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Abstract

This paper investigates which factors determine the intention to take a night train, emphasizing the

role of environmental concern. We employ a Theory of Planned Behavior framework. We built a

survey based on elicitation study, which resulted in an online survey being conducted on a

convenience sample in Vienna (Austria). Our results show that in particular environmental concern

and familiarity with night train services play a significant role in the formation of the intention to take

a night train. Among the significant factors that are associated with a high intention to take a night

train are the belief that night trains are comfortable, that one can save the cost of a night in a hotel,

and that night trains tend to arrive at and depart from the city center. Factors that deter travelers

from taking a night train include a high price, the sharing of cabins, and long travel times.
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Environmental Concern and the Determinants of Night Train Use:  

Evidence from Vienna (Austria) 

Brian Buh1 and Stefanie Peer2 

INTRODUCTION 

Motivation 

Transportation is one of the largest users of fossil fuels, accounting for about 31% of fuel as a 

sector in 2010 (Capros et al., 2016; 50). While the large majority of trips tend to be rather short, 

when measuring passenger kilometers traveled, medium- and long-distance3 travel have a 

significant share and contribute (increasingly) to overall greenhouse gas (GHG) emissions 

(Christensen, 2016; Rothengatter et al., 2015). For instance, in a case study of Germany, 

Aamaas et al. (2013) estimate that trips over 100 kilometers contribute 51% of all emissions 

from passenger travel.  

In their 2011 White Paper, the European Commission, in an attempt to reduce GHG emissions, 

proposed more investment into rail with a goal of shifting 50% of all medium-distance travel 

in Europe to it (European Commission, 2016). Even when factoring in aspects such as 

electricity source, top speed, and load factor, it can be concluded that a trip by train, with 

currently available infrastructure is considerably better for the environment in regards to GHG 

                                                 
1 Wittgenstein Centre for Demography and Global Human Capital (IIASA, OeAW, University 

of Vienna), Vordere Zollamtsstrasse 3, 1030 Vienna, Austria, brian.buh@oeaw.ac.at 
2 Vienna University of Economics and Business, Welthandelsplatz 1,  

1020 Vienna, Austria, stefanie.peer@wu.ac.at 
3 Medium-distance is defined as trips longer than 30 kilometers and up to 300 kilometers. 

Trips longer than this are defined as long-distance (Follmer & Gruschwitz, 2019). 

mailto:brian.buh@oeaw.ac.at
mailto:stefanie.peer@wu.ac.at


2 

 

emissions than the same trip made by both air and road  (D’Alfonso et al., 2016; Givoni, 2007; 

Goeverden et al., 2019; Lindsey et al., 2011).4  

This paper puts a focus on night trains as an environmentally friendly alternative for medium 

and long-distance travel. Night trains give an alternative to high-emitting modes because of 

their ability to travel long distances while travel time can be spent on sleeping in a reasonably 

comfortable sleeping position. More specifically, this paper investigates what underlying 

motivations, norms and barriers play a role in whether individuals have an intention to take a 

night train, based on a qualitative elicitation study and an online survey. Specific emphasis is 

placed on the role of environmental concern in affecting the intention to take a night train, not 

at least because this factor is frequently used in advertising night rail travel. The reduced 

environmental effect was also the most cited reason for interest in night trains as a mode of 

transport in our elicitation study that preceded the larger-scale survey. For the latter, we make 

use of the methodological framework of the Theory of Planned Behavior (TPB) (Fishbein & 

Ajzen, 2011), which has been applied to various mode choice contexts (Chen & Chao, 2011; 

Geng et al., 2017; Gkargkavouzi et al., 2019; Pan & Truong, 2018), but not yet to taking night 

trains.   

This study has been conducted in Vienna, where the night rail service led by the national 

Austrian rail provider (Österreichische Bundesbahnen (ÖBB)) has been expanded notably in 

recent years. This includes opening up new routes as well as purchasing new rolling stock 

specifically for their night rail service (ÖBB. Austrian Federal Railways, 2019b). Like other 

providers of night rail services, ÖBB has underlined the benefits of night train travel to lower 

                                                 
4 For the European Union, the external costs for passenger cars have been estimated at 

1.18€/pkm, for buses at 0.475€/pkm, for short haul flights of < 1500 km at 2.39€/pkm and for 

diesel trains at 0.34€/pkm (European Commission, 2019). 
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carbon emissions per passenger and kilometer traveled (ÖBB. Austrian & Federal Railways, 

2019a).  

Our study yields valuable insights to which determinants motivate intention formation and 

which act as barriers for night train travel. To our best knowledge, this paper is the first 

behavioral study on night train use.  

Mode Choice Behavior for Medium-distance Trips 

Private vehicles are the primary mode of transport for medium-distance trips (VCÖ, 2020). Air 

dominates distances longer than 400 kilometers in Europe (Frei, 2013). Data from the ̀ Mobility 

in Germany (MiD)’ survey 2008 indicates that around 61.9% of all medium- and long-distance 

trips (defined as trips longer than 300km) were made by private vehicles, 16.4% by train, 14.6% 

by air, and 7.1% by all other modes (Reichert & Holz-Rau, 2015).  

There is a correlation between higher education and train usage (Paulssen et al., 2014), which 

may, however, have more to do with the higher educated being on average more likely to live 

in an urban area and having less access to private vehicles. Urban areas have more jobs for the 

highly educated, and therefore residential location choice acts as a latent variable the selection 

of trains over other modes (Mokhtarian & Cao, 2008). Better educated individuals often also 

have jobs they can do remotely, making time spent on trains more efficient than driving or 

flying (VCÖ, 2020), in particular in light of technological advancements (Lyons et al., 2013).  

Numerous studies looking at mode choice behavior for medium-distance trips in Europe have 

shown that price is a primary determinant (Adler et al., 2010; Behrens & Pels, 2012; Pagliara 

et al., 2012). When comparing mode choice between air and rail, travel time explains as much 

as 84% of the modal split on seven European routes (Steer Davies Gleave, 2006). Access 

journey time also factors into total (door-to-door) travel time. It has been estimated that the 
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value associated with 1 minute access travel time is equal to the value associated with 2 minutes 

of in-vehicle travel time (Iseki & Taylor, 2009).  

