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Abstract 

Motivating people to change their departure time could play a key role in reducing peak-hour 

congestion, which remains one of the most prevalent transport problems in large urban areas. To 

achieve this behavioural change, it is necessary to better understand the factors that influence 

departure time choice. So far departure time choice modelling focussed mainly on objective factors, 

such as time and costs as main behavioural determinants. In this study, we derived psychological 

factors based on the Theory of Planned Behaviour, estimated them based on structural equation 

modelling, and included them into a discrete choice model. The psychological factors were 

measured based on an online questionnaire addressed to car commuters to the city centre of 

Copenhagen (N=286). The questionnaire additionally included a travel diary and a stated preference 

experiment with nine departure time choice scenarios. All psychological factors had a significant 

effect on departure time choice and could improve the model as compared to a basic discrete choice 

model without latent constructs. As expected, the effects of the psychological factors were different 

depending on framework conditions: for people with fixed starting times at work, the intention to 

arrive at work on time (as estimated by subjective norm, attitude, perceived behavioural control) 

had the strongest effect; for people with flexible working hours, the attitude towards short travel 

time was most relevant. Limitations, the inclusion of additional psychological factors and their 

possible interactions are discussed.  

 

 

Highlights 

 Psychological factors for departure time choice were derived from the Theory of Planned  

Behaviour 

 Accounting for the Theory of Planned Behaviour in a discrete choice model improved the 

estimation 

 All included psychological factors had a significant effect on departure time choice 

 Intention to arrive on time was more relevant for people with fixed starting times  

 Attitude towards short travel time was more relevant for people with flexible starting times 
  

 

Keywords:  
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Hybrid choice model 

Attitude 

Intention 
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1 Introduction 

Road traffic congestion remains one of the most prevalent transport problems in large urban areas 

as it decreases the attractiveness and liveability of cities. In addition, the fuel and time wasted in 

traffic have huge financial consequences as well as negative impacts on public health (e.g. Levy et 

al., 2010).  

 

Congestion is related to commuting to work and a change of departure time could play a key role in 

reducing peak-hour congestion. A number of studies have shown that people are more likely to 

change their departure time to avoid congestion than to change their transport mode (Hendrickson 

& Planke, 1984; Hess et al., 2007; Kroes et al., 1996; SACTRA, 1994). The question is, however, 

how people can be motivated for this behavioural change. To answer this question it is necessary to 

better understand the psychological factors that influence departure time choice. While this question 

is of particular importance for both commuting by car and by public transport, the focus of this 

paper is on car commuting.  

 

So far, departure time choice has mainly been investigated from a microeconomic perspective, 

considering objective factors, such as travel time, arrival time and travel costs as main behavioural 

determinants. The basic assumption of this rational choice approach is that individuals make a 

trade-off between costs, travel time and deviations from their preferred arrival time in such a way 

that their personal benefit is maximized. Later works also included travel time (un)reliability) 

accounting for uncertainty about the actual travel time during a journey, i.e. the unexpected delay 

(Arellana et al., 2012; Börjesson, 2007; 2008; 2009; Ettema et al., 2004; Koster & Verhoef, 2012; 

Lam & Small, 2001; Lizana et al., 2013; Noland & Small, 1995; 2000; Tseng et al., 2011). This 

concept, often referred to as travel time variability (TTV), is important because people might re-

think their departure time choice under the condition of high travel time variability. The subjective 

importance of time reliability for transport choices was confirmed in a study based on Q-

methodology (Cools et al., 2009).  

 

A few studies approached departure time choice taking into account assumptions of prospect theory 

(Fujii & Kitamura, 2004; Senbil & Kitamura, 2004). These studies point to the importance of the 

decision frame: Fujii and Kitamura (2004) in particular demonstrated that the choice of more or less 

risky departure times depends on commuters’ working conditions and position. Thereby they 

indirectly proved the relevance of attitudes, namely the subjective importance of arriving at the 

preferred arrival time for departure time choice. 

 

An alternative research strategy to the indirect measurement of people’s preferences through their 

choices is the direct measurement of psychological factors that are assumed to influence behaviour 

by standardised items. The selection of these factors should preferably be based on a theoretical 

model. This strategy allows for the consideration of factors that go beyond specific preferences.  
 

The theoretical relevance of combining psychological and microeconomic perspective roots to the 

work of McFadden (2000) and Daniel Kahneman (2003), and has been operationalised by Ben-

Akiva et al. (2002) using the hybrid choice models (HCM). During the past decade there have been 

several applications of HCM to different fields, including transport, but they have focused only on 

selected psychological factors, mostly attitudes, and the selection of these factors was not strongly 

theory-based. To our knowledge the only study that explicitly measured psychological factors in 

econometric models to explain departure time choice is Arellana (2012). He measured attitude 

towards being on time and towards changes in trip conditions, but finally did not include them into 
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the departure time choice model. In the present paper we investigated potentially relevant 

psychological factors of departure time choice and included them into  a discrete choice model 

based on stated preference experiments. The selection of the psychological variables was based on 

the assumptions of the Theory of Planned Behaviour (Ajzen, 1991) as described in the following 

section. In Section 3, we present our specific hypotheses. 

