
Abstract 1 

The aim of this study was to investigate the relative roles of the norm activation model (NAM), 2 

transport priorities and situational constraints (car ownership, distances, gender and age) while 3 

considering spatial heterogeneity on university trips among students in the winter season. A 4 

cross-sectional survey was conducted among university students (n = 441) at the two largest 5 

university campuses in Trondheim (Dragvoll and Gløshaugen), Norway. Linear mixed model 6 

analyses showed that Dragvoll campus, allocated in a more rural area of the city, was associated 7 

with more use of car and public transportation (bus or tram), and less active transportation 8 

(walking or bicycling) than Gløshaugen campus which is located in an urban area. While 9 

adjusting for spatial heterogeneity, the findings showed that situational constraints were 10 

somewhat more important for mode use than psychological variables. Car ownership was 11 

associated with more car use and less use of public transportation. Longer walking time from 12 

students’ residence to university was related to more use of public transportation and less active 13 

transportation. Strong priorities of physical activity were related to less public transportation 14 

mode use and more use of active transportation. Increased awareness of the negative 15 

consequences of car use was associated with more use of active transportation and less car use. 16 

Those who strongly prioritized convenience when choosing transportation modes tended to use 17 

a car. To further promote sustainable transportation mode use on university trips among 18 

Norwegian students it may valid to focus on situational constraints. However, psychological 19 

variables such as the awareness of consequences component in the NAM and psychological 20 

priorities could also be relevant for students’ mode use in this season.   21 
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1. Introduction 26 

Transportation mode use has important implications for both the environment and safety. For 27 

instance, it has been argued that car use is associated with more accidents and injuries than 28 

public transportation (Albertsson & Falkmer, 2005; Nordfjærn et al., 2014a). It is also well- 29 

documented that gasoline and diesel-based cars cause more noise and CO2
 externalities than 30 

public transportation and active transportation such as walking and bicycling (Banister, 2011; 31 

Parry et al., 2007). In addition, active transportation mode use is associated with improved 32 

public health, by for instance reductions in Body Mass Index (BMI) among those who tend to 33 

use active transportation modes more frequently (Brown et al., 2016; Dons et al., 2018). An 34 

important consequence is that policy-makers worldwide target to increase the use of public 35 

and active transportation and simultaneously reduce the use of gasoline or diesel-based cars 36 

especially in urban environments. The current study advances the literature by investigating 37 

the relative roles of psychological and situational factors for different types of mode use 38 

(public transport, active transport and car use) among students specifically in the winter 39 

season. 40 

Promotion of public and active transportation may be particularly beneficial for repeated 41 

urban trips among the younger segments of the population. This is because young individuals 42 

are about to develop their transport habits, and they represent the future generation of mode 43 

users. Transport to/from the university further represents a large proportion of the total 44 

number of daily urban trips (Danaf et al., 2014; Khattak, 2011). More knowledge about how 45 

psychological and situational factors are related to transportation mode use on university trips 46 

among students is therefore prudent.  47 

 48 

 49 

 50 
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 51 

One of the more prominent psychological theories used to predict transportation mode use is 52 

the Norm Activation Model (NAM) (Schwartz, 1977). The NAM is constituted by three 53 

components: Awareness of consequences (AC), Ascription of responsibility (AR), and 54 

Personal norms (PN). The awareness of consequences component refers to whether or not 55 

individuals are aware of the consequences of behaviour with negative impacts on the 56 

environment, such as using a gasoline-based car to university. This factor is assumed to 57 

predict ascription of responsibility, which refers to whether the individuals perceive any 58 

personal responsibility for the negative consequences of a behaviour. Finally, ascription of 59 

responsibility predicts personal norms, which is constituted by a moral personal obligation to 60 

take action for the benefits of the collective (see also Schwartz, 1977 for details). Several 61 

studies have shown that personal norms are positively associated with pro-environmental 62 

mode choices and intentions to use such modes (Eriksson et al., 2008; Nordlund & Garvill, 63 

2003; de Groot & Steg, 2008; Jakovcevic & Steg, 2013).  64 

 65 

Studies carried out more recently, however, have suggested that the extent to which the 66 

context supports sustainable mode choices may affect the capability of the NAM to predict 67 

transportation mode use. Pro-environmental mode choices represent an altruistic behaviour, 68 

where a person to some extent gives up individual benefits (e.g. rapid and flexible mobility) 69 

to accommodate collective interests, such as cleaner urban environments. For pro-70 

environmental mode choices to occur there has to be pro-environmental behavioural options 71 

in the physical environment, such as access to public transport and safe bicycle paths. In 72 

developing countries, for instance, public transportation is generally unreliable and can also 73 

be unsafe in regards of security issues, such as theft and violence (Gwilliam, 2003; Toroyan 74 

& Pedem, 2007). Studies conducted in these contexts, such as Iran, have shown that the role 75 
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of the NAM for transportation mode use may be more negligible (Mehdizadeh et al., in press). 76 

Nordfjærn and Zavareh (2017) further reported that personal norms were less important for 77 

mode use than situational constraints, such as car access and walking time to a destination, for 78 

active mode choice preferences in Nanjing, China. Frankly, Collin and Chambers (2005) 79 

underlined about 13 years ago that situational factors should be included in models examining 80 

psychological theory in relation to transportation mode use. Stern et al. (1999) also denoted 81 

the potential importance of contextual constraints and possibilities of action as a potential 82 

parameter in the NAM. Nevertheless, the majority of studies that have examined this theory in 83 

relation to transportation mode use have tended to investigate the model isolated from such 84 

factors.  85 

 86 

In addition to differing contexts in regard of available transport options and their feasibility in 87 

different countries, such variations may also be present within countries. In Trondheim, 88 

Norway for instance the average temperatures varied between 17.3°C in July and 13.1°C in 89 

August to -3.5°C in February and -2.6°C in March, 2018 (Yr, 2018). The winters are usually 90 

rather long lasting from late October through March. Snowy conditions coupled with low 91 

temperatures may complicate both bicycling and walking in the winter season. Under such 92 

circumstances, the role of situational factors (e.g. walking distance to the university, car 93 

access and availability of public transportation nearby the residence) for transportation mode 94 

use to the university may become more profound and render psychological processes, such as 95 

the NAM, to be less impactful in the psychological decision-process. To the best of our 96 

knowledge, no studies using the NAM have examined its role for mode use specifically in the 97 

winter season.     98 

 99 
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In the winter season, it is likely that quality attributes (i.e. what people focus on and prioritize 100 

when choosing mode of transport) of transportation modes are particularly important in the 101 

mode choice process. For example, students may put a stronger emphasis on flexible and 102 

rapid travel and safety regarding accidents when they choose transportation modes to 103 

university in the winter season, because accidents are more likely and trips may be more time 104 

consuming in the winter. Moreover, during extreme conditions, such as snowy and windy 105 

weather coupled with low temperatures in winter, active commuting may be inconvenient or 106 

unfeasible compared to summertime. As such people may amend their mode use in this period 107 

and use more public transport or car. During summer time in Norway people can rather easily 108 

use active transportation as Norway does not have an extremely hot climate compared to 109 

countries in e.g. Southern Europe which can pose a challenge with respect to convenience and 110 

feasibility of active commuting during extreme summer heat. Previous work conducted 111 

among Norwegian commuters showed that people who prioritized flexibility and efficiency 112 

tended to use a car in (non-season specific) urban commute, while commuters who focused on 113 

safety and comfort tended to use public or active transportation (Nordfjærn et al., 2014b). 114 

