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Overview	

•  Context	&	Data	Used	

•  Mul0level	Cluster	Models	

-	Persons	within	households	

-	Households	over	0me	

•  AMtudes	vs	Longitudinal	Travel	Behavior	

•  Next	Steps?	
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General	Mo0va0on	of	this	Research	

•  We	change	land	use	to	change	behavior	(e.g.,	higher	
density	and	diversity	of	opportuni0es)	

•  We	change	car	ownership	rules	to	change	behavior	(e.g.,	
incen0ves	for	hybrid	electric	cars)	

•  We	extrapolate	from	cross	sec0onal	differences	changes	
over	0me	(e.g.,	rich	and	poor)	–	we	know	it	is	wrong!	

•  We	NEED	a	longitudinal	tool	to	tell	us	what	happens	when	
“things”	change	inside	and	outside	the	household	

•  We	need	models	that	can	be	used	in	large	scale	dynamic	
ac0vity	simulators	

•  We	also	want	to	know	if	aMtudes	formed	early	in	life	have	
a	“permanent”	effect	on	behavior	

•  We	also	want	to	know	if	people	with	different	aMtudes	
within	a	household	influence	each	other	
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Specific	Ques0ons	of	the	Paper	

•  Do	people	with	different	aMtudes	live	
together?	

•  Do	aMtudes	early	in	a	person’s	life	persist	in	
its	effect	in	later	years?	

•  Can	we	iden0fy	dis0nct	aMtudinal	(x-sec0on)	
and	behavioral	(over	0me)	groups	and	study	
systema0c	differences	among	them?	
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DATA	USED	
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•  3.7	million	residents	

•  4	coun0es	
•  82	ci0es	and	towns	
•  26	regional	growth	
centers	
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Puget	Sound	
region	

Source:	www.psrc.org	



•  Puget	Sound	Transporta0on	Panel,	1989	–	
2002	
–  Indicators	of	travel	behavior	over	0me	

•  Na0onal	Establishments	Time	Series,	1990	–	
2002	
–  Indicators	of	land	use	over	0me	
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Data	
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Puget	Sound	Transporta0on	Panel	
(PSTP)	

•  The	first	general-purpose	trans.	household	panel	survey	in	USA	
•  Administered	on	the	same	households	and	persons	within	each	

household	repeatedly	over	0me.	
•  Started	in	1989	with	irregular	intervals	–	10	waves	to	2002	
•  Collected		

–  Household	demographics,		
–  Persons’	social	&	economic	informa0on,		
–  Travel	behaviour	through	two-day	travel	diary	
–  AMtudes	about	different	aspects	of	trans.	system	

•  Added	Technology	Ques.ons	in	1997,	1999,	2000,	2002	
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Puget	Sound	Transporta0on	Panel	
Des0na0ons	span	the	en0re	region	



•  Na0onal	Establishments	Time	Series	(1990-	2000+2002)	
–  Geocoded	establishments,	aggregated	to	750m2	grid	cell	
–  Industry	type,	no.	of	employees,	total	sales	 10 

Na0onal	Establishments	Time	Series	

		
		
		



•  Density	(#	of	
employees)		

•  Diversity	(employees	
per	industry	type)	
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Density	and	Diversity	



Annuli	Surrounding	Residences	
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Land	use	Characteris0cs	Surrounding	
Home	(<0.5	mile)	in	1990,	1996,	2002		
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Two-part	Analysis	
	
•  AMtudes	about	carpooling,	

transit,	and	private	car	use	
•  23	aMtudinal	ques0ons	
•  2,472	persons	in	1,362	

households	
•  Test	homophily	(birds	of	a	feather	

hypothesis)	
•  Use	mul0level	cluster	analysis	to	

classify	people	and	households	
jointly	

•  Behavior	over	0me	1989	-	2002	
•  230	households	that	par0cipated	

in	all	ten	waves	of	PSTP		
•  Use	the	informa0on	about	

aMtudes	to	explain	trajectories	of	
behavior	

•  Use	changes	in	land	use	to	
explain	transi0ons	from	one	type	
of	behavior	to	another	