 

 

2 Accounting for the Theory of Planned Behaviour in departure time choice 

 

The Theory of Planned Behaviour (TPB, Ajzen, 1991) can be regarded “as a social psychological 

variant of the general rational choice approach” (Bamberg, 2012, p. 222). It is one of the most well-

established psychological models of individual decision making. According to a meta-analysis of 

185 studies it accounts for 27% and 39% of the variance in behaviour and intention, respectively 

(Armitage & Conner, 2001). In transportation research it has in particular been applied to explain 

and influence travel mode choice (e.g., Bamberg & Schmidt, 1998; 2001; 2003; Haustein & 

Hunecke, 2007; Heath & Gifford, 2002) and driving violations (e.g., Cestac et al., 2011; Forward, 

2009; Møller & Haustein, 2014). According to the TPB, the intention to perform a given behaviour 

indicates people’s readiness to perform the behaviour, and it is a direct predictor of behaviour. 

Intention is influenced by attitude, subjective norm, and perceived behavioural control (PBC). 

Attitude is the degree to which the performance of the behaviour is positively or negatively valued. 

Subjective norm is defined as the perceived social pressure to engage or not to engage in the 

behaviour, while PBC refers to people's perceptions of their ability to perform the behaviour. The 

latter is assumed to be a direct predictor of both intention and behaviour. The lower the actual 

control over a given behaviour, the more the influence of intention decreases in favour of PBC. In 

the context of travel mode choice, research on PBC mainly focused on beliefs related to the built 

environment (accessibility/transport infrastructure; cf. Bamberg, 2012). Haustein & Hunecke (2007) 

introduced the concept of perceived mobility necessities (PMN) to more directly address how the 

actual living situation (e.g. complex household routines due to children and employment) and 

resulting perceived travel demands influence car use. While PBC and PMN are correlated, merging 

them to one latent variable resulted in an unacceptable model fit, which indicates that they should 

be modelled as separate latent variables. The differentiation between PBC and PMN is expected to 

be also relevant for departure time choice: beliefs about the transport infrastructure are supposed to 

make it more or less difficult to arrive at the preferred arrival time, while the personal living 

situation and related perceptions of flexibility and time pressure are supposed to make people less 

willing to reschedule their departure time.  

 

Departure time choice is a complex task, which to our knowledge has not yet been explicitly studied 

in the psychological literature. We suggest departure time choice to be determined by three 

behavioural intentions that may be in conflict with each other, namely (1) the intention to arrive at 

the preferred arrival time – or more specifically “on time”; (2) the intention to have short travel 

times; and (3) the intention to have low travel costs. In line with TPB, we expected all three 

intentions to be determined by attitude, social norm and perceived behaviour control as shown in 

Figure 1. In addition, we expect PMN to have a direct impact on departure time choice. Including 

indicators for all these psychological variables was not possible in the design of the present study, 

so we had to choose those variables that we expected to have the highest added value when 

included into a discrete choice model.  
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The relevance of the attitude towards arriving on time for departure time choice was indirectly 

confirmed by Fujii and Kitamura (2004). They showed that people in a higher work-place hierarchy 

(as approximated by age) chose riskier departure time alternatives than people lower in hierarchy. 

This was assumed because of the different consequences of being late and thus the importance of 

being on time for both commuter groups, which refers to attitude. Similarly, we assume that the 

riskier choices are related to less perceived social pressure to arrive on time (subjective norm (SN)) 

and expect both factors, attitude and SN, to be highly related. We further assume that the intention 

to arrive at work on time is more relevant for people with fixed working hours than for people under 

flextime conditions, which is also in line with the finding of Fujii and Kitamura (2004) who showed 

that people under flextime conditions choose riskier departure time alternatives. 

 

 
 

Figure 1: Selection of psychological constructs to be included in the discrete choice model (selected constructs and 

effects in bold) 

 

 

With regard to minimizing travel time, we only included the attitude towards short travel time. It 

has been shown that travelling does not only serve the utility of arriving at the desired destination 

but also the utility of doing other activities while travelling (e.g. relaxing, thinking, transition 

between home and work) and also has an intrinsic utility (Mokhtarian & Salomon, 2001). Thus, 

people most probably differ with respect to the importance they allocate to short travel times, 

depending, for example, on how much they like or dislike car driving or queuing. People who 

associate driving with symbolic and affective motives such as freedom, autonomy and passion 
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might be more willing to accept longer travel times by car – and probably rather change their route 

than their departure time, while people who perceive driving as boring or stressful might find it 

more important to reduce travel time. These assumptions are supported by empirical results from 

Beirao and Cabral (2007) who on the one hand identified car users who appreciate the autonomy 

and flexibility of the car and “feel that they can change route and avoid traffic” (p. 484) and on the 

other hand captive car users who are nervous or worried about traffic jams and would prefer to use 

public transport, which would allow them to relax or make use of their time in a different way (p. 

