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EXECUTIVE SUMMARY

Attitudes and preferences are important for modeling travel behavior (Conway et al., 2020).
While the importance of attitudinal variables in predicting transport choices is mostly well-
established in the literature (de Abreu e Silva, 2014; Belgiawan et al., 2016; Kitamura et al.,
1997), some dissent comes from those who dispute the long-term stability (and therefore utility)
of at least certain attitudes (Jensen et al., 2013; Borriello & Rose, 2021). While some have found
stability in transport-related attitudes (van de Coevering et al., 2021; Willis & Lee, 1980), others
have reported instability over time frames ranging from one week to two years (Sunkanapalli et
al., 2000; Adams et al., 2013; Thegersen, 2006).

We investigate the stability of individuals’ attitudes using waves of the COVID Future survey
answered 3.5-9.5 months apart. The survey included Likert-scaled indicators of travel-related
attitudes ranging from environmentalism to opinion on remote work. We compared both
individual attitudinal statement stability over time as well as factor-analyzed attitudinal stability
over time.

Both comparisons indicate moderate stability in attitudes. This stability is mostly consistent
across different sub-populations, although certain groups such as young people displayed lower
levels of stability than the general population. Attitudes about home environment and lifestyle
were particularly stable, while those about pandemic-specific topics such as remote work or
disease risk were more unstable. We conclude that attitudes generally display stability, although
the presence of significant life disruptions likely produces temporary instability. We also
demonstrate that the stability of attitudes can have an effect on the stability of intended future
actions.

The data collected in this project is publicly and permanently available on the ASU Dataverse
(https://dataverse.asu.edu/dataverse/covidfuture).



Abstract

The usefulness of attitudes in travel demand forecasting requires predictability. Since
travel demand models aim to simulate future populations, research would be impracticable
if the characteristics of the populations were subject to substantial unpredictable variation over
time. We investigate the stability of individuals’ attitudes using waves of the COVID Future
survey answered 3.5-9.5 months apart. Both individual attitudinal statements and factor-
analyzed attitudes demonstrate moderate stability. This stability is mostly consistent across
different sub-populations, although certain groups such as young people displayed lower levels
of stability than the general population. Attitudes about home environment and lifestyle were
particularly stable, while those about pandemic-specific topics such as remote work or disease
risk were more unstable. We conclude that attitudes generally display stability, although
the presence of significant life disruptions likely produces temporary instability. We also
demonstrate that the stability of attitudes can have an effect on the stability of intended future
actions.

1 Introduction

Attitudes and preferences are important for modeling travel behavior (Conway et al., 2020). While
the importance of attitudinal variables in predicting transport choices is mostly well-established
in the literature (de Abreu e Silva, 2014; Belgiawan et al., 2016; Kitamura et al., 1997), some
dissent comes from those who dispute the long-term stability (and therefore utility) of at least
certain attitudes (Jensen et al., 2013; Borriello & Rose, 2021). While some have found stability
in transport-related attitudes (van de Coevering et al., 2021; Willis & Lee, 1980), others have
reported instability over time frames ranging from one week to two years (Sunkanapalli et al., 2000;
Adams et al., 2013; Thegersen, 2006). Because of their correlation with relatively stable behaviors
(e.g., mode choice), we hypothesize that transport-related attitudes are themselves stable over time.
We also expect the stability of attitudes to be reflected in the outcomes they are hypothesized
to influence; that is, more stable attitudes should be held by people with more stable behavior.
We also hypothesize that stability will be lower for individual statements than for factors which
represent underlying attitudes indicated by multiple questions, since factors are less likely to reflect
idiosyncratic responses to individual questions.

The remainder of this article is organized as follows. Section 2 describes the data used in this
study, which was collected during the COVID-19 pandemic. Section 3 presents an analysis of
responses to single attitudinal statements across multiple survey waves. Section 4 describes our
methodology for factor analysis and summarizes the stability of attitudinal factors derived from the
statements appearing in section 3. In section 5, sub-samples of respondents based on demographics,
personal characteristics, survey experience, and pandemic experience are separately analyzed to
explore heterogeneity in attitudinal stability across the sample. Section 6 addresses the connection
between attitudinal stability and stability of expected behavior and Section 7 concludes with key
findings and suggestions for future research.



