
Transportation Research Interdisciplinary Perspectives 22 (2023) 100931

Available online 28 September 2023
2590-1982/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Exploring walking from the perspective of theory of planned behavior 

Anindita Mandal a,*, Charlotta Johansson a, David Lindelöw b 
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A B S T R A C T   

Theory of planned behavior (TPB) is a social cognition model that proposes that a persons’ surroundings in-
fluences their behavior. Pedestrian studies based on TPB are few, and often, not only measure walking subjec-
tively, but also have very generic measures of TPB constructs that do not account for built environment. Urban 
planners have, on the other hand, emphasized for decades the importance of built environment on walking and 
use of public spaces. This paper aims to develop a detailed understanding of the factors that affect an individual’s 
walking that would assist planners in developing strategies to increase the modal share of walking. Thus, unlike 
most studies, it measures attitude towards and perceived control over the behavior (i.e., walking) and the built 
environment, in addition to measuring walking objectively (at both individual and trip levels). 

Data was collected in the autumn of 2019 in Umeå, Sweden, using a smartphone app in the form of GPS-based 
travel data (i.e., distance, time, location, activity) and survey questions (i.e., demographics and psychological 
constructs of TPB). The results reinforced previous findings that attitude and perceived control correlate to 
walking and identified the key variables under each behavioral construct. The purpose, the reasons people like to 
walk and their attitude towards the built environment showed significant correlation to individuals’ walking 
behavior. Perceived control over the behavior and built environment, was also found to have a significant 
correlation to walking. Thus, this paper makes important methodological contribution towards using TPB to 
analyze walking.   

1. Introduction 

In the recent years, walking is not only seen as a sustainable means of 
transport (Keall et al., 2018; Neves and Brand, 2019) but it is also 
recognized for its physical and mental health (Chen et al., 2021; Hsu 
et al., 2021; Lamberti et al., 2022; Morris and Hardman, 1997; Yen et al., 
2022) and economic benefits (Baker et al., 2021; Tas et al., 2019). As a 
result, cities across Europe are increasingly investing in walking infra-
structure. For example, over the last two decades, Germany and the 
Netherlands have implemented several measures to improve traffic 
safety that also positively affect pedestrian comfort (Risser and Šucha, 
2021). Municipalities in Sweden are also investing money to build more 
walking infrastructure. For example, between 2019 and 2022, the city of 
Stockholm planned to invest SEK 500 million in projects that increase 
accessibility for pedestrians and public transport throughout the city (Så 
arbetar staden med framkomlighet för gångtrafikanter - Stockholms stad 
[WWW Document], 2022). The 2018 Swedish strategy for sustainable 
development also includes increasing the proportion of walking (and 

cycling and public transportation to be a minimum of 25 % of total 
personal-transportation in km) as one of the three main milestones to be 
achieved by 2025 (Löfven and Skog, 2018). 

Planners and urban designers have emphasized for decades the 
impact of the built environment (or microenvironment) on travel 
behavior and use of public spaces (Bentley, 1999, 1985; Gehl, 2011, 
2010; Jacobs, 2011). A meta-analysis conducted by Ewing & Cervero 
(2010) found more than 200 individual studies of the built environment 
and travel, of which they identified 30 studies that relate walking to 
some aspect of design. While some studies account for demographic 
factors (such as gender, income, etc.), almost none of them account for 
individual factors (such as attitude) or social context, due to which they 
have been criticized for physical determinism (Riggs, 2014). Several 
studies have measured self-reported neighborhood walkability (Bee-
nackers et al., 2013; Lee and Shepley, 2012; McCormack et al., 2013), in 
terms of perceived safety, aesthetics, street connectivity, pedestrian 
infrastructure, etc., but they have not considered the attitude (i.e., the 
importance of these features to the respondent) or the perceived control 
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Table 1 
Studies applying TPB constructs to explain walking behavior.  

STUDY/ 
AUTHORS 

LOCATION, 
SAMPLE 

TYPE OF WALKING MEASURE OF WALKING 
BEHAVIOR 

PSYCHOLOGICAL 
CONSTRUCTS STUDIED 

MAIN RESULTS 

Eves et al., 
(2003) 

United Kingdom, 
233 adults 

Walking for both 
recreational and non- 
recreational purposes (+5 
other types of physical 
activity) 

Self-reported: Frequency during 
the last 7 days; duration per trip 

Attitude (affective & 
instrumental), subjective norm, 
PBC  

• PBC explained modest amounts 
of variance in intentions and 
behavior  

• attitude did not contribute to 
intention  

• Behavior predicted by 
intention alone 

Rhodes et al., 
(2006) 

Canada, 351 adults Leisure time walking Self-reported (questionnaire): 
frequency and average duration 
of mild, moderate 
and strenuous walking 

Attitude (affective and 
instrumental), subjective norm, 
perceived control, intention  

• PBC did not associate with 
walking independent of 
intention 

Rhodes et al., 
(2007) 

Canada, 358 adults Leisure time walking Self-reported (questionnaire): 
frequency and average duration 
of mild, moderate 
and strenuous walking 

Personality, attitude (affective 
and instrumental), subjective 
norm, perceived control, 
intention and planning  

• Social cognitive constructs 
correlated with walking 

Scott et al., 
(2007) 

United Kingdom, 
41 adults + 200 
adults 

All walking Compares multiple measures of 
walking: 2 self-reported, 2 
interviews & pedometer (steps 
count) 

Intention, attitude, subjective 
norm, PBC  

• TPB predicts intentions to 
walk, but not predict actual 
amount  

• PBC the only unique predictor 
Panter et al., 

(2011) 
United Kingdom, 
1582 adults 

Active commuting to and 
from work: walking and 
cycling 

Self-reported (postal 
questionnaire): no walking or 
some walking; Frequency 
during the last 7 days; duration 
per trip 

Habits, PBC, intention, 
instrumental attitude, affective 
attitude, subjective 
norms  

• Favorable attitudes towards car 
use positively associated with 
walking 

Lee & Shepley, 
(2012) 

South Korea, 424 
adults 

Leisure time walking Self-reported: Walker or no- 
walker; frequency per week; 
duration per trip 

Intention, attitude, subjective 
norm, PBC  

• Subjective norms, attitude, 
and PBC related to intention  

• Intention and PBC had direct 
effects on walking 

Beenackers 
et al., 
(2013) 

The Netherlands, 
4395 adults 

Leisure time walking Self-reported: Yes, no; 
frequency (days per week) and 
duration (minutes per trip) 

Attitude, self-efficacy, social 
influence, intention  

• Positive attitude, strong self- 
efficacy and positive intention 
associated with more walking  

• Positive social influence 
associated with participation, 
not with minutes walked. 

McCormack 
et al., 
(2013) 

Canada, 1967 
adults 

Neighborhood-based 
walking for: transportation 
(NTW) and recreational 
(NRW). 