482). Subjective norm appears less relevant for minimizing travel time than for arriving on time, 

also because travel time is not directly observable by others. An exception might be the perceived 

social pressure of the partner in case of high family demands. Perceived control and intention are 

probably important, but may be partly captured by Perceived Mobility Necessities (PMN): People 

who perceive a high pressure to be mobile all the time, most probably intend to have short travel 

times but are at the same time more likely to be restricted in their possibilities of rescheduling their 

departure time.  

 

Psychological factors related to minimizing travel costs were not considered. While instrumental 

motives (Jakobsson, 2007), in particular convenience and costs, are evaluated as important 

attributes of commuting trips (Anable & Gatersleben, 2005) they are found to be less useful to 

explain differences in car use as compared to affective and symbolic motives (e.g., Lois & Lopez-

Saez, 2009; Steg, 2005). Similarly, we expect that the great majority of commuters would agree that 

it is important to have low travel costs, which would, however, not contribute much to the 

explanation of individual differences in departure time choice. To capture the effect of travel costs 

we think that the indirect measure through the choice in the experimental setting is the preferable 

method. 

 

 

3 Hypotheses 

Several studies, mainly in the transport field, have incorporated latent variables to better explain the 

discrete choice by capturing psychological constructs. However, none of them explored the effect of 

the full TPB and none of them studied the effect on departure time choice.  

 

Our main goal was to examine if the TPB is a useful model in the context of departure time choice 

and to which extent departure time is affected by psychological factors versus microeconomic 

evaluation of the characteristics of the alternatives. More specifically, we expected the intention to 

arrive at work on time, as predicted by subjective norm (SN), attitude, and perceived behavioural 

control (PBC), to have a significant impact on departure time choice as measured in the setting of a 

stated preference experiment. In addition, we expected perceived mobility necessities (PMN) as 

well as the attitude towards short travel time to have a significant direct effect on departure time 

choice. 

 

Based on structural equation modelling (SEM) we first estimated the value of each psychological 

construct based on its indicators, as well as the intention to arrive at work on time by its predictors: 

attitude, SN, and PBC. 

 

In a second step, intention and the other psychological variables were included in a discrete choice 

model (DCM) to test the following specific hypotheses: 
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(1) Accounting for the TPB in a sequential approach significantly improves the model 

estimation as compared to a basic DCM without latent variables. 

(2) Accounting for the TPB significantly improves the model estimation as compared to a DCM 

including intention estimated solely by its own indicator variables. 

(3) The inclusion of attitudes regarding travel time and PMN further improves DCM. 

(4) Intention to arrive at work on time is more relevant for people with fixed working hours than 

for people benefitting from flexible time conditions. 

 

 

4 Material and method 

4.1 Questionnaire 

A web-based questionnaire targeted at car commuters was constructed to collect the following 

information: (1) travel behaviour, including detailed information about the trips and activities 

performed by each respondent during his/her latest working day, (2) stated preference data, which 

allowed us to estimate respondents’ preferences for departure time and for travel time, cost, and 

delay (i.e. level of service characteristics), (3) a set of psychological variables to estimate the 

constructs in relation to the TPB and (4) a set of background variables such as age, sex, income, 

location, household position and more importantly flexibility about the start/end of the working 

hours. 

 

In the Stated Preference (SP) experiment different hypothetical but realistic scenarios were 

presented and respondents were asked to choose their preferred option in each scenario. Each 

scenario consisted of three possible departure times: the current departure time (i.e. the same as 

described in the daily trip part of the questionnaire), an earlier and a later departure time. Each 

scenario was described by four characteristics: departure time (DT), travel cost (TC), travel time 

(TT), and travel time variability (TTV). A total of 9 scenarios were presented to each respondent, 

where the values of the characteristics were varied according to specific rules that allow maximising 

the information about individual preferences that we can infer from the individuals’ choices. Figure 

2 shows an example of one scenario presented to respondents. More details on how the SP 

experiment was built can be found in Thorhauge et al. (2014).  

 

 
Figure 2: Example of a choice task for a respondent with preferred arrival time 8:00 
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Regarding the psychological variables, we included the constructs of the TPB (ATT_late, SN, PBC, 

INT), as well as perceived mobility necessities (PMN) and the attitude towards short travel time 

(ATT_time) as explained in Section 2. Each psychological construct was measured by three items 

on a five-point Likert scale (1 = strongly disagree; 5 = strongly agree). Table 1 lists the items 

including their means and standard deviations as well as the internal consistencies of the 

psychological constructs. Most internal consistencies lie between .9 and .8 and can thus be 

described as good, whereas PBC and ATT_time with values between .7 and .6 are just acceptable. 

In both cases (PBC and ATT_time), deleting one item would further decrease the internal 

consistency. Thus, rather than replacing existing items, we recommend an extension of the number 

of items to measure these latent variables. 