Access to a car increases the ability to follow non-predefined schedules, ease of transporting 

children and bringing more luggage are significant factors that work in favor of the car 

(Nerhagen, 2003; Vredin Johansson et al., 2006; Wall et al., 2007). Air favors those who prefer 

speed of travel to all other aspects of travel (van Birgelen et al., 2011). Train users tend to show 

a high preference towards departing from and arriving at the city center, comfort and 

punctuality (Esplugas et al., 2005) and a significant interest in the environment (Nerhagen, 

2003). Service frequency and scheduling further determine specific mode choice when 

comparing the choice of air versus rail (Pagliara et al., 2012). Furthermore, familiarity with a 

particular mode, route, or schedule may be the most significant latent factor determining future 

mode choice behavior (Dällenbach, 2020). Finally, due to sleeping, night trains add another 

layer of complexity to mode choice intention formation. Time takes on a different form as hours 

spent sleeping are valued considerably different from waking or productive hours (Jara-Díaz & 

Rosales-Salas, 2020). Travelers may also view sleeping as an opportunity to gain more valued 

additional hours at the destination (KiM, 2019). Moreover, additional issues like comfort in 

regards to sleeping, personal security and sharing cabins matter (Burman, 2015; Hödl, 2006; 

Rüger & Matausch, 2020; Sauter-Servaes & Nash, 2009). 

Environmental Concern and Mode Choice 

Environmental concern is related to attitudes towards a wide scope of human related activities 

(personal and other) that cause either positive or negative effects on the environment (Fransson 

& Gärling, 1999). Therefore, “a person with high environmental concern can be defined as 

someone who has a good knowledge of (or belief in) the environmental challenges, who feels 

concerned by those challenges, and who has intention to act to protect the environment” 
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(Bouscasse et al., 2018; 207). Individual determinants such as sex, age, education or income 

factor into environmental concern although the results across several studies are mixed 

(Marquart-Pyatt, 2012). Consistently through time and various studies, age proves to be the best 

predictor of environmental concern (Jones & Dunlap, 1992) with younger generations showing 

higher levels (Liu et al., 2014) and evidence that women have higher overall levels of 

environmental concern.  

People with high levels of environmental concern do not always behave in an environmentally 

conscious manner (Kollmuss & Agyeman, 2002). Behavior is driven by a combination of 

several factors including identity, attitudes, perceived behavior control, subjective norms, 

heuristics, habits, and intention (Fishbein & Ajzen, 2011). While there is evidence that people 

also include the ecological benefit when choosing their transport mode (Gaker et al., 2011), it 

is not known what role environmental concern plays in situations where night trains are a 

potential mode alternative. This study intends to update the limited available information on 

night train mode choice behavior with its regards to the factors extracted from studies of urban 

transport, other modes of medium- and long-distance transport and conventional and high-

speed rail travel. 

Structure of the Paper 

This paper is structured as follows. Section 2 covers the theoretical model and its 

operationalization in the context of night trains. Section 3 describes the dataset and empirical 

methods. Section 4 presents the results, and Section 5 concludes.  
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THEORETICAL MODEL AND ELICITATION STUDY 

Methodological Background 

The Theory of Planned Behavior was conceived by Icek Ajzen and Martin Fishbein, with its 

goal is to explain and predict planned human behavior (Ajzen, 2012). The TPB states that while 

some decisions humans make are subconscious, many behaviors are based on reasoned 

decisions (at least during the initial process). The goal of the TPB is to determine the intention 

of a subject within a time-specific context. Evaluating intention is important since “intention is 

the immediate antecedent of behavior and is itself a function of attitude toward the behavior, 

subjective norm, and perceived behavioral control” (Ibid.; 438). The TPB is a quantitative 

method in which beliefs, norms and perceived controls could be factored into the intention to 

engage in a specific behavior. 

As suggested by Ajzen (2012), we collect data on variables representing direct and indirect 

measures of attitudes, subjective norms and perceived behavioral controls regarding night train 

use. Direct measures test for self-attributed motives (e.g., “traveling by night train is enjoyable” 

or “people who are important to me want me to take the overnight train”), while indirect 

measures test for implicit motives (e.g., “doing something good for the environment is 

desirable” or “feeling insecure makes it more likely that I do not choose that mode of 

transportation") (McClelland et al., 1989). Direct measures are assessed by means of reflective 

indicators or questions designed to measure the behavior itself (Ajzen, 2020). They take a 

generic form that is broad sweeping for the entire potential for attitudinal, normative or control 

beliefs about a behavior (Francis et al., 2004). Indirect measures, by contrast, test specific 

beliefs about attributes of a behavior (e.g., “because of taking the overnight train, not needing 

to drive is helpful”). The indirect measurement approach assumes that people can accurately 

report their beliefs about an associated behavior in a probabilistic way as well as give weights 

for the importance of that belief to them personally.   
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According to the Theory of Planned Behavior, intentions are assumed to be influenced by three 

different pillars (see Figure 1 for a graphical illustration). Each variable representing a direct 

measure is based on a number of reflective questions about the attitudinal, normative or control 

beliefs associated with the behavior. Each variable representing an indirect measure is based on 

paired questions regarding the strength of a specific belief plus a weight for that belief’s effect 

on the behavior under study. 

1) Attitudes towards a behavior are measured directly and indirectly: TPB assumes that indirect 

measures of attitude are composed of Behavioral beliefs, which are readily accessible beliefs 

about the consequences of associated behaviors. This variable is then multiplied by the 

corresponding Outcome evaluation (Figure 1) which is the value placed on the importance of 

these potential consequences. TPB is sensitive to the time in which the evaluation is performed 

as the perceived strengths and weights of beliefs towards associated behaviors can change over 

time. Only readily accessible beliefs have a strong effect on composite belief formation which 

are prone to change with experience. 