Self-reported (questionnaire): 
frequency per week; duration 
per trip 

Intention, attitude, subjective 
norm, PBC  

• PBC, intention and 
instrumental attitude positively 
associated with any NTW  

• Only PBC partially mediated 
association between access to 
services and NTW  

• Positive attitude associated 
with any and sufficient NRW  

• Dog ownership negatively 
associated with NTW, positively 
associated with NWR  

• Friend and family support 
positively associated with NWT 
and NWR 

Sun et al., 
(2015) 

Hong Kong, 169 
undergraduate 
students 

All walking within 
university campus 

Self-reported (walking-oriented 
diary):  
distance, walking ratio and 
walked altitude range 

Attitude, subjective norms, PBC, 
behavioral intention  

• PBC key determinant of 
intention  

• PBC had a negative and 
insignificant influence on 
behavior  

• Intention has moderate 
influence on behavior 

Lee (2016) Korea, 335 older 
adults 

Leisure time walking Self-reported (questionnaire): 
frequency per week; duration 
per trip 

Attitude, 
subjective norm, PBC, intention  

• Significant positive 
relationships between 
intention and all TPB 
variables  

• PBC had the largest direct 
effects on intention  

• Intention positively related to 
walking  

• Significant relationship between 
PBC and walking behavior 

Bird et al., 
(2018) 

United 
Kingdom,1796 and 
1465 Adults  
(1-year and 2-year 
follow-up) 

a) Walking for transport, b) 
walking for recreation, c) 
cycling for transport, d) 
cycling for recreation 

Self-reported (questionnaire): 
weekly time spent 

attitude, subjective norm, PBC, 
intention, habit  

• eTPB model more useful as 
standalone framework than for 
predicting changes in walking 
and cycling  

• eTPB constructs, except 
subjective norm, positively 
associated with change in at 

(continued on next page) 

A. Mandal et al.                                                                                                                                                                                                                                 



Transportation Research Interdisciplinary Perspectives 22 (2023) 100931

3

(i.e., the possibility of choosing one or more of these features during a 
walking trip). 

The theory of planned behavior (TPB) is a social cognition model that 
extends the theory of reasoned action (TRA) by including perceived 
behavior control (PBC) (Ajzen and Fishbein, 1980; Fishbein and Ajzen, 
1975). The theory proposes that a person’s behavior is governed by 
three main psychological constructs: 

• Attitude: “the degree to which a person has a favorable or unfavor-
able evaluation or appraisal of the behavior in question”,  

• Subjective Norm: “the perceived social pressure to perform or not to 
perform the behavior” and  

• PBC: “the perceived ease or difficulty of performing the behavior and 
it is assumed to reflect past experience as well as anticipated im-
pediments and obstacles”. 

“As a general rule, the more favorable the attitude and subjective 
norm with respect to a behavior, and the greater the perceived behav-
ioral control, the stronger should be an individual’s intention to perform 
the behavior under consideration…The stronger the intention to engage 
in a behavior, the more likely should be its performance” (Ajzen, 1991, 
p. 188/181). While TPB has been used to better understand travel 
behavior, it has mainly been used in the study of motorized travel (i.e., 
car usage or transit modes such as bus and train), physical activity or 
active travel (either combining cycling and walking or focusing only on 
cycling). 

This paper aims to develop a detailed assessment of how TPB can be 
used to explain walking behavior. To fulfill the aim and address the 
research gaps the following research questions will be studied:  

• From the standpoint of TPB, how does people’s perception of the 
transport mode walking and their walking environment contribute to 
their walking behavior?  

• Which key variables under each psychological construct of TPB 
(attitude, subjective norm, and PBC) have the most significant effect 
on walking behavior? 

The study also explores different ways to operationalize and measure 
walking behavior and the psychological construct of TPB to inform 
future studies. Unlike most studies, we measure attitude towards, and 
perceived control over, both the behavior (i.e., walking) and the built 
environment, in addition to measuring walking objectively (at both in-
dividual and trip level). 

2. Literature review 

Pedestrian studies employing TPB are fewer than those studying 
motorized modes of transport. Therefore, this review is to identify the 

measure for the TPB constructs (attitude, subjective norm, and PBC) 
related to walking, along with the measures of walking behavior (in 
terms of distance, frequency and mode choice) and other factors 
affecting it. The aim is also to identify theoretical and methodological 
gaps in the existing literature. 

2.1. Walking behavior and TPB 

Table 1 summarizes thirteen studies that have used TPB constructs to 
explain walking (or walking along with other active modes of travel but 
analyzed separately) since early 2000, intending to identify theoretical 
and methodological gaps in the existing literature. Overall, the studies in 
Table 1 find that TPB is a good theoretical model for predicting walking 
behavior, and attitudes and PBC are important in predicting walking. 
The literature review shows that more correlations have been found 
between walking behavior and the TPB constructs in the later years, 
with more development in the field. Not only the measures of walking 
but the measures of TPB constructs (number of items used and the 
framing of the questions) have an impact on the correlations found. 

In the existing literature, the measure of TPB constructs has been 
very generic, particularly with respect to attitude and PBC. Some studies 
(Eves et al., 2003; Rhodes et al., 2007, 2006) measure two components 
of attitude: instrumental (i.e., wise-unwise, beneficial-harmful) and af-
fective (enjoyable-unenjoyable, pleasant-unpleasant). These measures, 
borrowed from physical activity studies, are generic. Sun et al. (2015) 
measured PBC using two items: the possibility of walking being difficult 
- easy and the freedom to walk being low – high. However, they do not 
consider if other modes of transport are available (e.g., public transport) 
considering walking is measured only within the university campus. 

It is also evident from Table 1 that the method for measuring walking 
behavior is mainly self-report, which relies on people’s memory and 
ability to estimate distance and time when reporting their travel 
behavior. As a result, there can be shortcomings in the information 
collected, including forgotten trips, especially short trips on foot, and the 
participants’ inaccuracy in estimating time and distance traveled. Scott 
et al. (2007) found no significant association between questionnaire 
measures of walking and pedometer measures, that is, between subjec-
tive and objective measures of walking. They concluded that “recall of 
walking is poor, and accurate measurement by self-report is problem-
atic” (pg.601). Studies, especially in health sciences, have used accel-
erometers/ pedometers that can provide more accurate account (Carlson 
et al., 2012), but pedometers are expensive and cannot be provided to a 
large number of people (Krizek et al., 2009). Walking behavior is usually 
measured in terms of time or distance, and frequency. Table 1 highlights 
that most studies use an aggregated measure of walking, e.g., frequency 
per week multiplied by average time per trip, to measure weekly 
walking. Sun et al. (2015) introduced the walking ratio, i.e., the number 
of a participant’s daily walking trips divided by the number of total 

Table 1 (continued ) 

STUDY/ 
AUTHORS 

LOCATION, 
SAMPLE 

TYPE OF WALKING MEASURE OF WALKING 
BEHAVIOR 

PSYCHOLOGICAL 
CONSTRUCTS STUDIED 

MAIN RESULTS 

least one of the four walking and 
cycling outcomes 

Pang (2018) Australia, 1076 
carers of school 
children 

Walk to and from school Self-reported (questionnaire): 
not specified 

Attitude, 
subjective norm, PBC, intention  

• TPB explained 35.7 % of the 
variance in walking  

• Higher PBC, social norms, and 
intentions among carers 
associated with higher 
incidence of walking 

Neto et al. 
(2020) 

Brazil, 3296 adults Walking (more in 
the last 12 months) 

face-to-face interviews(based 
on questionnaire) 
: not specified 

Attitude, 
subjective norm, PBC, intention, 
visibility, habit  

• PBC and intention best 
predictors of walking  

• TPB better than eTPB  
• Habit better predictor of 

behavior than visibility, but 
with lower scores than the TPB 
original variables  
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(walking and vehicular) daily trips. 