Findings in the general Norwegian public reflected that individuals who prioritized flexible 115 

travel tended to use a car, while those who focused on convenience tended to use public 116 

transportation (Şimşekoğlu et al., 2015). The convenience dimension mainly consisted of 117 

items related to costs and travelling time. Car use in Norway is expensive, partly due to a 118 

government driven push factor taxing scheme where car drivers pay substantial tolls, 119 

insurances and parking fees. In addition, public transport such as buses are prioritized in the 120 

traffic system with dedicated driving lanes etc. These could be important reasons for why 121 

those who prioritized convenience mainly used public transport. In line with these empirical 122 

findings, a review on quality attributes that may attract car users over to public transportation 123 

concluded that service reliability, costs, accessibility, as well as comfort, safety, and 124 
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convenience could be important in order to promote public transportation mode use among 125 

car users (Redman et al., 2013). However, a limitation in the empirical knowledge base 126 

regarding transport priorities is that the studies did not specify the season in which travelling 127 

occurred and none of the studies cited above focused specifically on students’ university trips.  128 

The role of specific psychological and situational factors may diverge according to the 129 

specific transportation modes in question. For instance, distances may be particularly 130 

important for less use of active transportation and may promote use of public transport and 131 

car. These tendencies may be particularly prominent during the winter season. Students who 132 

prioritize safety and security may prefer to use public transport, as active transport and car use 133 

has higher accident risks during the winter period. Those students who have strong priorities 134 

of exercise may also be more prone to use active modes in the winter season. Car ownership 135 

is likely to be associated with scripted car use and is mainly expected to predict more use of 136 

car.  137 

  138 

An additional contribution of the current study to the literature is that it will adjust for 139 

geographical variation/spatial heterogeneity across two universities with substantially 140 

different allocations and topography, while examining psychological and situational 141 

constraints related to mode use on university trips among students in the winter. Spatial 142 

heterogeneity is present when there is variation in independent variables across geographical 143 

space (Xu et al., 2017. Neglecting spatial variation may lead to biased estimations and 144 

incorrect conclusions (Gourieroux & Visser 1997; Mannering et al., 2016).  The two largest 145 

campuses, Gløshaugen and Dragvoll, in the current study area of Trondheim, Norway are 146 

located about 7 kilometers from each other. Dragvoll is located outside the city center of 147 

Trondheim in a more rural area, while Gløshaugen is located in close proximity to the city 148 

center. It is likely that there will be substantial variation in variables relevant to mode use due 149 
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to spatial heterogeneity among students clustered in these two campuses. For instance, most 150 

students tend to live in central areas of the city and the walking distance from most residences 151 

to Dragvoll campus will thereby exceed the walking time from most residences to 152 

Gløshaugen. It is thus likely that more people will use active transportation to Gløshaugen, 153 

while trips to Dragvoll will more often be undertaken by public transportation or car. 154 

Although many students choose to settle in central areas or in close proximity to their 155 

respective university campuses, this is not true for everyone. None of the campuses included 156 

in the current study provide housing facilities for students at the campus locations. Thus, there 157 

is a random component in where the students reside as well as the distances and topographical 158 

environments they must travel through to reach their campus.  159 

 160 

1.2 Aim of the Study 161 

The core aim of the current study was to investigate the relative roles of norm activation, 162 

transport priorities and situational constraints for transportation mode use (i.e. active 163 

transportation, public transportation and gasoline or diesel-based car use) while considering 164 

spatial heterogeneity on university trips among students in the winter. The situational 165 

constraints considered in the current study are car ownership, distances, gender and age.  166 

 167 

2. Method and materials 168 

2.1. Procedure 169 

The results are based on a cross-sectional self-administered survey conducted at the two 170 

largest university campuses in Trondheim, Norway (Dragvoll and Gløshaugen) in the period 171 

February through April, 2018. Dragvoll campus is located in a rather sparsely populated rural 172 

area of Trondheim (about 6.5 kilometers from the city center), while Gløshaugen campus is 173 

located in a more densely populated area less than 2 kilometers from the city center. About 174 
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sixty psychology students affiliated with the project conducted the data collection. These 175 

assistants were divided into eight groups, each containing 5-8 persons. The students were 176 

recruited by convenience sampling at different locations inside and outside the university 177 

facilities (e.g. by the entrance to cafeterias and by the entrance to the university buildings) 178 

from Monday to Thursday 09:00 AM – 15:00 PM. Demographic characteristics among non-179 

respondents (i.e. gender, estimated age and reasons for not participating) were registered. All 180 

participating subjects received oral information about the confidentiality of responses and 181 

secure data storage. They were also ensured anonymity and the voluntary nature of 182 

participation was highlighted. In addition to recruitment at the campuses, students were also 183 

recruited in four lectures, two at each campus. After consent from the course instructors, 184 

questionnaires were distributed to students during the lectures and completed during the 185 

lecture break. Anonymous studies are exempt from formal ethical review according to 186 

Norwegian ethical research standards. To secure that the methodological procedures were 187 

aligned with good ethical standards, a case officer at the Norwegian Center for Research Data 188 

was consulted both orally and in writing. The officer considered the procedures to be well-189 

aligned with ethical standards and that the integrity of the respondents was adequately 190 

handled.  191 

 192 

2.1.1. Sample 193 

The final sample included 441 university students. In total, 257 (58%) students were recruited 194 

from Dragvoll campus and 184 (42%) from Gløshaugen campus (see also Table 1). Among 195 

these students, 150 (34%) were recruited from the campuses, while 291 (66%) were sampled 196 

from lectures. The Dragvoll campus response rate was 80% and at Gløshaugen the response 197 

rate was 84% (pooled response rate = 82%). The two lectures at Dragvoll achieved a total 198 

response rate of 90%, while the two lectures at Gløshaugen obtained an 82% response rate 199 
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(pooled response rate = 87%). There were 206 (47%) males and 229 (53%) females in the 200 

sample. The mean age was 23.06 years (SD = 4.83, range = 19-61 years). In total 98% (n = 201 

428) of the sample was 30 years or below. In regards of car ownership, 91 (21%) students 202 

reported that they or their spouse owned a car. There were no significant age differences 203 

between respondents (n = 441) and non-respondents (n = 33) (t = 0.18, df = 419, n.s.). 204 

Meanwhile, non-respondents were somewhat more likely to be male (67%) than the 205 

respondents (47%) (χ2 = 4.51, df = 1, p <.05). The most frequently reported causes for non-206 

responses were that the students were on their way to a lecture or did not have time to 207 

participate in the survey.  208 

 209 

2.2. Questionnaire and measurement instruments 210 

The measurement instruments were given to the students by a coherent paper-based 211 

questionnaire devised in Norwegian language. The questionnaire included demographic items 212 

regarding each respondent’s gender and age. Two items were used to record information 213 

about time use in hours and minutes that the respondents would need by walking or by using a 214 

non-electric bicycle from their residence to their university. Similarly, one item asked about 215 

the estimated time used to walk from the student’s residence to the public transportation 216 

waiting point that would be natural to use when travelling to the university by public 217 

transportation. These three items were converted to total minutes before they were 218 

accommodated into the analyses. Car ownership was measured by asking the respondents 219 

whether they themselves or their spouse owned a car (no, yes). Car ownership was measured 220 

instead of car access because ownership is likely to be a more robust predictor of car use. Car 221 

ownership is more likely to facilitate scripted and automatic car use behaviour (Aarts et al., 222 