2) Subjective norms also include both direct and indirect measurements, with direct measures 

representing specific social norms or pressure. Indirect measures are composed of Normative 

beliefs, that are “readily accessible beliefs about the normative expectations and actions of 

important referents and motivation to comply with these referents” (Ajzen, 2012; 448), which 

then lead to Motivation to comply created by social pressure that is felt. Referents (people or 

communities in which a subject refers to when making a behavioral decision) can for instance 

be spouses, partners, close family, friends or depending on the action larger real and imagined 

communities (Ibid.: 441).  

3) Perceived behavioral control (PBC) measures factors that stop a person from forming an 

intention towards a particular behavior. Direct measures can incorporate aspects of self-efficacy 
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and/or awareness of barriers. Self-efficacy (one’s belief in one’s ability to do a behavior) plays 

an important role in intention formation as it might be more influential to intention than actual 

behavioral controls themselves (Bandura & Locke, 2003). Indirect measures PBC are composed 

of Control beliefs, readily accessible beliefs about the degree of behavioral control, which are 

then mitigated through the Influence the behavioral control or, in other words, the relative 

strength each control belief has on the formation of the PBC.  

Finally, Behavioral intentions are then assumed to be the consequence of Attitude, Subjective 

norms and Perceived behavioral control. Indirect measures affect direct measures which then 

affect intention. The intention directly precedes a specific behavior if the degree of actual 

control over the behavior is sufficiently high. In general, more positive attitudes, stronger 

subjective norms and low levels of perceived behavioral control have a positive effect on the 

intention to carry out a behavior. The extent of Actual Behavioral Control eventually 

determining if a behavior is performed or not is not incorporated into our model for data 

availability reasons. Instead we focus on Perceived Behavioral Control and intention formation 

(as a proxy for future behavior) and collect information on past behavior (as a proxy for 

familiarity with night train services). 
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Figure 1: Graphical representation of the relationship between indirect measures and the 

regression models 

 

The link between intention and behavior has been established in a variety of studies. In a meta-

analysis of such meta-analyses, Sheeren (2002) observed an overall mean correlation of 0.53 

between intention and behavior. Determining the causal effect of intention on behavior is, 

however, difficult, and limited to studies that include interventions that lead to a change in 

intentions, and at the same time are able to measure behavioral outcomes. A meta-analysis of 

47 such studies finds that interventions cause a significant change in intentions, which in turn 

lead to a smaller change in behavior (Webb & Sheeran, 2006). It can therefore be argued that a 

causal link between intention and behavior is likely to exist in most contexts. 

Empirical support for the validity of TPB comes from a number of correlational studies 

displaying the capacity to predict both intention and behavior. A meta-analysis by Armitage 

and Conner (2010) found that TPB can explain 11% more variance in behavior than when 

behavioral measures were based on objective measurements. Collecting data on intentions as 

well as the subjective components that compose intention allows researchers to gain a better 

understanding of behavior compared to studies that simply ask people's attitudes towards a 

particular behavior. Extensions of TPB models are common.  For instance, in a review of 
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published TPB studies that incorporate some aspects of environmental concern, Yuriev et al. 

(2020) found that 72% of the studies extended the base model. Our TPB model extends the base 

TPB model using Environmental concern and Familiarity with ÖBB Nightjet services (Figure 

1). 

Methodology  

In our analysis, we use a standard multilinear regression model (Ajzen & Fishbein, 2008). Our 

main focus is on exploring the relationship between Intention and the direct measures of 

Attitude, Subjective norms, PBC and the extensions Environmental concern, and Familiarity 

with ÖBB Nightjet services5. The direct measures of attitude and subjective norms ask questions 

about the beliefs towards night trains themselves rather than objective characteristics. Indirect 

measures ask about the individual perception of objective characteristics of transport that are 

associated with night trains. The latter are considered formative indicators as they are assumed 

to assess the determinants that lead to the formation of attitude, subjective norms and perceived 

behavioral control (Ajzen, 2020).  

While we have also collected data on indirect measures, we found that composite variables 

comprised of the indirect question items had little additional explanatory power towards 

behavioral intention. Moreover, combining composite direct and indirect measures variables in 

one model led to issues with multicollinearity in some instances. We therefore explore the 

relationship between direct and indirect measures in a separate analysis where we regress the 

direct measures on the corresponding indirect measures pairs (Figure 1). Regressing indirect 

measures on the composite direct measures allows us to see which determinants affect the 

formation of the direct measures of attitude, subjective norms and perceived behavioral control. 

                                                 
5 Measures of Previous ÖBB Nightjet use were not sufficiently independent from measures of 

familiarity with ÖBB Nightjet services. Thus, the former was dropped in favor of the latter in 

the later regression model. 
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It also improves the validity of the direct measures regression model by showing that these 

beliefs are related to attitudes regarding the features of medium- and long-distance transport.  

 

Elicitation study 

Since relatively little previous work has been published that looks at behavioral determinants 

of mode choice in regards to night trains, in March 2020 we performed an elicitation study for 

potential determinants to use as an input for the design of the questionnaire. The elicitation 

study incorporated participants from the Vienna University of Economics and Business as well 

as individuals waiting in the lounge area directly below the platforms at the Vienna Central 

Station. Considering the interviews occurred at the train station, it can be assumed the 

respondents are mainly train users. Since day train and night train use is correlated, the 

respondents most likely have a higher intention to take a night train then the average resident 

of Vienna6. For the elicitation study, this is preferred, as the respondents can be expected to 

already have a clearer idea of what it entails to travel by night train. In total, 54 semi-structured 

interviews were completed. Each subject was asked three questions: 1.) “Why would you take 

a night train?” and 2.) “What factors could stop you from taking a night train?” 3.) an open 

ended follow up question about social referents to gain a clearer picture used to select questions 

for subjective norms. The semi-structured format gave respondents the space to elaborate. The 

first items mentioned were given extra weight in the subsequent qualitative content analysis, as 

they are supposedly closer to the conscious. The results of question 1 were compiled to define 

the attitudinal questions towards night trains. The results of question 2 were compiled to define 

the questions regarding PBC. Questions about social referents were used to select the questions 

for subjective norms.  