 
Table 1: Psychological constructs and their indicators 

Latent variables Indicators M SD Cronbach’s α 

TPB  

Attitude  
towards  

being late  

ATT_late_1 It is very important for me to be at work on time. 4.06 1.14 

.85 ATT_late_2 Coming too late to work is very unpleasant for me. 3.73 1.29 

ATT_late_3 It is problematic for me to be late for work. 3.63 1.35 

Subjective  

norm  

SN_1 My colleagues think that I should be at work on time. 3.31 1.41 

.86 SN_2 My boss thinks that I should be at work on time. 3.35 1.45 

SN_3 People, who are important to me, think I should be at work on time. 3.27 1.35 

Perceived  
behavioural  

control  

PBC_1 It is easy for me to be at work on time. 4.18 0.96 

.65 PBC_2 It is difficult for me to be at work on time.a 4.57 0.75 

PBC_3 It is possible for me to be at work on time if I want to. 4.22 1.08 

Intention 

INT_1 I intend to be at work on time in the near future. 4.38 0.92 

.81 INT_2 I intend to avoid delays in arrival time at work in the near future.  3.92 1.15 

INT_3 I plan to be at work on time in the near future. 4.31 0.97 

Additional latent variables 

Attitude  

towards  

short travel 
time  

ATT_time_1 It is very important for me to have short TT to/from work. 3.77 1.12 

.67 ATT_time_2 Having a long TT to/from work is very stressful for me. 3.53 1.22 

ATT_time_3 I don’t care about long TT to my work.1 4.35 0.95 

Perceived  

mobility  

necessities  

PMN_1 The organization of my everyday life requires a high level of mobility. 3.40 1.25 

.83 PMN_2 I have to be mobile all the time to meet my obligations. 3.16 1.29 

PMN_3 My work requires a high level of mobility. 2.94 1.28 

Notes: All indicator statements were measured based on a 5-point Likert scale (1 = strongly disagree; 5 = strongly 

agree). 
a 
Item has been re-coded. 

 

 

4.2 Procedure and participants 

The target population of this study were 18-65 years old car commuters who worked in the city of 

Copenhagen. An additional criterion was that individuals had travelled to work in the morning peak 

period and experienced congestion or queuing on the way to work, as this would prove a vital 

incentive to reschedule (or at least rethink) their departure time. 
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The data was collected contacting individuals directly at their work place. Two universities and 

three of the biggest companies and public organisations in Copenhagen were selected. For all 

individuals employed at universities, email addresses were publically available on the webpage of 

the universities, so that they could be contacted directly. For the individuals working in the 

companies we contacted a manager in each company and asked for permission to get access to 

email lists of the employees. All types of employees were included in the sample. More than 10,000 

invitations were distributed via email resulting in 923 fully completed questionnaires. 286 of these 

fulfilled the criteria of the target population as specified above. 
 

Table 2 summarises the main characteristics of our sample (N=286). Demographics and travel and 

workplace characteristics were compared with data from the Danish National Travel Survey (TU, 

Christiansen, 2012). For the comparison we only included people living in the Greater Copenhagen 

Area who commuted by car between 6-10 a.m. As can be seen, our sample differs significantly 

from the TU sub-sample in many categories. This was to be expected because of the choice to 

recruit our sample specifically in the academia where people typically have flexible working hours, 

a higher education level and a higher amount of working hours. 
 

 

Table 2: Descriptive statistics of the sample and comparison with TU survey  

 

  
Sample 

Danish National 

Travel Survey 
Difference between samples 

  (N=286) (N=4410) 2 p 

Gender Male 50.3% 55.9% 
3.34 

.188 

   Female 49.7% 44.1% 

Age 18-29 3.1% 6.7% 

14.60 .067  

30-39 22.7% 22.7% 

 

40-49 30.4% 34.0% 

 

50-59 28.0% 26.4% 

  60+ 15.7% 10.1% 

Household type Single 11.5% 11.9% 

1.27 .996 
 

Single with child/children 5.2% 4.1% 

 

Couple 29.0% 30.8% 

 

Couple with child/children 54.2% 53.1% 

Education Elementary 0.3% 5.9% 

137.11 < .001 
 

High school 1.0% 7.9% 

 

University 93.4% 58.5% 

  Other/unknown 5.2% 27.8% 

Work flexibility Fixed start/end work time,  33.6% 36.4% 

301.11 < .001 

 

Flexible start/end work time  65.0% 22.6% 

  Unemployed/unknown 1.4% 40.9% 

Work hours  

per weeka 

Less than 37 hours 8.4% 16.6% 

91.93 < .001 37 hours 29.4% 49.1% 

  More than 37 hours 62.2% 34.2% 

Individual income  

[1000 DKK] 

Low (<300) 4.5% 12.9% 

62.10 < .001 
Medium (300-600) 49.7% 53.4% 

 

High (>600) 36.4% 18.3% 

  Unknown 8.7% 6.9% 

Commuting  

distance [km] 

