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Abstract

Immobility — i.e. no travel outside the home in a 24-hour day — is an important issue because
it concerns a large part of the population and tends to recur frequently, as our results show. Two
questions related to immobility have been particularly highlighted in the literature: firstly,
whether immobility is an artefact of travel surveys; secondly, whether it corresponds to an
extreme form of low mobility. In light of the literature review and levels of immobility
observed, these two questions seem to be minor, particularly in relation to the activity of
individuals, which remains the main factor in immobility. By using Structural Equation
Modeling to process National Travel Survey data, this work has explored the individual
variability of trips as a constituent element of immobility for employees and retirees. The link
between immobility and variability manifests itself in two ways in our results. Firstly,
immobility is associated with activities that are less constrained in time and space, as is the case
with the lower frequency of travel for work and support. Secondly, there are rebound effects on
mobile days, with more frequent trips for grocery/medical motives in particular, when there is
an UK episode of immobility during the week.
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Introduction

According to the UK National Travel Survey (NTS), 22.7% of individuals are immobile, i.e.
they do not travel outside the home in a 24-hour day, on average on any particular weekday.
Cumulatively over a five-weekday period, 52.7% of individuals experience one or more 24-
hour periods of immobility.

Immobility over a full day is often associated with transport poverty and/or issues related to the
survey methodology that lead to under-reporting of trips, which is referred to as soft refusal in
the literature (Madre, Axhausen & Brdg, 2007). However, immobility occurs too often and with
such marked differences depending on the activity status of individuals for it to correspond to
these two determinants alone. This research explores immobility arising from daily variability
in travel as a result of less-constrained activity schedules. This could explain why retirees and
the non-working population report so many more immobile days than employees do. The
activity and travel schedules of individuals with strong time and space constraints (Hagerstrand,
1970a; Schwanen, Kwan & Ren, 2008) like employees mean the intra-personal variability in
their travel patterns is low. Conversely, individuals with fewer such constraints exhibit greater
intra-personal variability. The absence of information on travel outside the home in the surveys
for a given day does not necessarily mean that these individuals never travel, but that they have
a less-constrained activity schedule.

In the study of daily mobility, the trips considered are often a snapshot of a typical day of the
week. However, the work of Pas & Koppelman (1986) has shown that taking into account a
wider range of data-collection days reveals very high intra-person variability. To study
immobility as an expression of intra-personal variability, we will look at the recurrence of days
of immobility over a seven-day period, based on the NTS, and observe the recurrence of
motives for travel over the whole week.

This research, then, addresses the framework of immobility on the basis of three questions.
First, are there individual characteristics that contribute to immobility other than activity, i.e.
employee or retiree? Second, is immobility necessarily linked to lower mobility on other days?
Finally, is immobility linked to fewer activities constrained in space and time?

By using Structural Equation Modeling (SEM), immobility of employees and retirees alone was
comprehensively analyzed by combining exogenous variables relating to travel, endogenous
variables relating to the characteristics of individuals, and mediation effects in a path analysis
approach. Our results show in particular that, for employees, immobility is linked to trips being
less constrained and normal mobility on mobile days. This does not hold, however, for retirees
for whom immobility is associated with very low mobility on other days and which is rather
related to their individual characteristics such as old age, physical difficulties, or not having a
car.

The article is structured as follows. First, the literature review enables this research to be set in
relation to previous work on immobility. The data and methods section presents the travel-
survey data and explains the SEM developed. Results are presented in Section 4 and the final
section summarizes the main findings and highlights some lessons that can be drawn for future
studies and for transport planners.



Literature review

The question of immobility is the subject of work with approaches and results that sometimes
diverge. Two types of approach can be observed. Firstly, immobility is associated with poverty
issues in several studies. Secondly, immobility is associated with problems of survey methods
in other works. The results obtained with these two approaches only partly explain immobility,
with models of low explanatory power, and leave the way open for other types of approach such
as the one we propose here, which is based on individual variability of travel, which it is
important to understand over an appropriate observation period.

Poverty and immobility

One of the hypotheses explaining low mobility is low household income. Low income results
in “transport poverty”, a term coined by Lucas (2012) and that expresses the relationship
between low mobility and degraded access to social resources. Low income is associated with
low access to automobiles and it is this association that is thought to be a key determinant of
low mobility (Delbosc & Currie, 2011; Pucher & Renne, 2005; Wixey et al., 2005). However,
Lovejoy & Handy (2011) and Motte-Baumvol, Massot & Byrd (2010) have shown that people
without access to motorization are not necessarily excluded from car mobility but develop
alternative strategies.

Regardless of car ownership, low-income households travel shorter annual distances than other
households. In the US, low-income households (<$20 000) travel 18 miles per day, while high-
income households (>$100 000) travel 32 miles (Pucher & Renne, 2003). In Great Britain,
poorer households limit their travel, including for employment (Wixey et al., 2005). The poorest
households limit their travel to work and school. The low mobility associated with poverty is
thus low mobility in terms of distance traveled, number of trips, and variety of motives for
mobility.