                                                 
6 In our sample, past use of ÖBB Nightjet services and past use of general ÖBB services were 

correlated (0.178 with a p-value of <0.01). 
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Table 1: Results of the elicitation study 

  
Number of 

mentions 

Mentioned the 

factor (%) 

First 

mention 

(%) 

Why would you take a night train?    
Environment 32 59.3 38.9 

Comfortable 19 35.2 13.0 

Efficient use of time 16 29.6 9.3 

Convenience 7 13.0 3.8 

Fear of flying/safety 7 13.0 9.3 

Built for sleeping 5 9.3 1.9 

Relaxing 2 3.7 1.9 

Not paying for a hotel 2 3.7 1.9 

Other 19 35.2 20.0 

Table 2 (Continued): Results of the elicitation study 

What factors could stop you from 

taking a night train? 
   

Price 42 77.8 64.8 

Bad night of sleep 14 25.9 7.3 

Personal security 12 22.2 11.1 

Cleanliness 7 13.0 0 

Booking frustration 6 11.1 0 

Sharing space 5 9.3 3.8 

Time 5 9.3 1.9 

Other 11 20.1 11.1 
     

Whose opinion is important to you 

about which mode of transport you 

take? 

    

Friends 43 79.6 22.2 

Family 41 75.9 24.0 

Partner 40 74.1 51.9 

Co-workers 11 20.4 1.9 

Other 7 13.0 0 

N=54  
 

 
 

Questionnaire 

The questionnaire consisted of seven sections with 67 questions: indirect and direct measures 

of attitudes, subjective norms, perceived behavioral controls, as well as intentions, past 

behavior, self-reported familiarity with ÖBB Nightjet services, environmental concern, and 

sociodemographic question items. The questions were informed by the relevant literature and 

the results of the elicitation study. The scales range from least to most – e.g. very unlikely, very 
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likely, very inconvenient, very convenient, or strongly disagree, strongly agree– mostly 

comprising a 7-point Likert scale (Allen & Seaman, 2007; Garland, 1991).  

To ensure high validity and reliability, the questionnaire went through various steps of language 

and data testing. A preliminary sample was collected using a draft questionnaire to test for 

validity and reliability as well as to remove variables that showed signs of attitudinal 

ambivalence (Costarelli & Colloca, 2004). The questionnaire was available in both English and 

German and utilized a cross-translation test to ensure uniformity of language. Before 

translation, a test sample collected with the English language survey was tested for 

heteroskedasticity and multicollinearity. The final digital questionnaire was constructed on the 

LimeSurvey platform. Table 2 lists all variables for which information has been collected by 

the respondents.    

Recruitment 

The data collection took place in the larger Vienna area, which was chosen because of the 

amount of night train options and destinations available. The questionnaire was published in 

April 2020 and distributed via a university wide research survey email list, which includes all 

active students and some faculty of the Vienna University of Economics and Business. The list 

has 18,799 recipients as of April 2020 and 609 people started the survey. The survey was active 

for 12 days and was completed by 481 participants.  
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Table 3: Variables and questions included in the questionnaire  

Variable/dimension Items Mean S.d. Reference 

Intention 

 

(I1) Next time I travel I will take the ÖBB Nightjet if 

available 

4.49 

 

1.64 

 

Ajzen (2010) 

 
(I2) Within the next 24 months I will take a night train 4.42 1.68 

 

 
(I3) Within the next 24 months I intend to take a night 

train 

4.79 

 

1.83 

 

 

 
(I4) Within the next 24 months I would like to take a 

night train 

5.01 

 

1.81 

 

 

Direct measure (DMA1) Traveling by night train is adventurous 4.67 1.59 Bouscasse et al. (2018); 

attitude (DMA2) Traveling by night train is good 5.09 1.37 
 

 
(DMA3) Traveling by night train is beneficial 5.19 1.38 

 

 
(DMA4) Traveling by night train is enjoyable 4.33 1.51 

 

Direct measure 

subjective norms 

(DMSN1) I feel under social pressure to take the night 

train 

2.22 1.55 Klöckner & Matthies  

(2004);  
(DMSN2) It is expected of me to take the night train over 

other modes of transportation 

2.30 

 

1.62 

 

 

 
(DMSN3) People who are important to me want me to 

take the overnight train 

2.21 

 

1.58 

 

 

Direct measure PBC (DMPBC1) The decision to the take the night train is 

ultimately my decision 

6.42 

 

1.17 

 

Bandura & Locke (2003); 

 
(DMPBC2) For me to take an overnight train is easy 3.20 1.55 

 

 
(DMPBC3) There are factors stoppings me from taking an 

overnight train 

4.67 

 

1.85 

 

 

Indirect measure 

attitude 

(IMA1a) Traveling by overnight train is good for the 

environment 

6.30 

 

1.15 

 

Nerhagen (2003); 

 

 

(IMA1b) Doing something good for the environment is 

desirable 

0.73 0.44  

 
(IMA2a) Traveling by overnight train is a good way to 

sleep 

4.55 1.70 
 

 
(IMA2b) Getting a good night of sleep while traveling is 

desirable  

0.49 0.42 
 

 
(IMA3a) Traveling by overnight train is comfortable 4.38 1.48 Esplugas et al. (2005);  
(IMA3b) A comfortable form of transportation is 

desirable 

0.60 0.38  

 
(IMA4a) Traveling by overnight train is good because 

you depart from and arrive at the city center 

5.81 

 

1.32 

 

Iseki & Taylor (2009); 

 
(IMA4b) Departing from and arriving to the city center is 

desirable 

0.38 0.46 
 

 
(IMA5a) Because of taking the overnight train, not 

needing to drive is helpful 

6.20 

 

1.30 

 

Esplugas et al. (2005); 

 
(IMA5b) Not needing to drive when traveling is desirable 0.42 0.52   
(IMA6a) Because of taking the overnight train not 

needing to pay for a hotel is helpful 

5.51 

 

1.49 

 

KiM. (2019): 

 
(IMA6b) Saving money on nights in a hotel is desirable 0.22 0.55 

 

 
(IMA7a) Because of taking the overnight train arriving in 

a city in the morning is helpful 

5.78 

 

1.41 

 

 

 
(IMA7b) Arriving in the morning when traveling is 

desirable 

0.28 0.53 
 

 
(IMA8a) Traveling by overnight train is safer, in regards 

to accidents 

5.51 

 

1.49 

 

 

 
(IMA8b) Traveling by a safe mode of transport in regards 

to accidents is desirable 

0.48 0.51 
 

Indirect measure 

subjective norms 

(IMSN1a) My close friends think I should take the night 

train 

2.88 1.72 
 

 
(IMSN1b) Generally speaking, how much do you care 

what your close friends think you should do? 