1-10 25.2% 33.0% 

29.05 < .01 

11-20 30.4% 27.6% 

 21-30 20.6% 17.3% 

 31-40 13.6% 10.9% 

 41-50 9.4% 5.5% 

 More than 50 0.7% 5.7% 

 Mean (std. dev) 21.2 (12.9 ) 22.1 (24.4)   
a
37 hours is the norm for a standard working week in Denmark. The number of working hours 

includes the total working hours per week regardless of whether the work is conducted from the work 

place or another location, e.g. home). 
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Table 2 also compares the distance travelled and the travel time between our sample and the TU 

sub-sample. In our sample short trips (=less than 10 km) and long distance trips (=more than 50 km) 

are underrepresented. Finally, it is also interesting to note that 68% of the individuals in our sample 

commute by car to work on a daily basis, 26% several times a week, and only 6% on a weekly basis 

or less, which provides an indication of the extent to which the trip is habitualized. Unfortunately, 

this information is not available in TU data. 

 

The sample consists of 286 individuals, each presented with 9 SP choice tasks. After a cleaning of 

the survey, 2515 observations were used for estimation.  

 
 

5 Models and results  

In this section we first describe the results of the structural equation model (SEM), and then the 

integration of the TPB and additional psychological factors into the discrete choice models (DCM).  

 

5.1 Intention to arrive at work on time  

 

We estimated the latent variables for each of the latent construct, as well as the full Theory of 

Planned Behaviour (TPB) for the intention to arrive at work on time. Figure 3 shows the results of 

the SEM, in which intention is predicted by attitude, subjective norm, and perceived behavioural 

control in line with the assumptions of the TPB. The latent constructs were measured by the 

indicator items described in Table 1. The model was estimated using SPSS AMOS Version 22. 

 

While all predictors of intention were statistically significant (p < .001), a positive attitude towards 

being at work on time had by far the strongest effect on intention (ß = .61). The social pressure to 

arrive on time, as captured by subjective norm, and perceiving it easy to arrive on time, had similar 

but lower effects (ß = .23; ß = .24). As expected, attitude and subjective norm were strongly 

correlated (r = .52; p < .001), while the correlations with PBC were not significant (p > .10).  

 

The model’s fit statistics are provided in the legend of Figure 1. Hu and Bentler (1999) suggest a 

two-index presentation strategy to evaluate model fit. Among others, CFI > .95 in combination with 

SRMR < .09 are recommended, especially for small sample sizes (N <= 250), to conclude that the 

model fits the observed data well, which is the case in our example. Intention as estimated in the 

model was included in the DCM as described below. 
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Figure 3: Intention to arrive at work on time 

Notes: N = 286; Fit statistics: CFI = .952; RMSEA = .074; SRMR = .0523; Chi2 = 123.89, df=48 

 

 

5.2 Integrating TPB in the departure time choice 

The microeconomic approach to departure time choice is based on the concept that individuals 

make a trade-off between travel time and penalties for rescheduling, i.e. being early or late. For that 

we rely on the scheduling model (Small, 1982) that assumes that travellers (n) choose the 

alternative (j) that gives them the highest utility (U), defined as a linear combination of attributes 

describing the alternatives. In the latest version of the scheduling model the discrete choice among 

departure time alternatives is expressed as a function of travel cost (TC); the expected travel time 

(E(TT)) from origin to destination weighted by the probability of experiencing additional 

(unforeseen) travel time; the weighted expected scheduled delay early (E(SDE)) and late (E(SDL)), 

i.e. the difference between the individual preferred arrival time and the actual arrival time, and an 

extra penalty for being late (DL).  

 

The typical scheduling model (SM) assumes that individual preferences are affected only by 

attributes that measure the level-of-service (LOS). We extended the SM to account for the fact that 

individual preferences can be (and typically are) also affected by latent effects, such as attitudes and 

intentions. The extended SM takes the following form:  

 

𝑈𝑗𝑛𝑡 = 𝐴𝑆𝐶𝑗 + 𝛽𝑇𝑇𝐸(𝑇𝑇𝑗𝑛𝑡) + 𝛽𝑇𝐶𝑇𝐶𝑗𝑛𝑡 + 𝛽𝑆𝐷𝐸𝐸(𝑆𝐷𝐸𝑗𝑛𝑡) + 𝛽𝑆𝐷𝐿𝐸(𝑆𝐷𝐿𝑗𝑛𝑡) + 𝛽𝐷𝐿𝐷𝐿𝑗𝑛𝑡 +𝜷𝑳𝑽𝑳𝑽𝒏+jn+jnt        (1) 
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Where 𝐿𝑉𝑛 is a vector of latent variables for individual n estimated in the structural equation model 

(SEM), ASC is a vector of constants specific for each alternative j, 𝜀𝑗𝑛𝑡, is an error term distributed 

identically and independently extreme value type 1, while 𝜇𝑗𝑛 is a normally distributed error 

component that captures the correlation among choice tasks (t) answered by the same individual. 

