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Abstract

The COVID-19 pandemic has significantly impacted the transit market leading to rider-
ship loss and service cuts. Most of the post-pandemic transit market literature has focused
on how to attract those who stopped using transit services, however little attention has
been given to how rider profiles have changed. To address this gap, we examine 2019
and 2022 data regarding transit commuters from Montréal, Canada. We apply factor and
k-means cluster analyses to derive market segments at both points in time considering
satisfaction levels, telecommuting rates, and frequency of transit use. We build upon these
analyses to report on overall and mode group-level changes in the transit market. Our
market segmentation reveals that captive, captive-by-choice, and choice riders still exist
in the current public transit market. However, the share of these groups in the market
has changed. The proportion of captive and choice riders has increased while captive-by-
choice riders have shrunk in size. Moreover, the post-pandemic market has become mostly
composed of infrequent riders and higher rates of telecommuting. We further explore these
trends by commute mode (i.e., bus only, metro only, and bus and metro users). The find-
ings from this research can be of interest to practitioners and policymakers as they shed
light on the evolution of the perceptions and behaviours of segments of transit riders from
before to after pandemic.
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Introduction

The COVID-19 pandemic has adversely impacted the transit market leading to service cuts
and decline in ridership (Tirachini and Cats 2020). Transit avoidance behaviours adopted as
a prevention measure during the pandemic is likely to have caused a fundamental change in
travel preference and behaviour (Mashrur et al. 2023), including increased attractiveness of
car ownership (Palm et al. 2022) and increased telecommuting rates (Soria et al. 2023). As
transit agencies try to adapt to this new reality, they must find ways to optimize service to
avoid a continuous cycle of service cuts and ridership losses. Therefore, it becomes impor-
tant to understand how transit rider profiles have changed to retain existing users.

Understanding the heterogeneity of travel behavior and preferences is important to derive
adaptable and effective strategies and policies aimed at retaining and prospecting transit
users (Abenoza et al. 2017; Anable 2005; Bamberg and Schmidt 2003; Donald et al. 2014).
For instance, low-income populations have been found to experience low satisfaction levels
with transit services (Allen et al. 2020; Fu 2022; Tao et al. 2017; Zhao et al. 2014), which
can be attributed to using transit due to a lack of travel options and not due to preference.
Conversely, those who take transit out of choice show higher levels of satisfaction (Fu 2022;
Zhao et al. 2014). Therefore, transit agencies must investigate the needs and preferences of
those captive to transit so that they keep using the network even when other options become
available. Occasional users report lower satisfaction levels compared to frequent users and
tend to be more concerned with the safety and reliability of transit services (Allen et al.
2019; Hsieh 2023). There is also evidence that user preferences and concerns change based
on the mode used (e.g., bus vs. metro) (Maciejewska et al. 2023; Shiftan et al. 2015) due to
operational differences.

Even though there is ample evidence on pre-pandemic transit profiles diverging based
on socio-demographic, travel, geographic and attitudinal characteristics, there is a lack of
research on how profiles have changed in post-pandemic conditions. Researchers have
started investigating what service improvements could lure those who stopped using transit
services back in the post-pandemic world (Mashrur et al. 2023; Palm et al. 2022; Soria et
al. 2023). Mashrur et al. (2023) report that providing more direct lines, improving service
reliability, and off-peak discounts are important for those who stopped using transit. More-
over, individuals are placing more value on seamless travel and putting more importance on
reducing transfer penalties. Even so, most of the transit segmentation research still reflects
old behaviours and preferences indicating a need to update the literature to support transit
recovery especially as telecommuting rates have increased.

As with many cities in North America, transit ridership in Montréal, Canada is far from
recovered. By the end of 2022, ridership in the region was back to 70% of pre-pandemic
levels (STM 2022) signaling a shrinkage of the transit market. In this context, we explore
the transit market in the region aiming to answer the following questions (i) How has the
transit market changed from pre- (2019) to post-pandemic (2022) conditions? and (ii) How
have sub-markets of bus only, metro only, and bus and metro users changed within this
timeframe? We analyze these submarkets given known differences in user preferences and
behaviors across modes (Maciejewska et al. 2023; van Lierop and El-Geneidy 2016). In the
study, we consider changes in travel perceptions and preferences, especially travel satisfac-
tion known to be a main determinant of loyalty to transit services (Machado et al. 2018;
Sun et al. 2021; van Lierop et al. 2018), frequency of use, telecommuting rates, and per-
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sonal characteristics (i.e., income, an important component in identifying captive riders).
We apply a combination of factor and k-means clustering analysis to define transit market
segments which are used to assess how the transit market has shifted over time.

Literature review

In this section, we explore the impacts of the COVID-19 pandemic on the transit market and
the literature on the segmentation of transit markets.

The COVID-19 pandemic impacts on the transit market

Transit use changed significantly following the COVID-19 pandemic. Travel restrictions
and fear of potential exposure made many give up, even if temporarily, on transit leading
ridership to drop up to 90% at the height of the pandemic (DeWeese et al. 2020). Lower fare
revenue and reduced service offering were a natural consequence (Parker et al. 2021; Qi et
al. 2023) causing a disproportional effect on transit operators and those dependent on transit
(Tirachini and Cats 2020; Van Dorn et al. 2020). Under these new conditions, transit agen-
cies had to quickly adapt to plan service for essential workers and those who had no other
options to reach essential services (Karner et al. 2023). Meanwhile, many found alternative
ways of transport (e.g., active travel and car use) and/or switched to telework and other
forms or remote activities (Haider et al. 2023; Rahman et al. 2021; Wilbur et al. 2023). The
popularity of telework persists beyond the pandemic (Mohammadi et al. 2023) while transit
agencies still struggle to recover pre-pandemic levels of ridership (Tirachini and Cats 2020;
Ziedan et al. 2023).

Transit recovery has been slow and challenging. Cuts in service, travel restrictions, tele-
commuting, and increased rates of remote activities are likely to have caused significant
habit disruption leading some transit users to adopt other behaviors, such as car use or
cycling (Zhao and Gao 2022), which will likely impact transit mode share in the long term
(Karner et al. 2023). Choice riders who were able to stay away from transit during the pan-
demic due to either having a car available or buying one are less likely to have restarted tak-
ing transit (Palm et al. 2022). Another important factor influencing reduction in transit use
among this group was the ability to work remotely (Brough et al. 2021; Haider et al. 2023).
On the other hand, areas with higher rates of low-income populations and/or people of color,
which are more dependent on transit, decreased their use to a lower extent compared to
high-income areas (Parker et al. 2021; Qi et al. 2023; Wilbur et al. 2023) and have continued
to take transit over time (Brough et al. 2021; Liu et al. 2020; Palm et al. 2022). Disadvan-
taged populations tended to be overrepresented among transit riders during the early stages
of the pandemic (Liu et al. 2020) and to face higher challenges in reaching essential services
without transit (Palm et al. 2021) especially as they were more likely to experience services
cuts (Kar et al. 2022). Thus, increasing their social vulnerability as their accessibility levels
decreased. Those dependent on transit have been found to perceive higher infection risks
from transit use compared to choice users, however the influence of risk on behavior was
smaller reflecting a “boundness” to keep the behavior (Zhao and Gao 2022).

Despite trends in ridership recovery rates diverging between demographics, those with
higher accessibility by transit and higher perceptions of service quality are less likely to
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have bought a new vehicle and to have intentions to reduce transit use (Palm et al. 2022)
reflecting a need for transit agencies to provide service with high quality. Travel satisfac-
tion is a main determinant of a rider’s willingness to use and to recommend transit services,
both indicators of loyal behavior (Carvalho et al. 2021; van Lierop et al. 2018). Even so, the
service quality attributes valued by riders may differ based on an amalgamation of factors,
such as their frequency of use. Hsieh (2023) reports that, in the post-pandemic scenario,
those who use transit less frequently value safety and reliability while frequent riders see
these attributes as basic and value comfort and customer service more. On this note, metro
services, often perceived to have higher service quality by users (Cao et al. 2016), are recov-
ering faster than bus services (Cottreau et al. 2023).