2 Data

Our data come from the first two waves of the COVID Future survey, which were administered
in June 2020—October 2020 and November 2020—May 2021 (Chauhan et al., 2021). COVID-19’s
impact on travel, shopping and dining habits, remote working, and learning were major topics
covered in the survey. Also included was a battery of attitudinal statements covering respondents’
perceptions and opinions related to these topics. Individual responses were recorded three and a
half to nine and a half months apart. About 50% of responses were recorded between four and
seven and a half months apart, with an average gap between responses of five and a half months.
To achieve a large, representative sample, we contacted respondents through survey organizations
(Data Axle and Qualtrics) using a quota-sampling method. The 2,673 respondents analyzed here
are fairly representative, though older, more educated, more likely to be female, and slightly higher
income than the population (Table Al). One potential source of sample bias is that our Wave 1
respondents were quota-sampled to be representative, but respondents had to return for the second
wave of the survey for this analysis. A higher likelihood of certain individuals to complete the
Wave 2 survey could contribute to a non-representative sample. All respondents were from the
United States, with 45 of 50 states and Washington, D.C. represented’.

3 Stability of attitudinal statements

The survey included Likert-scaled indicators of travel-related attitudes ranging from environmentalism
to opinion on remote work. For each of the 26 attitudinal statements analyzed here, we recorded
the mean score for each of the two waves of the survey and the mean absolute difference in score,
with a one-point difference indicating a one-point shift on a five-point scale’>. We also reported
the percentage of respondents who answered a question identically in both waves of the survey
as well as the percentage of respondents whose change in answer between waves was zero or
one points. An intraclass correlation coefficient (ICC) is provided for each question. ICC is a
correlation coefficient used to measure the similarity of observations between paired waves of
data (Liljequist et al., 2019). As is recommended by Koo and Li (2016), a two-way mixed effect,
absolute agreement, single rater ICC is calculated. This form of ICC is appropriate since the data
involves a repeated sample of the same raters ("two-way’’), cannot be perfectly generalized ("mixed
effects”), is not concerned with relative consistency (”absolute”), and deals with individual rather
than group consistency (“’single rater”).

Travel-related attitudinal statements demonstrate moderate stability (Table 1). The mean absolute
difference in score was less than one for all statements. For most statements, only 50-60% of
respondents provided exactly the same answers in both waves, which could suggest that responses
are not stable. However, close 90% of respondents on average selected an answer that was the same
or adjacent on the Likert scale—for instance, transitioning from strongly disagree to somewhat
disagree. These small changes are unlikely to substantially affect modeling outcomes, particularly
once factor-analyzed.

Koo and Li (2016) suggest ICC cutoffs of 0.5, 0.75, and 0.9 to signify moderate, high, and
excellent stability, respectively. All statements have moderate stability, except one with high

'The sample did not include any respondents from Alaska, Delaware, Hawaii, North Dakota, or Wyoming
2Scores are coded from -2 to 2, with positive numbers indicating agreement



stability and one with low stability. The average ICC is 0.63 for an attitudinal question.

Figure 1 illustrates the stability of attitudinal statements by displaying heatmaps for the questions
with varying ICC values. Darker values indicate higher numbers of respondents associated with
a particular cell. All questions show a clustering of respondents along the bottom left-top right
diagonal, which contains the 5 cells associated with the same answer in both waves of the survey.