•  Use	changes	in	demographics	to	
explain	transi0ons	of	behavior	
from	one	type	to	another	
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ATTITUDE	GROUPS	(CLUSTERS)	

15 



Mul0-level	Latent	Class	Clustering	
(persons	in	households)	
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index l (l=1,..., L) is used for the person groups and the index h (h=1,..., H) 
for the household groups. f(ykji│xkj=l,wk=h) is the conditional density for 
variable i of individual j in household k given his/her membership in person-
level class l and household level class h.  
P(xkj=l|wk=h) is the probability that individual j of household k belongs to 
latent class l given that his/her household belongs to latent class h. P(wk=h) 
is the probability that household k belongs to latent class h.  
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(based on data from the US Census of 2000) in Seattle and its surroundings. The survey started in 1989 and ended in 
2002 in the four counties (King, Kitsap, Pierce, and Snohomish) of the Puget Sound region in the Northwest corner 
of the continental US surrounding Seattle. In each wave a household questionnaire and a two-day travel diary are 
administered on households. In this way, we accumulate households that participated at multiple time points. PSTP 
takes similar measurements of travel behavior repeatedly on the same observations over time. Each wave of the 
PSTP includes a two-day travel survey that collects information on household demographics, person social and 
economic circumstances, and reported travel behavior on two consecutive days for each person 15 years or older. 
Available data are from ten travel surveys in the years 1989, 1990, 1992, 1993, 1994, 1996, 1997, 1999, 2000, and 
2002. More details about this panel can be found in the annotated bibliography in 
http://www.psrc.org/assets/1488/PSTP_bibliography.pdf.  

We use two portions of PSTP. The first portion contains 2,472 persons in 1,362 households that participated in 
the 1990 survey of which 1,865 persons answered all 23 attitudinal questions about mode perceptions and degree of 
satisfaction with transportation services. These questions are mostly instrumental and affective by Steg's 
classification (Steg, 2005). We also include the missing data persons and households because as we will see later 
they are substantially different from the respondents of the attitudes and display different behaviors. The second 
portion contains 230 households that participated in all ten waves and we verify if people with positive attitudes for 
some modes are consistently using these modes over time.  

3. Multilevel Latent Class Clustering of Attitudes 

In the past few years, a unifying framework of multilevel and longitudinal clustering and classification 
algorithms that merge latent modeling with latent class classification became available (Vermunt & Magidson, 
2013). The definition of the multilevel models used here follow (Lukočienė, et al., 2010). We use data from answers 
to 23 attitudinal questions (i=1,..., 23) by j individuals (j=1,..,nk). The index k is used for the households and they are 
1,205. The sum of all nk is 1,865 individuals that provide attitudinal information. Different individuals belong to the 
same household (k=1,...,1,205) and they give us the opportunity to examine how people with possibly different 
attitudes (heterophily) combine in the same household and if this has any impact on residential location and travel 
behavior.  

In the following equations we use ykji to represent the i response variables (i=1,..., 23) of 23 attitudinal responses. 
The two level classes are at the individual level (denoted by categorical variable xkj) and the household level 
(denoted by categorical variable wk). f(Yk) is the marginal density of the entire response Yk to the 23 questions of 
household k. f(Ykj|wk=h) is the conditional density of the response vector (Ykj) of individual j in household k 
conditional on the membership of household k to the latent class h.  Both membership variables are categorical and 
their response densities can be written as follows. 
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In these equations the index l (l=1,..., L) is used for the person groups and the index h (h=1,..., H) for the 

household groups. In equation 2, f(ykji�xkj=l,wk=h) is the conditional density for variable i of individual j in 
household k given his/her membership in person-level class l and household level class h. P(xkj=l|wk=h) is the 
probability that individual j of household k belongs to latent class l given that his/her household belongs to latent 
class h. P(wk=h) is the probability that household k belongs to latent class h. The number of classes for both levels 
and any restrictions of equalities among the probabilities here constitute the specification of the multilevel model. 
We follow the recommendations in Lukočienė, et al., 2010, and Yu and Park, 2014, to identify number of classes in 
different stages of model estimation. Estimation of this model uses Maximum Likelihood Estimation (Vermunt & 
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Fig. 1. Car Lovers, Carpool & Transit Lovers, and Neutral Persons 