Transit market segmentation

Traditionally, researchers and practitioners segment the market into two categories: choice
and captive riders. “Choice riders” represents a diverse set of transit users who choose tran-
sit of their own volition (Guerra 2022; Wilson et al. 1984). These individuals can usually be
further segmented into smaller categories based on travel and service preferences, attitudes,
and behaviours (Guerra 2022). On the other hand, “captive riders” are classified based on
income and lack of alternative travel options, such as access to a car (Beimborn et al. 2003).
They tend to be more sensitive to negative experiences and to report lower satisfaction lev-
els (Zhao et al. 2014). More recently, Van Lierop and El-Geneidy (2017) identified a third
segment, the captive-by-choice riders. This group is likely to have the financial means to
access different modes, however they prefer the experience of taking transit. Other scholars
have tried to steer away from this paradigm in assessing transit user heterogeneity. To do
so, they use a combination of travel (Allen et al. 2019; Shiftan et al. 2015; Sun and Duan
2019; Tao et al. 2017; Viallard et al. 2019) and personal characteristics (Allen et al. 2020;
Fu et al. 2018; Mugion et al. 2018; Tyrinopoulos and Antoniou 2008; Vicente et al. 2020),
attitudinal (Cheng et al. 2017; Eldeeb and Mohamed 2020; Fu and Juan 2017; Jamal et al.
2023; Kim and Ulfarsson 2012; Krizek and El-Geneidy 2007; Mesbah et al. 2022; Wang et
al. 2022) and geographical (Chen 2016; Grisé and El-Geneidy 2018) variables, and transit
use potential (Li et al. 2018).

Nonetheless, even papers published after 2022 still reflect pre-pandemic conditions. As
examples, Guerra (2022) uses an amalgamation of data from 2012 to 2015 to understand
choice riders. Mesbah et al. (2022) collected face-to-face interviews in Iran over three peri-
ods across 2017 and 2018 focusing on perceptions of service quality. Wang et al. (2022)
focused on shared-mobility preferences, including fixed-route transit usage, from July to
November 2018 in the City of Detroit and Ypsilanti Area. Finally, Jamal et al. (2023) focus
on the mode choice attitudes and preferences of millennials and older adults from Ham-
ilton, Canada from October to November 2019. In this sense, we add to the literature by
examining both pre-pandemic (2019) and post-pandemic (2022) data sets and comparing
the changes in transit rider profiles considering satisfaction levels, telecommuting rates, and
frequency of transit use.
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Data

To identify changes in the transit market in Montréal before and after the COVID-19 pan-
demic, this study draws on the 2019 and 2022 waves of the Montréal Mobility Survey
(MMS) collected by the Transportation Research at McGill (TRAM) group. In both waves,
the research team employed multiple recruitment strategies to ensure a large and repre-
sentative sample. As proposed by Dillman et al. (2014), advertisement through a market-
ing company, social media ads, flyer distribution, and personalized email invitations were
implemented. Moreover, the same data-cleaning strategy was employed to both data samples
to ensure consistency. The exclusion criteria included a short completion time, incomplete
responses, multiple responses from the same email address or IP address, and invalid age
or height differences between the waves. Those who placed a pin representing their home,
school, and/or work location outside of the Montreal metropolitan area were also excluded.
In 2019, 3,520 responses were retained after the cleaning procedures and 4,065 in 2022.

For this study, we focus on a subset of the collected data samples, those who commuted
to work by Montréal’s local public transit system (Société de Transport de Montréal). A total
of 796 respondents reported commuting to work by public transit in 2019 while 653 had
done the same in 2022. For our analyses, we further classify the samples into three groups
based on the modes used during their commute trip: those who used only the bus, those who
used only the metro, and those who used a combination of both. Those who used commuter
trains were excluded from the analysis as this service falls under regional provision. For
2019, this yielded 170 bus users, 304 metro users, and 322 who used both modes. In 2022,
the sample contained 144 bus users, 267 metro users, and 242 who used a combination of
both. It is important to highlight that a share of individuals answered both waves and are
present in the two samples (N=154), however direct comparisons between their responses
were not assessed.

The MMS collects a range of information on trip satisfaction, travel preferences, travel
behaviour, and personal characteristics. Tables 1 and 2 report the questions assessed from
each wave chosen based on the literature on transit markets and the impacts of COVID
on transit ridership. Travel satisfaction and travel preference questions were asked using
a 5-point Likert scale. The question “how many private automobiles do you have regular
access to?” was converted to a dummy variable representing having access to a car (or not).
Apart from these questions, we incorporate in our analyses the number of telecommuting
days during the workweek, the number of transit trips to work, and household income. We
transform the household income question into a dummy variable based on earning less
than CAD 60,000 a year to indicate low-income households. Finally, we use the number
of transit trips to work to classify respondents’ frequency of transit use. Those commuting
to work by transit 4 times a week or more were classified as frequent riders, the remaining
were deemed infrequent.
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Methods
Exploratory factor analyses

Factor analysis identifies the smallest number of single underlying latent constructs, or fac-
tors, based on the covariance relationship among the studied variables (Hair et al. 2014). In
this sense, we apply this technique to reduce the number of variables to be analyzed while
having a minimum loss of information. Given this purpose, we conduct a principal com-
ponents exploratory factor analysis for each wave and transit mode group (i.e., bus only,
metro only, and both) using the psych and factoextra packages in R based on Pearson cor-
relation matrices. The number of factors extracted was defined based on latent root criterion
(eigenvalue=>1) and parallel analysis, which has been found to perform better than scree
plots in determining the number of components to be retained (Zwick and Velicer 1986).
To reduce the likelihood of variables loading highly in more than one factor, varimax was
applied as the rotation method (Hair et al. 2014). Only variables with factor loadings greater
or equal to 0.450 were retained to ensure significance according to our sample sizes (Hair et
al. 2014). Similar levels of explained variance were found among the 2019 and 2022 factor
analyses. Factorability of the samples was assessed prior to the analyses by confirming that
all variables correlate significantly to at least one other variable (»>0.3), adequate levels of
sampling adequacy (KMO >0.7) and that the observed correlation matrix is not the identity
matrix (a significant result for the Bartlett’s Test of Sphericity).

K-means clustering

K-means clustering is a technique based on a centroid method algorithm. Cluster cen-
troids are recalculated every time a new individual is grouped leading to a new centroid to
be derived, which is based on the mean values of the observations in the variables being
assessed (Hair et al. 2014). The aim is to minimize the differences within groups while
maximizing the differences among them. This technique has been applied several times in
the literature and it has been shown to be a good transit segmentation method (Cheng et
al. 2017; Dent et al. 2021; Grisé and El-Geneidy 2018; Jacques et al. 2013; Krizek and El-
Geneidy 2007; Van Lierop and El-Geneidy 2017; Viallard et al. 2019).

To identify cluster groups in Montréal’s transit market, we use a combination of factor
scores, calculated in the previous step (Tables 1 and 2), and independent variables. The
independent variables added are safety and cost-related statements for bus only and metro
only riders in 2019, cost-related statements for bus only and metro only riders in 2022, the
incidence of low-income respondents (dummy variable indicating households earning less
than CAD 60,000 per year) and the number of telecommuting days during the workweek for
all groups for both waves. Except for household income, all variables were normalized to
range from —1 to 1 to follow a similar distribution pattern as the factor scores. The indepen-
dent variables are added to either match the variables being considered across all commuter
groups or to investigate the effects of income and telecommuting on the market.

As suggested by Damant-Sirois et al. (2014), we tried clustering from three to eight
groups. To define the number of clusters, we use transit-specific criteria previously used in
the literature as defined by Krizek and El-Geneidy (2007) and replicated by Van Lierop and
El-Geneidy (2017). In this sense, we assess the statistical output (cluster characteristics),
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relevance and transferability to transport policy, previous studies, and common sense and
intuition. Complementary, we use silhouette analysis, which can help identify the optimal
number of clusters based on the separating distance between them. The final cluster selec-
tion is used to analyze mode level and overall changes in the transit market.