1998). The main alternative for non-car owning students who still want to use a car is to be 223 

passengers of friends or family members. If one is passenger of a car this usually requires 224 
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more planning and will probably be more sporadic and under more conscious control than if a 225 

person owns a car. 226 

 227 

Eight items requested the respondents to report how often they generally travelled to/from the 228 

university with eight transportation modes in three modal categories in the winter season 229 

(November – March): (1) public transportation modes including bus and tram, (2) active 230 

transportation modes including walking, jogging/running, bicycle (non-electric) and bicycle 231 

(electric), and (3) car including as a driver or passenger of a gasoline- or diesel-based car. The 232 

responses were recorded on a six-point scale from (0) never to (5) five days or more a week. 233 

The modes were selected based on previous knowledge about urban transportation mode use 234 

in Norway (e.g. Rundmo et al., 2011) as well as the local transportation situation in 235 

Trondheim, Norway, which solely has buses and one tramline as the public transportation 236 

mode options. The questionnaire also asked about the use of sole electric car use or hybrid 237 

combustion/electric battery engine car use as a driver or passenger, as these cars are becoming 238 

highly prevalent among the general Norwegian public (Bjerkan et al., 2016; Şimşekoğlu, 239 

2018). However, only 10 students reported use of these cars once a week or more on 240 

university trips and this modality was excluded from further analysis as it would likely cause 241 

Type II error in analyses. As the total number of days with trips to/from university for 242 

different students was varying, the share of each of the three modal categories with regard to 243 

the total number of days for each student was considered in analyses. For instance, a student 244 

who had reported three days taking either bus or tram and two days by walking among the 245 

five days to/from university is equivalent to 60% use of public transportation, 40% use of 246 

active transportation and 0% car use. 247 

 248 
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The NAM was operationalized by a previously validated measurement instrument 249 

(Abrahamse et al., 2009; de Groot & Steg, 2008). The instrument contained a total of 19 items 250 

asking respondents to evaluate their awareness of consequences (e.g. ‘Car use causes 251 

exhaustion of scarce resources, such as oil’), ascription of responsibility (e.g. ‘I feel joint 252 

responsibility for the exhaustion of fossil fuels by car use’) and personal norms (e.g. ‘I do not 253 

feel guilty when I use the car even though there are other feasible transportation alternatives 254 

available’). The students reported their level of agreement to the 19 statements on a Likert 255 

scale ranging from (1) strongly disagree to (5) strongly agree.  256 

 257 

Transport priorities were measured by a revised version of a previously validated instrument 258 

deployed in several previous empirical accounts (e.g. Nordfjærn et al., 2014b; Nordfjærn & 259 

Rundmo, 2015). The students were asked to rate the relative importance of different quality 260 

attributes when choosing transportation modes to/from the university (e.g. costs, flexible 261 

travel and safety regarding accidents and security factors such as theft or harassment). The 262 

responses were obtained by a Likert scale ranging from (1) not at all important to (5) very 263 

important.   264 

 265 

2.3. Statistical procedures 266 

Descriptive statistics were applied to examine characteristics of the sample. To test potential 267 

differences between respondents and non-respondents in gender and age, Chi-square (χ2) 268 

analysis and independent samples t-tests were applied, respectively. Pearson’s correlation 269 

coefficients were calculated to estimate bi-variate correlations between all study variables.  270 

Confirmatory Factor Analysis (CFA) was used to confirm the three-factor structure of the 271 

NAM instrument reported in previous work; awareness of consequences, ascription of 272 

responsibility and personal norms (e.g. de Groot & Steg, 2008; Lind et al., 2015). This 273 
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measurement model was specified with five manifest items receiving loadings from the 274 

awareness of consequences latent factor, six items from the ascription of responsibility factor 275 

and eight items from the personal norms factor. Fit indices were used to determine the 276 

correspondence between the specified measurement model and the data. These indices 277 

included the Root Mean Square Error of Approximation (RMSEA) with 90% confidence 278 

interval (CI 90%) and the Comparative Fit Index (CFI). Although it is not a feasible indicator 279 

of model-data fit, the χ2 with corresponding degrees of freedom (df) and significance level 280 

was also reported. For a model to reflect tolerable fit to the data, the RMSEA should have a 281 

value below .08 and the CFI should be around .90 or above (Kim & Bentler, 2006; 282 

Tabachnick & Fidell, 2007). The Cronbach’s alpha and average inter-item total correlations 283 

(AIC) were calculated as reliability indices for each scale. The alpha should approach .70 and 284 

the AIC .30 for the items to represent a coherent scale (see Hair et al., 2010 for details).  285 

   286 

Variance inflation factor (VIF) values were calculated and inspected to examine the 287 

assumption of non-collinearity among predictors in regression analysis. Collinearity issues are 288 

likely present when the VIF values exceed 4.00 by a tolerance less than 0.20 (Hair et al., 289 

2009). Three linear mixed model analyses (Singer & Willett, 2003) were used with an 290 

unstructured covariance matrix and random intercept (aimed at considering spatial 291 

heterogeneity)  to investigate predictors of transportation mode use (i.e. public mode use, 292 

active mode use and car use) among the students. The predictors of mode use were entered as 293 

fixed effects. 294 

Linear mixed models were used instead of traditional multiple linear regression analyses since 295 

the respondents were nested in two different campuses with spatial heterogeneity that might 296 

be important to consider. The analyses were carried out by two steps. First, a model which 297 

solely included the campus variable was tested for each of the three transportation modes to 298 
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investigate whether the campus variable had a significant effect on the three dependent mode 299 

use variables. Second, an additional model was tested for each of the three mode use 300 

outcomes where the psychological and situational constraints variables were entered as 301 

covariates. In these models, all covariates were entered as fixed effects, while campus was 302 

entered as a random intercept to account for its unique variance (Hedeker et al., 1994).  303 

 304 

2.4. Factor structure and reliability of the instruments 305 

2.4.1. Transport priorities 306 

The dimensional structure of transport priorities in the current sample has been reported in 307 

full detail elsewhere (Egset & Nordfjærn, 2019). Since the previously validated scale was 308 

slightly adjusted and a few new additional items were added to this scale, a principal 309 

component analysis (PCA) was carried out. The PCA showed that the measure of transport 310 

priorities segmented into four dimensions which explained 67% of the total variance; Safety 311 

and security (e.g. protection against terror), exercise (e.g. physical fitness), convenience (e.g. 312 

frequency of departures) and flexibility (e.g. flexible time of departure). All four dimensions 313 

had alpha values around .70 and AIC values above .30.  314 

 315 

2.4.2. Norm activation instrument 316 

A CFA showed that the initial model containing 19 NAM items had improvement potential 317 

[χ2 = 549.24, df = 149, p < .001, RMSEA = .078 (CI 90% = .071; .085), CFI = .87]. By visual 318 

examinations of the factor loadings, two items in the ascription of responsibility factor were 319 

found to have factor loadings below .40 (i.e. ‘Solely politicians can stop global warming’ and 320 