In cluster analysis that uses probability models one can classify individuals either assigning an individual to the 
category with the highest probability (called modal assignment in the specialist literature of latent class models) or 
give a weight to each individual for each category of the latent class variable that is proportional to the probability of 
membership. Figure 2 top half shows these two classifications jointly with persons and households. In both methods 
households in Gclass1 contain individuals that are predominantly neutral and for this reason we name this group 
"neutral." Gclass 2 contains a large number of car loving individuals (particularly when modal classification is used) 
and we call these households "car oriented." Gclass3 are the households with the majority of the carpool and transit 
lovers and we give the household a similar label "carpool & transit oriented." The lower half of Figure 2 also 
includes the persons and households with missing attitudinal information. Note that all household groups have some 
individuals that did not provide answers to attitudinal questions.  

Table 2 reveals more details about the within household composition of the different classes. Gclass4 (missing 
data) has older individuals, more females, and a much lower number of employed persons. The composition of 
individuals (neutral, car-lovers, carpool/transit lovers) are very different, and their social demographics are also 
different. For example, car-lovers in the car-oriented and carpool & transit oriented households are much older (4-5 
years) than the ones in the neutral group, carpool & transit lovers in their corresponding household group has more 
women compared to the neutral household group. The gender ratio of car-lovers in both neutral and car-oriented 
group are almost half-and-half, but it is very different in the carpool & transit oriented group; and only 31% of them 
are women. Notable, however, are also similarities among the groups in terms of average number of employed 
persons (as well as a high percentage) and average number of women. Car-lovers are somewhat younger in the car 
oriented and neutral households. Table 3 is a cross classification of attitude clusters for pairs of persons (ID1 and 
ID2 that are usually the two oldest persons in a household) in the same households. Only about one third (381 
persons) of the persons listed in Table 3 (total of 960) are classified in the same person-based clusters. In addition, 
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car lovers and carpool/transit lovers do not live together (only 6), instead, they cohabit most often with persons in 
the neutral cluster. This is not symmetric when we examine the carpool/transit oriented households where we see a 
much higher diversity of views. All this contradicts the hypothesis of homophily in attitudes (McPherson et al., 
2001). 

 

 

Fig. 2. Composition of Households and their Latent Classes (Gclass) 
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First	Part	Findings	
We	find	mix	of:	
•  Car	lovers	tend	to	live	with	car	lovers	or	with	
neutrals			

•  Carpool/transit	lovers	tend	to	live	with	
carpool/transit	lovers,	neutrals,	but	also	car	
lovers	

•  Lack	of	strong	homophily	(reject	the	bird	of	a	
feather	hypothesis)		
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Use	the	aMtude	classifica0on	from	
part	1	for	both	persons	and	

households	just	to	verify	if	we	can	see	
differences	in	behavior	

20 
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Figure 3 shows the 230 household classification in attitude clusters with a clear repetition of the patterns in the 
larger sample. Note however the relative closeness of reported Likert scores among the three groups here.  

 

 

Note: the pie chart shows the number households and after the comma the percentage in the sample 

Fig. 3. Cluster Membership of 230 Stayer Households in PSTP 

For each household using data from the National Establishment Time-Series (NETS) Database (a byproduct of 
the Dunn&Bradstreet inventory of business establishments) we enumerate land use characteristics surrounding its 
residence. To do this, we build concentric circles surrounding each household residence as buffers (0.5, 1.0, 1.5 
miles). For each buffer we count the number of business establishments and compute the density as the total number 
of employees in business establishments. We also compute a Shannon Index (function of mix of proportions of each 
business type). Both density and diversity increased between 1990 and 2002 due to the economic development in 

Subset of Households for Whom we have 10 waves of data (1989-2002)  
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this area (a more detailed analysis of the data is provided in Lee et al., 2015). This allows us to examine residential 
location that is one of the most important correlates with attitudes.  