Results
Exploratory factor analysis

Tables 1 and 2 denote the factors extracted for the 2019 and 2022 data samples. The same
set of five factors was found for the group of bus and metro users, namely satisfaction
with bus operations, satisfaction with metro operations, perceptions of safety, perceptions
of cost, and car access. The obtained factors were later used to identify market segments
at both points in time using k-means clustering. Fewer factors were extracted for bus only
and metro only users, which is explained by a reduced number of variables available for
respondents in those categories. For instance, bus only users did not answer metro-related
questions and vice versa. Nonetheless, for these groups, the appropriate variables related to
cost and safety in 2019 and cost in 2022 were normalized and incorporated in the clustering
to ensure consistency as explained in the methods section.

Table 1 Factor loadings for the 2019 sample of transit respondents

Factor ~ Variable Bus'  Metro*> Bus
and
Metro®
Satis- I am satisfied with the length of time I spent on the bus. 0.651 - 0.703
faction [ felt comfortable when I was on the bus. 0.594 - 0.582
(Bus) The waiting time for the bus was reasonable. 0.705 - 0.572
Overall, I was satisfied with my bus experience during this trip. 0.823 - 0.879
Satis- I am satisfied with the length of time I spent on the metro. - 0.726  0.675
faction [ felt comfortable when I was on the metro. - 0.672  0.646
(Metro) The waiting time for the metro was reasonable. - 0.661  0.699
Opverall, I was satisfied with my metro experience during this trip. - 0.928  0.875
Safety I felt safe from crime and unwanted attention when I was on the bus. - - 0.586
I felt safe from crime and unwanted attention when I was on the - - 0.755
metro.
Cost The cost of taking the bus was reasonable. - - 0.771
The cost of taking the metro was reasonable. - - 0914
Car Being in a neighbourhood where it is practical to move around and ~ 0.868 0.758  0.808
Access  park by car (traffic is light, there is good access by car, payment, and
availability of parking)
How many private automobiles do you have regular access to? 0.452 0.738  0.446

Variance Explain. (49.7%); KMO (0.720); Bartlett’s Test of Sphericity (y* = 236.30, d.f. = 15, p-value=0)
2Variance Explain. (56.7%); KMO (0.710); Bartlett’s Test of Sphericity (x> = 609.36, d.f. = 15, p-value=0)
3Variance Explain. (56.9%); KMO (0.750); Bartlett’s Test of Sphericity (x2=1,773.79, d.f. = 120, p-value=0)
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Table 2 Factor loadings for the 2022 sample of transit respondents

Factor  Variable Bus' Metro*> Bus
and
Metro®
Satis- I am satisfied with the length of time I spent on the bus. 0.689 - 0.737
faction T felt comfortable when I was on the bus. 0.617 - 0.607
(Bus)  pe waiting time for the bus was reasonable. 0.521 - 0.596
Overall, I was satisfied with my bus experience during this trip. 0939 - 0.864
Satis- I am satisfied with the length of time I spent on the metro. - 0.756  0.738
faction  The waiting time for the metro was reasonable. - 0.643  0.586
(Metro) Overall, I was satisfied with my metro experience during this trip. - 0.771  0.814
Safety I felt safe from crime and unwanted attention when I was on the bus.  0.941 - 0.680
I felt safe from discrimination and racism when I was on the bus. 0.789 - 0.843
I felt safe from crime and unwanted attention when I was on the - 0.708 0.573
metro.
I felt safe from discrimination and racism when I was on the metro. - 0.747  0.736
Cost The cost of taking the bus was reasonable. - - 0.988
The cost of taking the metro was reasonable. - - 0.624
Car I have access to a car whenever I need it 0.653 0.737  0.839
Access  How many private automobiles do you have regular access to? 0.938 0.745 0.745

"Variance Explain. (64.8%); KMO (0.700); Bartlett’s Test of Sphericity (y*> =465.73, d.f. = 28, p-value=0)
2Variance Explain. (59.5%); KMO (0.730); Bartlett’s Test of Sphericity (y* = 588.54, d.f. =21, p-value=0)
*Variance Explain. (64.6%); KMO (0.760); Bartlett’s Test of Sphericity (y*=2045.06, d.f. = 136, p-value=0)

K-means clustering

Clusters of four or five groups were found to provide the best qualitative description of the
market for each mode (Figs. 1 and 2). The selection of clusters is not mode specific and were
named based on the prevalence of factors or travellers’ characteristics. For instance, unsatis-
fied captive riders are found among both metro only and bus and metro users. Nonetheless,
several groupings were specific to bus and metro users (e.g., cost sensitive and safety con-
scious riders). These variances highlight differences in the data structure among different
mode groups. A description of the characteristics of each cluster by mode is provided in
Table 3, which introduces major discontentment areas for unsatisfied clusters that can serve
as basis for policies targeting them.

All cluster groupings were classified as captive, captive-by-choice, and choice users
based on income and car access as defined by Krizek and El-Geneidy (2007) and updated by
Van Lierop and El-Geneidy (2017). Consequently, those with low income and no car access
are categorized as captive users. Choice users are those who have car access and captive-by-
choice users are those who are not categorized as having low income and have no car access.
This classification is used to identify and characterize the changes in the transit market in
the following sections.

The analysis above reveals that captive, captive by choice and choice riders still exist
in the current public transit market, which is consistent with previous research, whilst the
percentages of these groups in the market has differed as well as the frequency of usage
among each group. In the following section, changes in the market at the overall and mode
group level are examined.
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Work Trips by Bus Only (2019)

Satisfied Unsatisfied Capt. by Not car focused Unsatisfied Satisfied
Captive Rider (18%) Choice Rider (13%) Choice Rider (21%) Choice Rider (12%) Choice Rider (36%)
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Work Trips by Bus Only (2022)

Satisfied Unsatisfied Capt. by Unsatisfied Telecom. Unsatisfied Satisfied Telecom.
Captive Rider (24%)  Choice Rider (11%) Choice Rider (8%) Choice Rider (177%)  Choice Rider (40%)
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. Satisfaction (Bus Operations) D Cost (Trip) Safety (Trip) Car Access Less 60k (%) . Telecommute

Fig. 1 K-means cluster analysis for bus only commuters
Changes in the transit market

Transit commuters have become significantly more infrequent after the pandemic (y* =
42.96, p<0.001). In 2019, 57% of our sample commuted to work by transit at least four
times a week (frequent users). After the pandemic, the share of frequent users was reduced
by 17%. One explanation for the decrease in frequency of use is the growth in telecommut-
ing. In 2019, infrequent riders telecommuted, on average, 0.5 (s.d. = 1.1) days per week
increasing to 2.6 (s.d. = 1.7) in 2022. In comparison, frequent users telecommuted 0.3 (s.d.
= 0.7) days on average in 2019 and 0.6 (s.d. = 1.2) in 2022. Both changes are significant at
a 0.001 level. Overall, 21% of respondents telecommuted at least one day a week in 2019
while 62% did so in 2022. These trends reflect fundamental changes in how transit systems
are being used and how they should be designed. Figure 3 depicts the existence of similar
patterns of decrease in frequency of use and increase in telecommuting rates, especially
among infrequent users, across all mode groups.

Considering the transit market shares of captive, captive by choice, and choice users
found in Sect. 5.2, Table 4 reports on the changes in shares, average number of telecommut-
ing days per week, and average number of transit trips to work per week by mode group.
Table 5 displays changes in overall satisfaction towards metro and bus service by mode
group. Trends at the overall and mode group level are further explored in the following
subsections. A summary of the changes can be found in Table 6.
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Work Trips by Metro Only (2019)

Unsatisfied Satisfied Capt. by Unsatisfied Satisfied
Captive Rider (19%) Choice Rider (30%) Choice Rider (16%) Choice Rider (36%)
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Work Trips by Metro Only (2022)
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Work Trips by Bus and Metro (2019)

Unsatisfied Satisfied Capt.by Metro Enthusiast Cost Sensitive Safety Concious
Captive Rider (11%) choice Rider (32%) Choice Rider (17%) Choice Rider (20%) Choice Rider (19%)
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Work Trips by Bus and Metro (2022)

Unsatisfied Satisfied Capt.by Unsatisfied Telecom. Cost Sensitive Safety Concious
Captive Rider (18%)  Choice Rider (29%) Choice Rider (12%) Choice Rider (16%) Choice Rider (25%)
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Fig. 2 K-means cluster analysis for metro only and bus and metro commuters
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Frequent Frequent
Frequent 40% 37%
49% Frequent
61%.