Mean

Mean Percent  Percent Intraclass
Wavel Wave2  absolute exactly within  correlation
difference matching 1 point coefficient
Shutting down businesses to prevent the spread of -0.57 -0.37 0.65 55% 86% 0.71
coronavirus is not worth the economic damage that
will result
I am concerned that friends or family members will 0.99 0.89 0.57 57% 90% 0.64
have a severe reaction to the coronavirus if they
catch it
Society is overreacting to the coronavirus -0.98 -0.96 0.47 68% 90% 0.76
If I catch the coronavirus, I am concerned that I will 0.69 0.53 0.61 56% 87% 0.69
have a severe reaction
Everyone should just stay home as much as possible 1.05 0.93 0.56 58% 90% 0.69
until the coronavirus has subsided
My friends and family expect me to stay at home until 0.32 0.24 0.81 44% 81% 0.54
the coronavirus subsides
I am committed to using a less polluting means of 0.21 0.18 0.62 51% 89% 0.66
transportation (e.g., walking, biking, and public
transit) as much as possible
I am committed to an environmentally-friendly 0.72 0.71 0.45 61% 95% 0.70
lifestyle
Sometimes [ worry about the effects of airplane trips -0.01 0.00 0.65 52% 87% 0.69
on the environment
I dislike change 0.12 0.11 0.55 57% 90% 0.67
I enjoy spending time with the people I live with 1.22 1.22 0.39 68% 94% 0.65
The time I spend traveling to places provides a useful 0.66 0.66 0.67 49% 87% 0.42
transition between activities
Apartment living doesn’t provide enough privacy 0.56 0.58 0.70 50% 85% 0.56
Having shops and services within walking distance of 0.39 0.38 0.66 49% 88% 0.67
my home is important to me
I like to have a yard at home 1.25 1.25 0.39 68% 94% 0.72
Even if I do not end up buying anything, I still enjoy 0.33 0.31 0.68 52% 86% 0.66
going to stores and browsing
In-person shopping is usually a chore for me -0.14 -0.13 0.64 53% 88% 0.69
I enjoy shopping online 0.94 0.97 0.45 63% 94% 0.71
Online learning is a good alternative to high school- 0.16 0.07 0.84 43% 79% 0.53
and college-level classroom instruction
Video calling is a good alternative to in-person 0.78 0.78 0.67 50% 87% 0.50
business meetings
Video calling is a good alternative to visiting friends 0.25 0.17 0.81 46% 80% 0.55
and family
I am generally satisfied with my life 0.80 0.80 0.58 59% 89% 0.58
It is hard to get motivated to work away from the main -0.34 -0.34 0.72 51% 82% 0.51
office
I like working from home 0.52 0.47 0.58 59% 86% 0.64
I enjoy the social interaction found at a conventional 0.64 0.62 0.55 56% 91% 0.64
workplace
Learning how to use new technologies is often -0.09 -0.04 0.63 54% 87% 0.69

frustrating

Table 1: Test-retest reliability of individual attitudinal statements
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Figure 1: Heatmaps of Wave 1 and Wave 2 responses to four attitudinal statements; Wave 1
responses are recorded along the x-axis and Wave 2 responses are recorded along the y-axis
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4 Stability of attitudinal factors

Factor analysis is a strategy commonly used to identify attitudinal constructs by reducing a large
number of indicator statements to a smaller set of underlying factors (Conway et al., 2020). We
performed an exploratory factor analysis of the attitudinal statements to identify eight factors from
Wave 1 responses (Table B1). An eight-factor solution was chosen because it produces interpretable
factors with eigenvalues greater than 1.

Using the regression method, we estimated factor scores for both Wave 1 and Wave 2 responses.
Factor analysis is generally applied to standardized data (Grice, 2001). In order to make factor
scores directly comparable, we “standardized” the Wave 2 responses using the mean and standard
deviation of the Wave 1 data. We then scored both waves of responses using identical weights
generated from Wave 1 data. Once factor scores had been computed, we standardized them to
have mean 0 and standard deviation 1. Since the Wave 1 data was used for standardization, the
mean and standard deviation of Wave 2 factor scores were slightly different from 0 and 1, although
close. Because of these standardization and scoring techniques, Wave 1 and Wave 2 scores are
directly comparable and a 1-point change in a factor score can be interpreted as a one-standard
deviation change.

In line with the methodology of Adams et al. (2013), we calculated an ICC for the Wave 1 and
Wave 2 scores for each attitude. As with our analysis of individual questions, we calculated the
mean score difference and mean absolute score difference between waves, as well as the percentage
whose Wave 1 and Wave 2 scores were within one standard deviation of each other.

Our analysis shows that factor-analyzed attitudes are also moderately stable (Table 2). Changes
in factor scores are symmetrical around 0, showing no definite trend over time (Figure 2)*. The
mean absolute changes in score are all fractions of a standard deviation. The changes in attitude that
did occur were fairly small in magnitude; 89-93% of respondents recorded a change in factor score
of less than one standard deviation. Using the guidelines recommended by Koo and Li (2016), all
attitudes display moderate stability.