Spatial configurations can accentuate low mobility. The work of Motte-Baumvol & Nassi
(2012) in Rio de Janeiro (Brazil) reveals that a large proportion of Rio de Janeiro’s immobile
inhabitants live in the city’s northern working-class neighborhoods and have a low employment
rate and little education. Mobility constraints, particularly economic and physical constraints,
are all the stronger for residents of outlying or peri-urban neighborhoods, as they do not have
access to all possible social resources.

Immobility or low mobility is supposedly, then, the result of certain individuals being unable
to cope with the demand to be mobile made by contemporary urban society. Lévy (2000) refers
to immobility as disastrous because it allegedly entails for those individuals subject to it a high
risk of economic insecurity and marginalization.

Measurement Issues

Beyond transport poverty issues, immobility measured from travel surveys is often addressed
as a measurement issue. Hubert et al. (2008) compare travel surveys and time-use surveys in
Europe and conclude that immobility measured in travel surveys is greater than that measured
in time-use surveys, except in the case of the 2008 French National Travel Survey.
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In most travel surveys, such as the UK NTS, immobility is inferred from the absence of travel
over the course of a day whereas the 2008 French travel survey contains specific questions on
immobility before the questions on travel so as to avoid soft refusal. In the UK survey, the
investigator makes a single home visit to respondents at the end of the survey week but makes
a follow-up phone call in the course of the week. In France, the investigator makes two home
visits before and after the survey day. Investigators play a major part in avoiding soft refusal as
shown by Axhausen et al. (2007) on the basis of the Mobidrive and Thurgau surveys. Self-
administered surveys by internet or telephone have the highest level of low mobility. Other
methods can be used to improve survey quality and response rate, such as hybrid methods
(Monzon, Julio & Garcia-Martinez, 2020)

Leaving aside differences between the surveys, two factors might account for the higher rate of
immobility in the UK NTS. The first is that, unlike the French travel survey, the UK NTS covers
a seven-day period and so fatigue becomes an issue. This results in a decline in the quality of
responses as the survey days go by. Fatigue is apparent in the survey in the form of increasing
soft refusal over time and so comes across by default as immobility. Fatigue is a major limitation
on surveys conducted over several days. It may, however, be reduced by more regular follow-
up and proper training of investigators (Axhausen et al., 2007).

Activity and mobility

A number of earlier studies have cast light on this debate by showing that immobility cannot be
considered exclusively as limited to the financially worst-off individuals. The fact is that the
connection between immobility and income is a weak one (Bayart, Bonnel & Havet, 2018;
Madre, Axhausen & Brdg, 2007; Motte-Baumvol & Bonin, 2018; Motte-Baumvol & Nassi,
2012). Conversely, immobility is closely connected with individuals’ employment status.
Retirees, homemakers, and the unemployed are the people most prone to immobility, with close
on 50% of them experiencing one weekday without travel in the course of a week, whereas the
figure is less than 20% among those in employment and students (Motte-Baumvol & Bonin,
2018). It can be inferred from these observations that immobility is no marginal phenomenon
but crops up more frequently whenever daily life is not structured by regular activities such as
work or study. Immobility may just as easily reflect a situation in which individuals are free to
use their time as they wish as it may reflect an inability (physical, material, financial, etc.) to
travel.

Immobility is defined in quantitative approaches to mobility as a full day without travelling
(Hubert et al., 2008). Even so, a day without travel does not mean a day cut off from the world:
individuals may have visitors or have goods delivered, which might become more
commonplace with the development of home deliveries and homeworking. Immobility is a
major unknown inasmuch as few studies have specifically investigated it.

Temporal variability of travel

Because of the variability of intra-individual travel, one day’s immobility does not equate to
daily immobility. Pellegrino (2011) views immobility as part of a continuum with respect to
mobility. Cresswell (2010) and Ferreira, Bertolini & Nass (2017) present it as a natural
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breathing space between travel section. Similarly, Belton-Chevallier (2015) shows that
immobility on any given day does not exclude individuals from being mobile, whether on other
days or by having others travel for them instead, i.e. running errands or assisting with the
escorting of children, or again through immaterial forms of mobility (telephone, internet, etc.).
According to the concept of motility, defined as the personal ability to be mobile, hit upon by
Kaufmann, Bergman & Joye (2004), individuals’ potential mobility is not necessarily
transformed into physical travel and immobility is not incompatible with high motility.
Immobility is therefore a constituent part of mobility as evidenced by the bracketing of the
prefix (im-) (Adey, 2006).

In this light, immobility is not confined to individuals facing exclusion but may also correspond
to breaks in less-constrained travel schedules. This highlights the need to take a nuanced,
detailed, and precise approach to immobility so as to avoid the pitfall of misinterpreting
observations by addressing them solely in terms of inequality or insufficiency. Accordingly, a
travel-free day in a schedule of activities, just like a small number of trips, cannot be interpreted
solely as an indicator of social inequalities but may alternatively be the sign of diversity in
individuals’ daily activity schedules.

To understand this, we must place ourselves in the framework of Time Geography
(Hégerstrand, 1970b) where individual trips are made for the purpose of performing an activity
in a given location at a given time (Schwanen, Kwan & Ren, 2008). Individuals with a time and
space constraint due to employment or education make the same trip every day. In contrast,
those with fewer daily constraints have greater variability in travel for other purposes
(Dharmowijoyo, Susilo & Karlstrom, 2017). Pas & Koppelman (1986) show that individuals
who do not make trips for household purposes, such as grocery shopping or escorting, have
more variability in their activity and travel schedules.