2.2. Walking and built environment 

The urban planning literature has established the correlation be-
tween built environment and travel behavior (Cervero et al., 2009; 
Crane, 2000; Ewing and Cervero, 2010, 2001; Leck, 2006; Owen et al., 
2004). While they do not account for psychological or behavioral as-
pects (such as attitude or perceived behavioral control), travel behavior 
studies, particularly, pedestrian studies, on the other hand, mostly 
ignore the influence of the built environment. In our review, some 
studies have measured people’s perceptions of their neighborhood built 
environments (Lee and Shepley, 2012; McCormack et al., 2013), while 
others focus only on specific environmental factors (Beenackers et al., 
2013). Only Panter et al. (2011) studied perceptions of the character-
istics of the route between participants’ home and work, but their 
measures of the characteristics of the route, do not pertain specifically to 
built environment (such as, there is little traffic or there is convenient 
public transport). 

Dill et al. (2014) claim that “the built environment and de-
mographics are important in influencing behavior, largely because they 
influence people’s perceived behavioral control and attitudes, which in 
turn help predict how often they bike or walk from home” (pg. 36). 
However, none of the studies reviewed have measured attitude towards 
and perceived control over the built environment, i.e., are these envi-
ronmental characteristics of any importance to the people and what is 
their perception of control over choosing or avoiding them. 

2.3. Identifying and addressing research gaps 

Thus, from the above literature study, three main theoretical and 
methodological gaps have been identified. Firstly, measures of TPB 
constructs (particularly attitude and PBC) are generic and focus on 
intention rather than actual behavior (i.e., walking). While it has been 
well established that attitude and PBC affect walking behavior, it is 
important to know which aspects of attitude and PBC have a significant 
correlation with walking behavior to support planning professionals in 
their decision-making. Secondly, while some of the pedestrian studies 
using TPB measure the perceived neighborhood environment (as an 
additional factor), the measure of TPB constructs (particularly attitude 
and PBC) does not account for the built environment’s influence. 
Thirdly, measures of walking are mostly self-reported, i.e. subjective. 
However, objective measures of walking are needed to better under-
stand walking behavior. 

For this study, the measures of attitude and perceived control are 
specific and measured both attitude and control towards walking and 
the built environment, while focusing on the actual behavior (everyday 
walking instead of intention). Attitude was measured not only in general 
terms (using standard questions about how much and why a person likes 
waking) but also from a built environment perspective (by considering 
the importance of various built-environmental characteristics to 
walking). Similarly, perceived control questions aimed at measuring not 
only a person’s perceived control over his/her ability to walk but also 
their reasons for choosing to walk and the walking route. Further, we 
analyzed the correlation for each variable (that measures the TPB 

Fig. 1. Map of Umeå with survey invitation area. (Source for base map: https://www.openstreetmap.org/#map=14/63.8251/20.2651.)  
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constructs, rather than the construct itself) with walking to identify the 
variables that have the most significant effect on walking. Three 
different measures of walking behavior (described in the methods sec-
tion) were used to highlight that not all psychological and environ-
mental variables affect all aspects of walking. We also measure walking 
objectively by using GPS-based mobile app, considering that smart-
phone ownership in Sweden is high (82 % of the population between 16 
and 85 years in 2018 and 87 % in 2020) (Statistikmyndigheten, 2020). 
In addition to distance and frequency, we use walking ratio as a means to 
measure mode choice, that is, a higher ratio indicates that the person 
chooses to walk more often than take some other mode of transport. 

3. Methods 

3.1. Data collection 

Data was collected in Umeå city between 1 November and 22 
December 2019 using a smartphone app called TravelVu developed by 
Trivector AB. Participants were asked to use the TravelVu app for any 
five (or more) consecutive days, preferably including a weekend. In-
vitations were sent by the researchers at Luleå University of Technology, 
via a variety of different methods: sending unaddressed flyers (in round 
1) and personally addressed postcards (in round 2) to all households 
within the study (Fig. 1), and A3 posters in some key locations (in round 
2). 

To address the research questions, two types of data were required: 
a) measure of walking behavior and b) measures of the TPB constructs. 
TravelVu was selected for data collection as it enabled simultaneous 
collection of both types of data:  

a) Objective Travel (GPS) data: For each part of the participant’s travel 
chain (i.e., travel element), TravelVu records information about 
time, means of transport, activity, distance, and the path traveled. 
The user, however, needs to review and approve that the description 

of the day is correct. Only data from corrected days are used for data 
analysis. Fig. 2 shows the app’s user interface.  

b) Self-reported survey data: In addition to collecting demographic data 
(age, gender, etc.) about the participants, this feature was used to 
deliver the questionnaire based on the TPB (at the individual level). 
The app further allowed pop-up questions to be asked when trips of 
predefined mode (walking) and length (500 m or more) took place, 
which was used to ask PBC-related questions at the trip level. 

In the absence of a standard TPB questionnaire for walking, the 
questionnaire was developed for this research based on literature re-
views (a combination of built-environment studies, pedestrian studies, 
and cycling studies using TPB). It consisted of five sections:  

• You (Personal factors/background).  
• Preferences (Attitude).  
• Others (Subjective Norms).  
• Opinions (Perceived Behavioral Control).  
• Pop-up questions related to walking (Perceived Behavioral Control). 

In the first four sections, data was collected at an individual level, 
while the pop-up questions (refer to Table 5 in the Appendix) collected 
data at trip level. Each smartphone was provided a phone ID and all trips 
were linked to the respective phone ID. Thus, the data collected was 
anonymous to the research team and in accordance with the European 
General Data Protection Regulation (GDPR). 

A 4-point Likert-scale was selected for the questions that required 
grading for mainly two reasons: a) for the ease of participants filling in 
the questionnaire via their small smartphone screens and b) to force 
people to take either a positive or negative stance. None of the questions 
in the survey were compulsory. The questionnaire was prepared in both 
English and Swedish languages, both versions were vetted by re-
searchers and traffic planners. 