An unexpected result is the lack of improved stability once attitudinal statements are factor
analyzed. Although the average ICC among factors (0.66) is slightly higher than that of questions
(0.63), the difference is not great. This contradicts previous research (Adams et al., 2013). The
higher stability of factors is generally found because idiosyncratic responses to certain questions
reduce question-level stability more dramatically than they reduce factor-level stability. Such
idiosyncratic responses may have been uncommon in this data set.

As a visual presentation of factor-level stability, respondents’ Wave 1 and Wave 2 scores for a
given factor were plotted (Figure 3). These scatter plots show clustering around the identity line,

indicating that most respondents have Wave 2 scores very close to their Wave 1 scores*.

3The unusual distribution of the Pro-In-Person-Shopping” histogram is a result of this factor score being
determined almost entirely by a single question (see Table B1)

4The unusual cloud of points on the “Pro-In-Person-Shopping” scatter plot is a result of this factor score being
determined almost entirely by a single question (see Table B1)
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Mean change Mean absolute Percent

in score change in score within 1 SD IcC
Anti-lockdown 0.04 0.57 91% 0.68
Environmentalist 0.03 0.56 92% 0.71
city lover
Pro- -0.03 0.67 89% 0.57
videoconferencing
Disease concerned -0.08 0.67 91% 0.58
Pro-in-person- -0.00 0.57 92% 0.66
shopping
Anti-working from 0.00 0.63 90% 0.64
home
Social optimistic -0.00 0.60 92% 0.70
Anti-apartment 0.03 0.56 93% 0.74

Table 2: Summary of Waves 1 and 2 factor scores based on Wave 1 factor analysis

S Robustness check across sub-samples

We also analyzed the attitudinal stability of specific sub-populations of respondents. First, we
grouped respondents by demographics and personal characteristics such as age, gender, education
status, industry of employment, and household size. For this analysis, we considered high income
respondents to be those making over $100,000 annually and low income respondents to be those
making under $50,000 annually. Large households were those containing more than three people.
Finally, the cutoff for living an an urban environment was a zip code-level housing density of at
854.4 housing units per square kilometer and the cutoff for a rural environment was less than 39.4
housing units per square kilometer Kolko, 2015.

Next, we created groups based on when respondents took the survey, the gap between Wave 1
and Wave 2 responses, and the manner through which the respondent was recruited. A long gap
between survey waves was at least 135 days and an early respondent took the Wave 1 survey by
the end of July 2020.

Finally, we categorized respondents by whether they had experienced certain events such as
transitioning to remote work, contracting COVID-19, and living under various lockdown measures.
For each group, we replicated the factor-level analysis outlined above and provided an ICC for each
factor based on only members of that particular group. This served the dual purpose of acting as
a robustness check and allowing for more detailed conclusions to be drawn about attitude stability
across the population.

Two of the most important demographic characteristics that appear to impact stability are age
and education level. Respondents younger than 35 have lower stability, a result consistent with
other findings from the literature (Alwin & Krosnick, 1991; Visser & Krosnick, 1998). Likely
because most are under age 35, students in the sample have less stable attitudes than non-students.
In addition to age, higher levels of educational attainment are associated with higher attitudinal
stability. Workers who describe themselves as being employed in a professional field report their
own attitudes more consistently than non-workers or those employed in other fields. Similar to the

14



case of students and young people, the attitudinal stability of professionals likely results from most
members of this group holding at least an undergraduate degree.

