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Findings

The utility of attitudes in travel demand forecasting requires predictability. Any
attempt to simulate future attitudes, as is done in such modeﬁ, would be
impractical if they were subject to substantial unpredictable variation over time.
We investigate the stability of attitudes using waves of the COVID Future survey
answered 3.5-11 months apart. Attitudinal statements have moderate stability
while factor-analyzed attitudes demonstrate moderately high stability. This
stability is consistent across demographic groups. Attitudes about COVID-19 are
particularly stable, while those about remote work and communication are more
unstable. We conclude that attitudes display enough stability over 6 months to be
useful.

1. Questions

Attitudes and preferences are important for modeling travel behavior (Conway
et al. 2020). Because of their correlation with relatively stable behaviors (e.g.,
mode choice), we hypothesize that transport-related attitudes are predictable
over time. While some have found this to be the case (van de Coevering, Maat,
and Wee 2021), others have reported instability over time frames ranging from
one week to two years (Sunkanapalli, Pendyala, and Kuppam 2000; Adams et
al. 2013; Thegersen 2006).

We examine the stability of individual questions as well as factors which
represent underlying attitudes indicated by multiple questions. We hypothesize
that stability will be higher for factors, since factors are less likely to reflect
idiosyncratic responses to individual questions.

2. Methods

Our data come from the first two waves of the COVID Future survey, which
were administered in April-October 2020 and November 2020-March 2021
(Chauhan et al. 2021), with individual responses recorded three and a half
to eleven months apart. About 50% of responses were recorded between four
and six months apart, and another 35% between six and eight months. 8% of
responses were recorded under four months apart and 6% were recorded over
eight months apart. We used a convenience sample to gather initial responses.
This allowed us to quickly begin analyzing data, although the sample was
unrepresentative. To achieve a larger, representative sample, we contacted
respondents through survey organizations (Data Axle and Qualtrics) using
a quota-sampling method. The 2,682 respondents analyzed here are fairly
representative, though older, more educated, more likely to be female, and
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slightly higher income than the population (Table S1). All respondents were
from the United States, with 44 of S0 states and Washington, D.C.
represented.’

The survey included Likert-scaled indicators of travel-related attitudes ranging
from environmentalism to opinion on remote work. For each of the 22
attitudinal statements analyzed, 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.
As is recommended by Koo and Li (2016), a two-way mixed effect, absolute
agreement, single rater ICC is calculated.

Factor analysis is commonly used to identify underlying attitudinal constructs
(Conway et al. 2020). We performed an exploratory factor analysis of the
attitudinal statements to identify six factors from Wave 1 responses (Table S2).

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 also standardized the computed factor scores 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. Due to this standardization, 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 well as the mean score
difference and the mean absolute score difference between the two waves. We
also calculated the percentage of respondents whose Wave 2 score was within
one standard deviation of their Wave 1 score.

We replicated all factor-level analysis basing the factor analysis on Wave 2 rather
than Wave 1 data and found similar results (Table S3).

3. Findings
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

1 The sample did not include any respondents from Alaska, Delaware, Hawaii, Montana, North Dakota, or Wyoming
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Table 1. Test-retest reliability of individual attitudinal statements

Mean
Mean Percent Percent
Wive nge absolute exactly within ICC
difference matching 1 point