0.04 0.54 
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Table 4 (Continued): Variables and questions included in the questionnaire  

Indir. Subj. Norms (IMSN2a) My partner think I should take the night train 2.93 1.84 
 

 
(IMSN2b) Generally speaking, how much do you care 

what your partner think you should do? 

0.32 0.55 
 

 
(IMSN3a) My family think I should take the night train 2.73 1.71 

 

 
(IMSN3b) Generally speaking, how much do you care 

what your family think you should do? 

0.19 0.53 
 

 
(IMSN4a) My coworkers think I should take the night 

train 

2.54 1.60 
 

 
(IMSN4b) Generally speaking, how much do you care 

what your coworkers think you should do? 

-0.28 0.52 
 

Indirect measure  (IMPBC1a) Traveling by night train is expensive 5.07 1.39 Behrens & Pels (2012); 

PBC 

 

 

(IMPBC1b) When making a decision on mode of 

transportation price is important 

-0.61 0.41 Adler et al. (2010); 

 
(IMPBC2a) The amount of time spent on the night train is 

unacceptable 

2.87 1.52 Wen & Koppelman 

(2000); 

 (IMPBC2b) The amount of time spent in transport is 

important 

-0.44 0.49 Steer Davies Gleave 

(2006);  
(IMPBC3a) In regards to personal security, traveling by 

overnight train is insecure 

2.84 

 

1.56 

 

Hödl (2006); 

 
(IMPBC3b) Feeling insecure makes it more likely that I 

do not choose that mode of transportation 

-0.12 0.64 
 

 
(IMPBC4a) Sharing a cabin on a night train with people I 

do not know is unacceptable 

4.23 

 

1.94 

 

Hödl (2006); 

 (IMPBC4b) Sharing a cabin with people I don't know is  

something that would make it difficult for me to travel 

-0.12 0.68  

 
(IMPBC5a) Booking a night train on the ÖBB website or 

smartphone app is difficult 

2.72 

 

1.65 

 

 

 (IMPBC5b) Errors when using the ÖBB Website or  

Smartphone App to book night trains would make me  

stop looking 

0.03 0.64  

 
(IMPBC6a) In general, ÖBB night trains are very dirty 2.89 1.17 

 

 
(IMPBC6b) An unclean mode of transport could stop me 

from taking it. 

-0.52 0.46 
 

Environmental 

concern 

(EC1) It is my responsibility to take action to fight 

Climate Change 

5.85 

 

1.34 

 

Dunlap & Jones ( 2002); 

 
(EC2) Climate change is one of the biggest issues facing 

the world 

6.37 

 

1.19 

 

Christensen (2016); 

 
(EC3) When picking a mode of transport, I consider my 

impact on climate change 

5.29 

 

1.54 

 

Gaker et al. (2011); 

 
(EC4) In regards to Greenhouse Gases, flying emits 

significantly more 

6.16 

 

1.29 

 

D’Alfonso et al. (2016); 

Past behavior 

 

I have already taken an ÖBB Nightjet to a destination in 

Europe (Yes = 1) 

0.58 

 

0.49 

 

Bamberg et al. (2003); 

 I have taken an ÖBB train in the past 24 months  

(Yes = 1) 

0.86 0.35  

Familiarity  

 

How familiar are you with the services provided by the 

ÖBB Nightjet Service? 

3.92 

 

1.86 

 

Dällenbach ( 2020); 

S.d.: Standard deviation 
   

*Indirect a variables are scaled from 1 to 7, Indirect b variables are scaled from -1 to 1. Variables without a literature reference 

provided are based exclusively on the elicitation study. 
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DATA 

In this section, we first explain how the variables for the estimation of the TPB model are 

computed (Section 3.1). Second, we show the descriptive results from the sample (Section 3.2). 

Data Preparation 

We first flip the scales of variables with negatively worded questions.  

The composite scores of the three direct measures (DM), environmental concern (EC) and 

intention (I) are created by taking the average of the sum of scores of all relevant question items 

for each respondent (see Table 3). For instance, the primary dependent variable Intention, is 

composed of 4 question items with slightly different wording to evaluate the scale of intention 

to take a night train (I1, I2, I3, I4; see Table 3).  

The indirect measures (18 in total) are all defined as multiplication of a variable reflecting the 

strength of a belief (a) [Behavior, Normative or Control] and a weight of importance attached 

to each belief (b) [Outcome evaluation, Motivation to comply or Influence of control belief] 

(see Figure 1, where the indirect measurement variables are also labeled as being either (a) or 

(b), and Table 3). The latter variable type was rescaled on a scale from -1 to 1.7   

We used Cronbach’s alpha test to evaluate the internal consistency of the composite variables. 