. Men Women Age<35 Age Age>65 Bach. No bach. . High
actor (1=925) (n=1732) (n=340) 35-64 (n=926) degree degree income
(n=1365) (n=1465) (n=1207) (n=777)
Anti-lockdown 0.69 0.68 0.62 0.68 0.70 0.70 0.66 0.67
Environmentalist
city lover 0.71 0.71 0.63 0.73 0.72 0.73 0.69 0.70
Pro-
videoconferencing 0.58 0.57 0.58 0.59 0.55 0.61 0.52 0.60
Disease concerned 0.53 0.61 0.57 0.60 0.58 0.54 0.63 0.56
Pro-in person
shopping 0.67 0.64 0.53 0.65 0.68 0.68 0.62 0.70
Anti-working
from home 0.63 0.65 0.65 0.64 0.61 0.69 0.58 0.69
Social optimistic 0.69 0.70 0.66 0.72 0.70 0.71 0.68 0.67
Anti-apartment 0.74 0.74 0.68 0.73 0.77 0.73 0.75 0.68
Mid Low Small Large Sub- Essential
. . Urban Rural
Factor income  income  household household (n=847) urban (n=193) worker
(n=883) (n=937) (n=1719)  (n=946) (n=1618) (n=573)
Anti-lockdown 0.71 0.67 0.70 0.65 0.68 0.69 0.69 0.64
Environmentalist
city lover 0.70 0.73 0.73 0.68 0.70 0.70 0.71 0.66
Pro-
videoconferencing 0.60 0.53 0.56 0.60 0.61 0.55 0.58 0.49
Disease concerned 0.62 0.56 0.58 0.59 0.62 0.56 0.60 0.53
Pro-in person
shopping 0.69 0.61 0.68 0.61 0.63 0.67 0.68 0.59
Anti-working
from home 0.62 0.62 0.64 0.64 0.64 0.66 0.54 0.57
Social optimistic 0.66 0.71 0.72 0.66 0.72 0.70 0.68 0.67
Anti-apartment 0.76 0.75 0.76 0.68 0.76 0.70 0.69 0.67
Pr_ofes- Adrnin— Other Non- Student Non- Al
Factor sional istrator worker worker (n=178) student (n=2673)
(n=558) (n=112) (n=136)  (n=1293) (n=2495)
Anti-lockdown 0.71 0.60 0.68 0.70 0.57 0.69 0.68
Environmentalist
city lover 0.73 0.59 0.73 0.73 0.62 0.72 0.71
Pro-
videoconferencing 0.71 0.66 0.53 0.54 0.55 0.58 0.57
Disease concerned 0.59 0.64 0.63 0.59 0.56 0.58 0.58
Pro-in person
shopping 0.75 0.67 0.71 0.64 0.51 0.67 0.66
Anti-working
from home 0.73 0.74 0.68 0.57 0.60 0.65 0.64
Social optimistic 0.73 0.67 0.69 0.70 0.62 0.71 0.70
Anti-apartment 0.75 0.61 0.75 0.77 0.58 0.75 0.75

Table 3: Attitudinal factor stability (ICC values) for different demographic groups

In addition to personal characteristics, respondents were also grouped by how and when they
took the COVID Future survey (Table 4). Both waves of data collection took place over fairly
broad time periods. As a result, respondents varied widely in how long they waited between

15



taking the first and second waves. Unsurprisingly, respondents with a short gap reported their
attitudes more consistently than those who were surveyed over a longer time period. However, the
difference between these two groups for many questions is not large, which is an encouraging sign
that attitudinal stability does not deteriorate rapidly as the time scale for repeated measurements
moves from the short-term to the medium-term.

Attitude stability also varied by when respondents were surveyed. Those who took Wave 1
early in the pandemic provided more stable responses than those who were initially surveyed later.
Major life events or disruptions have been found by some to cause attitudinal change (Hatemi,
2013; Janke & Handy, 2019), and the COVID-19 pandemic will undoubtedly cause permanent
attitudinal changes for many. The timing and mechanisms by which pandemic experience alters
attitude are likely dependent on an individual’s preexisting opinions, the severity of the pandemic
in their region (and the timing of this severity), governmental response, and other context-specific
characteristics. While regional variation existed, the severity of the COVID-19 pandemic in the
United States generally worsened toward the end of 2020 and peaked in early 2021. It is possible
that people surveyed during this period of severe outbreak were experiencing a greater magnitude
of disruption in their lives and therefore had less stable attitudes.

Respondents were contacted by a variety of means for the COVID Future survey. A Qualtrics
opinion panel was used in addition to direct emails via Data Axle from both the University of Illinois
at Chicago (UIC) and Arizona State University (ASU). Respondents contacted by UIC via email
had the lowest average attitudinal stability, but this is largely due to their extremely low stability
on the Disease concerned factor; the three groups showed similar stability for all other attitudes

Long Short ASU UIC

Factor gap gap Early Late Qualtrics group group All
(n=1447) (n=1198) (n=1924) (n=749) (n=1776) (n=710) (n=187) (n=2673)