Thus, some trip purposes do not require daily travel. Shopping and leisure trips are more
irregular (Tarigan & Kitamura, 2009). Mattioli & Anable (2017) show that food procurement
mobilities do not occur every day. For some workers even (temping staff, the self-employed,
business service providers, telecommuters), weekdays are not all alike and some may not
involve travel even for this category of the population.

Non-motorized modes show greater intra-person variability (Li et al., 2018). Some short trips
made on foot or by bike are also subject to high daily variability in addition to not necessarily
being reported in transportation surveys.

Observation of mobility over a longer period

Last but foremost, these initial observations point up the need to monitor inequalities over a
period of several days including both immobile and mobile days. Only observation over such
periods can determine the impact of differences in terms of travel and/or immobility on access
to social resources that are crucial to individuals. This is particularly the case because as Fol &
Gallez (2014) point out, inequality in terms of mobility or travel provides only an imperfect
gauge of unequal access: individuals who are not very mobile may have very high access to
many resources and even have all resources come to them without ever moving.



Renewing quantitative approaches to immobility involves working on travel observation
periods of several days. But quantitative mobility analyses are traditionally conducted on the
basis of travel surveys with observation periods of just a single weekday. In most countries,
such surveys cannot therefore be used to study how immobile and mobile days hinge together
or the diversity and recurrence of purposes for travel (Axhausen et al., 2002; Madre, Axhausen
& Brog, 2007). With just a single day’s observation, mobility is usually understood on the basis
of the ‘“average day”, a concept that is reasonably well suited to modelling transport
infrastructure flows but is unsuitable for capturing the diversity of lifestyles. Yet, most purposes
for making regular trips are not of a daily frequency (Susilo & Axhausen, 2014; Tarigan &
Kitamura, 2009). This is particularly so when we are examining the challenges of low mobility
for individuals who make few trips in the course of a day. After testing observations over six
consecutive weeks, Susilo & Axhausen (2014) conclude it is necessary to have an observation
period of travel of at least one and ideally two weeks. We can infer from these references that
as there is more variability for week-end days than for weekdays, one week plus the two week-
ends could be a good compromise

There is another characteristic of travel surveys that might account for immobility as an artefact
(an effect of construction of the model): the observation period is of just a single day, and not
necessarily the same day for all the households or individuals surveyed. This observation period
provides a distorted picture of travel schedules which are not identical from one day to the next
and over the course of the year. Travel patterns are structured on a weekly basis, too, or even
over longer periods. Axhausen et al. (2002) show that the most relevant time-scale for capturing
variance in the set of purposes for travel is two weeks, although a week may prove an acceptable
compromise. So one day of immobility is not necessarily a sign of low mobility on the scale of
a week (Lucas & Madre, 2018) and may be simply a chance event and/or a sign of variability
in travel on different days of the week.

This paper proposes therefore to look at immobility within a wider time-frame so as to put it in
perspective on the scale of an observation period that makes more allowance for individuals’
travel behavior. This is done using data from the UK national travel survey (NTS) in which the
period of observation of travel is seven days, or a sliding week. Using this extended period
makes the analyses more robust because it multiplies the number of observations for any one
individual and also because it uses a more relevant period in terms of individuals’ practices and
habits (Susilo & Axhausen, 2014; Tarigan & Kitamura, 2009).

Data and methods

Data

The data used come from the United Kingdom National Travel Survey (NTS) for the period
between 2002 and 2017, in order to ensure a healthy sample size of individuals with different
numbers of immobile days. The data refer to the travel of English residents within Great Britain.
From the NTS, we select only employees and retirees so as to work on homogeneous categories
of individuals, while having a large number of individuals for the analysis. Thus, students,



individuals looking after the family/home, the unemployed as well as individuals permanently
and temporally sick and injured are omitted. In total, the analysis sample consists of trip records
of five consecutive weekdays for 63,859 respondents (Table 1).

In this sample the average proportion of individuals with at least one immobile weekday is
about 36%. In fact, our analysis of immobility concerns only the occurrence of immobile days
on weekdays, i.e. from Monday to Friday excluding public holidays. We focus our study of
immobility on weekdays, because weekend immobility corresponds to specific reasons (Madre
etal., 2007) and it seems it should be studied separately or excluded from the scope of analysis.
For each individual, we compile the number of immobile weekdays, which is the response
variable at the core of the statistical model. Individuals surveyed during a week with public
holidays are not included, while individuals with either 4 or 5 non-mobile weekdays are also
excluded from the analysis. This is because it proves impossible to study the articulation
between non-mobile days and mobile days in this case, and because of the very particular
profiles of the individuals concerned.

We therefore work on a population divided into two groups with very different rates of
immobility. The two groups are employees and retirees, with weekly immobility rates of 23.6%
for employees and 62.2% for retirees. With such different levels, it is unrealistic to treat these
two groups together in the statistical modelling. Finally, it is important to note that the definition
of an immobile day that we adopt from the NTS data omits short walks, i.e. trips of less than 1
mile on foot. In fact, these trips are only recorded on the seventh day in the NTS, making it
methodologically difficult to take them into account in an analysis of all the weekdays. Thus,
during an immobile weekday, individuals may in fact walk a short distance. This is why we
consider short walks as a dummy variable in the modelling.