Shutting down businesses to prevent the spread of
coronavirus is not worth the economic damage that -0.67 -0.44 0.63 56% 87% 0.71
will result
| am concerned that friends or family members will
have a severe reaction to the coronavirus if they 1.03 0.94 0.56 57% 90% 0.63
catchit
Society is overreacting to the coronavirus -1.05 -1.02 045 69% 91% 0.76
If | catch the coronavirus, | am concerned that | will 0.65 0.52 0.61 55% 88% 0.69
have a severe reaction
Ever_yone sh_ould just stay.home as muc.h as 111 0.98 0.55 59% 90% 0.69
possible until the coronavirus has subsided
Myfrlends and fa.mlly expgct me to stay at home 0.42 0.27 0.81 43% 82% 054
until the coronavirus subsides
| am committed to using a less polluting means of
transportation (e.g., walking, biking, and public 0.29 0.27 0.60 53% 90% 0.69
transit) as much as possible
I'am committed to an environmentallyfriendly 0.76 0.76 0.43 62% 959% 0.71
lifestyle
| dislike change 0.08 0.08 0.55 57% 90% 0.67
| enjoy spending time with the people I live with 1.23 1.23 0.39 68% 94% 0.65
Apartment living doesn’t provide enough privacy 0.51 0.51 0.70 50% 85% 0.57
Having shop.s ;jmd services within walking distance 0.49 0.47 0.63 50% 88% 0.70
of my home is important to me
| like to have a yard at home 1.21 1.22 041 66% 94% 0.71
Ev.en if | do not end up buylng anything, | still enjoy 0.27 0.30 0.69 51% 85% 0.66
going to stores and browsing
In-person shopping is usually a chore for me -0.12 -0.09 0.63 53% 88% 0.69
Online learning is a good alte'zrnatlve.to high school- 011 0.01 0.83 43% 799% 0.54
and college-level classroom instruction
Vldgo calling isa good alternative to inperson 0.79 0.80 0.67 50% 87% 0.50
business meetings
Video ca?lllng is a good alternative to visiting friends 0.18 0.09 0.81 46% 80% 056
and family
It is hard to get motivated to work away from the 033 0.34 0.73 51% 82% 0.52
main office
| like working from home 0.56 0.52 0.58 58% 86% 0.63
Ienjoythe social interaction found at a 0.65 0.66 0.54 56% 929% 0.65
conventional workplace
Learning how to use new technologies is often 015 011 0.63 54% 87% 0.69

frustrating

answers in both waves, which could suggest that responses are not stable.
However, about 90% of respondents 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 materially affect
conclusions, 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 stability.
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"Society is overreacting to "Videocalling is a good alternative
the coronavirus" to in-person business meetings"

[&5]

Wave 2 Response
[&5]

Wave 2 Response

1 2 3 4 5 1 2 3 4 5

Wave 1 Response Wave 1 Response

Figure 1. Heatmaps of Wave 1 and Wave 2 responses to two additional statements

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

Mean change Mean absolute Percent

inscore change in score within 1SD IcC
Covid-19 concerned -0.11 0.42 91% 0.83
Pro-videoconferencing -0.05 0.64 79% 0.62
Environmentalist city lover 0.01 0.52 85% 0.74
Anti-in-person-shopping 0.01 0.50 86% 0.76
Anti-working from home 0.00 0.60 81% 0.67
Home-oriented 0.02 0.55 85% 0.74

Figure 1 illustrates the stability of attitudinal statements by displaying
heatmaps for the questions with the highest and lowest ICC values. Darker
values indicate higher numbers of respondents associated with a particular cell.
Both 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.

Our analysis shows that factor-analyzed attitudes are fairly stable over time
(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; 79-91% of respondents recorded a change in factor
score of less than one standard deviation.

Findings
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Figure 2. Histogram of changes in score between Wave 1 and Wave 2 for each factor from the Wave 1 factor analysis

The ICC values for factors also demonstrate stability. Using the guidelines
recommended by Koo and Li (2016), two attitudes display high stability and
four display moderate stability. Attitudinal factors are generally found to be
more stable than statements (Adams et al. 2013), which our analysis
corroborates. On average, factors had higher ICCs than questions did.

As an additional examination of factor-level stability, respondents’ two 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.

Some have found that attitude stability is lower for certain demographic groups
(Visser and Krosnick 1998). We repeated our factor-level analysis for
subsamples of respondents based on age (under 35, 35-64, 65 and older),
gender, education level (with/without a bachelor’s degree), and residential
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Figure 3. Correlations between Wave 1 and Wave 2 scores for each factor from the Wave 1 factor analysis

location (urban/suburban/rural?). We also compared those who took our
survey early in the pandemic (June 2020 or earlier) to those who took it later
(July 2020 or later). Finally, we compared those who responded to the two
waves of the survey less than 4.5 months apart to those who took longer
between waves. While we do find that some groups—notably younger people,
residents of rural areas, and those surveyed early in the
pandemic—demonstrate lower attitudinal stability, all groups still show at least
moderate stability (ICC) for all attitudinal factors (Table 3). We also find that
respondents recruited through a Qualtrics opinion panel have higher stability

2 Areas considered urban have more than 2,213 households per square mile and areas considered suburban have more than 102 households per
square mile (Kolko 2015).
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than those recruited through direct email or from a convenience sample,
possibly because they are regular survey-takers with developed skills in accurate
self-assessment and resistance to survey fatigue.