The land use characteristics of 230 households’ home locations are shown in Figure 4. The transit & carpool 
oriented group has a very distinct pattern, their surrounding areas can be described as high-density and high-
diversity areas in terms of business establishments in their neighborhoods for all three radii we used here. The other 
three groups are similar with each other residing in lower density environments. This is particularly pronounced in 
the car oriented households that show a consistent preference for neighborhoods with very low employee density 
within the 0.5 mile radius and for this have the smallest activity opportunities within walking distances. Presumably 
these are neighborhoods with urban forms typical of the cul-de-sac suburbs. 

 

 

Fig. 4. Residential Location Characteristics of the Four Household Groups 

What 
happens 
around their 
homes? 



PART	2	
Longitudinal	travel	behavior	&	correla0on	with	aMtude	groups	
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The	Mul0level	Longitudinal	Latent	Class	
Model	(0me	points	within	persons)	

230 households at 10 time points 
Groups (latent classes) based on drive alone trips, car sharing trips, transit 
trips, bike and walk trips, number of cars, employment density around the 
household residence, and employment diversity around the household 
residence.  
 
Seven variables (q=1,..., 7) and \ 
k for the households (k=1,..,nk). nk  = 230.  
l for the behavioral variables,  
t for the 10 time points (Equations 3 and 4 in paper). The index k goes from 1 to 
230. The sum of all nk is 2,300 households that provide answers in the 10 waves 
of the panel.  

 Lee and Goulias / Transportation Research Procedia 00 (2016) 000–000 13 

6. Longitudinal Multilevel Analysis of Behavior 

Although we found that households’ travel attitudes appear to be correlated with longitudinal travel behavior in 
descriptive analysis, longitudinal patterns of travel behavior changes can be captured in a better way with Multilevel 
latent class analysis and allows testing hypotheses about correlation between attitudes and longitudinal behavior. We 
analyze the Table 4 statistics using another set of multilevel models on the 230 households and this time we use as 
latent class variables the drive alone trips, car sharing trips, transit trips, bike and walk trips, number of cars, 
employment density around the household residence, and employment diversity around the household residence. We 
use q for the seven variables (q=1,..., 7) and k for the households (k=1,..,nk). Equations 1 and 2 apply to this model 
as well but the indices we use this time are l for the behavioral variables, k for households as in the previous 
multilevel model, and t for the lowest level that are the 10 time points (Equations 3 and 4). The index k goes from 1 
to 230. The sum of all nk is 2,300 households that provide answers in the 10 waves of the panel. To distinguish this 
model from the Equations 1 and 2 we use the variable v for the categorical latent class membership variable. This 
time we have time points within households. Index t signifies the time points and index q the behavioral variables.  
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In this multilevel model we take into account the repeated answers to the same questions about travel behavior 
and residence location for each household. In other analyses we employed different types of models designed for 
longitudinal data that are better for the analysis of behavioral change due to household structure changes and 
changes in the residential environment and tested their role as triggers of behavioral modification (Goulias et al., 
2015, Lee et al., 2015, and McBride et al., 2016). In the analysis here we are only searching for relatively 
homogeneous groups of longitudinal household behavior and then study their correlation with attitudes. In the 
analysis we focus on the impact initial attitudes have on patterns of travel behavior over time.  This analysis yields 4 
household level behavioral classes. The first class (blue color in all graphs) is the most populous with more than half 
the sample and the highest car ownership (Figure 7).  