Fig. 2. TravelVu app’s smartphone interface: My travel today (left), travel route (middle), and overview (right) (Trivector, 2022).  
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3.2. Data set 

The number of days participants used the app ranged from 1 to 28, 
with the mean number of days being 6.51 (±4.097) days. At the indi-
vidual level, data from 88 participants was used in the analysis. Only 
trips within Umeå city were included in the total daily trips. Walking 
behavior was calculated on a per-day basis (mean of all the days a 
participant walked) in terms of:  

• distance: mean of 1.57 (±1.53) km  
• number of trips: mean of 2.44 (±1.65) km  
• walking ratio: mean of 0.46 (±0.26) km 

The walking ratio is the number of a participant’s daily walking trips 
divided by the number of total daily trips. The walking ratio is used as a 
means to measure mode choice, that is, a higher ratio indicates that the 
person chooses to walk more often than take some other mode of 
transport. 

Of all the trip-level data collected, only those that answered the pop- 
up questions were included in the subsequent analysis. Thus, 141 entries 
were selected in the analysis, provided by 52 participants. Walking 
behavior was measured in terms of distance walked per trip with a mean 
of 1.2 (±0.86) km. Descriptive statistics for the questionnaire are pro-
vided in Table 5 in the Appendix. 

3.3. Data analysis 

The data collected using TravelVu consists of trip data using all 
modes of transport. Since this study focuses on walking, the walking 
trips were filtered out from the original data set. The data set was 
checked and cleaned manually to remove incorrect entries, extreme 
outliers, and trips outside the Umeå city limits. Walking for trans-
portation includes all walking trips made from one point to another and 
excludes those that return to the starting point or are specifically iden-
tified as recreational by the participants. For example, walking from 
home to shop and from shop to office are included, while home-to-home 
trips are excluded (as they are considered recreational). 

This study focused on testing for significant differences between 
groups as a means of analyzing the relationship between walking 
behavior (dependent variables), and three psychological constructs of 
TPB and the personal factors (independent variables). Since the sample 
size is small and the data collected (independent variable) are measured 
mainly at the ordinal (ranked) level, only non-parametric tests were 
used: Independent-Samples Kruskal-Wallis Tests and Independent- 
Samples Mann-Whitney U Tests. Since walking behavior is always 

measured as a continuous variable, Mann-Whitney U Test was con-
ducted for one categorical independent variable with two groups (e.g., 
selected, not selected) and Kruskal-Wallis test for one categorical inde-
pendent variable with three or more groups (e.g., scale from 1 to 4) 
(Field, 2018; Pallant, 2016). Due to the small sample size, tests were 
conducted for each variable separately to identify which variables have 
the most effect on the walking behavior. Due to the repeated tests 
conducted, Bonferroni adjustments were applied (where necessary) to 
the alpha values to control for Type 1 error. The statistical analysis was 
carried out using IBM SPSS Statistics version 26. Results with p-values of 
less than 0.05 were considered to be statistically significant. 

4. Results 

The data was collected and analyzed at two levels (individual and 
trip levels). This section provided the results from the statistical test 
conducted. 

4.1. Personal factors 

Personal factors were checked to evaluate the representativeness of 
the data collected. The data set was representative of the population of 
Umeå, in terms of its demographic characteristics such as gender, age, 
economic background, etc. (refer to the Appendix). Statistical tests 
conducted to assess the relationship between the personal variables and 
walking behavior did not produce any statistically significant results. 

4.2. Attitude 

Attitude towards walking was measured using four main questions: 
1) Do you like walking? 2) How much do you like walking, compared to 
other modes of transport; 3) Why do you like walking? 4) For what kind 
of activity do you like walking? 

The data was biased in terms of the participant’s preference for 
walking (93.2 % like walking). However, the data produced a statisti-
cally significant relation between attitude and all three indicators of 
walking behavior, i.e., an overall positive attitude is associated with 
more walking. A Mann-Whitney U Test revealed a significant difference 
in the:  

• frequency of those that liked walking (Md = 2.20, n = 82) and those 
that don’t (Md = 0.84, n = 6), U = 397.50, z = 2.51, p = 0.01, r =
0.27 (small) 

Table 2 
Significance (<0.05) and effect size of attitude (like walking) to walking behavior (N = 82).   

Walking behavior 

Distance No. of walking trips Walking ratio 

Variables Asymptotic 
Sig. 

Significant 
results 

Effect size Asymptotic 
Sig. 

Significant 
results 

Effect size Asymptotic 
Sig. 

Significant 
results 

Effect size 

Economic 0.275 No – 0.003 Yes 0.326 
(medium) 

0.029 Yes 0.233 
(small) 

Healthy (physical and 
mental) 

0.493 No – 0.540 No – 0.757 No – 

Environment friendly 0.006 Yes 0.306 
(medium) 

0.002 Yes 0.350 
(medium) 

0.018 Yes 0.306 
(medium) 

Observe the 
landscape/ 
streetscape better 

0.043 Yes 0.223 
(small) 

0.460 No – 0.992 No – 

Practical and hassle- 
free 

0.116 No – 0.161 No – 0.167 No –  
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• distance of those that liked walking (Md = 1.29, n = 82) and those 
that don’t (Md = 0.28, n = 6), U = 426.00, z = 2.98, p = 0.003, r =
0.32 (medium)  

• walking ratio of those that liked walking (Md = 0.45, n = 82) and 
those that don’t (Md = 0.14, n = 6), U = 421.50, z = 2.91, p = 0.004, 
r = 0.31 (medium) 

Md stands for Mean Deviation. The mean/average value of the 
different deviations from the mean is a more accurate measure of 
variability. 

For those who like walking, a further Kruskal-Wallis Test was con-
ducted to analyze the distribution of the walking behavior across the 
four categories of preference for walking over other modes of transport. 
Of the three walking behavior variables, only walking ratio produced 
statistically significant results (χ2 (3, 81) = 6.94, p = 0.03). However, 
the difference is only between participants who like walking “much 
worse” (scale 2) and “much better” (scale 4) compared to other modes of 
transport (p = 0.03). That is, participants who like walking much better 
(Md = 0.56) recorded a higher median score compared to those who like 
walking worse (Md = 0.32). 

Mann-Whitney U Test was conducted for walking behavior and each 
of the alternatives provided for the questions “Why do you like 
walking?”. Of the five variables tested, two had statistically significant 
results with respect to distance ("environment-friendly" and "observe 
landscape") and two with respect to the number of walking trips 
("environment-friendly" and "economic"). The results are summarized in 

Table 2. The Bonferroni adjustment is applied to the alpha values to 
control for Type 1 error, the revised alpha level is 0.01 (0.05/5). The 
variable “environment friendly” has a statistically significant result with 
respect to both distance and number of trips, while one variable “eco-
nomic” has a statistically significant result only with respect to the 
number of trips. 

The Mann-Whitney U Test also showed that the participants who like 
walking (N = 82) for:  

• "Economic" reasons have a higher median score (Md = 2.28) for 
number of walking trips. Also, it explains 30.62 % variability in the 
number of walking trips.  

• "Environment-friendly" reasons have a higher median score for 
number of walking trips (Md = 2.76) and for distance walked (Md =
1.40). Also, it explains 35.01 % variability in the number of walking 
trips and 32.63 % in walking distance. 