All the other attributes have the meaning explained above and the 𝛽𝑠 are the parameters, associated 

to each attribute, to be estimated.  

 

The model in the equation (1) is called a hybrid choice model (Ben-Akiva et al., 1999; Walker, 

2001), because it integrates the typical discrete choice model (namely the SM) with the structural 

equation model (for the LV). In this paper, we used a sequential estimation, which is a two-step 

process. First the latent variables (i.e. intention with regard to being late, PMN, and attitude with 

regard to having short travel times) were estimated based on SEM and afterward included in the 

discrete choice model (DCM) as explanatory variables.  

 

The sequential estimation is used when the hybrid choice models are particularly complex (as in our 

case) and hence difficult to converge and to be empirically identified. The sequential estimation 

however can result in potentially biased estimators, which are not guaranteed to be consistent, and 

can underestimate the standard deviation of the parameters. According to Yanez et al. (2010) the 

problem with biased estimates can be solved by adding a random term to the LVs. However, 

empirical tests conducted by Raveaux et al. (2010) using real and synthetic data showed that (albeit 

only for the MNL model) both sequential and simultaneous estimation methods are unbiased and 

that the difference does not affect the model estimates significantly. Due to the complex set of latent 

constructs used in this study, the straightforward approach of the sequential estimation was highly 

desirable.  

 
 

 
Figure 4: Incorporating latent variables into the micro-economic discrete choice framework 
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Table 3 shows the results of the model estimated. For purposes of comparison we first estimated the 

basic scheduling model alone, without any latent effects. The remaining models in Table 3 are 

hybrid choice models, accounting explicitly for latent effects as justified by the Theory of Planned 

Behaviour. All models account for panel correlation among the stated preference observations 

answered by the same individual n, following the specification in Walker et al. (2007). The models 

were estimated using PythonBiogeme (Bierlaire, 2003; Bierlaire & Fetiarison, 2009). 

 

As expected, all coefficients in the scheduling model part were negative and significant (p < .001). 

The negative sign was as expected, as it indicates that utility decreases if any one of the attributes 

increases. In other words, if an attribute increases (e.g. travel time or scheduling delay) the 

probability of selecting that departure time option decreases. Thus, (perfectly rational) individuals 

seek to balance the attributes by choosing the departure time that gives them the highest overall 

utility (i.e. lowest disutility). The most important attribute for the respondents in our sample was 

travel time, while the scheduling penalties was the least important as indicated by the marginal 

utility of E(𝑇𝑇) being higher than both E(𝑆𝐷𝐸) and E(𝑆𝐷𝐿). This can be explained by the fact that 

65% of the respondents had flexible working start times, so that their exact arrival time is probably 

less important. Respondents whose main priority is travel time are likely to select either the early or 

the late departure option to lower their travel time.   

 

The latent variables part shows the direct influence of the psychological factors in the choice of 

departure time. HCM1 includes intention as a separate variable, explained solely by its three 

indicator items (see Table 1). By contrast, HCM2 includes intention as explained by a set of lower 

level latent variables, ATT_late, SN, and PBC. Both models only include the LV in the alternative 

of being late, as the parameter for early departure was not significant in the other alternatives, and 

was thus removed. As expected the parameters were negative. This means that individuals who 

intend to be at work on time gain disutility of being late, but since the parameter was not significant 

for early departure, it means that they are indifferent if they arrive early or arrive on time. We 

estimated specific parameters for individuals with fixed working hours and flexible working hours, 

and as expected the penalty of late arrival is much more prevalent for individuals with fixed arrival. 

Comparing intention in HCM1 and HCM2 we found that the value of the LV is slightly higher and 

more significant when intention is explained by ATT_late, SN, and PBC (as in model HCM2) than 

when it is explained only by its indicators (as in model HCM1). In addition, the parameters in the 

SM were almost identical, hence the intention estimated based on the TPB better captured the 

behaviour than intention alone.  

 

In HCM3 we added perceived mobility necessities (PMN) and attitude towards short travel time 

(ATT_time) as additional latent constructs to intention (based on the TPB) to further increase the 

explanatory power of the model. We found that PMN were significant for the late departure. On the 

other hand ATT_time was significant for both early and late departures for individuals with flexible 

working hours, while not statistically significant (p < .05) for individuals with fixed working hours. 

This makes sense as individuals with flexible working hours are mainly concerned about being at 

work on time. All LVs have the expected sign: PMN is negative for late arrival, since individuals 

who have high perceived mobility needs are less likely to have room to reschedule. Similarly, 

ATT_time was positive, since individuals who find it important to have short travel times are more 

likely to reschedule their departure time in order to reduce travel time. It is also interesting how 

differently the LVs affect individuals with flexible and fixed working hours: ATT_Time and PMN 

are more important for individuals who have flexible working hours, while intention to be at work 
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on time is more important for individuals with fixed working hours, which is in line with our 

Hypothesis 4.  