 

 

Figure 7 Household Behavioral Groups and Car Ownership 

Figure 8 shows this class is the second highest in number of children (both children age groups) and is the second 
youngest group. This group is also the highest in trips driving alone (Figure 9), has the highest car ownership 
(Figure 10) and maintains the highest car use for many of the panel waves (Figure 11), has the second highest car 
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6. Longitudinal Multilevel Analysis of Behavior 

Although we found that households’ travel attitudes appear to be correlated with longitudinal travel behavior in 
descriptive analysis, longitudinal patterns of travel behavior changes can be captured in a better way with Multilevel 
latent class analysis and allows testing hypotheses about correlation between attitudes and longitudinal behavior. We 
analyze the Table 4 statistics using another set of multilevel models on the 230 households and this time we use as 
latent class variables the drive alone trips, car sharing trips, transit trips, bike and walk trips, number of cars, 
employment density around the household residence, and employment diversity around the household residence. We 
use q for the seven variables (q=1,..., 7) and k for the households (k=1,..,nk). Equations 1 and 2 apply to this model 
as well but the indices we use this time are l for the behavioral variables, k for households as in the previous 
multilevel model, and t for the lowest level that are the 10 time points (Equations 3 and 4). The index k goes from 1 
to 230. The sum of all nk is 2,300 households that provide answers in the 10 waves of the panel. To distinguish this 
model from the Equations 1 and 2 we use the variable v for the categorical latent class membership variable. This 
time we have time points within households. Index t signifies the time points and index q the behavioral variables.  

! !! = !(!! = ℎ)
!

!!!
! !!" !! = ℎ                                                                                                                               (3)

!!

!!!
  

! !!"|!! = ℎ = !(!!" = !|!! = ℎ)
!

!!!
! !!"# !!" = !, !! = ℎ                                                                              (4)

!

!!!
 

In this multilevel model we take into account the repeated answers to the same questions about travel behavior 
and residence location for each household. In other analyses we employed different types of models designed for 
longitudinal data that are better for the analysis of behavioral change due to household structure changes and 
changes in the residential environment and tested their role as triggers of behavioral modification (Goulias et al., 
2015, Lee et al., 2015, and McBride et al., 2016). In the analysis here we are only searching for relatively 
homogeneous groups of longitudinal household behavior and then study their correlation with attitudes. In the 
analysis we focus on the impact initial attitudes have on patterns of travel behavior over time.  This analysis yields 4 
household level behavioral classes. The first class (blue color in all graphs) is the most populous with more than half 
the sample and the highest car ownership (Figure 7).  
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sharing but below average in transit and walk & bike trips (Figures 9 and 11). These are also the households with the 
lowest density and diversity of business around their dwellings (Figure 11). We name these households the Younger 
Suburbanites. The second group (orange and about 22% of the sample) has very few transit and walk & bike trips, 
below average trips driving alone and car sharing with relatives. This group lives is denser environments that 
increase in density over time but maintain similar and high levels of diversity. This is also the second highest 
average age group and we call them the Older Urbanites. The third group (green and about 12% of the sample) are 
households with the lowest household age, has the most children and the most workers. This group also lives in the 
highest density urban environments with diversity that increases over time. This group also has the second highest 
car ownership levels and most important the highest car sharing and walk and bike trips. We call this group the 
Active Young Urbanites group.  

The last group (yellow and about 11% of the sample) is the oldest of the four groups here and has the least 
number of children, lives in neighborhoods that seem to be in the fringe between urban and suburban environments 
but has the most number of trips by public transportation and the least trips driving alone and car sharing with 
relatives but the second highest number of trips walking and biking (Figure 11). This is also the group with the 
lowest car ownership and a few households have no car (Figure 10). We call this group the Transit Older 
Suburbanites.   
 

 

Fig. 8. Average Demographics Across the Ten Waves 
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Fig. 11. Class Specific Longitudinal Behavioral Characteristics  

7. Correlation Between Longitudinal Behavior and Attitudes 

One way to study the correlation between the four groups we identified based on attitudes and the four groups we 
identified based on residential location, car ownership, and travel is to cross-classify the two latent variables 
representing these classes. In Table 5 the chi-square statistic and the contingency coefficient show a significant 
relationship between the two class groups with the younger suburban dwellers more likely to be neutral (42%), car-
oriented (23%) and with missing attitudes (22%). The transit older suburbanites on the other hand have a strong 
tendency to be populated by car-pool and transit oriented households (65.4% in Table 5). This is also the behavioral 
class with the least car driving alone and car sharing with relatives trips. The other two behavioral groups have a 
substantial presence of neutral attitudes households (about 33% in both) but the young active suburbanites has also 
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Fig. 9. Average Behavioral Indicators Across the Ten Waves 

Fig. 10. Class Specific Car Ownership Evolution 
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33% of their households displaying positive attitudes towards carpooling and transit. Recall these are also the 
households with the highest number of car sharing with family trips. 