Frequent
Frequent 43%

58%

Infrequent Infrequent
Infrequent 60% 63%
51% Infrequent
39%

Infrequent
Infrequent 57%

42%

Telecommuting Not Telecommuting

Fig. 3 Changes in frequency of use and telecommuting rates by mode group

Table 4 Changes in market shares, telecommuting, and transit trips to work within transit market segments
by mode group over time

Segments Bus Users Metro Users Bus and Metro Users
2019 2022 Diff. 2019 2022 Diff. 2019 2022 Diff.
Captive 18% 24% 6% 19% 15% 4% 11% 18% 7%
Telecommute' 0.2 (0.5) 0.8 (1.5) 03(0.9) 1.8(1.6) *** 04(1.0) 1.0(1.3) *
Trips to Work?> 3.00 (2.3) 4.5(3.1) 40(2.1) 27(@2.1) * 433.00 4322 *
Captive by 13% 11% 2% 30% 24% 6% 32% 29% -3%
choice
Telecommute' 0.5 (1.3) 0.6 (0.9) 03(0.8) 1.4(1.7) *** 0.3(0.8) 1.5(1.9) ***
Trips to Work? 3.6 (3.5) 3.9(1.4) 40(2.1) 34(2.0) *** 35(2.0) 3.622)
Choice 69% 65% 4% 51% 61% 10% 57% 53% -4%

Telecommute! 0.5 (1.1)  2.2(1.8) *** 0.4(0.9) 22(1.7) *** 04(1.0) 2.0(1.8) ***
Trips to Work? 3.0 (22) 2.7(2.1) *** 35(2.6) 29(2.1) ** 3627 29(22) ***

Avg. number of telecommuting days per week; 2Number of transit trips to work per week; 3Significance
of Pearson Chi-Square Test: * p<0.05 ** p<0.01 *** p<0.001.

Captiveriders

From 2019 to 2022, the share of captive riders has marginally increased (2019=16%,
2022=18%, +2%). The increase is most noticeable within the bus only (+6%) and bus and
metro (+7%) mode groups. This trend reflects a loss in choice users who are likely com-
muting by other means. The metro only portion of the sample was the only group to have a
reduction in captive users (-4%). At both points in time, captive riders tend to have higher
shares of frequent riders (2019=61%, 2022=49%) and non-telecommuters (2019=_84%,
2022=52%) when compared to captive-by-choice and choice riders.

Even though shares of telecommuters and infrequent riders have increased across all
mode groups, most captive bus riders do not telecommute and are frequent riders. People in
this group have the lowest telecommuting rates across all modes and market segments both
before and after the pandemic as reported in Table 4. Similarly, bus and metro users tend to
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Table 5 Changes in satisfaction within transit market segments by mode group overtime

Mode Cluster Year Bus Satisfaction Diff.! Metro Satisfac-  Diff.!
(Mean) tion (Mean)
Bus only Captive 2019 4.3(0.4) -
Captive 2022 4.3 (0.6) -
Captive by choice 2019 2.7(0.7) * -
Captive by choice 2022 3.4 (0.6) -
Choice 2019 3.9(0.7) -
Choice 2022 3.8(1.0) -
Metro only Captive 2019 - 3.9(0.3) *
Captive 2022 - 3.6(0.7)
Captive by choice 2019 - 4.4 (0.5) HoxE
Captive by choice 2022 - 4.1(0.4)
Choice 2019 - 3.6(0.9) HHE
Choice 2022 - 4.3(0.7)
Bus and Captive 2019 3.1(1.0) 2.3(0.7) oAk
Metro Captive 2022 3.2(0.9) 3.5(0.8)
Captive by choice 2019 4.1(0.5) 4.3 (0.5) *
Captive by choice 2022 4.2 (0.5) 4.5 (0.6)
Choice 2019 3.2(1.0) wHE 3.8 (0.6) ok
Choice 2022 3.5(1.1) 4.1 (0.6)

'Significance of Pearson Chi-Square Test: * p<0.05 ** p<0.01 *** p<0.001

not telecommute and to be frequent transit riders. Conversely, 70% of captive metro users
telecommute at least once a week and they tend to make less trips to work on average.

Bus only captive riders have remained satisfied with bus services in the Montréal Island.
At both points in time, most agree to be satisfied with travel and waiting times, to feel com-
fortable while on the bus, to feel that the cost of taking the bus is reasonable, and to feel
safe from crime and unwanted attention. Whilst captive users from the bus and metro group
stated being unsatisfied with travel and waiting times and comfort conditions when using
the bus. They also have become more concerned about safety overtime when using the bus.
These differences in perception are likely a reflection of longer travel times and the negative
effects of transfers on satisfaction as shown by Grisé and El-Geneidy (2019). Captive users
from the bus and metro mode group of captive riders were mostly unsatisfied with metro
services. Even though metro users tend to have higher satisfaction rates than bus users, cap-
tive users from both groups reported that they do not feel comfortable on the metro and do
not believe that the cost of the trip is reasonable at both points in time.

Captive-by-choice riders

From before to after the pandemic, the share of captive-by-choice users has decreased
(2019=27%, 2022=23%, -4%). This trend is found across all mode groups (i.e., bus only,
metro only, and bus and metro users) as shown in Table 4. Captive-by-choice riders tend to
share similar behavioural patterns in terms of telecommuting and frequency of transit use
with captive riders. In 2019, 63% of the group frequently used transit to commute to work
becoming 47% in 2022. Similarly, 80% did not telecommute in 2019 while 51% did not do
so in 2022.
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Most captive-by-choice riders believe that they can comfortably take transit to reach
their desired destinations (93%) and would recommend transit to family and friends (87%).
Except for the bus only group, captive-by-choice users reported higher satisfaction levels
than captive riders in relation to bus and metro services. Nonetheless, satisfaction still differ
among the analyzed mode groups. At both points in time, the bus only group is mostly unsat-
isfied with bus operations, including waiting times, travel times and comfort. Even though
mostly satisfied, satisfaction levels within the metro only group significantly decreased
overtime. These trends lead to a possible continuous decrease in the share of captive-by-
choice riders. Whilst bus and metro users maintained their levels of satisfaction towards bus
and metro services stable overtime.

Choiceriders

Choice riders are the largest group in the transit market. Their share has slightly increased
from 2019 to 2022 (2019=57%, 2022 =59%, +2%). The metro only group was the only one
to increase its share of choice riders (+10%) while bus only and bus and metro groups expe-
rienced the same reduction rates (-4%). For the two former groups, the reduction in share
likely indicates people leaving the market. Choice riders are more prone to be telecommut-
ers than captive or captive-by choice riders. In 2022, 71% of the group telecommuted at
least once a week, which reflects an increase of 48% from 2019. Similar shares are found
across the three mode groups. On the same note, most choice riders are now infrequent
transit riders. In 2019, 46% of the group was composed of infrequent riders which increased
to 66% in 2022.

Even though there are clear groups of unsatisfied riders within each mode group as
described in Table 3, most remaining choice riders are satisfied with transit. Bus only users
have kept similar rates of satisfaction from before to after the pandemic. Metro only users
have significantly increased satisfaction levels, including with travel times, waiting times,
and comfort levels. Similarly, choice users from the bus and metro group have also increased
their satisfaction levels towards both bus and metro services overtime. They also tend to
have clear groups of riders concerned with travel costs and safety. Overall, satisfaction
levels of choice riders tend to be lower than of captive-by-choice riders and more similar to
captive riders especially for bus services.

Discussions and conclusions

This paper focused on understanding how the transit market changed from pre- to post-pan-
demic conditions at the overall and mode group level (i.e., bus only, metro only, and bus and
metro commuters). We analyse data referring to the 2019 and 2022 waves of the Montréal
Mobility Survey concerning travel satisfaction, frequency of transit use, and telecommuting
rates of respondents who commuted by transit. In the analysis, a combination of factor and
k-mean cluster analyses is applied to derive market segments at both points in time from
which changes in the market are examined.