We conclude that transport-related attitudes are fairly stable over four to eleven
months and that factors are more stable than questions based on ICCs. Our
analyses also suggest that there is varied stability between different attitudes.
“Anti-working from home” and “Pro-videoconferencing” are the least stable
across the general sample as well as most demographic subgroups, possibly
because the pandemic has familiarized people with remote work and virtual
communication technologies. Consistent with findings from the field of
psychology, increased familiarity may positively or negatively alter respondents’
perceptions (Hatemi 2013; Norton and Frost 2007).

However, respondent’s attitudes about the danger of COVID-19 were the
most stable, despite greater familiarity with COVID-19 during the second wave
of the survey. This may indicate agreement between learned information about
COVID-19 and prior knowledge, concern about COVID-19 reflecting a more
stable risk aversion attitude, or mechanism of attitude change that is more
complex than familiarity generating more variable attitudes.

The COVID-19 pandemic has resulted in many people experiencing major life
changes. Psychological research suggests that such events are associated with
attitude change (Hatemi 2013), and this relationship has been found for travel-
related attitudes in particular (Janke and 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, Castillo, and
Sallis 2010), which suggests greater reliability of attitudinal indicators under
more typical circumstances. Even in this atypical time, however, attitudes are
quite stable.

Findings



Table 3. Attitudinal factor stability for different demographic groups

Part A: 1ICCs

Factor Men Women Age <35 Age 35-64 Age =65 Bachelor's degree No bachelor's degree Qualtrics

(n=951) (n=1712) (n=421) (n=1401) (n=830) (n=1598) (n=1082) (n=1649)

Covid-19 concerned 0.83 0.82 0.75 0.84 0.81 0.83 0.81 0.84
Pro-videoconferencing 0.63 0.61 0.58 0.64 0.55 0.64 0.56 0.58
Environmentalist city lover 0.72 0.74 0.68 0.74 0.72 0.73 0.71 0.72
Anti-in person shopping 0.75 0.76 0.68 0.76 0.75 0.75 0.75 0.78
Anti-working from home 0.65 0.67 0.62 0.67 0.65 0.68 0.62 0.66
Home-oriented 0.72 0.74 0.68 0.72 0.73 0.72 0.75 0.75

Factor Jrban Suburban pural  Farbvrespondents  Laterespondents  longgap(n=1593)  Shortgap(n=1089)  All(n=2682)
Covid-19 concerned 0.80 0.83 0.81 0.71 0.83 0.80 0.85 0.83
Pro-videoconferencing 0.65 0.59 0.51 0.58 0.60 0.63 0.59 0.62
Environmentalist city lover 0.73 0.73 0.70 0.65 0.72 0.72 0.73 0.74
Anti-in person shopping 0.75 0.76 0.69 0.65 0.77 0.74 0.79 0.76
Anti-working from home 0.67 0.67 0.58 0.61 0.67 0.66 0.69 0.67
Home-oriented 0.74 0.72 0.64 0.58 0.74 0.72 0.75 0.74
Part B: Percent of Respondents with change in score < 1

Factor Men Women Age <35 Age 35-64 Age 265 Bachelor's degree No bachelor's degree Qualtrics

(n=951) (n=1712) (n=421) (n=1401) (n=830) (n=1598) (n=1082) (n=1649)

Covid-19 concerned 90% 93% 91% 93% 91% 92% 91% 93%
Pro-videoconferencing 86% 83% 77% 86% 78% 86% 82% 83%
Environmentalist city lover 88% 88% 77% 88% 88% 89% 86% 88%
Anti-in person shopping 90% 91% 84% 90% 91% 91% 89% 91%
Anti-working from home 88% 90% 75% 89% 86% 89% 85% 88%
Home-oriented 94% 93% 84% 94% 93% 93% 95% 95%

Factor (::gig) %:E;gtﬁ? (nzulrglz) Early(;e:gzg)dents Late(l:iszp??;;j)ents Long gap (n=1593) Short gap (n=1089) All (n=2682)
Covid-19 concerned 85% 92% 90% 77% 93% 90% 94% 91%
Pro-videoconferencing 82% 85% 80% 79% 84% 85% 84% 79%
Environmentalist city lover 86% 88% 81% 75% 87% 88% 87% 85%
Anti-in person shopping 87% 91% 88% 82% 91% 89% 93% 86%
Anti-working from home 86% 90% 82% 81% 88% 88% 90% 81%

Home-oriented 91% 93% 89% 83% 94% 93% 95% 85%
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