In another test we examine the relationship between homophily (same attitudes) in the household and behavior 
(Table 6) and we see a fairly even distribution of behavioral classes among households in which all people agree in 
their attitudes and households with members of different attitudes. This indicates disagreement in terms of attitudes 
within a household does not equate to different behavior than the households displaying the same within household 
attitudes. 

Table 5. Behavioral Classes Cross-Classified with Attitudinal Classes 

 Chi square: 44.874, df:9,  
Contingency Coefficient = 0.404 

Behavior GClass 

Total Younger  
Suburbanites 

(Blue) 

Older  
Urbanites  
(Orange) 

Active 
Young 

Urbanites  
(Green) 

Transit Older 
Suburbanites 

(Yellow) 

Attitude 
GClass 

Neutral 
Count 53 17 9 6 85 
% within Attitude GClass 62.4% 20.0% 10.6% 7.1% 100.0% 
% within Behavior GClass 42.1% 33.3% 33.3% 23.1% 37.0% 

Car-oriented 
HH 

Count 29 13 4 0 46 
% within Attitude GClass 63.0% 28.3% 8.7% 0.0% 100.0% 
% within Behavior GClass 23.0% 25.5% 14.8% 0.0% 20.0% 

Carpooling& 
Transit-
oriented HH 

Count 16 6 9 17 48 
% within Attitude GClass 33.3% 12.5% 18.8% 35.4% 100.0% 
% within Behavior GClass 12.7% 11.8% 33.3% 65.4% 20.9% 

Missing 
Count 28 15 5 3 51 
% within Attitude GClass 54.9% 29.4% 9.8% 5.9% 100.0% 
% within Behavior GClass 22.2% 29.4% 18.5% 11.5% 22.2% 

Total 
Count 126 51 27 26 230 
% within Attitude GClass 54.8% 22.2% 11.7% 11.3% 100.0% 
% within Behavior GClass 100.0% 100.0% 100.0% 100.0% 100.0% 

 

Table 6. Attitudinal Homophily Cross-Classified with Behavioral Class 

 Chi square: 0.118, df:3. 
Contingency Coefficient = 0.023 
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Active 
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H
om

op
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ly
 All others 

(missing, 
disagree) 

Count 98 40 21 21 180 
% within Homophily 54.4% 22.2% 11.7% 11.7% 100.0% 
% within Behavior GClass 77.8% 78.4% 77.8% 80.8% 78.3% 
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Household either 
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% within Homophily 54.8% 22.2% 11.7% 11.3% 100.0% 
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8. Summary and Conclusions 

In this paper we provide a summary of two types of analysis. First, using an array of 23 attitudinal data from 
2,472 persons in 1,362 households about carpooling, transit, and private car use we identify groups of people with 
similar answers. To do this we analyze attitudinal data with a multilevel latent class clustering method that allows 
identification of groups of persons and groups of households jointly. Among the persons analyzed we find car lovers 
(people with positive attitudes to car use), carpool and transit lovers (people with positive attitudes to carpooling and 
transit), neutral (people in between the other two groups), and people that do not offer answers to the attitudinal 
questions (missing). Jointly with the person groups we also identify four household groups that are aligned with car 
orientation, carpool/transit orientation, neutrality, and missing. The first three groups contain a mix of the person-

Simple cross-classification of cluster membership 
 
(limitations at the end) 
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33% of their households displaying positive attitudes towards carpooling and transit. Recall these are also the 
households with the highest number of car sharing with family trips. 