‘In principle, one person cannot decrease the problems of car use’). After removal of these 321 

two items, the model was found to have satisfactory fit to the data [χ2 = 343.25, df = 116, p 322 
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<.001, RMSEA = .067 (CI 90% = .059; .075), CFI = .92]. The factor structure of the NAM 323 

was thus considered adequate for further analyses.  324 

 325 

3. Results 326 

3.1. Descriptives of the study variables 327 

The characteristics of the current sample are shown in Table 1. As displayed, the strongest 328 

transport priorities in this student sample were related to transport convenience and flexibility. 329 

The students also reflected rather strong priorities of safety and security in transport, whereas 330 

the priorities were weaker in regards of physical activity in relation to transport. Further, the 331 

students reported relatively high awareness of the negative consequences of car use and 332 

strong personal norms. The ascription of responsibility component was somewhat lower than 333 

the two remaining NAM components. On average, the students had 50 minutes to walk to the 334 

university with this time reduced to about half when using a non-electric bicycle. On average, 335 

the share of public transportation mode (bus and tram) use of students was around 61.52%, 336 

31.33% of the trips were by active transportation (walking, jogging, bicycling non-electric 337 

and electric), while a total of 4.70% used a gasoline or diesel-based car as a driver or as a 338 

passenger. In addition, 2.47% of respondents reported other modes of transportation. 339 

 340 

Table 1. Sample characteristics (n = 441) 341 

Indicator n (%)/M (SD) 

Gender (male) n (%) 206 (47) 

Age M (SD) 23.06 (SD = 4.83) 

Campus n (%) 

       Dragvoll 

       Gløshaugen 

 

257 (58) 

184 (42) 

Car ownership (yes) n (%) 91 (21) 

Ascription of responsibility M (SD) 2.91 (.89) 

Awareness of consequences M (SD) 3.70 (.61) 

Personal norms M (SD) 3.26 (.80) 

Priorities of safety and security M (SD) 3.54 (1.11) 

Priorities of physical activity M (SD) 2.58 (1.00) 
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Priorities of convenience M (SD) 4.28 (.60) 

Priorities of flexibility M (SD) 3.64 (.96) 

Time to walk from residence  

to university (total minutes) M (SD) 

50.00 (56.91) 

Time to walk from residence to  

closest public transport point (total minutes) 

Time to bicycle from residence  

to university (total minutes) M (SD) 

5.27 (6.41) 

 

25.25 (50.60) 

 

Public transportation mode use in the winter   323 more than 1% (61.52%)  

Active transportation mode use in the winter    

Car use to the university in the winter  

191 more than 1% (31.33%)                        

44 more than 1% (4.70%) 

n exceeds the total sample size for mode use because some students used several modes 342 

 343 

3.2. Correlations between the study variables 344 

Bi-variate correlations between all study variables are shown in Table 2. As could be 345 

expected, public transportation mode use was positively correlated with belongingness to 346 

Dragvoll campus, which is allocated in a more rural area outside the city core in Trondheim. 347 

Students belonging to this campus also used less active transportation modes and more car 348 

than students at Gløshaugen, which has a more central allocation.  349 

 350 

Males used somewhat more active transportation than females, while increased age was 351 

slightly associated with less public transportation mode use. Higher ascription of 352 

responsibility was positively correlated with car use, while high awareness of consequences 353 

was positively associated with active transportation mode use and negatively correlated with 354 

car use. Personal norms were overall weakly associated with the three mode use outcomes, 355 

albeit slightly related to less car use.  356 

 357 

Priorities of physical activity was rather strongly associated with active transportation mode 358 

use and negatively associated with public transportation mode use. Students with strong 359 

priorities of convenience reported less public transportation mode use in the winter season. 360 

Students who reported longer walking time from their residence to the university reported 361 
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more use of public transportation and car, and accordingly less use of active transportation. 362 

Those who had longer walking time to the closest public transportation mode point going to 363 

the university tended to use less public transportation.  364 

 365 

Students who reported longer time required to bicycle from their residence to the university 366 

were more likely to report less active transportation and more car use. Car ownership was also 367 

strongly correlated with less use of public transportation and strongly associated with more 368 

car use. Students who reported high use of public transportation reported less active 369 

transportation mode use and less use of car. Active transportation was also negatively 370 

correlated with car use in the winter.  371 

 372 

 373 

  374 



Table 2. Correlations between the study variables 375 

Indicator (1) (2) (3) (4) (5) (6) (7) (8) 

 

(9) 

 

(10)      (11)        (12)         (13)     (14)      (15)        (16)      (17)      

           

(1) Campus (Dragvoll)                  - -.35 -.03 .10 .08 .06 .12 -.07 -.10  .05       .29        .04             .22     -.03        .39         -.50        .13 

(2) Gender (male)  - .10 -.19 -.11 -.26 -.30 -.14 -.15  -.16      -.07       -.01           -.10     -.03       -.06        .09        -.06 

 

(3) Age   - -.02 .04 .08 -.19 .00 -.17   -16       .09       .11             .04      .10       -.10         .09          .00 

(4) Ascription of responsibility 

(5) Awareness of consequences 

(6) Personal norms 

(7) Priorities of safety and security 

(8) Priorities of physical activity 

(9) Priorities of convenience 

(10) Priorities of flexibility 

(11) Time to walk from residence to university 

(12) Time to walk from residence to closest public transport  

(13) Time to bicycle from residence to university 

(14) Car ownership (yes) 

 

 

  - .23 

- 

 

.29 

.56 

- 

.10 

-.03 

.02 

- 

 

 

 

.09 

 
.03 

 

.18 

 

.26 

 

  - 

.02 

 
-.02 

 

.03 

 

.31 

 

.14  

 

-       

 .05        .03        -.01           .10       .13       .01         .07         .17 

 
-.02        -.04       .00          .06        -.16      -.01         .10       -.18 

                                          

.00          -.04       .02         -.03       -.10      -.02         .08      -.14 

 

 .44         -.02        .04        -.06       -.06       .03         .02       -.01 

                       

.24         -.14        .08        -.12        .02        -.24        .27        -.04 

 

.29         -.04       -.04        -.01        -.02       -.11        .07         .08 
 

 -             .01        .04         .07          .03        -.01      -.04        .09 
 

                 -           .44         .66         .13         .19       -.37         .13 

                                             
                               -            .24        .07         -.13      .04          .05 

 

-   .14          .07       -.22          .22 

 

    -           -.17      -.04         .40 

                                                                                            
(15) Public transportation mode use in winter 

(16) Active transportation mode use in winter 

                                                                                   -          -.86       -.26 

                                                                                          

                                                                                       -          -.16 

(17) Car use in winter                                                                                                              - 

Significant coefficients in bold376 



3.3. NAM, transport priorities and situational constraints predicting car use on university trips 377 

in the winter 378 

3.3.1. Public transportation mode use 379 

Examinations of VIF values and tolerance levels showed that the highest VIF value was 2.20 380 

and the lowest tolerance value was .45. This suggest that multicollinearity was not likely to be 381 

an issue in the linear mixed model. Table 3 shows that the base linear mixed model (Model 1) 382 

solely including campus location showed that Dragvoll campus, which was the location with 383 

the longest distance to the town centre, was associated with more use of public transportation 384 