Table 3 indicates that the greater the number of reasons that a person 
likes to walk for (i.e., the more positive the attitude), the more the 
person walks. Also, a Kruskal-Wallis Test revealed a statistically signif-
icant difference in the walking behavior (in terms of frequency, χ2 
(4,82) = 10.60, p = 0.03 and distance χ2 (4,82) = 9.49, p = 0.05) among 
people based on the number of reasons they like to walk for, i.e., more 
positive the attitude, better is the walking behavior. 

A Kruskal-Wallis Test conducted to analyze the distribution of 
walking behavior across the different purposes for walking, produced 

Table 3 
Median score for walking behavior based on the number of reasons for liking walking (N = 82).   

Walking behavior 

N No. of walking trips Distance (in km) Walking ratio 

Total score 1 8  1.6  0.485  0.30 
2 6  1.4  0.949  0.25 
3 24  2.2  1.396  0.45 
4 20  2.3  1.209  0.47 
5 24  3.1  1.763  0.53 

Total participants 82  2.2  1.292  0.45 

* 5 being the maximum number of available options. 

Table 4 
Significance and effect size of mode choice’s and route choice’s relation to walking distance, N = 372.  

Variables Asymptotic Sig. Significant results Effect size 

Why did you choose to walk? 
Short distance 0.000 Yes 0.3094 (medium) 
Economic  No – 
Healthy 0.000 Yes 0.3541 (medium) 
Environment friendly  No – 
It is hassle-free  No – 
Only reasonable alternative 0.046 Yes 0.1658 (small) 
No other options  No – 
Pleasure 0.041 Yes 0.1697 (small) 
Why did you choose this particular route? 
Short and direct connection to destination 0.000 Yes 0.3445 (medium) 
Room for walking on the walking path  No – 
Dedicated walking path 0.001 Yes 0.2694 (small) 
Quality and maintenance of walking path  No – 
Quality of pedestrian amenities  No – 
Feeling of safety 0.003 Yes 0.2464 (small) 
Mix of uses  No – 
Pleasantness of the walking environment 0.008 Yes 0.2202 (small) 
Overall character or uniqueness of the streetscape  No –  
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statistically significant results for all three walking behavior variables: 
distance (χ2 (2,82) = 7.11, p = 0.03), number of trips (χ2 (2,82) = 7.61, 
p = 0.02) and walking ratio (χ2 (2,82) = 10.04, p = 0.01). The difference 
was observed between participants who liked walking for only utili-
tarian or both purposes, and only recreation purposes. For walking 
distance, participants who liked walking for utilitarian purposes (Md =
2.13) recorded the highest median score, followed by both purposes 
(Md = 1.31). For the number of trips, participants who liked walking for 
utilitarian purposes (Md = 3.42) recorded the highest median score, 
followed by both (Md = 2.33). For the walking ratio, participants who 
liked walking for utilitarian purposes (Md = 0.73) recorded the highest 
median score, followed by both (Md = 0.45). 

Attitude toward the built environment was measured using the 
statement: “State how important the following factors are to you as you 
walk”. Kruskal-Wallis Test was conducted to analyze the distribution of 
the walking behavior across the four categories of each of the variables 
provided for the statement. Of the three walking behavior variables, 
only the walking ratio produced the following statistically significant 
results:  

• "Short and direct connection to destination" (χ2 (3,88) = 8.595, p 
= 0.035). However, the difference is only between participants who 
selected score values 2 and 4 (p = 0.033). That is participants who 
considered connectivity to be slightly important (Md = 0.535) 
recorded a higher median score compared to very important (Md =
0.43).  

• None of the other variables produce statistically significant results. 

4.3. Subjective norm 

For this study, the subjective norm was measured using three state-
ments for which the participants were asked about their level of 
agreement (refer to Table 5 in the Appendix). Kruskal-Wallis Test was 
conducted to analyze the distribution of the walking behavior across the 
four categories of each of the variables of subjective norm, but none of 
them produced any statistically significant results. A statistically sig-
nificant result was not produced for the total subjective norm (formed by 
combining the three variables) for any of the walking behavior 
measures. 

4.4. Perceived control 

Perceived control, the most important construct of the theory of 
planned behavior, was measured and analyzed at both the individual 
and the trip levels. The data is biased towards people who walk unin-
hibited (88.6 %). At the individual level, Kruskal-Wallis Tests were 
conducted but did not produce any statistically significant results for any 
of the walking behavior variables. Kruskal-Wallis Test was also con-
ducted to analyze the distribution of walking behavior across the four 
categories of self-rating your health condition. Of the three walking 
behavior variables, only the walking ratio produced a statistically sig-
nificant difference in the three groups of self-rated health conditions (χ2 

(2. 88) = 7.94. p = 0.02). However, the difference is only between 
participants with self-accessed bad health versus good health (p = 0.01). 
That is, the participants with self-accessed bad health recorded a higher 
median score (Md = 0.67) compared to good health (Md = 0.42). Mann- 
Whitney U Test was conducted for walking behavior and each of the 
variables did not produce any statistically significant results. 

At the trip level, Mann-Whitney U Test was conducted for walking 
behavior, and each of the variables provided for the questions “Why did 
you choose to walk?” and “Why did you choose this particular route?” Of 
the eight variables tested for mode choice, four had a statistically 

significant result and of the nine variables tested for route choice, four 
had a statistically significant result. The results are summarized in 
Table 4. However, after applying Bonferroni adjustment to the alpha 
values to control for Type 1 error, only two mode choice variables 
("short distance" and "healthy") and three route choice variables ("short 
and direct connection", "dedicated walking path", and "feeling of safety") 
showed statistically significant results. 

Effect size indicates the amount of variability in the dependent 
variable explained by the independent variable, e.g., "short distance" 
explains 30.94 % variability in the distance walked. 

A Mann-Whitney U Test for mode choice showed that walking trips 
(N = 372) that were made due to:  

• it being a "short distance" have a lower median score (Md = 0.8).  
• it being a "healthy alternative" have a higher median score (Md =

1.15). 

A Mann-Whitney U Test for route choice showed that the participants 
who chose the particular route (N = 141) due to its:  

• "Short and direct connection" to destination have a lower median 
score (Md = 0.76).  

• "Dedicated walking path" have a higher median score (Md = 1.46).  
• "Feeling of safety" have a higher median score (Md = 2.15). 

5. Discussion 

In this section, we discuss the results of our analysis with respect to 
the existing literature and our novel findings. 

5.1. Attitude 

Most existing studies show an indirect effect of attitude on walking 
through intention (Lee, 2016; Pang et al., 2018). Our studies not only 
illustrate the direct correlation between attitude and walking behavior 
but also indicate that the purpose, the reason people like to walk, and 
their attitude toward the built environment, all affect their walking 
behavior. Positive attitude was not only measured by asking if the par-
ticipants like walking and how much the participants like walking over 
other modes of transport, but an indirect measure was derived by 
counting the number of reasons they like walking, i.e., more the number 
of reasons that a person likes to walk, more positive is their attitude 
towards walking. People that like walking and like walking for more 
reasons (3 or more out of 5), walk longer distances, more often and 
choose walking over other modes more often. Also, people who like 
walking much better than other modes of transport, choose to walk more 
often than those who like walking much worse. 