Table 1. Characteristics of individuals as a function of the number of mobile weekdays

Employees Retirees
Average immobile weekdays 0.4 1.1
Immobile weekday(s) None lor+ None lor+
# work + escort trips (over 5 weekdays) 6.0 2.7 1.1 0.3
# grocery + medical trips (over 5 weekdays) 05 0.5 1.8 1.4
# leisure trip (over 5 weekdays) 2.2 1.7 6.4 2.9
# return home trips (over 5 weekdays) 6.4 3.8 7.4 3.8
# all trips (over 5 weekdays) 15.1 8.7 16.7 8.4
# work + escort trips (average per mobile
weekday) 1.2 0.8 0.2 0.1
# grocery + medical trips (average per mobile
weekday) 0.1 0.1 0.4 0.4
# leisure trips (average per mobile weekday) 0.4 0.5 1.3 0.9
# return home trips (average per mobile weekday) 13 11 14 1.2
# all trips (average per mobile weekday) 3.0 2.5 3.3 2.6
% Mobility difficulties (dummy) 1.9 2.7 174 28.9
% With car & main driver (dummy) 73.2 61.6 68.0 47.2
% Men (dummy) 60.5 57.0 51.6 40.1
Age (mean) 40.2 39.5 70.2 72.6
% Educational qualifications 89.7 88.4 61.2 50.3




% Professional qualifications 4.0 4.4 10.1 9.9
% Higher education diploma 31.2 29.8 14.6 11.1
% Individual income < £25,000 52.0 55.7 86.7 90.0
% Individual income > £50,000 11.3 11.6 3.0 2.0
% Single adult household (dummy) 30.2 32.0 29.2 37.0
% 3rd adult (dummy) 33.5 33.3 9.6 8.4
% One child or more (dummy) 33.2 34.0 1.7 1.4
% Density place of residence (persons / hectare) 29.1 32.4 21.7 22.9
% London 15.1 18.2 9.4 10.4
% Rural 12.8 12.1 15.8 16.7
% Detached house 21.9 20.1 37.7 335
% Semi-detached house 34.5 32.9 34.2 33.9
% Short walks (dummy) 12.2 16.6 15.7 15.7
% Holidays (dummy) 3.2 3.3 3.5 3.3
# individuals 32674 10 101 7968 13116
% of row total by group 76.4 23.6 37.8 62.2

Data: National Travel Survey 2002-2017

Among the NTS data, we select a number of exogenous variables considered as determinants
of immobility and of motives for trips. These are variables commonly found in analyses of
transport poverty, such as gender, age, income level, education level, having a car of which you
are the main driver, or mobility difficulties. Added to them are variables concerning household
composition, such as living alone, presence of a child or a third adult in the household, and
variables on residential location. The description of these variables shows that the profiles of
mobile and immobile employees are not very different from each other except for having a car
of which you are the main driver and for gender. For retirees, the differences between mobile
and immobile individuals are a little more frequent. In addition to having a car of which you
are the main driver and to gender, there are differences in terms of educational qualifications
and living alone. These differences between employees and retirees reinforce the relevance of
a separate analysis of these two groups.

The second type of variable mobilized in this work corresponds to travel indicators used as
endogenous variables in the statistical modelling. We select three mobility indicators, i.e. the
average number of trips per mobile weekday for three travel motives: work+escort,
grocery+medical, and leisure. Although considered, the question of postponement of some trips
until the weekend does not appear in this work because it shows no significant results linked to
immobility on weekdays.

The three main types of motive are defined according to their constrained nature and frequency.
Work+escort is the most frequent and relatively constrained for employees but not for retirees.
Trips for grocery+medical are less frequent and less-constrained but nevertheless essential for
both categories of individuals, with a higher occurrence for retirees. Finally, leisure trips are
the least constrained for both categories of individuals. Table 1 shows the average number of
trips for individuals with and without an immobile day, which are very different for the
work+escort motive for employees and for leisure for retirees. For the other motives, the
differences are minimal. This implies that, for employees, immobility is a sign of lower
constraint on making trips, leaving more opportunities for days without trips and therefore for
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the temporal variability of trips from one day to another. For retirees, however, it is not the level
of trip constraint that explains their temporal variability but rather their lesser involvement in
leisure activities, which remains to be explained.

Model framework

Figure 1. Model framework for employees and retirees
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We aim to investigate the link between immobility and the total number of trips, that will be
negative as observed in the descriptive statistics. To go beyond this negative effect, we choose
to introduce mediator variables M between the dependent variable Y, which is the number of
trips observed for all motives and during the entire week, and the predictor variable X, which
is the number of immobile days. A mediator variable M is a variable on which X has an effect,
and which in turn has an effect on Y. Thus, we obtain a mediation model, where we can evaluate
the direct effect of X on Y, and the indirect effect, via M. Predictors are chosen according to
our research hypotheses. Moreover, we try to control for the effects of individual and household
characteristics Con X, Mand Y.