(z = 33.79, p = .000). Model 2, including all covariates and campus as a random effect, further 385 

showed that while accounting for spatial heterogeneity generated by campus location car 386 

ownership was the strongest predictor of less public transportation mode use on university 387 

trips in the winter. Higher estimated walking time from the students’ residence to the 388 

university was associated with more public transportation mode use. A relation was also 389 

revealed between higher estimated time to walk to the closest public transportation point 390 

heading to the university and less public transportation mode use. Higher estimated time to 391 

bicycle to the university was also somewhat associated with less use of public transportation. 392 

Among the psychological variables, none of the NAM components were associated with 393 

public transportation mode use. However, strong priorities of physical activity were 394 

associated with less public transportation mode use in the winter, whereas there was a 395 

tendency for strong priorities of convenience to be associated with less public transportation 396 

mode use.  397 

 398 

 399 

 400 

 401 



Table 3. Linear mixed model predicting public transportation mode use on university trips in the winter 402 

                                                       Model 1 Model 2    

Parameter                                       Estimate   t-value   p-value    95% CI                                                                    Estimate t-value p-value 95% CI 

Intercept                                         41.83        14.20       .000        36.04; 47.62  116.92 4.10 .001 55.94; 177.90 

Campus (Dragvoll)                        33.79         8.75        .000       26.20; 41.37  

Subject campus random effect 

 

411.77 

 

6.34 

 

.001 

 

212.45; 635.80 

Ascription of responsibility 1.00 0.43 .664 -3.56; 5.58 

Awareness of consequences -3.53 -0.91 .362 -11.15; 4.08 

Personal norms 0.03 0.01 .992 -5.88; 5.94 

Gender (male) 4.22 0.96 .340 -4.46; 12.89 

Age (years) -0.61 -1.58 .114 -1.37; 0.15 

Priorities of safety and security 2.65 1.30 .194 -1.35; 6.64 

Priorities of physical activity -8.23 -3.98 .000 -12.30; -4.17 

Priorities of convenience -6.19 -1.83 .069 -12.85; 0.47 

Priorities of flexibility 1.50 0.66 .511 -3.00; 6.02 

Time to walk from residence  

to university (total minutes) 

Time to walk from residence to  

closest public transport point (total minutes) 

0.18 

 

-1.62 

3.86 

 

-4.40 

.000 

 

.000 

0.09; 0.28 

 

-2.34; -0.90 

Time to bicycle from residence  

to university (total minutes) 

-0.10 -2.04 .042 -0.20; -.004 

Car ownership (yes) -19.45 -4.00 .000 -29.01; -9.88 

 

Fit statistics 

    

-2Log likelihood                      4494.80             3896.10    

AIC                                          4496.80 3900.10    

BIC                                          4500.88 3907.97    

CI = Confidence interval 403 

Public transport = sum score of bus and tram 404 



3.3.2. Active transportation mode use  405 

The base linear mixed model (Model 1) for active transportation showed that Dragvoll 406 

campus was associated with less active transportation mode use in the winter (z = -41.78, p 407 

= .000). As shown in Table 4, the final model (Model 2) reflected that while adjusting for 408 

spatial heterogeneity awareness of negative consequences of car use was associated with more 409 

active transportation mode use. Strong priorities of physical activity were also positively 410 

related to active mode use. Among the situational constraints, increased required time to walk 411 

to the university was associated with less active transportation mode use, whereas increased 412 

time to walk to the closest waiting point for public transportation was related to more active 413 

mode use to the university.  414 

 415 



Table 4. Linear mixed model predicting active transportation mode use on university trips in the winter 416 

                                                       Model 1 Model 2    

Parameter                                       Estimate   t-value   p-value    95% CI                                                                    Estimate t-value p-value 95% CI 

Intercept                                         55.67         20.86      .000       50.43; 60.92 116.92          4.10 .001 55.94; 177.90 

Campus (Dragvoll)                       -41.78        -11.95      .000     -48.65; -34.91 

Subject campus random effect 

          

-22.34 

 

-7.12           

 

.001             

 

-35.42; -14.21 

Ascription of responsibility -2.83  -1.40 .161 -6.81; 1.14 

Awareness of consequences  9.24 2.74 .006 2.62; 15.86 

Personal norms 0.16 0.06 .952 -4.98; 5.29 

Gender (male) -4.78 -1.24 .214 -12.32; 2.77 

Age (years) 0.68 2.03 .043 0.02; 1.34 

Priorities of safety and security -0.49 -0.28 .782 -3.97; 2.99 

Priorities of physical activity 8.67 4.83 .000 5.14; 12.21 

Priorities of convenience 1.13 0.38 .703 -4.67; 6.92 

Priorities of flexibility -3.48 -1.75 .081 -7.40; 0.44 

Time to walk from residence  

to university (total minutes) 

Time to walk from residence to  

closest public transportation point (total minutes) 

-0.25 

 

1.36 

 

-5.96 

 

4.23 

.000 

 

.000 

-0.33; -0.17 

 

0.73; 1.99 

Time to bicycle from residence  

to university (total minutes) 

0.08 1.82 .070 -0.01; 0.16 

Car ownership (yes) -1.92 -0.46 .650 -10.24; 6.39 

 

Fit statistics 

    

-2Log likelihood                      4407.66             3790.98    

AIC                                          4409.66 3794.98    

BIC                                          4413.75 3802.85    

CI = Confidence interval 417 

Active transportation = sum score of walking, jogging/running, bicycling (electric assisted and non-electric assisted).  418 

  419 



3.3.3. Car use 420 

The final step was to investigate predictors of car use on university trips in the winter season. 421 

As shown in Table 5 (Model 1), Dragvoll campus was associated with more car use in the 422 

winter (z = 4.79, p = .005). The final model (Model 2) showed that the strongest predictor of 423 

car use was car ownership. Ascription of responsibility was associated with more car use, 424 

while increased awareness of consequences was related to less car use. Stronger priorities of 425 

convenience were associated with more car use to the university, and this was also true for 426 

increased time to bicycle to the university. More required time to walk to the university was 427 

slightly associated with less car use.   428 

 429 



Table 5. Linear mixed model predicting car use on university trips in the winter 430 

                                                       Model 1 Model 2    

Parameter                                       Estimate   t-value   p-value    95% CI                                                                    Estimate t-value p-value 95% CI 

Intercept                                         1.91          1.48         .141       -0.64; 4.46 2.97 .263 .793 -19.25; 25.16 

Campus (Dragvoll)                        4.79          2.82         .005        1.45; 8.12 

Subject campus random effect 

 

2.28 

 

1.46 

 

.018 

 

0.26; 4.48 

Ascription of responsibility 3.27 3.16 .002 1.24; 5.30 

Awareness of consequences -5.43 -3.16 .002 -8.81; -2.04 

Personal norms -1.57 -1.18 .239 -4.20; 1.05 

Gender (male) 0.30 0.15 .879 -3.53; 4.13 

Age (years) -0.02 -0.09 .930 -0.35; 0.32 

Priorities of safety and security -1.23 -1.36 .174 -3.00; 0.54 

Priorities of physical activity -0.56 -0.61 .543 -2.36; 1.25 

Priorities of convenience 3.35 2.23 .026 0.39; 6.30 

Priorities of flexibility 1.40 1.37 .171 -0.60; 3.40 

Time to walk from residence  

to university (total minutes) 