 
Table 3: Results of the DCM 
Model Scheduling model   HCM1   HCM2   HCM3 

Scheduling model Values     t-test  values     t-test values     t-test values     t-test 

ASC (Early Dep) -1.470 (-3.68) *** -1.440 (-3.61) *** -1.440 (-3.61) *** -2.310 (-2.62) ** 

ASC (Late Dep) -0.604 (-1.64) 
 

1.170 (1.67) 
 

1.480 (2.06) * 0.631 (0.70) 
 

βETT -0.205 (-8.88) *** -0.202 (-8.78) *** -0.202 (-8.80) *** -0.204 (-8.88) *** 

βTC -0.156 (-9.28) *** -0.154 (-9.20) *** -0.154 (-9.21) *** -0.155 (-9.22) *** 

βESDE -0.037 (-4.64) *** -0.038 (-4.72) *** -0.038 (-4.72) *** -0.037 (-4.66) *** 

βESDL -0.088 (-9.17) *** -0.088 (-9.12) *** -0.088 (-9.14) *** -0.089 (-9.32) *** 

βDL -0.394 (-2.56) * -0.384 (-2.51) * -0.384 (-2.51) * -0.381 (-2.48) * 

St.dev (Early Dep) -2.200 (-12.42) *** -2.220 (-12.30) *** -2.220 (-12.31) *** -2.190 (-12.56) *** 

St.dev (Late Dep) -2.860 (-13.77) *** -2.590 (-12.38) *** -2.570 (-12.36) *** -2.480 (-12.94) *** 

Corr (Early-Late) -1.600 (-6.32) *** -1.510 (-5.01) *** -1.510 (-5.04) *** -1.410 (-5.39) *** 

Latent variables Fixed working hours 

LV_ATT_time (Early Dep)          
0.047 (0.17) 

 
LV_ ATT_time (Late Dep)

         
0.320 (0.87) 

 
LV_INT (Late Dep)

   
-0.683 (-4.28) *** -0.765 (-4.60) *** -0.765 (-2.59) ** 

LV_PMN (Late Dep)
         

-0.160 (-0.65) 
 

Latent variables Flexible working hours 

LV_ATT_time (Early Dep)
         

0.451 (1.61) 
 

LV_ ATT_time (Late Dep)
         

0.817 (2.70) ** 

LV_INT (Late Dep)
   

-0.322 (-2.07) * -0.416 (-2.49) * -0.425 (-2.14) * 

LV_PMN (Late Dep)
         

-0.445 (-2.55) * 

Summary 

Sample size: 2515 2515 2515 2515 

Number of draws: 1000 1000 1000 1000 

Null log-likelihood: -2763.01 -2763.01 -2763.01 -2763.01 

Final log-likelihood: -1791.042 -1774.349 -1773.171 -1762.385 

RHO2 for the null model: 0.352 0.358 0.358 0.362 

Adjusted RHO2 for the 

null model: 
0.348 0.353 0.354 0.356 

Notes: Numbers in brackets represent the t-test statistics. *p < .05; **p < .01; ***p < .001. 

 

To test Hypotheses 1-3, we performed a likelihood ratio test (Ben-Akiva & Lerman, 1985) for all 

models against the basic SM and found that the model fit for all three models significantly 

improved (p < .01). Similarly, we compared the likelihood ratio test between model HCM2 and 

HCM3, and found that model HCM3 was also significantly better (p < .01). The likelihood ratio test 

can however only be used to compare nested models, hence we could not compare HCM1 with 

HCM2 and HCM3. However, comparing the adjusted RHO
2
 values we saw that HCM3 was better 

than both HCM1 and HCM2. Thus, the results support our hypotheses.  

 

6 Discussion and conclusions  

In this paper, we have shown that the understanding and modelling of departure time choice can be 

improved by the inclusion of relevant psychological factors into a DCM. For the selection of 

psychological factors we relied on the assumptions of the Theory of Planned Behaviour (TPB). We 

assumed three behavioural intentions to play a role for departure time choice: the intention to arrive 

on time; the intention to have short travel times; and the intention to have low travel costs. With 

regard to the intention to arrive at work on time, we estimated intention as determined by subjective 

norm, attitude, and PBC by structural equation modelling. When comparing the results of the 

structural equation model with results of studies in the context of mode choice, it is striking that 

PBC has a comparably small effect. Strong effects of PBC are, however, mostly found for PBC 

being a direct predictor of behaviour (e.g., Abrahamse et al., 2009; Haustein & Hunecke, 2007). 



15 

 

The related behaviour in our context would, however, not be departure time choice but actually 

arriving at work on time, which was not considered in our model.  

 

By including the intention to arrive at work on time as determined by social norm, attitude and PBC 

into a DCM, we could demonstrate that accounting for the TPB significantly improved the model 

estimation as compared to both a basic DCM without latent variables and a model including 

intention estimated solely by its own indicator variables. Being restricted by the length of the 

questionnaire, we did not include the full set of TPB-variables for the other two intentions but only 

attitude towards short travel time, which we deemed most important. The selection of psychological 

factors was completed by perceived mobility necessities, an extension of the TPB in the context of 

mode choice (Haustein & Hunecke, 2007), which we also expected to be relevant for departure time 

choice. As hypothesised both predictors became significant and further improved the prediction of 

departure time.  