As we attempt to identify the effects of immobility on one or more days on mobility on the
other days, i.e. the mobile days, we intend to show that immobility is not necessarily associated
with low mobility on other days. The mediator variables are therefore the three motives
described above, i.e., the average number of trips on a mobile day for selected motives. A
mediation model can be thought of as an extension of two-stage least-squares regression, with



mediators replacing instrumental variables and the addition of a direct regression between the
dependent variable and the predictor. The flexible framework of SEM enables us to estimate
such a model. A very general SEM model can include variables that are either observed (which
is our case for all variables) or latent (unobserved). Besides, as in any regression model,
variables can be exogenous, such as in our case the individual and household characteristics or
the number of immobile days, or endogenous, such as the number of trips for all motives on all
days. The SEM framework enables us to properly include the mediators, which are both
explained by regressions while being at the same time explanatory factors of other regressions.

The mediation model obtained enables us to differentiate between: (i) the direct effects of
immobility ([3] in Figure 1), i.e. the effect of the number of days without travel on the number
of weekly trips; (ii) the indirect effects ([1]X[2] in Figure 1), i.e. the effects related to the
number of trips on mobile days. To validate the hypothesis of immobility as a result of the
variability of trips from one day to the next, the indirect effects would have to be positive or
only slightly negative. This would indicate catch-up effects on mobile days to compensate for
the absence of travel. If this were not the case and the indirect effects were clearly negative,
this would indicate immobility as a result of depressed mobility, which might be a sign of
transport poverty.

Thus, the model proposed in Figure 1 is structured around a control model (controlling our
predictors X and M) and then a structural model (linking our dependent variable Y to X both
directly, and indirectly via M):

- In the control model, we seek to explain the number of immobile weekdays (0-3) and the
average number of trips per mobile weekday for the three motives (work+escort,
grocery+medical, and leisure) by individual and household characteristics.

- In the structural model, there are two stages. First we study the effect of the number of
immobile weekdays on the average number of trips per mobile weekday for the three motives
under investigation. Second we study the effect of the number of immobile weekdays on the
total number of trips for all weekdays. In this second stage, there are two types of effect: the
direct effect [3] and the indirect effects through the mediation of the average number of trips
per mobile weekday.

Finally, the model is applied to a population divided into two different groups: employees and
retirees. This distinction corresponds to a very different degree of immobility in the weekly
travel schedules of these two types of individuals.

Traditionally, path diagrams such as the one in Figure 1 present the more relevant coefficients
of the model, with here negative coefficients in red and positive coefficients in green. Without
going into details about the interpretation of the results, which will be done in the next section,
the model shows that besides the expected result of a direct negative effect of immobility on
the total number of trips, this effect can be indirectly decomposed into contrasted effects (in
green and in red) when motives are introduced in the analysis, and that moreover these effects
vary clearly if we consider employees or retirees.
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Results

The model obtained is considered a good model with respect to the three indicators generally
used for the purpose (Golob, 2003). The root mean square error of approximation (RMSEA)
and the standardized root mean square residual (SRMR) are both less than 0.05 (Erreur !
Source du renvoi introuvable.l), which is judged highly satisfactory. Moreover the
comparative fit index (CFl), which compares the proposed model with an unrestricted base
model, takes a value of 0.99 (a good model should have a value of more than 0.90). The model
is therefore well fitted to the data and has good explanatory power. The results of the control
model are presented first and then the results of the structural model.

Determinants of immobility and mobility for employees (control model)

In this section and the next, the results provide some answer to the first question formulated in
the introduction on the characteristics of individuals and their households that contribute to
immobility other than activity, i.e. employee or retiree. For employees, the individual and
household determinants that have a positive effect on the probability of being immobile (table
2) are mobility difficulties, a low level of qualification, a low or a high-income, living in
London, having been surveyed during a school holiday period, and finally having taken at least
one short walk. The last two determinants have the strongest effects. Conversely, the
determinants that have a negative effect on the probability of being immobile are having a car
of which you are the main driver, a higher level of qualification, being a man, being older, and
belonging to a household that includes a third adult.

Conversely, almost all the determinants that have positive effects on the probability of being
immobile have negative effects on the average number of trips for the three motives studied.
Similarly, almost all the determinants that have negative effects on the probability of being
immobile have positive effects on the number of trips. These rules do not always hold for
different trip motives or determinants.
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Table 1. Results of the model for employees

Control Model

Structural Model

Immobile Average Immobile
weekdays trips per weekdays
# immobile # work # grocery indirect weekday direct
weekdays escort trips  medical trips  # leisure trips  |[1]*[2] [2] [3] Total