All composite variables have the recommended Cronbach’s alpha greater than 0.7 (Kline, 2015) 

with the exception of the direct measures of perceived behavioral control. The lack of internal 

consistency within this variable is largely because it reflects both the awareness regarding 

                                                 
7 This scale was selected as opposed to a 0 to 1 scale as the weight questions of the indirect 

measures (b) were asked on a scale from true negative to true positive (e.g. extremely 

undesirable, extremely desirable or strongly disagree, strongly agree) instead of neutral to 

positive. Thus, setting the lower bound to 0 would make a strongly negative weight seem 

neutral and a neutral weight seem slightly positive. Please see Francis et al., 2004 for more 

discussion about questionnaire wording and scaling. 
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control factors and the weight of the known control factors. The alpha of 0.470 for the 

composite of Direct measure perceived behavioral control with 2 questions is still relatively 

high (Bonett & Wright, 2015; Streiner, 2010). After further consideration, it is our belief that 

the two measures (DMPBC2, DMPBC3) sufficiently test for similar concepts and that the 

composite score should be accepted as reliable. Next, we test for unidimensionality using factor 

analysis. All composite variables load high on the same factor, suggesting that the assumption 

of unidimensionality is met with the exception of DMPBC. After close examination of the 

variation and covariation within composite scores, the measure of self-efficacy (DMPBC1) was 

dropped. The mean of DMPBC1 is very high, confirming little to no existence of a lack of self-

efficacy to take a night train (a lack of self-efficacy would act as a perceived barrier to intention 

formation). After dropping DMPBC1 we met the unidimensionality assumption. Moreover, we 

tested the validity of the Direct measures through confirmatory factor analysis, which 

confirmed the independence of each direct measure.  

Description of the Sample 

Our sample consists of 481 people of whom 282 are women (59%; see Table 3). 390 participants 

reside in Vienna and 90 reside in neighboring communities outside of the municipal boundaries. 

As the survey was primarily collected using a university email list, the participants skew heavily 

towards younger, higher educated individuals who view their primary employment status as 

students or part-time workers. Finally, we also collected information about income and 

education, which however are not considered in the following analyses due to their lack of 

explanatory power. This might be due to a lack of variation as our sample consists mostly of 

university students. 

Table 5: Descriptive Statistics 

Definition Mean S.d. Min Max 

Age (in years) 27.04 9.56 18 74 
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Sex (1 for women, 0 for men) 0.59 0.49 0 1 

Live in Vienna (1 for yes, 0 for no) 0.81 0.39 0 1 

Travel with children 0.07 0.26 0 1 

Intention 4.64 1.57 1 7 

Environmental concern 5.91 1.03 1 7 

Direct measure attitude 4.81 1.14 1 7 

Direct measure subjective norms 2.24 1.41 1 7 

Direct measure PBC 3.93 1.39 1 7 

Education     

   Share with University degree 0.52 0.02 0 1 

Income     

   Share earning more than 1500 euro 

monthly 0.26 0.24 0 1 

Indirect question pairs     

IMA1 Good for the environment 4.72 2.86 -7 7 

IMA2 Good for sleeping 2.24 2.18 -7 7 

IMA3 Comfortable 2.69 1.99 -3.33 7 

IMA4 Arrive/depart city center 2.47 2.87 -7 7 

IMA5 Not needing to drive 2.92 3.33 -7 7 

IMA6 Not paying for a hotel 1.66 3.03 -7 7 

IMA7 Arrive in the morning 1.98 3.14 -7 7 

IMA8 Safe mode of transport 2.82 3.04 -7 7 

IMSN1 Close friends 0.44 1.63 -6 7 

IMSN2 Partner 1.22 1.93 -6 7 

IMSN3 Family 0.74 1.73 -6 7 

IMSN4 Coworkers -0.42 1.41 -6 6 

IMPBC1 Price of night train -3.20 2.44 -7 7 

IMPBC2 Time spent in a night train -1.44 1.86 -7 4 

IMPBC3 Personal security -0.70 2.16 -7 6 

IMPBC4 Sharing a cabin  -1.60 3.16 -7 5 

IMPBC 5 Errors with online booking -0.33 2.08 -7 4 

IMPBC6 Perceived cleanliness -1.52 1.63 -7 4 

     

 

The Direct measure attitude has a relatively high mean (4.81 see Table 3) showing a positive 

overall perception of night train travel. The Direct measure subject norms has a significantly 

lower mean (2.24) confirming the responses in the elicitation study in which people feel very 

little social pressure to take a night train. The Direct measure PBC also has a relatively low 

mean (3.93), meaning that on average, respondents do not feel that there are excessive barriers 

to taking a night train. Environmental concern is high across all sociodemographic groups with 

a mean of 5.91 (Table 3), implying a significant awareness of the ecological effects of medium-

distance transport. Intention also has a fairly high mean of 4.64. Of the Indirect question pairs, 
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attitudes about the environmental benefit of night trains (IMA1) has the highest mean, partners 

(IMSN2) are the most important social referent, and price (IMPBC1) is the strongest perceived 

behavioral control with the highest negative mean. 

RESULTS AND DISCUSSION 

 

This section contains the main results derived from the dataset by means of regression analyses. 

It starts by outlining the data testing including evidence of multicollinearity between some 

variables (Section 4.1). It then proceeds to present the relationship between intention to take a 

night train and sociodemographic characteristics (Section 4.2), followed by the results of the 

regression model (Section 4.3), and the role of indirect determinants on direct measures 

(Section 4.4). 

Introduction  

A Pearson’s correlation was computed to evaluate the relationship between the 

sociodemographic variables and Intention (see Table 4). The results of the correlation test show 

that there is no significant relationship between any of the sociodemographic variables and 

Intention to take a night train, which is why socioeconomic variables are not considered in the 

regression analyses presented in Section 4. Further Pearson’s correlation analyses show that 

Intention exhibits statistically significant correlations with all variables of the TPB model (see 

also Section 4.2).  To ensure that no issues such as multicollinearity or heteroskedasticity are 

present, variance inflation factor, correlation of variance, residual-versus-fitted plots and the 

Breusch-Pagan / Cook-Weisberg test were run on all composite and sociodemographic 

variables. There were no influential outliers nor issues with heteroskedasticity. 



20 

 

Table 6: Bivariate correlation table between intention and significant sociodemographic and 

variables of the TPB model 

 Int. Envcon DMA DMSN DMPBC Fam. 