Anti-lockdown 0.67 0.71 0.69 0.67 0.69 0.66 0.66 0.68
Environmentalist
city lover 0.68 0.74 0.73 0.67 0.72 0.69 0.70 0.71
Pro-
videoconferencing 0.58 0.57 0.56 0.61 0.56 0.59 0.52 0.57
Disease concerned 0.55 0.62 0.60 0.53 0.63 0.52 0.35 0.58
Pro-in person
shopping 0.65 0.66 0.66 0.66 0.65 0.67 0.63 0.66
Anti-working
from home 0.63 0.66 0.66 0.60 0.62 0.71 0.59 0.64
Social optimistic 0.68 0.73 0.73 0.64 0.69 0.69 0.70 0.70
Anti-apartment 0.71 0.76 0.74 0.73 0.75 0.70 0.73 0.74

Table 4: Attitudinal factor stability (ICC values) for different non-demographic groups

A final robustness check examined whether pandemic experience affected attitudinal stability
(Table 5). The health risk posed by COVID-19 and a transition to remote work have been two
of the pandemic’s most wide-reaching impacts. However, personal experience with either did not
have an impact on attitude stability. Those who believed themselves or a household member had
COVID-19 did not exhibit markedly different stability from those who did not believe anyone in
their household had the disease. Similarly, attitude stability did not differ noticeably across those
who had experience working from home before pandemic, those who began working from home
for the first time during the pandemic, and those who were in-person workers both before and
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during the pandemic. On the other hand, our survey indicates that experiences such as lockdowns
that affected groups of people more evenly did have an impact on attitudinal stability. People who
experienced closures of schools or businesses reported more consistent attitudes than those who did
not experience these, perhaps because the severity of COVID-19 was mitigated by such policies.
No similar effects were found for those who experienced mask mandates and social distancing or
stay-at-home orders.

Moving has been a unique experience during the pandemic, especially among those who have
chosen to move as a direct result of a transition to online work. Movers reported greater attitudinal
change between waves than non-movers. This is unsurprising, given that movers would have
experienced a life disruption of greater magnitude than non-movers.

Had No Previous New No Masks No Distance
Factor COVID-19 COVID-19 WFH WFH WFH (n=2500) masks (n=2484)
(n=390) (n=2283) (n=395) (n=344) (n=474) (n=173)
Anti-lockdown 0.65 0.69 0.65 0.69 0.68 0.68 0.68 0.68
Environmentalist
city lover 0.67 0.72 0.67 0.69 0.69 0.71 0.76 0.71
Pro-
videoconferencing 0.55 0.58 0.63 0.62 0.58 0.58 0.48 0.58
Disease concerned 0.57 0.59 0.57 0.58 0.56 0.58 0.56 0.58
Pro-in person
shopping 0.68 0.65 0.68 0.70 0.65 0.66 0.58 0.66
Anti-working
from home 0.67 0.64 0.64 0.69 0.59 0.65 0.53 0.64
Social optimistic 0.68 0.71 0.71 0.67 0.71 0.70 0.75 0.70
Anti-apartment 0.74 0.74 0.70 0.73 0.72 0.73 0.80 0.74
Factor diSI':;(I)lCC 01:)2525? cloljl?res MSI’;BS mlj\?:rs _13273
n=189) (2493 (1jgg) (F150) hsp3y  (n=2673)
Anti-lockdown 0.78 0.69 0.56 0.63 0.69 0.68
Environmentalist
city lover 0.73 0.71 0.70 0.66 0.71 0.71
Pro-
videoconferencing 0.46 0.58 0.48 0.63 0.57 0.57
Disease concerned 0.67 0.58 0.60 0.46 0.59 0.58
Pro-in person
shopping 0.63 0.67 0.48 0.62 0.66 0.66
Anti-working
from home 0.62 0.65 0.54 0.57 0.65 0.64
Social optimistic 0.77 0.71 0.64 0.59 0.71 0.70
Anti-apartment 0.71 0.74 0.74 0.57 0.75 0.74

Table 5: Attitudinal factor stability (ICC values) for groups with different pandemic experiences

An in-depth robustness check reveals that some key groups of respondents experienced unusually
stable or unstable attitudes during the COVID-19 pandemic. Despite this heterogeneity, all 42 sub-
samples of respondents show fairly consistent levels of stability. Attitudinal factors with stability
outside the “moderate” range (ICC greater than 0.75 or less than 0.5) were rare.
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6 Impact of attitudinal stability on behavioral expectations