The purpose of walking (i.e., utilitarian, recreation, or both) corre-
lated with all three measures of walking in our study. Participants who 
liked to walk for utilitarian purposes or both, walked longer distances, 
walked more frequently, and chose to walk more often over other modes 
of transport. The reason people liked to walk also had an impact on their 
walking behavior. Though health was the most selected reason partici-
pants liked to walk, it did not impact their walking behavior. Instead, 
participants who liked walking for economic and environmental rea-
sons, walked more frequently, while people who walked for economic 
reasons also walked longer distances. 

Among the factors that people consider important when walking, 
"pleasantness" (84.1 %), "feeling of safety" (78.4 %), "short and direct 
connection" (64.8 %), "room for walking" (62.5 %), "free from other 
types of traffic" (56.8 %) and "quality and maintenance" (52.20 %) were 
the most popular. While these results are comparable to existing built 
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environment literature, only one of these variables influenced the actual 
walking behavior measures in our study. People who considered short 
and direct connections to their destination to be important factors while 
walking choose to walk less often compared to using other modes of 
transport. These results could not be compared with previous TPB 
studies, as such detailed measures of attitude have not been studied and 
reported. 

5.2. Subjective norm 

According to most participants of the survey, most people important 
to them do not walk frequently for everyday journeys nor do they 
consider it to be practical, but (would) support the participants (if they) 
walk for everyday journeys. That is, the participants have people around 
them who themselves do not walk but are willing to support others. Like 
most previous research, our results failed to establish any statistically 
significant correlation between subjective norm and the walking 
behavior of our participants. 

5.3. Perceived control 

Most of the respondents in our study considered themselves to be 
healthy people without any walking difficulty. While this could be a 
source of bias, it is similar to that reported in the existing literature 
(McCormack et al., 2013). While the mobility level of participants did 
not have any effect on their walking behavior, participants with self- 
assessed bad health chose to walk (over other modes of transport) 
more often than people with self-assessed very good health. This is 
probably because people with perceived bad health consider walking as 
a form of exercise that would improve their health. That is, instead of 
considering health to be a limitation, people consider it to be a moti-
vation. While no statistically significant correlation was found between 
health and behavior, health was indeed the most commonly selected 
reason for walking. 

The variables that discourage people from walking were used as an 
indirect (negative) measure of PBC and were derived from the built 
environment literature. The participants in our study considered time 
and distance as the most important variables that discouraged them 
from walking followed by climate and weather. Topography, personal 
mobility, and health were identified as the least important variables. 
However, none of the variables had any effect on the walking behavior 
of the participants. 

Reasons for choosing walking as the mode of transport and choosing 
the route reflect the perceived control a person has over this travel. 
Participants who chose to walk because it was a short distance or it was 
the only reasonable alternative, walked shorter distances than those 
who did not select this as their reason for walking. On the other hand, 
participants who chose to walk because it was a healthy alternative 
walked longer distances. Since short distance and health are also the 
most selected variables and explain a medium amount of variability in 
walking distance each, they clearly reflect the effect of PBC (of mode 
choice) on walking behavior. Similarly, participants who chose a 
particular route because it provided a short and direct connection to 
their destination (i.e., good connectivity) walked shorter distances 
compared to those who did not choose this reason. On the other hand, 
participants who chose a particular route provided a feeling of safety or 
because of the pleasantness of the walking environment walked longer 
distances. Since connectivity and pleasantness were the most selected 
options and they explain medium to small amounts of variability in the 
walking distance respectively, they seem to reflect the effect of PBC (of 
route choice) on walking behavior. While these results could not be 
compared with previous TPB studies, as such detailed measures of PBC 

have not been studied and reported, it should be noted that they do 
correspond to variables for the perceived built environment. According 
to existing literature, connectivity (short distance, access to services, and 
access to public transportation) has a positive correlation to walking 
(directly or indirectly through attitude and intention) (McCormack 
et al., 2013; Panter et al., 2011). Similarly, neighborhood aesthetics and 
pleasantness (McCormack et al., 2013; Panter et al., 2011; Rhodes et al., 
2006), as well as perceived crime safety (Panter et al., 2011) correlate to 
walking, both directly and through TPB constructs. 

Limitations 

Since the questionnaire was part of a mobile phone app, the ques-
tions had to be short and easy to answer for people from all background, 
and the number of variables were limited. This also meant that the 
questions could not always be framed in typical TPB format. 

While the method was selected because it allowed the collection of 
both GPS-based travel data and survey data simultaneously, the use of a 
mobile phone-based app for data collection has been related to prob-
lems, such as battery drainage and the elderly being not tech-savvy and 
comfortable with its usage. Also, though the TravelVu app is GDPR- 
approved, and the data collected was anonymous, people might still 
have privacy concerns due to the GPS tracking of their movement. Due 
to these reasons, the response rate for TravelVu-based surveys (around 
4–6 %) is much lower than traditional surveys (around 30 %). Since our 
survey is not a governmental or workplace survey, and it was conducted 
by a university research group not based in the case study city, the 
response rate for our survey was even lower (1.95 % considering the 88 
participants for 4500 flyer invitations sent). The small number of re-
spondents could have resulted in the lack of statistically significant re-
sults, especially in our study with a large number of variables. 

Non-participants could have a different travel behavior pattern than 
participants of the survey. Indeed, our results are biased towards people 
who prefer walking over other modes of transport (75.3 %) and the 
mean percentage of walking trips in our study is high (48 %). This is 
possibly because the research was presented as a pedestrian study when 
inviting participants, as opposed to other travel surveys that are neutral. 
It is also possible that people with a positive attitude towards walking 
and who walk regularly are the ones who participated in the study due to 
their interest in the subject. 

Conclusions 

The paper aimed to develop a detailed assessment of how TPB can be 
used to explain walking behavior by answering the two main research 
questions. The results not only reinforced that positive attitude and 
more PBC result in more walking, but also identified the specific vari-
ables that have the most significant effect. Walking behavior itself was 
measured objectively using three different variables: distance, number 
of trips, and walking ratio, which is not the standard in the existing 
literature. 

Our results indicate that a positive attitude towards walking is 
indeed associated with more walking, in terms of frequency, distance, 
and walking ratio. With respect to attitude towards walking, we iden-
tified environmental (positive) and economic (negative) reasons for 
walking to have significant correlation to behavior. Similarly, with 
respect to attitude towards the built environment, short and direct 
connection to destination (negative) has a significant correlation to 
behavior. A positive change in attitude can not only encourage non- 
frequent walkers to consider walking as a means of transport but also 
encourage frequent walkers to walk more often and longer distances. 
Previous studies have suggested soft interventions (e.g. marketing 
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campaigns) to promote a positive attitude towards walking. In the case 
of Umeå, knowing the specific variables, environment-friendly and 
economic, would help in developing targeted interventions. Also high-
lighting the accessibility of the various facilities by pedestrians could 
help develop a more positive attitude towards the built environment. 