Given relatively small sample sizes, the results reported in this study may under or over-
represent certain groups found in Montréal’s transit market. Even so, the general trends
in captive, captive by choice and choice riders in 2019 were consistent with previous
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research (Van Lierop and El-Geneidy 2017) and we find significant differences in relation
to 2022 response patterns. In this sense, while the proportion of captive and choice riders
has increased, captive-by-choice riders have shrunk in size. Figure 4 shows an updated
market segmentation that builds on previous research (Krizek and El-Geneidy 2007; Van
Lierop and El-Geneidy 2017), for simplification the proposed segmentation combines all
the studied modes.

In our sample, no new groups have emerged among captive riders across all mode
groups. At both points in time, captive riders in the bus only group have remained satisfied
while those in the metro only and in the bus and metro groups have continued unsatisfied
with transit services. Unsatisfied bus and metro riders tend to have negative perceptions
of travel and waiting times and comfort. Therefore, indicating those as potential areas of
improvement as highlighted by Mashrur et al. (2023). Overall, captive riders experienced
the least reduction in the share of frequent transit riders compared to captive-by-choice and
choice riders (2019=61%, 2022=49%, -13%). Moreover, most remain non-telecommuters
(2019=84%, 2022=52%, -32%). Captive bus users tend to use transit more frequently and
to telecommute less than captive metro users.

Within captive-by-choice riders, the metro only group has shifted from a mostly satisfied
group to a mostly unsatisfied one, especially in terms of cost and waiting times. On the other
hand, the captive-by-choice bus only and bus and metro groups have kept their satisfaction
levels stable. Overall, captive-by-choice riders are the most pleased with bus and metro
operations and the most willing to recommend transit. These findings reinforce the notion
proposed by Van Lierop and El-Geneidy (2017) that captive-by-choice riders become cap-
tive to transit because they enjoy their experience and highlight their deeply held commit-
ment to their choice. Thus, indicating loyal tendencies as both factors are connected to loyal
behavior (Carvalho et al. 2021; van Lierop and El-Geneidy 2016). Nonetheless, the group
faces a trend of reduction in satisfaction levels which could lead to a continuous decrease in
the share of captive-by-choice riders. In terms of frequency of use and telecommuting rates,
captive-by-choice riders tend to behave similarly to captive riders. Consequently, a high
share of the group still uses transit frequently to commute to work (2019=63%, 2022=47%,
-16%) while most do not telecommute (2019=80%, 2022=51%, -29%).

Choice riders are the ones that changed the most significantly. This group displayed the
most increase in telecommuting rates and decrease in frequency of transit use. Clusters
of telecommuters are now found across all mode groups which were not present in 2019.
Telecommuters are 70%, 66%, and 75% of the bus only, metro only, and bus and metro

2019 Market (n = 796) 2022 Market (n = 653)
. 70% of the 2019 market
. g
) =
e c
- [
capne —
ive ) [ |
E Captive 1,/ C%oice Choice i o
~16% o4 ~57%
24 7% = Cati Captive Choice
g 2 aptVe v Choice oi
= = ~18% ~23% ~59%
(7] @
e s
g 8
E =

T
Higher frequency of use, Lower frequency of use,
Lower telecommuting rates ~ Higher telecommuting rates

No clear telecommuting trends
Fig. 4 Transit market in pre- (2019) and post-pandemic (2022) conditions
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groups respectively. These sub-markets are also now predominantly composed of infre-
quent transit users. At the overall level, the share of people who telecommuted at least once
a week increased by 48% from 2019 to 2022 (2019=23%, 2022=71%) while infrequent
users increased by 19% (2019=46%, 2022=66%).

Telecommuting rates seem to be an influential factor in explaining changes in the transit
market (e.g., reduction in the market share) as indicated by our findings. The continued
impact of telecommuting on transit ridership will depend on a multitude of factors, includ-
ing the extent to which “back to the office” policies are accepted and implemented. Telecom-
muting adoption also varies based on socio-demographic characteristics being more popular
among younger populations and high-income individuals (Zhu and Wang 2024). Moreover,
telecommuting might have allowed people to move farther from offices reinforcing urban
sprawl and making transit an inconvenient option (Liu and Su 2021; Yiu et al. 2023). None-
theless, it is unlikely that telecommuting rates will return to pre-pandemic levels as the
practiced has become normalized. The literature is unclear on whether non-work travel
among telecommuters has increased or decreased (Zhu and Wang 2024). Even so, choice
riders might have been dissuaded from transit towards car (Soria et al. 2023) or active travel
(Angel et al. 2023). In the post-pandemic scenario, we find an inverse relationship between
frequency of use and telecommute rates, especially among choice riders, which although a
straightforward result is indicated in Fig. 4. Similarly, captive, and captive-by-choice riders,
which rely on transit for their commute, telecommute at lower rates.

Our findings indicate fundamental changes in the transit market, especially within choice
users. The pandemic has caused significant disruptions in behavioural patterns leading to
new habits, including how and where people work which in turn affect transit usage. The
post-pandemic transit market has shrunk and become mostly composed of infrequent riders
who display higher rates of telecommuting. In this sense, the overall changes in behav-
ioural patterns imply that planning transit for 9-to-5 commuter flows needs to be rethought
to reflect a new reality. We need to further the understanding of post-pandemic needs and
preferences across multiple trip purposes so that transit can better serve the population and,
consequently, aid transit ridership recovery. Future research could replicate the analyses
done in this paper across multiple cities to examine differences in the patterns of change.
Moreover, given data available, studies considering not only work trips, but multiple trip
purposes would add to the literature. By doing so, researchers could understand the tran-
sit market more holistically and whether certain types of trip purposes have become more
popular over time, which could have policy implications. Future studies could also follow
the market to understand the impacts of telecommuting and how they change over time.

Policy recommendations

The findings of this paper indicate that telecommuting is a major factor influencing tran-
sit ridership and its recovery. For instance, choice riders have started to telecommute, on
average, two days a week leading the share of infrequent or “occasional” users to increase.
Therefore, transit agencies will need to adapt as pockets of the market move away from
9-to-5 commute patterns. Palm et al. (2022) reports that regions with higher accessibility by
transit and that perceive transit services as having high quality were less affected by reduc-
tions in transit use. This highlights the need for agencies to keep improving service provi-
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sion to retain and encourage ridership recovery and growth. We report policy directions for
captive, captive by choice, and choice riders.

Captiveriders

Although captive riders remained taking transit during and after the pandemic, they are
mostly doing so for a lack of other options. They were the most affected by service cuts
and faced challenges accessing essential services during pandemic times. They report the
lowest levels of satisfaction to bus and metro services compared to captive by choice and
choice riders, thus reflecting a need to improve their experience to not lose their ridership in
the future. Transit agencies need to understand to what extent captive riders, which tend to
be low-income and/or people of color, are underserved by transit. In terms of satisfaction,
improvements in travel and waiting times and comfort levels are required.

Captive by choiceriders

The share of captive-by-choice riders seems to have decreased. This likely indicates that the
number of households and/or people who have chosen alternative travel modes (e.g., car
and active travel) to commute, which lead to new habits and behaviors perduring even after
the pandemic. Overall, captive by choice riders remain the most satisfied with transit and
are willing to recommend transit to friends and family. It is important to cater to their needs
as this group tends to be the most loyal to transit although they have the ability to switch to
other modes. There are pockets of dissatisfied users, especially among those who take only
the bus or only the metro for their commute. Their main concerns are related to travel and
waiting times and comfort (same as captive riders) as well as transit costs which should be
addressed to retain their ridership.

Broadly, the existence of a captive by choice rider market indicates that there are people
willing to not rely on car travel for commute purposes of their own volition, however their
market share is significantly smaller than that of choice riders. This may indicate that poli-
cies focusing on increasing zero-car households based on a preference for transit has limits,
even so increasing transit accessibility and positive perceptions of service may encourage
some riders to go carless as transit becomes a more convenient option.

Choiceriders

Choice riders are the largest share of the transit market. They have started telecommuting
to a larger extent compared to other groups and, therefore, have started using transit more
occasionally. Thus, this group has a substantial influence on transit ridership and recovery.
Among unsatisfied choice riders, their concerns resemble those of captive and captive by
choice riders. They are discontented with travel and waiting times as well as comfort levels.
To a larger extent than in other groups, choice riders are also bothered by transit costs and
safety. In this sense, increasing fares would have a negative impact on their perceptions of
transit and should be avoided while actions to increase perceived safety should be planned,
such as the presence of security guards, security guards, and improved lighting around bus
stops and metro stations.