Mobility difficulties (dummy) 0.026 ***  -0.010 * 0.041 *** 0.012 * -0.012 ***  0.009 * -0.003 .
With car & main driver (dummy) -0.096 *** 0.114 *>** 0.082 *** 0.111 *** 0.045 *** 0,156 ***  (0.023 *** (.224 ***
Men (dummy) -0.016 ** -0.036 ***  -0.103 ***  -0.075 *** 0.008 **  -0.088 ***  0.009 *** -0.072 ***
Age -0.011 . 0.023 *** 0.095 *** 0.005 . 0.039 ***  (0.012 ***  0.057 ***
Educational qua“fica‘[ions (dummy) -0.014 * 0.018 ** 0.024 *** 0.055 *** 0.007 * 0.047 *** 0.053 ***
Professional qualifications (dummy) 0.013 * 0.012 * 0.012 .
Higher education d|p|oma (dummy) -0.013 * 0.031 *** 0.009 . 0.006 * 0.025 *** -0.017 *** 0.014 **
Individual income < £25,000 0.017 ** -0.015 ** 0.020 ***  -0.017 ** -0.008 **  -0.015 ** 0.017 ***
Individual income > £50,000 0.014 * -0.035 ***  -0.017 ** -0.006 * -0.021 *** -0.008 *** -0.035 ***
Single adult household (dummy) -0.030 ***  -0.021 *** 0.046 *** -0.008 ***
3rd adult (dummy) -0.010 . -0.024 ***  -0.030 *** 0.005 . -0.025 ***  0.020 ***
One child or more (dummy) 0.180 *** 0.016 ** -0.045 *** 0.103 ***  0.018 *** (0.116 ***
Density place of residence (persons / hectare) -0.019 **
Residence in London boroughs 0.011 . -0.019 ** -0.070 ***  -0.071 *** -0.005 . -0.067 *** -0.008 *** -0.079 ***
Residence in a rural area 0.018 ** -0.012 *** -0.010 .
Detached House 0.025 ***  -0.024 *** 0.057 *** 0.042 *** 0.040 ***
Semi-detached house 0.018 ** 0.008 . 0.008 *** 0.019 **
Short walks (dummy) 0.063 ***  -0.009 * 0.037 *** 0.064 *** -0.030 ***  0.036 ***  0.004 ** 0.010 *
Holidays (dummy) 0.055 ***  -0.096 *** 0.027 *** 0.104 *** -0.026 *** -0.006 *** -0.036 ***

Data: National Travel Survey 2002-2017, Tools: R with the Lavaan package
Signif. codes: 0 “***” 0.001 “**” 0.01 “*” 0.05 “.” 0.1
All values of the estimates are standardized and allow comparisons between motives, and between employees and retirees
The missing coefficients correspond to non-significant values, p < 0.1, and the modalities/variables were removed from the final computation
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Table 2. Results of the model for retirees

Control Model

Structural Model

Immobile Average Immobile
weekdays trips per weekdays
# immobile # work # grocery indirect weekday direct
weekdays escort trips  medical trips  # leisure trips  |[1]*[2] [2] [3] Total

Mobility difficulties (dummy) 0.105 *** 0.094 ***  -0.062 *** -0.069 *** -0.072 *** -0.001 0 -0.142 ***
With car & main driver (dummy) -0.185 *** 0.147 *** 0.094 *** 0.122 ***  (0.237 *** 0.022 *** (0.381 ***
Men (dummy) -0.028 *** 0.036 ***  -0.016 * -0.019 ** 0.018 ***  0.017 ** 0.010 ***  0.045 ***
Age 0.116 ***  -0.080 *** 0.071 ***  -0.115 *** -0.076 *** -0.151 *** -0.228 ***
Educational qualifications (dummy) -0.053 *** -0.014 . 0.091 *** 0.035 ***  (0.086 *** 0.118 ***
Professional qualifications (dummy) -0.019 ** 0.018 ** 0.023 *** 0.013 ** 0.033 *** 0.046 ***
Higher education diploma (dummy) -0.014 * -0.034 *** 0.047 *** 0.013 *
Individual income < £25,000 -0.019 **
Individual income > £50,000 0.046 ***  -0.074 ***  -0.037 *** -0.030 *** -0.067 *** -0.093  ***
Single adult household (dummy) 0.012 . 0.063 *** -0.028 *** -0.008 . 0.011 ***
3rd adult (dummy) 0.105 ***  -0.019 ** -0.029 *** 0.017 ** 0.016 .
One child or more (dummy) -0.024 ** -0.016 * -0.019 .
Density place of residence (persons / hectare) -0.038 *** -0.026 *** -0.007 **  -0.038 ***
Residence in London boroughs 0.062 ***  -0.023 ** -0.041 *** -0.046 *** -0.012 *** -0.099 ***
Residence in a rural area -0.014 . 0.064 *** 0.026 ** 0.006 * 0.029 *
Detached house 0.022 ** 0.025 ** 0.020 ** 0.006 * 0.023 *
Semi-detached house 0.022 *** -0.023 *** 0.037 *** |-0.014 *** 0.007 ***
Short walks (dummy) -0.041 ***  -0.020 ** 0.020 ***

0.105 *** 0.094 ***  .0.062 *** |-0.069 *** -0.072 *** -0.001 0 -0.142 ***

Holidays (dummy)

Data: National Travel Survey 2002-2017, Tools: R with the Lavaan package
Signif. codes: 0 “***” 0.001 “**” 0.01 “*”0.05 “.” 0.1
All values of the estimates are standardized and allow comparisons between motives, and between employees and retirees
The missing coefficients correspond to non-significant values, p < 0.1, and the modalities/variables were removed from the final computation
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Determinants of immobility and mobility for retirees (control model)

For retirees, the determinants of immobility (Table 3) are similar to those observed for
employees. However, the estimates are much higher, highlighting the greater impact of
individual and household characteristics on immobility for retirees. Among the determinants
that have a positive effect on the probability of being immobile, we find mobility difficulties,
low income, and having taken at least one short walk. However, poor qualifications, living in
London, or having been surveyed during a school holiday period do not have a significant effect
for retirees. On the other hand, other determinants must be added to the list of positive and
significant effects on the probability of being immobile for retirees: age (which has a negative
effect for employees), living alone or with a third adult, and living in the countryside. Among
the determinants with a negative effect on the probability of being immobile are being the main
driver of a car, being male, and educational or professional qualifications.

