the ambiguity profiles of travelers empirically. 

Prior literatures studying the ambiguity effects usually focus on travelers’ departure time choice and route choice by one mode (i.e., Qi et al., 2016; Liu, 2018). It remains unclear how ambiguity affects travelers’ mode choices. However, it is learned from behavioral economics literature that ambiguity attitudes are context-dependent. It means that travelers’ ambiguity attitudes toward travel time uncertainty may be different according to the travel mode they use. Li et al. (2022) elicited individuals’ context-depended ambiguity attitudes from self-reported data of commuters from Sydney, Australia. Respondents were asked to answer their longest, shortest, and most likely travel time and the corresponding subjective probabilities of their commuting trips. They estimated the ambiguous attitudes generated by subjective probabilities in the mixed logit model by adding a mode-dependent parameter to the weight function, and explore the influence of information on this mode-dependent parameter. Their results show that the parameter significantly differs from one, which implies that the traveler’s travel time preferences significantly differ from the risk model, and at least the travel time preference in one mode can reflect the ambiguity attitudes. 

In this study, we develop a novel non-parametric approach to study uncertainty attitudes in the transport context to investigate decision-making under uncertainty for morning frequent travel, which is a day-to-day type of repeated situation. We discuss the travelers’ mode-dependent ambiguity preference based on the method from Baillon et al. (2018). Specifically, we aim to identify the role of three distinctive aspects in the decision-making process of travel time uncertainty: (a) how people perceive uncertainties (e.g., ambiguity-induced insensitivity), (b) whether and to what extent people like or dis-like ambiguity (e.g., ambiguity aversion/neutrality/seeking), (c) people’s subjective beliefs of the ambiguity-neutral probabilities. Moreover, we focus on the role of ambiguity attitudes in mode choice. We hypothesize that people’s attitudes towards travel time uncertainty are source-dependent - e.g., some people may be more averse to ambiguity from a car trip comparing to a public transport trip, or the other way around. The research questions are: 
1) Do travelers’ ambiguity attitudes toward travel time uncertainty differ between the car and public transport contexts? 
2) How do information and experience causally affect travelers’ ambiguity attitudes in different modes? 
3) How does ambiguity attitudes link to travelers’ willingness to pay for uncertain travel time? 

In this document, the following sections will be described and discussed: (1) the sample to be used in the study and the data source; (2) the experiment design and how the outcome variables are constructed; (3) the treatment effect analysis and hypotheses; (4) the power analysis.

Description of Sample & Data Collection
We will conduct an online experiment (N=1200) among Prolific participants in England. Respondents who are current UK area of residence, and at least sometimes working from a central place of work are targeted by this study. Our experiment design consists of a baseline group and two treated groups: one with additional information from historical travel time and another considering a frequent morning trip from participants' real life. Respondents are randomly assigned to either the control or a treatment group. 

At the beginning of the survey, all respondents need to fill in the OD pair, departure time, and average travel time of their own frequent morning trips. Then, they will see the instruction for the lottery questions. After passing a test, they will ask to answer 6 lottery questions for the car and the other 6 questions for public transport (PT), the order of car and PT questions will be random. Respondents in the control group make choices between lotteries, which need to guess the travel time from Coventry to Birmingham University. Respondents in the Information group will receive additional historical travel time of the past 4 trips of the same OD pair. Respondents in the individualized group will need to guess the travel time of their own morning frequent trips, without additional information. After these lottery questions, all respondents will also be asked about their willingness to pay for risk and ambiguous travel time by car and PT, and their social demographics.