Time to walk from residence to  

closest public transportation point (total minutes) 

-0.04 

 

0.16 

 

-1.98 

 

0.99 

.048 

 

.322 

-0.08; -0.01 

 

-0.16; 0.48 

Time to bicycle from residence  

to university (total minutes) 

0.07 

 

3.29 .001 0.03; 0.12 

Car ownership (yes) 14.66 6.79 .000 10.41; 18.91 

 

Fit statistics 

    

-2Log likelihood                      3773.57           3281.08    

AIC                                          3775.57 3285.08    

BIC                                          3779.66 3292.95    

CI = Confidence interval 431 

Car use = sum score of personal car (gasoline- or diesel-based engine) as a driver or passenger432 



4. Discussion 433 

To the authors’ best knowledge, the current study is the first to examine the relative roles of psychological factors and situational 434 

constraints for transportation mode use among students on university trips specifically in the winter season, while accounting for 435 

spatial heterogeneity. The current study was conducted in a Northern Scandinavian setting, where low temperatures and snowy 436 

conditions generally characterize the relatively long-lasting winters. The findings suggested that situational constraints were overall 437 

more important than psychological factors for mode use in this season. However, the awareness of consequences component in the 438 

NAM theory, priorities of convenience and priorities of physical activity were of some importance for mode use in the winter.  439 

 440 

As expected, the results revealed spatial heterogeneity between the two campuses included in the study. The students belonging to the 441 

more rural campus had a stronger propensity to use public transportation and car, while students from the urban campus used more 442 

active transportation, such as bicycling and walking. The topographic environment around Dragvoll is characterized by many long 443 

hills, dense forests and mountains. These factors may facilitate more use of public transport and car in the winter, while making active 444 

transportation mode use challenging for many. Similar spatial heterogeneity is probably common in cities with several campuses and 445 

the relative importance of such spatial variation can be enhanced in the winter season, where walking and cycling over long distances 446 

may be perceived to be uncomfortable. An implication is that car use may be reduced in the winter by development of fast and 447 

efficient public transportation to campuses with more remote allocations, while putting more efforts into development of bicycling and 448 

walking paths to campuses with a more central allocation.  449 
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 450 

The current results suggested that car ownership was substantially associated with more use of car and less use of public transportation 451 

on university trips. This is in agreement with findings based on data collected in other seasons showing that access to a car is related to 452 

more car use and less public transportation (Limtanakool et al., 2006; McDonald, 2008). Restrictions on car use and push measures, 453 

such as limited parking space and road tolls, may act as measures to push students towards alternatives to car use. Coupling such push 454 

measures with pull measures, such as development of bicycle and walking paths and making public transportation more attractive may 455 

be particularly efficient (see also Gallego et al., 2013). By making it economically unattractive to own a car, while facilitating public 456 

or active mode use, one can potentially prevent that a rather large sub-population of the Norwegian public become car users in the 457 

future. 458 

 459 

A longer time required to walk from students’ residence to the university was associated with less active transportation mode use and 460 

more public transportation mode use in the winter. Moreover, those who reported a longer time to walk from their residence to the 461 

closest public transportation waiting point reported less use of public transportation, but more use of active transportation in the winter 462 

season. With the exception of more time required to bicycle, which was associated with more car use, none of the time estimates were 463 

associated with car use. This could suggest that students turn to public transportation when the time required to walk is considerable in 464 

the winter. This is likely due to that public transport offers more comfort and less exposure to rough weather than walking over longer 465 

distances in winter. Active transportation seems to become the most viable alternative when the public transportation mode point is 466 
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allocated far from students’ residence. When bicycling to the university is estimated to take more time, car may become the most 467 

likely option. This implies that the students in the current sample do not necessarily choose unsustainable transportation in the winter 468 

even when it takes a long time to walk to the university or the closest waiting point for public transportation heading to the university. 469 

High-speed bicycling paths that are kept free from snow and ice during the winter may contribute to more use of bicycles and less car 470 

use among students in this season.   471 

 472 

Among the psychological variables accommodated in the current study, priorities of physical activity were strongly associated with 473 

elevated use of active transportation, while this factor was related to less use of public transportation in the winter. Transport priorities 474 

focusing on physical activity may reflect a wider lifestyle where health and physical activity is important. As such, students scoring 475 

high on these priorities may perceive the trip to university as an opportunity to exercise rather than to represent mere transport. Steg 476 

(2005) argued that car use has important symbolic and affective functions for their users by, for instance, reflecting social status and 477 

power. It is possible that this assumption also applies to active transportation. Norwegian culture has a strong emphasis on physical 478 

activity and general public health, particularly among the young segments of the population (Bakken, 2017). Many students may as 479 

such perceive the trip to university as an opportunity to exercise and to express an active lifestyle. This line of reasoning is reinforced 480 

by the fact that the current findings showed that students who focused on functional aspects of transportation, such as punctuality, 481 

frequency of departures, travel costs and travel time (i.e. priorities of convenience), tended to use car on university trips in the winter 482 

season.  483 
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 484 

Challenging the assumptions in the NAM, the current study showed that personal norms were not related to any of the three main 485 

transportation modalities in wintertime. This finding opposes several previous studies which examined the NAM in relation non-486 

season specific mode use (e.g. Lind et al., 2015; Eriksson et al., 2008; Nordlund & Garvill, 2003; de Groot & Steg, 2008; Jakovcevic 487 

& Steg, 2013), but aligns with studies which have shown that the role of the NAM framework may be negligible when conducted in 488 

contexts where situational constraints may be more important for mode choice than altruistic considerations (e.g. Mehdizadeh et al., in 489 

press; Nordfjærn & Zavareh, 2017). The Norwegian winter season may also represent such a context, with snowy and windy 490 

conditions together with low temperatures. Intriguingly, however, components at the base level in the causal framework of the NAM, 491 

not theoretically assumed to be directly associated with mode choice behaviour, were found to have significant relations to car use and 492 

active transportation mode use in the current study. Students who reported high awareness of the negative consequences of car use 493 

tended to use less car and more active transportation to the university. It is possible that interventions targeting awareness of the 494 

consequences of action or inaction in regard of mode use could further improve upon the sustainable transportation mode use patterns 495 

reflected by Norwegian students.  496 

 497 

Ascription of responsibility was associated with more car use in the current study; an association which is the opposite as predicted in 498 

the NAM as the theory assumes this factor to be negatively associated with mode use that have negative environmental impact. 499 