According to our results, various aspects of perceived control 
correlate to behavior. Perception of own health correlated to behavior at 
the individual level. At the trip level, perceived control variables for 
walking, “short distance” and “only reasonable alternative” correlated 
negatively, while “healthy alternative” correlated positively with 
walking distance. Also, perceived control variables for built- 
environment, “connectivity” correlated negatively, while “safety” and 
“pleasantness” correlated positively with walking distance. Having a 
sense of control over the distance one needs to walk is an important 
consideration for choosing to walk. Having an array of destinations 
within walking distance promotes this sense of control. Promoting a 
sense of safety and pleasantness through better lighting, green infra-
structure, and other means would also encourage people to walk. 

These specific attitude and control factors are important for under-
standing the behavior of the people in the specific city (as it can be 
different in different cities, cultural contexts, etc.) and provide impor-
tant information for urban planners to develop targeted interventions 
(both soft and hard) that can encourage more people to walk more often. 
Thus, the results not only add to the understanding of walking behavior 
from an academic point of view but are directly useful for urban and 
transport planners in Umeå (and other similar Swedish cities). However, 
the transfers and comparisons of these results to other cities, especially 
bigger cities, should be made with caution, and comparable research in 
other cities is warranted. 

This paper makes a methodological contribution towards using TPB 
to analyze walking. Further studies need to be conducted with a larger 
sample size and in different cultural and climatic contexts. A variety of 
recruitment techniques need to be used to encourage greater partici-
pation. For future studies, we aim to measure the built-environment 
objectively and include it in the TPB analysis model so that built- 
environment characteristics that have a significant correlation to 
walking behavior can be identified and used in planning hard in-
terventions for increased walking. 
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Appendix 

Definitions 

To deal with the multiple definitions of walking in the existing 
literature and avoid confusion, the following definitions were developed 
for the purpose of this study.  

• Walking includes any form of traveling on foot, including jogging, 
running, or traveling using mobility aids in case of mobility- 
impairment, while excluding the use of skates, scooters, or other 
devices.  

• Parts of a travel/journey, hierarchically arranged (with respect to the 
data collected for this study, as shown in Fig. 3): 

Fig. 3. Parts of journey or travel chain.  
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• A main journey (or huvudresa) starts and ends at a main travel 
point (e.g. office to home) where a person spends considerable 
amount of time. The main journey may consist of one or several 
sub-journeys or trips. Data at this level was not used in the 
following analysis.  

• A trip (or delresa) is part of a main journey that begins and ends 
with an activity that is not a transitional activity (e.g., stopping to 
pick up groceries or children from school on the way home from 
work). Merely changing modes of transport is not counted.  

• The trip is in turn divided into travel elements (or reselement) 
when there is a change in the mode of transport. Thus, they have 
either or both the starting and ending activity as a transitional 
activity (e.g. walking to the bus stop, waiting for the bus to arrive 
and then taking the bus home). Transitional activities are WAIT 
and PARK. 

In this paper, we have analyzed the data at the travel element level. 

Study area 

Umeå, a city in northeast Sweden, is a university town (with two big 
universities). Umeå is a fairly typical Swedish municipality in terms of 
gender, age and income with a population of 130 997 in 2021 (Befol-
kningsprognos: Umea kommun, 2022). However, since Umeå is a uni-
versity town, it has a slightly higher concentration of students, residents 
who have studied beyond high school and income. Umeå municipality is 
considered to have a good infrastructure for both public transport and 
walking and cycling (262 km of walking and cycling routes and 160 km 
exercise tracks). 

The TPB questionnaire  

Table 5 
Questionnaire with TPB variables.  

DESCRIPTION (VALID) 
PERCENTAGE 
(S) 

Attitude (towards walking) 
Do you like walking? (yes)  
How much do you like walking, compared to other modes of transport(0 = Not applicable; 1 = much worse; 2; 3; 4 = much better) 2 24.7 

3 48.1 
4 27.2 

Why do you like walking? (multiple choice; selected) It is economic 52.4 
It is healthy (physical and mental) 96.3 
It is environment friendly 63.4 
I observe the landscape/ streetscape better 73.2 
It is practical and hassle-free (e.g., no parking worries or waiting for bus) 69.5 

For what kind of activity do you like walking? Utilitarian 9.8 
Recreational 17.1 
Both 73.2 

Attitude (towards built environment) 
State how important the following factors are to you as you 

walk.(1 = not important; 2; 3; 4 = very important) 
Short and direct connection to destination 1 5.7 

2 29.5 
3 33.0 
4 31.8 

Room for walking on the walking path 1 9.1 
2 28.4 
3 36.4 
4 26.1 

Free from other types of traffic such as bicycles and cars 1 9.1 
2 34.1 
3 40.9 
4 15.9 

Quality and maintenance of walking path 1 10.2 
2 37.5 
3 26.1 
4 26.1 

Quality of pedestrian amenities 1 28.4 
2 51.1 
3 12.5 
4 8.0 

Feeling of safety 1 5.7 
2 15.9 
3 28.4 
4 50.0 

Mix of uses 1 21.6 
2 46.6 
3 23.9 
4 8.0 

Pleasantness of the walking environment 1 1.1 
2 14.8 
3 50.0 
4 34.1 

Overall character or uniqueness of the streetscape 1 25.0 
2 34.1 
3 34.1 
4 6.8 

(continued on next page) 
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Table 5 (continued ) 

DESCRIPTION (VALID) 
PERCENTAGE 
(S) 

Subjective Norm 
How well do the following statements apply to you? (1 =

disagree completely; 2; 3; 4 = agree completely) 
Most people who are important to me often choose to walk to places or when on errands 1 33.3 

2 41.4 
3 19.5 
4 5.7 

Most people who are important to me feel it is impractical to walk for everyday journeys 1 12.6 
2 34.5 
3 35.6 
4 17.2 

Most people who are important to me support me if I want to walk to various places 1 6.9 
2 12.6 
3 41.4 
4 39.1 

Perceived Behavioral Control @ Individual level 
What prevents or discourages you from walking? (multiple 

choice; selected) 
Distance: destinations are too far away 70.5 
Time: It takes too long to walk 75.0 
Physical environment: poor connectivity, lack of walking paths, pathway width and maintenance, 
physical barrier such as highway, waterway, or busy streets, lack of shelter/resting place, etc. 