@ Springer



Transportation

Acknowledgements The authors would like to thank Transportation Research at McGill (TRAM) group for
their help in designing, building, and cleaning the survey data. This research was funded by The Canadian
Institutes of Health Research (CIHR) and The Natural Sciences and Engineering Research Council of Canada
(NSERC) Collaborative Health Research Projects (CHRP) Program (CIHR CPG-170602 and CPG-170602
X- 253156, NSERC CHRPJ 549576-20), the Natural Sciences and Engineering Research Council of Canada
grant Towards a better understanding of the determinants and satisfaction of travel among different groups
in major Canadian Cities (NSERC RGPIN-2023-03852), and the Social Sciences and Humanities Research
Council’s partnership grant Mobilizing justice (SSHRC 895-2021-1009).

Author contributions The authors confirm contribution to the paper as follows: Study conception and design:
Carvalho, & El-Geneidy; Data collection: Carvalho & El-Geneidy; Analysis and interpretation of results:
Carvalho & El-Geneidy; Draft manuscript preparation: Carvalho & El-Geneidy. All authors reviewed the
results and approved the final version of the manuscript.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abenoza, R., Cats, O., Susilo, Y.: Travel satisfaction with public transport: Determinants, user classes,
regional disparities and their evolution. Transp. Res. Part. A: Policy Pract. 95, 64-84 (2017). https://doi.
org/10.1016/j.tra.2016.11.011

Allen, J., Eboli, L., Forciniti, C., Mazzulla, G., Ortuzar, J.: The role of critical incidents and involvement in
transit satisfaction and loyalty [Article]. Transp. Policy. 75, 57-69 (2019). https://doi.org/10.1016/j.
tranpol.2019.01.005

Allen, J., Eboli, L., Mazzulla, G., Ortuzar, J.D.: Effect of critical incidents on public transport satisfaction
and loyalty: An Ordinal probit SEM-MIMIC approach [Article]. Transportation. 47(2), 827-863 (2020).
https://doi.org/10.1007/s11116-018-9921-4

Anable, J.: Complacent car addicts’ or ‘aspiring environmentalists’? Identifying travel behaviour seg-
ments using attitude theory [Article]. Transp. Policy. 12(1), 65-78 (2005). https://doi.org/10.1016/].
tranpol.2004.11.004

Angel, A., Cohen, A., Dalyot, S., Plaut, P.: Impact of COVID-19 policies on pedestrian traffic and walking
patterns. Environ. Plann. B: Urban Analytics City Sci. 50(5), 1178-1193 (2023)

Bamberg, S., Schmidt, P.: Choice of travel mode in the theory of planned behavior: The roles of past behavior,
habit, and reasoned action. Basic Appl. Soc. Psychol. 25(3), 175-187 (2003). https://doi.org/10.1207/
S15324834BASP2503

Beimborn, E., Greenwald, M., Jin, X.: Accessibility, connectivity, and captivity: Impacts on transit choice.
Transp. Res. Record: J. Transp. Res. Board. 1835(03), 1-9 (2003). https://doi.org/10.3141/1835-01

Brough, R., Freedman, M., Phillips, D.: Understanding socioeconomic disparities in travel behavior during
the COVID-19 pandemic. J. Reg. Sci. 61(4), 753-774 (2021)

Cao, J., Cao, X., Zhang, C., Huang, X.: The gaps in satisfaction with transit services among BRT, Metro, and
bus riders: Evidence from Guangzhou. J. Transp. Land. Use. 9(3), 97-109 (2016)

Carvalho, T., Romano, C., Gadda, T.: Loyalty and public transit: A quantitative systematic review of the
literature. Transp. Reviews. 42(3), 362-383 (2021). https://doi.org/10.1080/01441647.2021.1991032

Chen, H.: Structural interrelationships of group service quality, customer satisfaction, and behavioral inten-
tion for bus passengers [Article]. Int. J. Sustainable Transp. 10(5), 418-429 (2016). https://doi.org/10.
1080/15568318.2014.965372

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.tra.2016.11.011
https://doi.org/10.1016/j.tra.2016.11.011
https://doi.org/10.1016/j.tranpol.2019.01.005
https://doi.org/10.1016/j.tranpol.2019.01.005
https://doi.org/10.1007/s11116-018-9921-4
https://doi.org/10.1016/j.tranpol.2004.11.004
https://doi.org/10.1016/j.tranpol.2004.11.004
https://doi.org/10.1207/S15324834BASP2503
https://doi.org/10.1207/S15324834BASP2503
https://doi.org/10.3141/1835-01
https://doi.org/10.1080/01441647.2021.1991032
https://doi.org/10.1080/15568318.2014.965372
https://doi.org/10.1080/15568318.2014.965372

Transportation

Cheng, L., Chen, X., Lam, W., Yang, S., Lei, D.: Public transit market research of low-income commuters
using attitude-based market segmentation approach: Case study of Fushun, China. Transp. Res. Rec.
2671, 10-19 (2017). https://doi.org/10.3141/2671-02

Cottreau, B., Adraoui, A., Manout, O., Bouzouina, L.: Spatio-temporal patterns of the impact of COVID-19
on public transit: An exploratory analysis from Lyon, France. Reg. Sci. Policy Pract. 15(8), 1702-1721
(2023)

Damant-Sirois, G., Grimsrud, M., El-Geneidy, A.: What’s your type: A multidimensional cyclist typology.
Transportation. 41(6), 1153-1169 (2014). https://doi.org/10.1007/s11116-014-9523-8

Dent, N., Hawa, L., DeWeese, J., Wasfi, R., Kestens, Y., El-Geneidy, A.: Market-segmentation study
of future and potential users of the new Réseau Express Métropolitain light rail in Montreal,
Canada. Transp. Res. Record: J. Transp. Res. Board. 2675(10), 1043—1054 (2021). https://doi.
org/10.1177/03611981211014528

DeWeese, J., Hawa, L., Demyk, H., Davey, Z., Belikow, A., El-geneidy, A.: A tale of 40 cities: A preliminary
analysis of equity impacts of COVID-19 service adjustments across North America. Findings. (2020).
https://doi.org/10.32866/001¢.13395

Dillman, D., Smyth, J., Christian, L.: Internet, Phone, Mail, and Mixed-Mode Surveys: The Tailored Design
Method. Wiley (2014)

Donald, 1., Cooper, S., Conchie, S.: An extended theory of planned behaviour model of the psychological
factors affecting commuters’ transport mode use. J. Environ. Psychol. 40, 39-48 (2014). https://doi.
org/10.1016/j.jenvp.2014.03.003

Eldeeb, G., Mohamed, M.: Quantifying preference heterogeneity in transit service desired quality using
a latent class choice model. Transp. Res. Part. A: Policy Pract. 139, 119-133 (2020). https://doi.
org/10.1016/j.tra.2020.07.006

Fu, X.: What should we do to enhance your loyalty if you are (dis)satisfied with public transit service? Travel
Behav. Soc. 26, 2840 (2022). https://doi.org/10.1016/j.tbs.2021.09.002

Fu, X., Juan, Z.: Drivers of transit service loyalty considering heterogeneity between user segments. Transp.
Plann. Technol. 40(5), 611-623 (2017). https://doi.org/10.1080/03081060.2017.1314495

Fu, X., Zhang, J., Chan, F.: Determinants of loyalty to public transit: A model integrating satisfaction-loyalty
theory and expectation-confirmation theory. Transp. Res. Part. A: Policy Pract. 113(May), 476-490
(2018). https://doi.org/10.1016/.tra.2018.05.012

Grisé, E., EI-Geneidy, A.: Where is the happy transit rider? Evaluating satisfaction with regional rail service
using a spatial segmentation approach. Transp. Res. Part. A: Policy Pract. 114(November 2017), 84-96
(2018). https://doi.org/10.1016/j.tra.2017.11.005

Grisé, E., El-Geneidy, A.: Transferring matters: Analysis of the influence of transfers on trip sat-
isfaction. Transp. Res. Record: J. Transp. Res. Board. 2673(9), 254-265 (2019). https://doi.
org/10.1177/0361198119844964