Several recent studies have also shown that ascription of responsibility is related to less environmentally sound mode use in different 500 
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populations (e.g. Lind et al., 2015; Şimşekoğlu, 2018). This could reflect that those who use car to the university perceive themselves 501 

as more responsible for reducing the negative impacts of car use due to their actual behaviour, while those who tend to use public 502 

transportation do not perceive a similar responsibility for the negative consequences of car use. This aligns with self-perception theory 503 

where people shape their attitudes by observations of their own behaviour (Bem, 1972). Whether these findings reflect a 504 

misconceptualisation in the NAM or in the operational measurement of this specific NAM component is an interesting avenue for 505 

further research. On the other hand, in alignment with the NAM personal norms was associated with car ownership in bivariate 506 

analyses in the current study. It has been argued that car ownership represents one of the strongest situational constraints of transport 507 

mode use (Klöckner & Friedrichmeier, 2011)  as people who own a car tend to use it in a script-based manner (Aarts et al., 1998). The 508 

results lend some support to the theoretical assumption that promotions of strong personal obligations to avoid car use is associated 509 

with a lower likelihood of car ownership.  510 

 511 

On a more general note, students in this Norwegian sample reflected noteworthy sustainable transportation mode choices. A total 512 

share of 93% of the trips to the university was conducted by sustainable modes (public transportation 61.52%; active transportation 513 

31.33%). Owning a car is relatively expensive in Norway and we cannot exclude the possibility that many of the students would have 514 

used a car to university if this option was economically feasible to them. A substantial challenge for policy makers is to entail push 515 

and pull factors in a manner where this large group of young adults continue their sustainable mode choices also after completing 516 

university.   517 
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 518 

4.1. Limitations 519 

Although this is the first study to investigate the relative importance of psychological and situational factors for students’ transport 520 

mode use to university in the winter, it would have been ideal to also have mode use data for the summer. An important avenue for 521 

further research is to compare the importance of situational constraints and psychological variables across the winter and summer 522 

seasons. The study was cross-sectional and this excludes the possibility of decisive causal conclusions. The data were also based on 523 

self-reports which could lead to social desirability bias. However, the anonymous nature of the study and the fact that the 524 

questionnaires were self-administered likely reduced the probability of such bias. While it is common to use self-reported estimates of 525 

travel time and distances by active transport in transportation research (e.g. Bergström & Magnusson, 2003; Collins & Chambers, 526 

2005; Şimşekoğlu et al., 2015; Javid et al., 2016), research has shown that people who use more active transportation tend to give 527 

more accurate estimates of travelling time by these modes than those who use less active transport (Sims et al., 2018). In order to 528 

reduce such potential bias, future studies could obtain individual addresses of the responses and calculate exact distances with 529 

computer tools such as Google maps. This was not conducted in the present study in order to keep the survey anonymous. 530 

Furthermore, distance estimates by map coordinates do not yield accurate information about the time used to walk or bicycle the 531 

distance as this is subject to strong variation both due to seasonal and individual factors. Finally, to investigate the importance of 532 

quality attributes in further detail future studies could include a measure of trip chains, for instance whether students have to change 533 
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between modes during the trip or combine the university trips with other errands such as shopping or picking up children in 534 

kindergarten etc. 535 

4.2. Conclusions 536 

The current study has shown that situational constraints overall may be more important than psychological factors for transportation 537 

mode use on university trips among students in the winter. Although the students in the sample reflected rather sustainable 538 

transportation mode use, a potential increase in use of these modes could be achieved by focusing on students’ motivation for physical 539 

activity, using push and pull measures to reduce the probability of car purchase and to increase the awareness of the negative 540 

consequences of car use. Keeping active mode paths free from snow and ice during the winter may increase the feasibility of active 541 

transportation use on university trips in the winter among students. Future studies could continue to examine season-specific 542 

transportation mode use and implement comparisons between psychological and situational predictors of transportation mode use on 543 

university trips across the summer and winter seasons.  544 

 545 

 546 

 547 

 548 

 549 

 550 



 31 

 551 

 552 

References 553 

Aarts, H., Verplanken, B., & Van Knippenberg, A. (1998). Predicting behavior from actions in the past: Repeated decision making or 554 

a matter of habit?. Journal of Applied Social Psychology, 28(15), 1355-1374. 555 

 556 

Abrahamse, W., Steg, L., Gifford, R., & Vlek, C. (2009). Factors influencing car use for commuting and the intention to reduce it: A 557 

question of self-interest or morality?. Transportation Research Part F: Traffic Psychology and Behaviour, 12(4), 317-324. 558 

 559 

Albertsson, P., & Falkmer, T. (2005). Is there a pattern in European bus and coach incidents?  560 

A literature analysis with special focus on injury causation and injury mechanisms. Accident Analysis & Prevention, 37(2), 225-233. 561 

 562 

Bakken, A. (2017). Ungdata 2017. Nasjonale resultater. [Young data 2017. National Results] (in Norwegian. Retrieved 25.10.18 from: 563 

http://www.hioa.no/content/download/142592/4031475/file/Opprettet-Ungdata-rapport-2017-4-august-2017-web-utg-med-omslag.pdf 564 

 565 

Banister, D. (2011). Cities, mobility and climate change. Journal of Transport Geography, 19(6), 1538-1546. 566 

 567 



 32 

Bem, D. J. (1972). Self-Perception Theory. In L. Berkowitz (Ed.), Advances in Experimental Social Psychology (Vol. 6, pp.1-62). 568 

New York: Academic Press. 569 

 570 

Bergström, A., & Magnusson, R. (2003). Potential of transferring car trips to bicycle during the winter. Transportation Research Part 571 

A, 37, 649 – 666.  572 

 573 

Bjerkan, K. Y., Nørbech, T. E., & Nordtømme, M. E. (2016). Incentives for promoting battery electric vehicle (BEV) adoption in 574 

Norway. Transportation Research Part D: Transport and Environment, 43, 169-180. 575 

 576 

Brown, B. B., Tharp, D., Tribby, C. P., Smith, K. R., Miller, H. J., & Werner, C. M. (2016). Changes in bicycling over time associated 577 

with a new bike lane: relations with kilocalories energy expenditure and body mass index. Journal of Transport & Health, 3(3), 357-578 

365. 579 

 580 

Collins, C. M., & Chambers, S. M. (2005). Psychological and situational influences on commuter-transport-mode choice. Environment 581 

and behavior, 37(5), 640-661. 582 

 583 

 584 



 33 

Danaf, M., Abou-Zeid, M., & Kaysi, I. (2014). Modeling travel choices of students at a private, urban university: insights and policy 585 

implications. Case studies on transport policy, 2(3), 142-152. 586 

 587 

De Groot, J. I., & Steg, L. (2008). Value orientations to explain beliefs related to environmental significant behavior: How to measure 588 

egoistic, altruistic, and biospheric value orientations. Environment and Behavior, 40(3), 330-354. 589 

 590 

Dons, E., Rojas-Rueda, D., Anaya-Boig, E., Avila-Palencia, I., Brand, C., Cole-Hunter, T., ... & Kahlmeier, S. (2018). Transport mode 591 

choice and body mass index: Cross-sectional and longitudinal evidence from a European-wide study. Environment International, 119, 592 

109-116. 593 

 594 

Egset, K.S., & Nordfjærn, T. (2019). The role of transport priorities, transport attitudes and situational factors related to active 595 

transport mode use in wintertime. Transportation Research Part F: Traffic Psychology & Behaviour, 62, 473 – 482. 596 

 597 

Eriksson, L., Garvill, J., & Nordlund, A. M. (2008). Acceptability of single and combined transport policy measures: The importance 598 

of environmental and policy specific beliefs. Transportation Research Part A: Policy and Practice, 42(8), 1117-1128. 599 

 600 

 601 



 34 

Gallego, F., Montero, J-P., & Salas, C. (2013). The effect of transport policies on car use: evidence from Latin American cities. 602 