Experiment Design & Outcome Variables
The experiment consists of two treated groups and a control group. The treatments are explained in the following:
· T1 Control: Respondents make choices between lotteries. Both have a chance of winning £50. In the one lottery (), their possible pay-off depends on whether they correctly guessed the travel time during the morning peak for a person making a trip of a certain OD pair. The winning chance is decided by the real travel time of the researchers.  has two versions – one with source of uncertainty generated by the travel time of researcher C who travel by car (denoted as ) and another by that of researcher P who travel be public transport (denoted as ). The order of presentation (car or PT) is randomized to avoid order effect. In the other lottery (), their possible pay-off depends on the throwing of a fair ten-sided dice, with numbers 1–10 appearing with equal probabilities. The winning chance is explicitly given, ranging from 0% to 100%, with every 10% as a step. In each question, respondents choose 11 times between these lotteries, where the chances of winning the dice lottery will gradually increase from 0% to 100%. We expect respondents to switch (from lottery  to lottery ) only once in the 11 choices to elicit the indifference point.
· T2 Information: In addition to the control group, we inform participants of the travel time of the past 4 trips (From Monday to Thursday) by researchers C and P – and the information is based on actual trips made by our research assistants during the one-week period prior to the experiment.  
· T3 Individualized trip: We change the type of trip as given in the control group. Instead of the travel time of a certain OD pair, we ask participants to consider the travel time of researchers C and P if they travel similarly to participants’ own morning frequent trips, i.e., same departure and arrival points.
The table below summarises the treatments of the experiment, where columns are between-subject groups and rows are within-subject comparison of mode preferences:
	
	Baseline group
	Info group
	Unidentical group

	Car Context
	Identical trip
	Identical trip
Information
	Customized trip

	Public Transport
Context
	Identical trip
	Identical trip
Information
	Customized trip



Using this price list method, we can elicit the matching probabilities at the indifferent point between every pair of these two lotteries, i.e.,  and , which are , , , , , , for car and public transport respectively. We first compute:
·  denote the average single-event matching probability.
·  denote the average composite-event matching probability.
(Under ambiguity neutrality,  and )

We then compute the matching probabilities into three attitude and belief measures:
· The ambiguity aversion index is:  
· The (ambiguity-generated)-insensitivity index is: 
· The ambiguity-neutral probabilities (Beliefs): 
 ,  , 


Analysis Plan
· RQ1: Comparing source preference between car and PT at individual level
Wilcoxon test will be used to compare the within-subject differences between and  (ambiguity aversion),  and  (a-insensitivity index), and and  (a-neutral probabilities). Our hypothesis: 
1)  (i.e., ambiguity aversion remains stable across transportation mode contexts)
2)  (i.e., a-insensitivity is context-dependent)
3)  (i.e., a-neutral probabilities on travel time uncertainty are different between car and public transport)
· RQ2: Treatment Effects
1) Information: We compare between baseline group and information group, to investigate the impact of information on , for car and PT respectively. The information could reduce the ambiguity of the travel time, also it could change subject beliefs of the travel time. We can measure these channels separately. We expect that ambiguity aversion (measured by a) is unchanged by information, whereas a-insensitivity (measured by g), and subject beliefs (measured by) are changed by information.
2) Unidentical trip: We compare it with the baseline group to understand the role of the trip details in source preference. The baseline group faces the uncertainty of an identical trip given by the experimenter. The unidentical trip group faces the travel time uncertainty of each one’s own commute journey, where the trip differs among each individual within the group. By comparing these two groups, we can further understand the role of subject belief in attitudes towards travel time uncertainty. 
· RQ3: Linking source preference and mode preference
1) We expect that WTPcer > WTPrisk > WTPamb , for car and PT respectively. 
2) Furthermore, at individual level, we expect the gap between WTPamb and WTPrisk are different between car and PT, i.e., individuals have different ambiguity attitudes between two modes.
3) The differences of the ambiguity-risk gap (i.e. WTPrisk - WTPamb) between car and PT can be explained by individual’s source-dependent ambiguity attitudes: a, g, and bi.


Power Analysis
The power analysis was made using G*Power software. Based on the values of mean for the outcome variables ( for car and PT and for basic, information and unindividualized trip groups) from pilot study, the effect size d was set to 0.3. One-sided Wilcoxon-Mann-Whitney test shows that if the  being 0.05, and the allocation ratio is 1, the sample size should be 253 per group to obtain the power () of 0.95. To leave room for invalid answers (switch more than once in the lottery questions) and within the constraints of the budget, 400 * 3 = 1200 subjects would be recruited for the survey.