Guerra, E.: What the heck is a choice rider? A theoretical framework and empirical model. J. Transp. Land.
Use. 15(1) (2022). https://doi.org/10.5198/jt1u.2022.2096

Haider, M., Anwar, A., Mehbub, H.: The prevalence of telework under Covid-19 in Canada. Inform. Technol.
People. 36(1), 196-223 (2023)

Hair, J., Black, W., Babin, B., Anderson, R.: Multivariate data Analysis, 7 edn. Prentice Hall (2014)

Hsieh, H.-S.: Understanding post-COVID-19 hierarchy of public transit needs: Exploring relation-
ship between service attributes, satisfaction, and loyalty. J. Transp. Health. 32 (2023). https://doi.
org/10.1016/.jth.2023.101656

Jacques, C., Manaugh, K., El-Geneidy, A.: Rescuing the captive [mode] user: An alternative approach
to transport market segmentation. Transportation. 40(3), 625-645 (2013). https://doi.org/10.1007/
s11116-012-9437-2

Jamal, S., Newbold, B., Scott, D.: Developing a typology of daily travelers based on transportation attitudes:
Application of latent class analysis using a survey of millennials and older adults in Hamilton, Ontario.
Growth Change. (2023). https://doi.org/10.1111/grow.12678

Kar, A., Carrel, A., Miller, H., Le, H.: Public transit cuts during COVID-19 compound social vulnerability in
22 US cities. Transp. Res. Part. D: Transp. Environ. 110, 103435 (2022)

Karner, A., LaRue, S., Klumpenhouwer, W., Rowangould, D.: Evaluating public transit agency responses to
the Covid-19 pandemic in seven U.S. regions. Case Stud. Transp. Policy. 12, 100989 (2023). https://doi.
org/10.1016/j.cstp.2023.100989

Kim, S., Ulfarsson, G.: Commitment to light rail transit patronage: Case study for St. Louis MetroLink
[Article]. J. Urban Plann. Development-Asce. 138(3), 227-234 (2012). https://doi.org/10.1061/(asce)
up.1943-5444.0000115

Krizek, K., El-Geneidy, A.: Segmenting preferences and habits of Transit users and non-users. J. Public.
Transp. 10(3), 71-94 (2007). https://doi.org/10.5038/2375-0901.10.3.5

@ Springer


https://doi.org/10.3141/2671-02
https://doi.org/10.1007/s11116-014-9523-8
https://doi.org/10.1177/03611981211014528
https://doi.org/10.1177/03611981211014528
https://doi.org/10.32866/001c.13395
https://doi.org/10.1016/j.jenvp.2014.03.003
https://doi.org/10.1016/j.jenvp.2014.03.003
https://doi.org/10.1016/j.tra.2020.07.006
https://doi.org/10.1016/j.tra.2020.07.006
https://doi.org/10.1016/j.tbs.2021.09.002
https://doi.org/10.1080/03081060.2017.1314495
https://doi.org/10.1016/j.tra.2018.05.012
https://doi.org/10.1016/j.tra.2017.11.005
https://doi.org/10.1177/0361198119844964
https://doi.org/10.1177/0361198119844964
https://doi.org/10.5198/jtlu.2022.2096
https://doi.org/10.1016/j.jth.2023.101656
https://doi.org/10.1016/j.jth.2023.101656
https://doi.org/10.1007/s11116-012-9437-2
https://doi.org/10.1007/s11116-012-9437-2
https://doi.org/10.1111/grow.12678
https://doi.org/10.1016/j.cstp.2023.100989
https://doi.org/10.1016/j.cstp.2023.100989
https://doi.org/10.1061/(asce)up.1943-5444.0000115
https://doi.org/10.1061/(asce)up.1943-5444.0000115
https://doi.org/10.5038/2375-0901.10.3.5

Transportation

Li, L., Bai, Y., Song, Z., Chen, A., Wu, B.: Public transportation competitiveness analysis based on current
passenger loyalty. Transportation Research Part A: Policy and Practice, 113(June 2017), 213-226.
(2018). https://doi.org/10.1016/j.tra.2018.04.016

Liu, S., Su, Y.: The impact of the COVID-19 pandemic on the demand for density: Evidence from the US
housing market. Econ. Lett. 207, 110010 (2021)

Liu, L., Miller, H., Scheff, J.: The impacts of COVID-19 pandemic on public transit demand in the United
States. Plos One. 15(11), €0242476 (2020)

Machado, J., de Ona, R., Diez-Mesa, F., de Ona, J.: Finding service quality improvement opportunities across
different typologies of public transit customers [Article]. Transportmetrica Transp. Sci. 14(9), 761-783
(2018). https://doi.org/10.1080/23249935.2018.1434257

Maciejewska, M., Boussauw, K., Kebtowski, W., Van Acker, V.: Assessing public transport loyalty in a car-
dominated society: The case of Luxembourg. J. Public. Transp. 25 (2023). https://doi.org/10.1016/].
jpubtr.2023.100061

Mashrur, S., Wang, K., Lavoie, B., Habib, K.: What can bring transit ridership back: An econometric study on
the potential of usage incentives and operational policies in the Greater Toronto Area. Transp. Res. Part.
F Traffic Psychol. Behav. 95, 18-35 (2023). https://doi.org/10.1016/.trf.2023.03.014

Mesbah, M., Sahraei, M., Soltanpour, A., Habibian, M.: Perceived service quality based on passenger and
trip characteristics: A structural equation modeling approach. J. Rail Transp. Plann. Manage. 23 (2022).
https://doi.org/10.1016/j.jrtpm.2022.100340

Mohammadi, M., Rahimi, E., Davatgari, A., Javadinasr, M., Mohammadian, A., Bhagat-Conway, M., Salon,
D., Derrible, S., Pendyala, R., Khoeini, S.: Examining the persistence of telecommuting after the
COVID-19 pandemic. Transp. Lett. 15(6), 608—621 (2023)

Mugion, R., Toni, M., Raharjo, H., Di Pietro, L., Sebathu, S.P.: Does the service quality of urban public
transport enhance sustainable mobility? [Article]. J. Clean. Prod. 174, 1566—1587 (2018). https://doi.
org/10.1016/j.jclepro.2017.11.052

Palm, M., Allen, J., Liu, B., Zhang, Y., Widener, M., Farber, S.: Riders who avoided public transit dur-
ing COVID-19: Personal burdens and implications for social equity. J. Am. Plann. Association. 87(4),
455-469 (2021)

Palm, M., Allen, J., Zhang, Y., Tiznado-Aitken, 1., Batomen, B., Farber, S., Widener, M.: Facing the future
of transit ridership: shifting attitudes towards public transit and auto ownership among transit riders
during COVID-19. Transportation (Amst), 1-27. (2022). https://doi.org/10.1007/s11116-022-10344-2

Parker, M., Li, M., Bouzaghrane, M., Obeid, H., Hayes, D., Frick, K.T., Rodriguez, D., Sengupta, R., Walker,
J., Chatman, D.: Public transit use in the United States in the era of COVID-19: Transit riders’ travel
behavior in the COVID-19 impact and recovery period. Transp. Policy (Oxf). 111, 53—62 (2021). https://
doi.org/10.1016/j.tranpol.2021.07.005

Qi,Y., Liu, J., Tao, T., Zhao, Q.: Impacts of COVID-19 on public transit ridership. Int. J. Transp. Sci. Technol.
12(1), 34-45 (2023). https://doi.org/10.1016/j.ijtst.2021.11.003

Rahman, S., Ratrout, N., Assi, K., Al-Sghan, 1., Gazder, U., Reza, 1., Reshi, O.: Transformation of urban
mobility during COVID-19 pandemic—lessons for transportation planning. J. Transp. Health. 23,
101257 (2021)

Shiftan, Y., Barlach, Y., Shefer, D.: Measuring passenger loyalty to public transport modes. J. Public. Transp.
18(1), 16 (2015). <Go to ISI>://W0OS:000362905000007.