Age -0.03       

Urban 0.00      

Sex -0.02      

Income 0.04      

Education -0.03      

Travel with children -0.06      

Environmental concern  0.41** 1.00     

Direct measure attitude 0.60** 0.24** 1.00    

Direct measure subj. norms 0.36** 0.20** 0.22** 1.00   

Direct measure PBC -0.39** -0.14** -0.32** -0.11* 1.00  

Familiarity with ÖBB 

Nightjet 
0.41** 0.13* 0.26** 0.20** -0.22** 1.00 

** p<0.01, *p<0.05 (2-tailed)       

 

Women’s Intention to Take the Night Train 

We find, using multiple regression, that women have a lower intention to take a night train even 

when controlling for environmental concern (mean intention 4.62 for females versus 4.67 for 

males). We also tried controlling for potential gender difference in safety and security concern, 

but these turned out to be insignificant. In the elicitation study and the additional comments 

feature of the questionnaire, however, multiple women reported that they felt uncomfortable 

sharing a cabin with male strangers, that they were unable to book all-female berths and worried 

about security. Consistent with that, regressing the Indirect measure PBC security (IMPBC3) 

on the variable Sex a significant negative relationship we discover (coefficient -0.047 with a p-

value of 0.000).  On the other hand, sharing a cabin (IMPBC4) is not significant (Table 5). 

However, when female is added as a control to the direct measure regression, it is not 

significant. 
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Table 5: Logit regression results of indirect measures of perceived behavioral control on sex 

Female Model 1 
  

IMPBC1 Price of night train -0.002 

 (0.009) 

IMPBC2 Time spent in a  0.040*** 

night train (0.013) 

IMPBC3 Personal security -0.047*** 

 (0.011) 

IMPBC4 Sharing a cabin  -0.09 

 (0.008) 

IMPBC 5 Errors with -0.014 

online booking (0.011) 

IMPBC6 Perceived  0.020 

cleanliness (0.015) 

Constant 0.620 

  

Observations 464 

Pseudo R-squared 0.067 

Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1  

 

Regression Model 

Table 6 shows the multiple regression analysis of the TPB model. The three measures included 

in Ajzen’s base TPB model have a high explanatory power. As expected, we find that people 

who generally have a positive attitude towards night trains also have a high intention to take 

them. Subjective norms also has a significant explanatory power. There is a clear relationship 

between the amount of social pressure a person feels regarding night train use and their intention 

to take a night train. PBC has a strongly negative relationship towards intention8. Those 

respondents who felt there are factors stopping them from being able to take a night train had a 

lower level of intention to take one in the future. Environmental concern has a strong positive 

relationship to intention. This is consistent with the results of the elicitation study where 

ecological benefits of night trains were cited by 59.3% of participants and 38.9% of participants 

                                                 
8 PBC variables are reverse coded in comparison to other measures. A higher PBC score 

indicates a higher perceived view of a barrier to mode choice. 
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mentioned environment as their first factor. Familiarity with ÖBB Nightjet services is also a 

strong predictor of intention. This reflects the findings in recent studies published on medium-

distance mode choice (Dällenbach, 2020). Sex is, however, insignificant.  

Table 6: Regression model explaining intention to take and ÖBB Nightjet  

Intention to take an ÖBB Nightjet Model 1 
  

Attitude 0.565*** 

 (0.048) 

Perceived behavioral control -0.175*** 

 (0.039) 

Subjective norms 0.165*** 

 (0.037) 

Environmental Concern 0.359*** 

 (0.051) 

Sex 0.038 

 (0.103) 

Familiarity with Nightjet Services 0.177*** 

 (0.030) 

Constant -0.625 

 (0.424) 

  
Observations 476 

R-squared 0.553 

Standard errors in parentheses  
*** p<0.01, ** p<0.05, * p<0.1  

 

 

The Role of Indirect Determinants on Direct Measures 

Following the example laid out by Karash et al. (2008), we regress the Direct measures attitude, 

subjective norms and PBC on the corresponding indirect measures to look at the relative 

relationship of the indirect measures on formation of attitudinal, normative and control beliefs. 

Since the direct measures act as reflective indicators and the indirect measures work as 

formative indicators it is assumed that the formation of each belief is related to the perception 

of objective characteristics of travel by night train. This allows for a clearer understanding of 

the relative importance of each factor for the creation of beliefs.  
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Table 7: Direct measure variables regressed on factors from the indirect measures 

Direct measure attitude Model 1 
Direct measure 

subjective norms Model 2 Direct measure PBC Model 3 

       
 

IMA1 Good for the  0.153*** 
IMSN1 Close 

friends 
0.383*** 

IMPBC1 Price of 

night train 

-

0.129*** 

   environment (0.022)  (0.047)  (0.050) 

IMA2 Good for sleeping 0.088* IMSN2 Partner 0.272*** 
IMPBC2 Time spent 

in a  

-

0.167*** 

 (0.033)  (0.042)    night train (0.071) 

IMA3 Comfortable 0.191*** IMSN3 Family 0.095* 
IMPBC3 Personal 

security 
-0.068 

 (0.038)  (0.045)  (0.062) 

IMA4 Arrive/depart city  0.162*** 
IMSN4 

Coworkers 
-0.009 

IMPBC4 Sharing a 

cabin  

-

0.149*** 

   center (0.025)  (0.046)  (0.045) 

IMA5 Not needing to drive 0.047 Constant 5.759*** IMPBC 5 Errors with -0.050 

 (0.020)  (0.218)    online booking (0.062) 

IMA6 Not paying for a  0.159***    IMPBC6 Perceived  -0.050 

   hotel (0.022)       cleanliness (0.083) 

IMA7 Arrive in the  0.045    Constant 6.591*** 

   morning (0.022)     (0.232) 

IMA8 Safe mode of  -0.001      
   transport (0.022)      
Constant 15.151***      

 (0.408)      

        
Observations 478 Observations 466 Observations 476 

R-squared 0.275 R-squared 0.284 R-squared 0.137 

Standard error in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

The results (Table 7) show that the indirect measures of each respective direct measure predict 

a significant share of the formation of the attitudinal, normative and control beliefs. In the case 

of the attitudinal beliefs, Environment (IMA1), Comfort (IMA3), Arriving/departing city center 

(IMA4), and Not needing to pay for a hotel (IMA6) are all statistically influential in the 

formation of the Direct measure attitude. Good for sleeping (IMA2) has a weaker relationship 

to the Direct measure attitude. Related to the elicitation study as well as the role Environmental 

concern plays in the TPB model, the relative environmental benefit of night trains is a 

significant explainer of attitudinal beliefs. However, it is not the exclusive explanatory factor 

and several features specific to the sleeping and nocturnal aspects of night trains are important. 
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Close friends (IMSN1) and Partners (IMSN2) have a statistically significant positive 

relationship with the direct measure of subjective norms, while Family (IMSN3) only weakly 

influences the Direct measure subjective norms. These results reflect the elicitation study and 

suggest that peers are the most significant social referents with regards to transport mode choice 

(at least for the case of our sample, in which students are strongly over-represented). 