The effects are generally reversed in the case of average numbers of trips. However, there are
several exceptions in the case of retirees, all of which concern grocery+medical trips. Thus,
having mobility difficulties, being elderly, and being a low income earner are all associated
with both a higher probability of being immobile and a higher probability of making
grocery+medical trips on mobile days.

Contribution to the general number of trips for employees (structural model)

In this section and the next, the results provide some answer to second and the third questions
formulated in the introduction that ask whether the immobility is linked to fewer activities
constrained in space and time and to lower mobility on other days? First, the effects of
immobility on travel on moving days (denoted [1] in Figure 1) are examined. We observe that
immobility is not always accompanied by reduced mobility on mobile days. For employees,
immobility does indeed display a negative relationship with the average number of work+escort
trips on mobile days. On the other hand, it shows a positive link with trips for grocery+medical
and leisure. This reflects a form of rebound effect or postponement of trips on mobile days for
the latter two reasons. The lower probability of work+escort trips on mobile days can be
interpreted in two ways. The first is that it indicates reduced mobility. The second interpretation
is that this is a cause of immobility insofar as the constraint of work or escorting is eased for
these individuals and allows for a less-constrained and therefore more variable travel schedule.
The second level of interpretation of the structural model concerns the effects of the average
number of trips by motive on mobile days on the total number of trips during weekdays (noted
[2] in Figure 1). This provides a measure of the contribution of each of the motives to the total
number of trips, all other things being equal. Thus, the motive with the largest contribution for
employees is unsurprisingly work+escort, ahead of leisure, whose contributions are twice as
large as grocery+medical.

Then, by multiplying the [1]x[2] effects (Figure 1), we can measure the indirect effects of
immobility on the total number of trips, i.e. the effects of mediation through trips made on
mobile days. It can be observed that the indirect contribution of immobility is negative since
the work+escort motive makes a strong negative contribution while the other motives make
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only a weak positive contribution. The sum of the indirect contributions per motive is -0.12. To
this value, we can add the direct effect of immobility (noted [3] in Figure 1) on the total number
of trips, which is greater and reaches -0.35. This direct effect corresponds to the effect of one
or more days without travel on the total number of trips. In the end, the effect of immobility on
the number of employee trips is -0.47, which is significant since it represents 30% of the sum
of the effects for the three motives considered according to additional computation.

Table 2 allows us to decompose these effects in the structural model by determinant and to
observe that the main effects of immobility on the total number of trips are due to artefacts
linked to the effects of school holidays and short walks, which means that the characteristics of
employees have very little effect. It should also be noted that the direct and indirect effects of
immobility in some cases reinforce and in others weaken the effects of the average number of
journeys by motive, but never cancel each other out and have only a very limited modulating
effect, whatever the determinant considered. It is just that, for low incomes, the direct and
indirect effects of immobility are greater and represent more than 30% of the effects of the
average number of trips by reason, according to additional computation.

Contribution to the general number of trips for retirees (structural model)

For retirees, the effects of immobility on travel are mostly negative, both for work+escort and
for leisure, while they remain positive for grocery+medical (noted [1] in Figure 1). Immobility
for retirees is rather associated with reduced mobility on mobile days, in particular for the
leisure motive, which is the primary motive for these individuals and which makes the greatest
contribution to the total number of trips (noted [2] in Figure 1). Then, by multiplying the [1]x[2]
effects (Figure 1), we can assess the indirect effects of immobility, which amount to -0.14, i.e.
slightly more than for employees. If we add this effect to the direct effect [3] (-0.51) we obtain
a total of -0.65 as the effect of immobility on the number of weekly trips of retirees, which
represents about 50% of the sum of the effects for the three motives considered. Immobility
therefore plays a major role in the trip levels of retirees.

Table 3 allows us to decompose the effects by determinant in the structural model. Contrary to
what happens for employees, the decomposition shows that for some determinants, immobility
has a major effect on the number of trips. In the case of mobility difficulties, the negative effect
is entirely due to the effects of immobility. The same is true for age and rural residence. For
other determinants, the effects of immobility strongly reinforce the effect of the average number
of trips on mobile days. These include low income earners and people living alone. Finally, it
should be noted that variables for which immobility is potentially an artefact, such as holidays
and short walks, show no significant effect on the total number of trips on mobile days.

Discussion

In the sample of employees and retirees only, the immobility rate is 17.8% during a weekday
and 41% of individuals experience at least one day of immobility during a week of five
weekdays.