Soria, J., Edward, D., Stathopoulos, A.: Requiem for transit ridership? An examination of who abandoned,
who will return, and who will ride more with mobility as a service. Transp. Policy. 134, 139-154 (2023).
https://doi.org/10.1016/j.tranpol.2023.02.016

STM: Rapport d’activité 2022. (2022)

Sun, S., Duan, Z.: Modeling passengers’ loyalty to public transit in a two-dimensional framework: A case
study in Xiamen, China. Transp. Res. Part. A: Policy Pract. 124(August 2018), 295-309 (2019). https://
doi.org/10.1016/j.tra.2019.04.007

Sun, S., Xu, L., Yao, Y., Duan, Z.: Investigating the determinants to retain spurious-loyalty passengers: A data-
fusion based approach. Transp. Res. Part. A: Policy Pract. 152, 70-83 (2021). https://doi.org/10.1016/].
tra.2021.08.005

Tao, S., Corcoran, J., Mateo-Babiano, 1.: Modelling loyalty and behavioural change intentions of busway
passengers: A case study of Brisbane, Australia [Web]. Iatss Res. 41(3), 113—122 (2017). https://doi.
org/10.1016/j.iatssr.2016.10.001

Tirachini, A., Cats, O.: COVID-19 and public transportation: Current assessment, prospects, and research
needs. J. Public. Transp. 22(1), 1-21 (2020)

Tyrinopoulos, Y., Antoniou, C.: Public transit user satisfaction: Variability and policy implications. Transp.
Policy. 15(4), 260-272 (2008). https://doi.org/10.1016/j.tranpol.2008.06.002

Van Dorn, A., Cooney, R.E., Sabin, M.L.: COVID-19 exacerbating inequalities in the US. Lancet. 395(10232),
1243-1244 (2020)

@ Springer


https://doi.org/10.1016/j.tra.2018.04.016
https://doi.org/10.1080/23249935.2018.1434257
https://doi.org/10.1016/j.jpubtr.2023.100061
https://doi.org/10.1016/j.jpubtr.2023.100061
https://doi.org/10.1016/j.trf.2023.03.014
https://doi.org/10.1016/j.jrtpm.2022.100340
https://doi.org/10.1016/j.jclepro.2017.11.052
https://doi.org/10.1016/j.jclepro.2017.11.052
https://doi.org/10.1007/s11116-022-10344-2
https://doi.org/10.1016/j.tranpol.2021.07.005
https://doi.org/10.1016/j.tranpol.2021.07.005
https://doi.org/10.1016/j.ijtst.2021.11.003
https://doi.org/10.1016/j.tranpol.2023.02.016
https://doi.org/10.1016/j.tra.2019.04.007
https://doi.org/10.1016/j.tra.2019.04.007
https://doi.org/10.1016/j.tra.2021.08.005
https://doi.org/10.1016/j.tra.2021.08.005
https://doi.org/10.1016/j.iatssr.2016.10.001
https://doi.org/10.1016/j.iatssr.2016.10.001
https://doi.org/10.1016/j.tranpol.2008.06.002

Transportation

van Lierop, D., El-Geneidy, A.: Enjoying loyalty: The relationship between service quality, customer satis-
faction, and behavioral intentions in public transit. Res. Transp. Econ. 59, 50-59 (2016). https://doi.
org/10.1016/j.retrec.2016.04.001

Van Lierop, D., El-Geneidy, A.: A new market segmentation approach: Evidence from two Canadian cities
[Article]. J. Public. Transp. 20(1), 20-43 (2017). https://doi.org/10.5038/2375-0901.20.1.2

van Lierop, D., Badami, M.G., El-Geneidy, A.M.: What influences satisfaction and loyalty in public trans-
port? A review of the literature [Review]. Transp. Reviews. 38(1), 52—72 (2018). https://doi.org/10.10
80/01441647.2017.1298683

Viallard, A., Trépanier, M., Morency, C.: Assessing the evolution of Transit user behavior from Smart
Card Data. Transp. Res. Record: J. Transp. Res. Board. 2673(4), 184-194 (2019). https://doi.
org/10.1177/0361198119834561

Vicente, P., Sampaio, A., Reis, E.: Factors influencing passenger loyalty towards public transport services:
Does public transport providers’ commitment to environmental sustainability matter? [Article]. Case
Stud. Transp. Policy. 8(2), 627-638 (2020). https://doi.org/10.1016/j.cstp.2020.02.004

Wang, X., Yan, X., Zhao, X., Cao, Z.: Identifying latent shared mobility preference segments in low-income
communities: Ride-hailing, fixed-route bus, and mobility-on-demand transit. Travel Behav. Soc. 26,
134-142 (2022). https://doi.org/10.1016/j.tbs.2021.09.011

Wilbur, M., Ayman, A., Sivagnanam, A., Ouyang, A., Poon, V., Kabir, R., Vadali, A., Pugliese, P., Freudberg,
D.,Laszka,A., Dubey, A.: Impact of COVID-19 on Public Transit accessibility and ridership. Transp. Res.
Record: J. Transp. Res. Board. 2677(4), 531-546 (2023). https://doi.org/10.1177/03611981231160531

Wilson, F., Stevens, A., Robinson, J.: Identifying mode choice constrained urban travel market segments.
Can. J. Civ. Eng. 11(4), 924-932 (1984). https://doi.org/10.1139/184-107

Yiu, C., Cheung, K., Wong, D.: Does work from home reshape the urban rental structure? Early evidence
from a rental gradient analysis in Auckland. Int. J. Hous. Markets Anal. 16(3), 535-551 (2023)

Zhao, P., Gao, Y.: Public transit travel choice in the post COVID-19 pandemic era: An application of the
extended theory of planned behavior. Travel Behav. Soc. 28, 181-195 (2022). https://doi.org/10.1016/].
tbs.2022.04.002

Zhao, J., Webb, V., Shah, P.: Customer loyalty differences between captive and choice transit riders. Transp.
Res. Record: J. Transp. Res. Board. 2415(1), 80-88 (2014). https://doi.org/10.3141/2415-09

Zhu, P., Wang, Y.: The travel-related impacts of telecommuting: An active learning-based systematic review.
Travel Behav. Soc. 36, 100762 (2024)

Ziedan, A., Brakewood, C., Watkins, K.: Will transit recover? A retrospective study of nationwide ridership
in the United States during the COVID-19 pandemic. J. Public. Trans. 25, 100046 (2023). https://doi.
org/10.1016/j.jpubtr.2023.100046

Zwick, W., Velicer, W.: Comparison of five rules for determining the number of components to retain. Psy-
chol. Bull. 99(3), 432442 (1986). https://doi.org/10.1037/0033-2909.99.3.432

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Thiago Carvalho is a PhD student at the School of Urban Planning at McGill University, where he is an
active member of the Transportation Research at McGill (TRAM) research group. His research focuses on
the interactions between transport policy, transport satisfaction, and travel behavior.

Ahmed El-Geneidy is a full Professor at the School of Urban Planning at McGill University, where he is
leading the Transportation Research at McGill (TRAM) research group, a multidisciplinary team generating
research in the areas of land use and transport interaction, public transport planning and operations, equity
aspects in transport, and cycling and walking behaviour.

@ Springer


https://doi.org/10.1016/j.retrec.2016.04.001
https://doi.org/10.1016/j.retrec.2016.04.001
https://doi.org/10.5038/2375-0901.20.1.2
https://doi.org/10.1080/01441647.2017.1298683
https://doi.org/10.1080/01441647.2017.1298683
https://doi.org/10.1177/0361198119834561
https://doi.org/10.1177/0361198119834561
https://doi.org/10.1016/j.cstp.2020.02.004
https://doi.org/10.1016/j.tbs.2021.09.011
https://doi.org/10.1177/03611981231160531
https://doi.org/10.1139/l84-107
https://doi.org/10.1016/j.tbs.2022.04.002
https://doi.org/10.1016/j.tbs.2022.04.002
https://doi.org/10.3141/2415-09
https://doi.org/10.1016/j.jpubtr.2023.100046
https://doi.org/10.1016/j.jpubtr.2023.100046
https://doi.org/10.1037/0033-2909.99.3.432

	﻿Everything has changed: the impacts of the COVID-19 pandemic on the transit market in Montréal, Canada
	﻿Abstract
	﻿Introduction
	﻿Literature review
	﻿The COVID-19 pandemic impacts on the transit market
	﻿Transit market segmentation

	﻿Data
	﻿﻿Methods
	﻿Exploratory factor analyses
	﻿K-means clustering

	﻿Results
	﻿Exploratory factor analysis



