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Findings 

We introduce and test a visual analogue scale (VAS) to measure to what extent 
people experience difficulties in reaching destinations (N=180). Known-group 
analyses showed that respondents who are younger, without vehicle access, or in 
need of a walking aid, had significantly worse accessibility. Regression analysis 
with reported mobility problems as dependent variables, showed that VAS 
replaced car availability as the sole significant explanatory variable. A separate 
regression model revealed that the mobility problems explain more than half of 
the variance in VAS (R2=0.528). These results are promising but more research is 
needed to scrutinize the validity of the VAS. 

1. Questions 
In this paper we introduce and test a direct scaling method to measure to what 
extent people experience difficulties in reaching desired or needed destinations. 
The proposed method is an adaptation of the visual analogue scale (VAS) 
widely used in health research and practice (Krabbe 2017). In its original form, 
the VAS consists of a horizontal line of a fixed length, with its end points 
clearly marked and described, typically being ‘death’ and ‘full health’ (Figure 
1). Respondents are asked to mark their self-assessed health status somewhere 
along the horizontal line, so that the VAS method generates a single number 
indicating a person’s health status. 

Direct scaling methods like VAS have in common that they convert 
respondents’ judgments directly into numerical scores. They differ from 
studies relying on a set of questions, which require merging responses to 
generate one single score for each respondent (Hand 2004). VASs have been 
criticized on various grounds, such as the lack of an underlying theoretical 
measurement framework, and respondents’ answers being dependent on 
context and potentially suffering from adaptation bias (Ryan et al. 2001). In 
spite of these critiques, VASs have been used extensively in health care, in part 
because of their simplicity and in part because they show reasonably robust 
results, including moderate-to-good test-retest reliability (Krabbe et al. 2006; 
Bernert et al. 2009). 

In transportation, transport planners and researchers could use a VAS to 
quickly identify population segments or neighborhoods with high shares of 
people facing difficulties in reaching destinations, or as part of the evaluation 
of (large) transport investments. 
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Figure 1. Different examples of visual analogue scales employed in health research (source: Krabbe 2017, p. 80) 

To the best of our knowledge, the VAS method has not yet been employed 
to assess a person’s mobility problems (see Skarin et al. 2019 for a different 
application in transport). Here, we present the results of a small application as 
part of a large-scale survey. 

2. Methods 
We report on the results of a survey among 180 respondents from peri-urban 
settlements in the Tel Aviv metropolitan area. The survey aim was to gain 
insight into respondents’ mobility problems, defined as any difficulty people 
may experience in reaching desired or needed destinations (Pritchard and 
Martens 2023; Singer and Martens 2023). The questionnaire distinguished 
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between three types of mobility problems: difficulties encountered while 
traveling (4 questions); reliance on others for lack of reasonable alternatives 
(3 questions); and forgoing trips because of an inadequate transport system 
(5 questions). For each question, respondents were offered four answering 
categories ranging from no problems to severe problems (see Supplemental 
Information). For the analyses that follow, respondents’ responses for each 
problem type were also summed into indices and all questions were summed 
into a composite index. 

The VAS question was formulated as follows: “How would you assess your 
mobility (that is, how easy and quickly can you reach the destinations you want 
to reach) on a scale from 0 to 10”. The end states were defined as “the worst 
possible mobility state, in which you cannot reach specific destinations because 
of inadequate transport” and “the best possible mobility state, in which you 
can reach your destinations without worrying about delays, costs, lack of 
comfort, physical challenge, etc.”. Because of its use in a computer-assisted 
telephone interview (CATI), we employed a scale of 0-10, with respondents 
being allowed to only select whole numbers. We refer to the VAS scores as a 
person’s mobility status, in analogy to the term health status used in health 
studies. 

The survey was conducted in the winter of 2020-2021, during the COVID-19 
pandemic, but in periods without lockdown limitations. 

3. Findings 
Respondents’ self-assessment of their mobility status was very high, with an 
average VAS score of 8.5 and a median of 9.0 (Table 1). 77 respondents (43%) 
reported the best possible score, while only 24 respondents (13%) assessed 
their mobility status with 6 or lower, including two respondents assessing 
their mobility status as the worst possible state (Figure 2). Such a skewed 
distribution is somewhat surprising given the variance of travel problems across 
a population reported elsewhere, including in the survey area (Murphy, Gould-
Werth, and Griffin 2021; Pritchard and Martens 2023). One explanation is 
the over-representation of higher-income individuals with vehicle access in 
the sample, in combination with the unique free-flowing traffic circumstances 
during the pandemic. 

To test the validity of the VAS scale, we first conducted known-group analyses. 
The literature shows that carless households, people on low income, women, 
youth and elderly, as well as people with various kinds of impairments, are more 
likely to experience mobility difficulties (Lucas 2012; Murphy, Gould-Werth, 
and Griffin 2021). The analyses partly confirm this pattern (Table 2). While 
no significant differences were found between women and men or by income, 
younger respondents (aged 18-34 years old), respondents without vehicle 
access, and those using or needing a walking aid had statistically significantly 
lower mobility status than other groups. 
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Second, we conducted two sets of regression analyses with the mobility 
problem indices (trip difficulties, reliance on others, trips forgone, and a 
composite index integrating all questions) as the dependent variable. The Base 
models include only socio-economic characteristics, while the VAS models add 
the VAS score as an independent variable (Table 3). In three of the four VAS 
models, VAS replaced car availability as the sole significant explanatory variable. 
Adding the VAS also improved the explanatory power of the models, yet these 
remained relatively weak (Adjusted R2 between 0.02-0.17 in the Base models 
and 0.17-0.24 in the VAS models). 

Next, we sought to explain respondents’ VAS scores solely based on the 
mobility problem items. As expected, pairwise comparisons showed that 
experiencing more frequent travel problems is associated with a lower VAS 
score. 11 of the 12 mobility problem items were negatively correlated with the 
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Figure 2. Respondents’ Self-Reported VAS Scores (N=180) 

VAS scores (Table 4), ranging from -0.22 (relying on family members) to -0.45 
(trip difficulties-effort). Correlations were even higher for the four indices, 
ranging from -0.41 (Reliance) to -0.50 (Composite index). 

Finally, we employed an Ordinary Least Squares (OLS) regression with robust 
standard errors on the VAS scores (log-transformed) using the twelve mobility 
problem items as explanatory dummy variables (0=two answering categories 
representing no or few mobility problems; 1=two answering categories 
representing more severe problems; see Supplemental Information). The 
model explains more than half of the variance in VAS (R2=0.528). The 
variables show the expected (negative) sign (i.e., experiencing more frequent 
travel problems is associated with a lower VAS), with the exception of Reliance: 
Family and Others and Trips Forgone: Effort and No Return (Table 4), yet 
none of the latter were significant. 

Taken together, the results show that VAS scores are correlated with reported 
travel problems, as well as with several expected demographic characteristics. 
This suggests that a VAS may be successfully employed in transport research 
to obtain an assessment of the ease with which people can reach destinations. 
Given the limitations of the sample distribution (e.g., by income, household 
composition, and residential location), more research is needed to determine 
whether a VAS delivers valid and reliable results. If successful, the VAS may 
be employed to assess a person’s mobility status in a broad range of studies, 
including travel behavior surveys, as well as for ex post evaluations of transport 
interventions. 
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