39.8 

Safety: concern about motorists’ behavior, concern about bicyclists’ behavior, slippery surfaces 28.4 
Security: concern about personal safety or security, insufficient lighting, etc. 36.4 
Physical constraints: difficulty carrying things, accompanied by small children 39.8 
Personal mobility and health reasons 15.9 
Climate and weather: rain, snow, wind, too cold, too hot, etc. 48.9 
Topography: too steep slope 8.0 

What is your mobility level? Walk uninhibited 88.6 
Use walking stick. crutches. walker or rollator 1.1 
Have walking difficulty 8.0 
Others 2.3 

How would you self-rate your health condition? (1 = very bad; 2; 3; 4 = very good) 2 12 
3 47 
4 29 

Perceived Control @ Trip level (Pop-up questions) 
Why did you choose to walk? (behavior) (multiple choice; 

selected) 
Short distance 23.1 
Economic 8.1 
Healthy 19.9 
Environment friendly 11.8 
It is hassle-free (e.g., no parking worries or waiting for bus, etc.) 9.1 
Only reasonable alternative (e.g., part of transit trip) 8.1 
No other options 3.5 
Pleasure (e.g., enjoy the surrounding, window shopping) 8.3 

Why did you choose this particular route? (Built 
environment) (multiple choice; selected) 

Short and direct connection to destination 23.7 
Room for walking on the walking path 5.9 
Dedicated walking path 9.7 
Quality and maintenance of walking path 3.8 
Quality of pedestrian amenities 12.1 
Feeling of safety 5.6 
Mix of uses (e.g., shops, cafes, school, office) 4.3 
Pleasantness of the walking environment 15.3 
Overall character or uniqueness of the streetscape 8.1 

Personal Factors (PF) 
Gender (female/male) 50/50 
Age (Value) <= 24 9.1 

25–––34 25.0 
35–––44 12.5 
45–––54 17.0 
55–––64 10.2 
65–––74 21.6 
75+ 4.5 

Family structure Single 37.9 
Couple 36.8 
Family with child(ren) 25.3 

Highest level of education? Compulsory school 1.1 
Upper secondary school 32.2 
University 63.2 
Other 3.4 

Current main occupation? Employed full time 50.0 
Employed part time 4.5 
Unemployed/ job seeker 1.1 
Retired 26.1 
On parental leave 2.3 
Studying 15.9 

Total yearly income of household (before tax) Up till 100 000 SEK 5.7 
100 000 – 300 000 SEK 20.5 
300 001 – 500 000 SEK 33.0 

(continued on next page) 
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Table 5 (continued ) 

DESCRIPTION (VALID) 
PERCENTAGE 
(S) 

500 001 – 700 000 SEK 19.3 
700 001 – 900 000 SEK 11.4 
900 001 – 1 100 000 SEK 5.7 
1 100 001 – 1 300 000 SEK 2.3 
1 300 001 – 1 500 000 SEK 2.3 
Up till 100 000 SEK 5.7 
100 000 – 300 000 SEK 20.5 
300 001 – 500 000 SEK 33.0 
500 001 – 700 000 SEK 19.3 

Do you have a driver’s license? (yes) 98.8 
Do you have access to the following means of transport? 

(multiple choice; selected) 
Private car 78.4 
Motorcycle 6.8 
Bicycle 89.8 
Monthly ticket (public transport) 19.3 
Other vehicles 2.3 

On a typical day, what is your overall level of physical 
activity? 

Mainly sedentary 47.1 
Mainly standing or light physical 52.9 
Heavy or extremely heavy physical work 0  

A. Mandal et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/0749-5978(91)90020-T
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0010
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0010
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0015
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0015
https://doi.org/10.1093/her/cyt002
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0030
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0035
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0035
https://doi.org/10.1016/J.JTH.2018.05.014
https://doi.org/10.1016/j.ypmed.2011.10.004
https://doi.org/10.1016/j.ypmed.2011.10.004
https://doi.org/10.1080/15568310802178314
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0055
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0055
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0055
https://doi.org/10.1177/08854120022092890
https://doi.org/10.1080/01944363.2014.934651
https://doi.org/10.1080/01944363.2014.934651
https://doi.org/10.1111/j.1751-9861.2003.tb00086.x
https://doi.org/10.1111/j.1751-9861.2003.tb00086.x
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0075
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0075
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0080
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0085
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0085
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0090
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0090
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0095
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0100
https://doi.org/10.1016/j.pedn.2021.03.012
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0110
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0110
https://doi.org/10.1016/j.trd.2018.10.004
https://doi.org/10.1016/j.trd.2018.10.004
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0120
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0120
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0120
https://doi.org/10.1515/reveh-2022-0093
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0130
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0130
https://doi.org/10.1016/J.LANDURBPLAN.2015.12.011
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0140
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0140
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0140
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0150
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0150
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0150
https://doi.org/10.2165/00007256-199723050-00004
https://doi.org/10.2165/00007256-199723050-00004
https://doi.org/10.1016/J.TRF.2020.07.002
https://doi.org/10.1016/j.tra.2018.08.022
https://doi.org/10.1016/j.amepre.2004.03.006
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0175
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0175
https://doi.org/10.1002/NVSM.1599
https://doi.org/10.1002/NVSM.1599
https://doi.org/10.1186/1479-5868-8-124
https://doi.org/10.1186/1479-5868-8-124
https://doi.org/10.4278/0890-1171-21.2.110
https://doi.org/10.4278/0890-1171-21.2.110
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0195
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0195
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0195
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0200
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0200
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0210
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0210
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0210


Transportation Research Interdisciplinary Perspectives 22 (2023) 100931

14

Statistikmyndigheten, S.C.B., 2020. Use of smartphones and its apps [WWW Document]. 
URL https://www.statistikdatabasen.scb.se/pxweb/en/ssd/START__LE__LE0108__ 
LE0108J/LE0108T30/table/tableViewLayout1/. 

Sun, G., Acheampong, R.A., Lin, H., Pun, V.C., 2015. Understanding walking behavior 
among university students using theory of planned behavior. Int. J. Environ. Res. 
Public Health 12, 13794–13806. https://doi.org/10.3390/ijerph121113794. 

Tas, A., Karagulle, D., Kiraz, E.D.E., Ozcan, S., Ek, H.N., 2019. Evaluation of walking 
level health and economic benefits by Europe health economic assessment tool for 
walking (heat - for walking). J. Environ. Prot. Ecol. 20, 461. 

Trivector, A.B., 2022. TravelVu – appen som detekterar resor [WWW Document]. URL 
https://www.trivector.se/it-system/programvaror/travelvu/. 

Yen, H.-Y., Liao, Y., Huang, W.-H., 2022. Walking and cycling for health: a multi-group 
analysis of path models between genders. J. Adv. Nurs. 78, 3721–3732. https://doi. 
org/10.1111/jan.15322. 

A. Mandal et al.                                                                                                                                                                                                                                 

https://doi.org/10.3390/ijerph121113794
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0225
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0225
http://refhub.elsevier.com/S2590-1982(23)00178-1/h0225
https://doi.org/10.1111/jan.15322
https://doi.org/10.1111/jan.15322

	Exploring walking from the perspective of theory of planned behavior
	1 Introduction
	2 Literature review
	2.1 Walking behavior and TPB
	2.2 Walking and built environment
	2.3 Identifying and addressing research gaps

	3 Methods
	3.1 Data collection
	3.2 Data set
	3.3 Data analysis

	4 Results
	4.1 Personal factors
	4.2 Attitude
	4.3 Subjective norm
	4.4 Perceived control

	5 Discussion
	5.1 Attitude
	5.2 Subjective norm
	5.3 Perceived control
	Limitations

	Conclusions
	Funding source
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix Acknowledgments
	Definitions
	Study area
	The TPB questionnaire

	References