In another test we examine the relationship between homophily (same attitudes) in the household and behavior 
(Table 6) and we see a fairly even distribution of behavioral classes among households in which all people agree in 
their attitudes and households with members of different attitudes. This indicates disagreement in terms of attitudes 
within a household does not equate to different behavior than the households displaying the same within household 
attitudes. 

Table 5. Behavioral Classes Cross-Classified with Attitudinal Classes 

 Chi square: 44.874, df:9,  
Contingency Coefficient = 0.404 
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Car-oriented 
HH 
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oriented HH 
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% within Attitude GClass 33.3% 12.5% 18.8% 35.4% 100.0% 
% within Behavior GClass 12.7% 11.8% 33.3% 65.4% 20.9% 

Missing 
Count 28 15 5 3 51 
% within Attitude GClass 54.9% 29.4% 9.8% 5.9% 100.0% 
% within Behavior GClass 22.2% 29.4% 18.5% 11.5% 22.2% 

Total 
Count 126 51 27 26 230 
% within Attitude GClass 54.8% 22.2% 11.7% 11.3% 100.0% 
% within Behavior GClass 100.0% 100.0% 100.0% 100.0% 100.0% 
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8. Summary and Conclusions 

In this paper we provide a summary of two types of analysis. First, using an array of 23 attitudinal data from 
2,472 persons in 1,362 households about carpooling, transit, and private car use we identify groups of people with 
similar answers. To do this we analyze attitudinal data with a multilevel latent class clustering method that allows 
identification of groups of persons and groups of households jointly. Among the persons analyzed we find car lovers 
(people with positive attitudes to car use), carpool and transit lovers (people with positive attitudes to carpooling and 
transit), neutral (people in between the other two groups), and people that do not offer answers to the attitudinal 
questions (missing). Jointly with the person groups we also identify four household groups that are aligned with car 
orientation, carpool/transit orientation, neutrality, and missing. The first three groups contain a mix of the person-

Younger suburban dwellers more likely to be neutral (42%), car-oriented (23%) and with 
missing attitudes (22%).  
.  

Young active urbanites show positive attitudes towards carpooling and transit.  
Recall: These are also the households with the most walking and biking trips living in 
the highest density environments.  
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33% of their households displaying positive attitudes towards carpooling and transit. Recall these are also the 
households with the highest number of car sharing with family trips. 

In another test we examine the relationship between homophily (same attitudes) in the household and behavior 
(Table 6) and we see a fairly even distribution of behavioral classes among households in which all people agree in 
their attitudes and households with members of different attitudes. This indicates disagreement in terms of attitudes 
within a household does not equate to different behavior than the households displaying the same within household 
attitudes. 

Table 5. Behavioral Classes Cross-Classified with Attitudinal Classes 
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Contingency Coefficient = 0.404 
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Missing 
Count 28 15 5 3 51 
% within Attitude GClass 54.9% 29.4% 9.8% 5.9% 100.0% 
% within Behavior GClass 22.2% 29.4% 18.5% 11.5% 22.2% 

Total 
Count 126 51 27 26 230 
% within Attitude GClass 54.8% 22.2% 11.7% 11.3% 100.0% 
% within Behavior GClass 100.0% 100.0% 100.0% 100.0% 100.0% 
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Count 28 11 6 5 50 
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Total 
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% within Homophily 54.8% 22.2% 11.7% 11.3% 100.0% 
% within Behavior GClass 100.0% 100.0% 100.0% 100.0% 100.0% 

8. Summary and Conclusions 

In this paper we provide a summary of two types of analysis. First, using an array of 23 attitudinal data from 
2,472 persons in 1,362 households about carpooling, transit, and private car use we identify groups of people with 
similar answers. To do this we analyze attitudinal data with a multilevel latent class clustering method that allows 
identification of groups of persons and groups of households jointly. Among the persons analyzed we find car lovers 
(people with positive attitudes to car use), carpool and transit lovers (people with positive attitudes to carpooling and 
transit), neutral (people in between the other two groups), and people that do not offer answers to the attitudinal 
questions (missing). Jointly with the person groups we also identify four household groups that are aligned with car 
orientation, carpool/transit orientation, neutrality, and missing. The first three groups contain a mix of the person-

The transit older suburbanites are car-pool and transit oriented households (65.4%).  
This is also the behavioral class with the least car driving alone and car sharing with 
relatives trips.  