Journal of public economics, 107, 47-62.  603 

Gourieroux, C., & Visser, M. (1997). A count data model with unobserved heterogeneity. Journal of Econometrics, 79, 247-268. 604 

Gwilliam, K. (2003). Urban transport in developing countries. Transport Reviews, 23, 197 – 216.  605 

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2010). Multivariate Data Analysis 7th Edition. Pearson Prentice-Hall, Upper 606 

Saddle River: NJ. 607 

 608 

Hedeker, D., Gibbons, R. D., & Flay, B. R. (1994). Random-effects regression models for clustered data with an example from 609 

smoking prevention research. Methodological Developments, 62, 757-765.  610 

 611 

Jakovcevic, A., & Steg, L. (2013). Sustainable transportation in Argentina: Values, beliefs, norms and car use 612 

reduction. Transportation Research Part F: Traffic Psychology and Behaviour, 20, 70-79. 613 

 614 

Javid, M. A., Okamura, T., Nakamura, F., Tanaka, S., & Wang, R. (2016). People’s behavioral intentions towards public transport in 615 

Lahore: Role of situational constraints, mobility restrictions and incentives. KSCE Journal of Civil Engineering, 20(1), 401-410. 616 

 617 



 35 

Khattak, A., Wang, X., Son, S., & Agnello, P. (2011). Travel by university students in Virginia: Is this travel different from travel by 618 

the general population?. Transportation Research Record: Journal of the Transportation Research Board, (2255), 137-145. 619 

 620 

Kim, K. H., & Bentler, P. M. (2006). Data Modeling: Structural Equation Modeling. 621 

Lind, H. B., Nordfjærn, T., Jørgensen, S. H., & Rundmo, T. (2015). The value-belief-norm theory, personal norms and sustainable 622 

travel mode choice in urban areas. Journal of Environmental Psychology, 44, 119-125. 623 

 624 

Klöckner, C. A., & Friedrichsmeier, T. (2011). A multi-level approach to travel mode choice–How person characteristics and situation 625 

specific aspects determine car use in a student sample. Transportation Research Part F: Traffic Psychology and Behaviour, 14(4), 626 

261-277. 627 

 628 

Limtanakool, N., Dijst, M., & Schwanen, T. (2006). The influence of socioeconomic characteristics, land use and travel time 629 

considerations on mode choice for medium-and longer-distance trips. Journal of Transport Geography, 14(5), 327-341. 630 

 631 

 632 

Mannering, F.L., Shankar, V., & Bhat, C.R. (2016). Unobserved heterogeneity and the statistical analysis of highway accident data. 633 

Analytic methods in accident research, 11, 1-16. 634 

 635 



 36 

McDonald, N. C. (2008). Children’s mode choice for the school trip: the role of distance and school location in walking to 636 

school. Transportation, 35(1), 23-35. 637 

 638 

Mehdizadeh, M., Nordfjærn, T., & Mamdoohi, A.R. (in press). Environmental norms and sustainable transport mode choice on 639 

children’s school travels: The norm-activation theory. International Journal of Sustainable Transportation.  640 

 641 

Nordfjærn, T., & Zavareh, M. F. (2017). Does the value-belief-norm theory predict acceptance of disincentives to driving and active 642 

mode choice preferences for children's school travels among Chinese parents?. Journal of Environmental Psychology, 53, 31-39. 643 

 644 

Nordfjærn, T., & Rundmo, T. (2015). Environmental norms, transport priorities and resistance to change associated with acceptance of 645 

push measures in transport. Transport Policy, 44, 1-8 646 

 647 

Nordfjærn, T., Şimşekoğlu, Ö., & Rundmo, T. (2014a). The role of deliberate planning, car habit and resistance to change in public 648 

transportation mode use. Transportation Research Part F: Traffic Psychology and Behaviour, 27, 90-98. 649 

 650 

Nordfjærn, T., Şimşekoğlu, Ö., Lind, H. B., Jørgensen, S. H., & Rundmo, T. (2014b). Transport priorities, risk perception and worry 651 

associated with mode use and preferences among Norwegian commuters. Accident Analysis & Prevention, 72, 391-400. 652 



 37 

 653 

Nordlund, A. M., & Garvill, J. (2003). Effects of values, problem awareness, and personal norm on willingness to reduce personal car 654 

use. Journal of Environmental Psychology, 23(4), 339-347. 655 

 656 

Parry, I. W., Walls, M., & Harrington, W. (2007). Automobile externalities and policies. Journal of Economic Literature, 45(2), 373-657 

399. 658 

 659 

Redman, L., Friman, M., Gärling, T., & Hartig, T. (2013). Quality attributes of public transport that attract car users: A research 660 

review. Transport Policy, 25, 119-127. 661 

 662 

Rundmo, T., Nordfjærn, T., Iversen, H. H., Oltedal, S., & Jørgensen, S. H. (2011). The role of risk perception and other risk-related 663 

judgements in transportation mode use. Safety science, 49(2), 226-235. 664 

 665 

Schwartz, S. H. (1977). Normative influences on altruism1. In Advances in experimental social psychology (Vol. 10, pp. 221-279). 666 

Academic Press. 667 

 668 



 38 

Sims, D., Matthews, S. A., Bopp, M. J., Rovniak, L. S., & Poole, E. (2018). Predicting discordance between perceived and estimated 669 

walk and bike times among university faculty, staff, and students. Transportmetrica A: Transport Science, 14, 1-15. 670 

 671 

Şimşekoğlu, Ö. (2018). Socio-demographic characteristics, psychological factors and knowledge related to electric car use: A 672 

comparison between electric and conventional car drivers. Transport Policy, 72, 180 – 186. 673 

 674 

Şimşekoğlu, Ö., Nordfjærn, T., & Rundmo, T. (2015). The role of attitudes, transport priorities, and car use habit for travel mode use 675 

and intentions to use public transportation in an urban Norwegian public. Transport Policy, 42, 113-120. 676 

 677 

Singer, J. D., & Willett, J. B. (2003). Applied longitudinal data analysis: Modeling change and event occurrence. Oxford university 678 

press. 679 

 680 

Steg, L. (2005). Car use: lust and must. Instrumental, symbolic and affective motives for car use. Transportation Research Part A: 681 

Policy and Practice, 39(2-3), 147-162. 682 

 683 

Stern, P. C., Dietz, T., Abel, T., Guagnano, G. A., & Kalof, L. (1999). A value-belief-norm theory of support for social movements: 684 

The case of environmentalism. Human Ecology Review, 81-97. 685 



 39 

 686 

Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics. Allyn & Bacon/Pearson Education. 687 

 688 

Toroyan, T., & Peden, M. (eds.): Youth and road safety. World Health Organization, Geneva (2007) 689 

 690 

Xu, P., Huang, H., Dong, N., & Wong, S. C. (2017). Revisiting crash spatial heterogeneity: a Bayesian spatially varying coefficients 691 

approach. Accident Analysis & Prevention, 98, 330-337. 692 

 693 

Yr. (2018). Weather statistics for Trondheim (Trøndelag). Retrieved 26.10.18 from:   694 

https://www.yr.no/place/Norway/Tr%C3%B8ndelag/Trondheim/Trondheim/statistics.html 695 

  696 



 40 

 697 