These high values of immobility may be partly explained by the limitations of the survey, such
as the partial inclusion of short walks, soft refusal, and respondents’ fatigue in the case of an
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observation period of a whole week. These effects have been documented in the literature and
attempts made to accurately review their scope. However, the very different levels of
immobility depending on the employment situation strongly undermine the hypothesis of
immobility as an artefact of the survey methods alone. Indeed, there is no evidence of survey
methodological problems affecting retirees, with a daily immobility rate of 29.8%, almost three
times that of employees with a rate of only 11.4%. These results are consistent with those of
Motte-Baumvol and Bonin (2018), who also show a threefold higher immobility rate for retirees
than for employees from the French National Survey for 2008. This hypothesis as the only
explanation for immobility must therefore be rejected.

Moreover, the explanation for the high values of immobility can only be partially linked to the
effects of age, health, or income, which only explain part of the differences observed between
retirees and employees (Motte-Baumvol & Bonin, 2018; Madre, Axhausen & Brdg, 2007). This
is supported by the results of this study, which measure these effects but also highlight the fact
that it is the activity status that is the main determinant of immobility. This is why the approach
developed in this work is based on what differentiates employees and retirees in terms of
activities outside the home. In other words, an activity program that is less-constrained and less
structured by commuting is likely to have greater temporal variability depending on the day
and therefore likely to leave room for more frequent episodes of immobility.

These results are based on data from the UK NTS, which means immobility can be considered
in a longer time perspective because the survey compiles a full week of observations. The
results show that for employees, a higher probability of being immobile is associated, as
expected, with a lower probability of making constrained trips such as commuting and escorting
on mobile days. While immobility is not associated with fewer trips for other motives on mobile
days, the opposite even occurs, reflecting a form of rebound effect on mobile days. This would
therefore support the hypothesis of immobility as a sign of less-constrained but not necessarily
reduced mobility for employees. In the end, immobility is linked to fewer trips on weekdays,
but mainly because of days without mobility and not because of reduced mobility on mobile
days, except for constrained trips.

For retirees, the picture is different. Firstly, because although immobility is associated with a
lower probability of making work+escort trips, the constrained nature of these trips is
questionable. Especially since the occurrence of these trips is very low. Secondly, the
immobility of retirees is associated with fewer leisure trips on mobile days. Only trips for
grocery+medical show a rebound on mobile days. This means that immobility for retirees is
linked to reduced mobility on mobile days, with the exception of the only essential trips
corresponding to grocery+medical. Finally, for retirees, exogenous determinants have far
greater explanatory power for immobility, with variables such as mobility difficulties and age
having a major impact on the probability of being immobile and the number of trips made
during the week.

Conclusion

In conclusion, working on immobility is an important issue because it concerns a large part of
the population and tends to recur frequently, as our results show. Two issues have been
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particularly highlighted in the literature. Firstly, whether immobility is an artefact of travel
surveys (Lucas & Madre, 2018) that can call into question the current measurement of mobility
or secondly whether it corresponds to an extreme form of low mobility that is disastrous for the
social life of individuals (Lévy, 2000). In view of the literature review and the values of
immobility obtained from the NTS data, these two issues seem to be reduced, particularly in
relation to the activity of individuals, which remains the main factor in immobility, but with an
explanatory power that is reduced.

The relevance of the study of immobility nevertheless remains high and it is in this sense that
this work has explored the individual variability of trips as a constituent element of immobility.
The link between immobility and variability manifests itself in two ways in our results. Firstly,
immobility is accompanied by activities that are less constrained in time and space, as is the
case with the lower representation of travel for work and support. Secondly, there are rebound
effects on mobile days, with more frequent trips for grocery/medical motives in particular, when
there is an episode of immobility during the week. These results indicate that the practice of
including immobility in the calculation of the mean of various individual mobility indicators
appears questionable insofar as it takes into account situations that are not primarily related to
low mobility per se but to variability in activity schedules. In fact, it offers a misleading result
of what is the reality of individual practices. For example, if we do not consider immobile days
in the calculation of the average number of trips per day, retirees make as many or more trips
than employees, compared with one fewer trip per day on average when immobile episodes are
considered.

From a methodological point of view, this paper has used an SEM to process UK NTS data and
to study the time element of immobility by analyzing the articulation between immobile and
mobile days. In particular, the use of SEM has enabled the development of a comprehensive
approach to the phenomena at work in terms of mobility thanks to the articulation of exogenous
variables, endogenous variables, and mediation effects in a path analysis type approach.
However, although the results show the relevance of an approach to immobility from the point
of view of individual variability, the latter remains poorly explained by socio-economic
variables, particularly with regard to employees. This result is consistent with work on the
variability of travel (Raux, Ma & Cornelis, 2016; Li et al., 2018).

This means that the factors explaining individual variability are not well taken into account in
the surveys. For working people, we can think of work, whose spatial and temporal constraints
are not very detailed in the travel surveys, such as the actual working time, its distribution over
the various weekdays or the possibility of teleworking. For retired people, information on
involvement in associations or their social network or anything that could generate both spatial
and temporal constraints could help us to understand the variability of travel and therefore
immobility. This work therefore highlights the need to include questions in travel surveys that
capture the level of potential variability in individuals' activity schedules. This should lead to a
significant gain in the understanding and measurement of individuals' mobility practices.
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