Finally, we explored the relationship between attitude stability and behavioral stability. Our hypothesis
is that attitudes should be fairly stable since they are often found to be important predictors of
stable behaviors such as mode choice. Evidence for this relationship would be found in the form
of a correlation between attitudinal stability and behavioral stability. The COVID Future survey
gathered information from respondents on their expectations of future behaviors such as working
from home, using various daily travel modes, flying, dining in a restaurant, taking online classes,
and more. We selected attitudes and behaviors with a plausible relationship to each other (for
example, the Environmentalist city lover attitude and flying for personal trips) and performed an
analysis of variance (ANOVA) to determine the relationship between attitude stability and stability
of expected behavior. Respondents were grouped based on how different their Wave 1 and Wave
2 expectations of behavior were (an ordinal scale was used to report expected future behavior; for

2% 9

personal airplane trips, respondents could report “much less [than before COVID-19]”, ’somewhat
less”, ”about the same”, ’somewhat more”, or “much more” — other behavioral outcomes used
this scale or a similar one). For example, a respondent might be classified as reporting identical
expectations in both waves of the survey, shifting one rank along the ordinal scale, shifting two
ranks along the ordinal scale, and so on. Then, an ANOVA was used to determine if absolute
changes in factor score between waves differed among groups.

The stability of the Environmentalist city lover, Pro-videoconferencing, Disease concerned, and
Pro-in-person shopping factors were all found to be related to the stability of one or more expected
future behaviors. Variable scores for the Environmentalist city lover factor were found to be more
common among those whose expectations for future pedestrian travel and future personal airplane
travel changed between waves. Stability in expectations of personal airplane travel were also
related to stability of the Disease concerned attitude. The stability of the Pro-videoconferencing
attitude was correlated with the stability of students’ desire to take online classes in the future.
Finally, a stable Pro-in-person shopping attitude was associated with stable expectations about
ordering groceries online for delivery. To the extent that the stated preference data of the COVID
Future survey will be reflective of actual future behavior, attitude stability and behavioral stability
exhibit a relationship in many cases.

Notably, some expected associations between stable attitudes and stable behavioral expectations
were not found in our data. One notable example is that the variability of the Anti-working-from-
home attitude has no impact on how constant respondents’ expectations about actually working
from home were. Similarly, an unstable level of Disease concern had no association with unstable
expectations about future use of public transit. Along with other insignificant tested relationships,
these examples show that the association between attitudinal stability and expected behavioral
stability is not universal.

7 Conclusion

We conclude that attitudes are moderately stable over a period of three and a half to nine and a half
months. Despite our hypothesis to the contrary, we find that the stability of individual attitudinal
statements is comparable to that of factor-analyzed attitudes. We also find multiple instances of
attitudinal stability being predictive of expected behavioral stability. This supports the hypothesis
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that attitudinal stability can, to an extent, be inferred from the stability of the outcomes which it
predicts.

Our analyses also suggest that there is varied stability between different attitudes. ‘Pro-videoconferencing,
Disease concerned, and Anti-working from home are the least stable attitudes across the general
sample as well as many demographic subgroups, possibly because the pandemic has caused many
people to experience remote work, virtual communication technologies, and public health concerns
in a way that was new to them. Consistent with findings from the field of psychology, the increased
familiarity with these ways of life may induce positive or negative attitudinal changes (Moreland
& Zajonc, 1982; Norton & Frost, 2007). On the other hand, the most stable attitudes in the survey
were those which likely were affected least by the COVID-19 pandemic. The Anti-apartment,
Environmentalist city lover, and Social-optimistic attitudes tended to change less between survey
waves than explicitly pandemic-related attitudes.

Nevertheless, the pervasive effects of COVID-19 likely influenced the stability of even these
tangentially related attitudes — urban life and socialization have certainly undergone changes during
COVID-19. Psychological research suggests that such major life disruptions are associated with
attitude change (Hatemi, 2013), and this relationship has been found for travel-related attitudes
in particular (Janke & Handy, 2019). COVID-19 constitutes a major life event for many, so the
stability observed here could be unusually low. In fact, some other reviews of the stability of
transport-related attitudes find higher question-level ICCs of 0.66 to 0.77 (Molina-Garcia et al.,
2010), which suggests greater reliability of attitudinal indicators under more typical circumstances.
Even in this atypical time, however, attitudes are moderately stable.