Older (average age almost 56) Urbanites do not seem to have a positive attitude for 
transit but they also show neutral and missing attitudes. Recall: they behave in a 
similar way (longitudinally) to the younger suburbanites) 
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33% of their households displaying positive attitudes towards carpooling and transit. Recall these are also the 
households with the highest number of car sharing with family trips. 

In another test we examine the relationship between homophily (same attitudes) in the household and behavior 
(Table 6) and we see a fairly even distribution of behavioral classes among households in which all people agree in 
their attitudes and households with members of different attitudes. This indicates disagreement in terms of attitudes 
within a household does not equate to different behavior than the households displaying the same within household 
attitudes. 

Table 5. Behavioral Classes Cross-Classified with Attitudinal Classes 

 Chi square: 44.874, df:9,  
Contingency Coefficient = 0.404 
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% within Behavior GClass 22.2% 29.4% 18.5% 11.5% 22.2% 

Total 
Count 126 51 27 26 230 
% within Attitude GClass 54.8% 22.2% 11.7% 11.3% 100.0% 
% within Behavior GClass 100.0% 100.0% 100.0% 100.0% 100.0% 
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8. Summary and Conclusions 

In this paper we provide a summary of two types of analysis. First, using an array of 23 attitudinal data from 
2,472 persons in 1,362 households about carpooling, transit, and private car use we identify groups of people with 
similar answers. To do this we analyze attitudinal data with a multilevel latent class clustering method that allows 
identification of groups of persons and groups of households jointly. Among the persons analyzed we find car lovers 
(people with positive attitudes to car use), carpool and transit lovers (people with positive attitudes to carpooling and 
transit), neutral (people in between the other two groups), and people that do not offer answers to the attitudinal 
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Disagreement in terms of attitudes within a household does not equate to 
different behavior when compared to households displaying the same within 
household attitudes  



Specific	Ques0ons	of	the	Paper	

•  Do	people	with	different	aMtudes	live	together?	
•  Yes	but	lack	symmetry	
•  Do	aMtudes	early	in	a	person’s	life	persist	in	its	
effect	in	later	years?	

•  Yes	
•  Can	we	iden0fy	dis0nct	aMtudinal	(x-sec0on)	and	
behavioral	(over	0me)	groups	and	study	
systema0c	differences	among	them?	

•  Yes	but	not	within	hh	differences	don’t	ma?er	
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Some	Limita0ons	&		
Possible	Next	Steps	

•  We	did	not	allow	demographics	to	influence	classifica0on.		Adding	this	
could	be	an	interes0ng	experiment	– Include	Demographics	as	ac.ve	
variables	in	classifica.on.	

•  In	other	work	on	this	using	Mixed	Markov	Latent	Class	models	we	show	
that	demographic	changes	are	important	predictors	for	the	230	
households	analyzed	here	–	these	changes	can	also	influence	individual	
aMtudes	and	their	distribu0on	within	a	household	– use	the	MMLC	with	
a@tudes	&	behavior.	

•  	We	studied	membership	in	clusters	predicted	by	a	model.		This	is	a	
probabilis0c	classifica0on	-	study	the	correla.on	of	the	probability	of	
classifica.on	in	each	category	but	complicates	interpreta.on.	

•  AMtude	may	change	over	0me	–	we	have	a	few	years	of	aMtudes	in	PSTP	
and	some	authors	have	looked	into	this	-	expand	the	study	adding	mul.-
period	a@tude	reports	&	demographics	men.oned	above.	

•  Final	thought:	230	household	par0cipa0ng	in	a	survey	from	1989	to	2002	
are	probably	not	representa0ve	of	the	en0re	popula0on	–	this	is	a	panel	
design	issue	and	can	use	blocks	of	periods	of	3-5	years	in	analysis.	
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