All factors have a negative relationship to the Direct measure PBC (which measures both self-

efficacy and awareness of barriers), with Price (IMPBC1), Time (IMPBC2) and Sharing cabins 

(IMPBC4) exhibiting negative coefficients that are statistically significant. In the elicitation 

study, price was by far the most significant control (mentioned by 77.8% of respondents, with 

64.8% mentioning as first factor that would deter them from taking a night train). The 

perception that the trains could be uncomfortable with regards to sharing space significantly 

informs the control beliefs towards night trains.  

CONCLUSIONS 

The study of night trains from a behavioral perspective allows for a better understanding of 

which underlying determinants motivate or deter intention formation regarding the use of a 

night train for medium-distance travel. Through the use of literature and an elicitation study the 

most significant indicators were collected to inform a questionnaire. Our analysis shows that 

attitudinal and control beliefs are significant in intention formation. Attitudinal beliefs are 

highly influenced by the environmental benefit of taking night trains, the perceived comfort of 

night trains, savings on hotels, and arriving at and departing from the city center, thus 

confirming that factors which positively influence day train use carry over to night train use 

(Esplugas et al., 2005; Nerhagen, 2003). Control beliefs (which inhibit intention formation), on 

the other hand, are highly influenced by price, sharing cabins, and time spent on the train.  
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Our results show that there are five significant factors that influence the behavioral intention to 

take a night train: Attitudes, Subjective norms, Perceived behavioral control, Environmental 

concern and Familiarity with ÖBB Nightjet services. Familiarity with the night train service 

being a significant indicator is consistent with recent studies of public transport (Dällenbach, 

2020). These three behavioral beliefs and the latter two additional influential factors contribute 

to explaining about half of the total variance.  

Environmental concern being an influential factor is consistent with two recent meta studies 

(Hoffmann et al., 2017; Lanzini & Khan, 2017) which look at the role environmental attitudes 

have on mode choice behavior. Although, most studies have shown a very weak relationship 

between mode choice and pro-environmental attitudes (Karash et al., 2008), intentions towards 

a pro-environmental behavior are still the strongest predictor of actual behavior, generally 

mediating both environmental attitudes and environmental concern (Levine & Strube, 2012). It 

can be assumed that continued growth in environmental concern would precede a growth in 

interest and intention to take night trains (Kaiser et al., 1999).  

The sample’s younger age skew limits this study’s ability to know which types of people are 

most likely to have a high intention to take a night train. It is likely that the low average includes 

individuals who are less likely to own a private vehicle, more likely to have grown up with a 

knowledge of night trains, and are more likely to select services based on price over comfort. 

Additionally, it is well documented that environmental concern is significantly higher among 

the cohort of university students sampled than previous cohorts. A larger sample catching more 

participants from outside the university would likely reduce means of variables like Intention 

and Environmental concern, but that does not necessarily mean that the relationship between 

these variables would be significantly different. A larger sample could also catch more variation 

in income and educational background allowing for the ability to explore the relationship 

between these compositional determinants. The limited scope of this study did not allow us to 



26 

 

also capture actual behavior. Future studies could expand this research by asking intention and 

following up to see if it led to night train use. Finally, all such studies that find that attitude is 

highly predictive of intention are susceptible to cognitive dissonance. It is possible that 

individuals in which the night train is the most convenient/economical mode of transport form 

positive attitudes towards it. This could also be applied to environmental concern and mode 

choice behavior. Night train riders may also down play negative controls such as uncomfortable 

sleep conditions. Hence, this paper is not able to explore reverse causality but this is an avenue 

for future research. 

We have chosen to study the determinants of the intention to travel by night train using an 

empirical framework based on the Theory of Planned Behavior (TPB). TPB places an emphasis 

on psychological factors – in our case, the part they play in whether someone intends to use a 

night train or not. This is in contrast to discrete choice models making use of a random utility 

maximization (RUM) framework, which is commonly used to analyze mode choice behavior, 

and which measures how respondents react to trade-offs between objective characteristics such 

as price and travel time (although in recent years applications that include psychological 

constructs (often via latent variables) have become more common – see for instance 

Bahamonde-Birke et al. (2017)). These objective characteristics certainly also play a major role 

in whether someone decides to travel by night train as compared to alternative transport modes 

(which is further confirmed by the results of the elicitation study). However, given that very 

little research has so far been conducted on determinants of night train usage and that night train 

has quite some peculiarities (such as sleeping on the train, often sharing a compartment with 

strangers, etc.), we aimed to account for a wider variety of potential factors that may contribute 

beyond the standard generic ones such as travel time and costs. Additionally, the elicitation 

study substantiated this approach, as a fairly large variety of responses have been obtained. 

Some of them would have been difficult to include in a RUM-based approach (e.g., (perceived) 
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safety, quality of the sleep, or cleanliness), as they cannot be well expressed in objective terms; 

instead, they lend themselves better for inclusion in a TPB framework which places more 

emphasis on subjective factors. Nevertheless, for future research we recommend to also study 

the topic of night train usage and its determinants using discrete choice models, or even attempt 

to integrate the TPB and RUM-based approach (as for instance suggested by Thorhauge et al. 

(2016)).  
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