 

We additionally found that the specific effect of the different psychological variables depended on 

framework conditions, namely having flexible or fixed starting times at work. As expected, the 

intention to arrive at work on time had a stronger effect on people with fixed working hours. That 

the other psychological variables – PMN and ATT_Time – had a stronger effect for people with 

flexible time conditions can probably be explained by their better possibilities to reschedule, which 

allows them to be more open to the influence of other needs (or restrictions). With regard to the 

attitude towards short travel time, it would be interesting to learn more about what makes short 

travel times by car more or less attractive or important to individuals, especially to which extent this 

attitude is positively related to perceived mobility needs, and/or negatively related to affective 

motives of car use. For people who gain utility from driving, a significant reduction of their travel 

time is probably not a relevant motivation to reschedule their departure time, unless they perceive 

external pressure, e.g. in the form of high PMN. According to these considerations, attitude towards 

travel time and PMN may be relevant variables to collect when designing targeted measures to 

stimulate changes in departure time choice in an individualised marketing approach.  

 

In the case of perceived social pressure to arrive on time (subjective norm), interventions could be 

targeted at company managers aiming at changing the organizational culture towards more flexible 

arrival times, which may decrease attitude and subjective norm towards arriving at a specific time 

on the individual level. These examples, which are based on the modelling results we obtained, 

indicate that our results have important implications at a transportation demand management level, 

and that other strategies consisting solely in changing travel time and cost may be effective to shift 

departure time demand.  

 

Future research could also focus on the inclusion of additional psychological factors that might be 

relevant for departure time choice. A key question here is what makes people more or less open to 

rescheduling their departure time. PMN in this study can be regarded as a proxy for this, as 

perceived mobility demand resulting from work and family responsibilities probably determine to 

which extent people are actually able to reschedule. Even if they are able to reschedule, this does 

not necessarily imply that they are also willing to do so. Therefore, the value orientation “openness 

to change” might be relevant to consider in future studies. Openness to change describes how 

people evaluate change and variation, and challenge and excitement as guiding principles in their 

lives. In a two-dimensional higher order value system it is regarded as the opponent of the value 

“conservation” (Schwartz, 1992). To our knowledge openness to change is the only value 

orientation that has been found to be related to transport behaviour when socio-demographic and 
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other relevant variables are controlled for. People with high openness to change are found to have 

more trips, longer trips and as a result higher emissions/energy use resulting from their travel 

(Böhler et al., 2006; Hunecke et al., 2010; Poortinga et al., 2004). People with high PMN also travel 

more but trips may underlie a different motivation and fall less often into the leisure category. It 

would be interesting to see if people with a higher openness to change are actually more open to 

rescheduling and to which extent their higher engagement in activities works against this. 

 

This study represents the first attempt to fully explore the effect of latent psychological constructs 

as implied in the TPB, in the departure time choice. The psychological items included in the 

questionnaire are derived from the authors’ theoretical discussions and considerations and from the 

application of the TPB in the field of travel mode choice (e.g. Haustein & Hunecke, 2007). Before 

developing the items, it would have been very useful to have a qualitative phase including semi-

structured interviews followed by a more extended pre-test to obtain precise and rich information 

about the majority of existing beliefs and their operationalisation. This might also have resulted in 

higher internal consistencies of the latent variables and is thus recommended for future work in this 

field. 

 

Future work is also needed to understand the policy implication of disregarding the latent 

psychological effects in the discrete choice. Very few works have attempted to make such forecast, 

concluding that the inclusion of latent psychological effects, although highly significant, does not 

have a major impact on forecasting. However, there is a general agreement (Yáñez et al., 2010; 

Raveau et al., 2010; Paulssen et al., 2014) that the gain in prediction is due to the better 

understanding of the cognitive process underlying the formation of individual preferences for a 

given alternative that is useful to the design of policies.  

 

The sample of this study can be regarded as a possible limitation as it cannot claim 

representativeness for car commuters. The most relevant difference between the sample and the 

population of car commuters in terms of the subject of our study is probably the higher percentage 

of people with flexible working hours included here. As we estimated the effects of the 

psychological factors for people with fixed working hours and flexible working hours separately, 

we do not see this as a problem for the interpretation of the effects of the psychological variables. It 

should, however, be taken into account when interpreting the results of the scheduling model part of 

the model.  

 

While the focus of our paper was on car commuters, we think that similar considerations are also 

relevant for commuters using public transport and, in case of cycling cities, like Copenhagen, also 

for cycling. To which extent our results can be transferred to commuters using other modes remains 

a question for future research. As public transport service quality is strongly affected by 

overcrowded busses and trains and perceived safety by overcrowded cycling paths, designing 

flexible schemes for departure times appears relevant for all types of commuters. 
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