There remain major gaps in the literature that require future research. This paper presented an
exploratory analysis of the relationship between stable attitudes and stable behavioral expectations.
This topic, particularly in the context of travel-related attitudes and transport choices, requires
further research. Additionally, a detailed discussion of how geography affected attitudes during
COVID-19 would be a valuable addition to the literature. People’s attitudes — and also their
attitudinal stability — is likely dependent in part on the severity of COVID-19 in their area, as
well as the responses of their government and peers. Further investigation into this link will be
important to understanding the long-term societal changes that COVID-19 is certain to cause.
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A Demographics of Sample

Table A1 shows the demographics of the respondents in our sample, who were older, more educated,
and slightly higher income than the overall population. The sample also heavily over-represented
women.

Survey Census

Education No school completed — 1.5%
respondents 25 years Some grade/high school 0.7% 10.2%
old or older Completed high school or GED 12.7%  26.9%
(n=2672) Some college or technical school 31.7%  28.9%
Bachelor’s degree(s) or some graduate school 33.0%  20.0%
Completed graduate degree(s) 21.8% 12.6%
Income Less than $10,000 3.2% 6.3%
(n=2597) $10,000 to $14,999 3.7%  4.3%
$15,000 to $24,999 7.6%  9.0%
$25,000 to $34,999 9.4% 8.9%
$35,000 to $49,999 12.1% 12.4%
$50,000 to $74,999 18.9% 17.4%
$75,000 to $99,999 151% 12.6%
$100,000 to $124,999 11.4%  92%
$125,000 to $149,999 58%  5.8%
$150,000 to $199,999 6.2%  6.6%
$200,000 or more 6.5% 7.6%
Age 18-24 32%  12.1%
(n=2631) 25-34 9.8% 17.9%
35-49 20.6% 24.5%
50-64 31.3% 24.9%
65 and over 352% 20.7%
Gender Female 64.9%  50.8%
(n=2668) Male 34.7% 49.2%
Other 0.4% —
Sample size 2673

Table Al: Demographics of respondents alongside Census data from 2018 1-year American
Community Survey
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B Wave 1 factor analysis

Presented here is the factor analysis that reduces 26 attitudinal statements into 8 underlying factors.
Statements from Table 1 that do not appear here did not have a loading greater than 4-0.3 for any
factor.
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144

Anti-
Lockdown

Environ-
mentalist
City Lover

Pro-
Video-
Conferencing

Disease
Concerned

Pro-In-
Person

Anti-
Working

Shopping From Home

Social
Optimistic

Anti-
Apartment

Shutting down businesses to prevent the spread
of coronavirus is not worth the economic
damage that will result

I am concerned that friends or family members
will have a severe reaction to the coronavirus
if they catch it

Society is overreacting to the coronavirus

If I catch the coronavirus, I am concerned that I
will have a severe reaction

Everyone should just stay home as much as
possible until the coronavirus has subsided

I am committed to using a less polluting means
of transportation (e.g., walking, biking, and
public transit) as much as possible

I am committed to an environmentally-friendly
lifestyle

Sometimes I worry about the effects of airplane
trips on the environment

I dislike change

I enjoy spending time with the people I live with

Apartment living doesn’t provide enough
privacy

Having shops and services within walking
distance of my home is important to me

I like to have a yard at home

Even if I do not end up buying anything, I still
enjoy going to stores and browsing

In-person shopping is usually a chore for me

Online learning is a good alternative to
high school- and college-level classroom
instruction

Video calling is a good alternative to in-person
business meetings

Video calling is a good alternative to visiting
friends and family

I am generally satisfied with my life

It is hard to get motivated to work away from the
main office

I like working from home

I enjoy the social interaction found at a
conventional workplace

Learning how to use new technologies is often
frustrating

0.781

0.803

-0.556

0.863

0.687
0.580

0.728
0.692

0.805

0.684

0.666
-0.415

0.419

-0.348
0.345

0.317
0.467

0.541

Table B1: Exploratory factor analysis (minimum residual method, varimax rotation) based on Wave 1 data. Only loadings greater than

+0.3 are shown.
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