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In every urban area there are large numbers of elderly and handicapped 
persons whose mobility needs are not being met by existing transporta
tion systems. Consequently, this part of the population is being denied, 
in varying degrees, access to essential services and active participation in 
urban life. In this paper an hierarchical approach is proposed for mea
suring latent demand and is applied to interview data from a sample of 
elderly and handicapped persons. Three types of demand are measured: 
total demand for activity participation, latent demand for activity par
ticipation, and latent demand for transportation. The effects of handi
cap status and socioeconomic variables on these demands are analyzed, 
and the importance of various activities to a respondent's life-style is 
examined. A profile of the respondents and their existing travel habits 
is also presented. 

In every major urban area there are many citizens with 
permanent and temporary mobility limitations for whom 
travel is severely restricted because of existing trans
portation system design and operation. Consequently, 
this part of the urban population is being denied, in vary
ing degrees, access to essential services and active par
ticipation in urban life. In effect the handicapped, be
cause of inadequacies of transportation service, are 
being denied "individual opportunity for variety, range 
of choice, and pe1·sonal advancement" (9, p. 8). 

Congressional attention to transportation problems of 
the handicapped and elderly has increased in recent 
years, producing specific legislative requirements and 
guidelines in planning and design processes {lQ_, 15, ~ 
17). Planning for the elderly can be done with census 
data and transportation survey data (12), and some spe
cial studies on travel of the elderly have been conducted 
(5, 6, 7). Far fewer data have been collected on travel 
of the-handicapped, and only a few studies have been 
done (1,2,4, 11, 14, 18). 

Research is sparse on the concept of latent demand 
for transportation by the population at large and even 
more so for the handicapped and elderly. In ploneering 
work on latent demand done at Carnegie-Mellon University 

Publication of this paper sponsored by Committee on Transportation for 
the Disadvantaged. 

(4), the concept of latent demand considered the demand 
for attributes of the transportation system as well as 
total trip making. Further, the concept was linked to 
knowledge of the transportation system and to activity 
desires. Burkhardt and Eby developed the concept of 
need as a determinant of latent demand in a study of 
rural populations (3). They used, as did Yukubousky 
and Politano, gap analysis in which travel of a subject 
group is compared to travel of a group that has higher 
mobility and that is taken as a norm (20). 

The concept of latent demand implies the measure
ment of a difference between some norm of travel be
havior and existing travel. This norm implies an alter
native set of conditions to the conditions under which ex
isting travel is measured . These alternative conditions 
include an increased opportunity for travel through im
provements in the physical design, layout, operation, 
and information service of travel options. The Carnegie
Mellon concept would add activity participation desires. 
On a broader scale changes in the demographic and socio
economic characteristics of the city should also be con
sidered. 

Burkhardt and Eby analyzed several techniques for 
estimating or measuring latent demand. Their first tech
nique was the collective opinion of a panel of experts; this 
technique, however, was arbitrary and often ignored in
formation from the subjects. The second technique was 
the use of a particular group as a norm. The suggestion 
that everyone wants to and should travel as much as 
everyone else is intractable. However, if the subject 
group and the norm group are similar in all respects ex
cept for one criterion causing the demand differences, 
then the technique has potential merit. The third tech
nique was the use of the subjects' perceptions of what 
they would like to have. This technique usually gives ex
pression to desires for transportation services quite new 
and different from existing options. However, what the 
group actually does is quite different from what the group 
says it would do. 

Most urban areas have established models for estimat
ing travel behavior under alternative sets of conditions. 
The urban travel models are applied predominantly at the 
zone level for mid- and long-range system planning. Al
though certain system attributes are included, they are 
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not the ones relevant to the handicapped and the elderly. 
Market segmentation is sometimes applied, but rarely 
are specific groups of the travel disadvantaged singled 
out. Further, the trip generation models for most urban 
areas are not sensitive to the transportation system. 
Tims, although the handicapped and the elderly make up 
13 percent of the population (18), their needs are not ex
plicitly accounted for even when the most prevalent tech
niques for travel forecasting are used. 

HIERARCHICAL APPROACH TO 
LATENT DEMAND 

The demand for transportation services assumes a de
mand for activity participation. The latent demand for 
transportation services must also assume a latent de
mand for activity participation or a demand for better 
transportation. The demand for transportation is mul
tidimensional and relates to all system attributes-com
fort, convenience, frequency, speed, and information
however these might be defined. 

A simplified conceptual model of latent demand is 
presented in Figure 1. To participate in an activity, a 
person must know about the activity, be able to partici
pate (physically, financially, and otherwise), and desire 
to participate. The latent demand for the activity is the 
difference between existing participation rates and those 
rates that might come about under some known or un
known alternative circumstances. For example, if a 
person were to earn more money, he or she might go to 
the theater more often. 

Latent demand for transportation exists whenever 
there is a latent demand for activity participation. La
tent demand related to nontransportation factors is an 
implied latent demand. Latent demand related directly 
to the transportation system may be termed a "direct" 
latent demand and may exist whether or not there is a 
latent demand for the activity. 

ORGANIZATION OF SURVEY 

With the aid of several organizations, a pilot home inter
view survey was conducted in a poTtion of Chicago's north 
side . The study area was a 3-km (1 .8-mile) wide strip 
extending about 12 km (7 .2 miles) north from downtown 
Chicago along Lake Michigan and containing over 500 000 
residents. The area is spotted with concentrations of 
<>thnir- arrnm." <>nrl <ihn11t h<ilf thP. P.mnlnverl nersnnR have _w ______ o----r-, -----· ------- -- ·· ·- .&,· - ... ,1,,: 

blue collar jobs. Compared to the rest of the residents 
in Chicago, relatively few residents own their homes. 
Multifamily dwelling units predominate. The predomi
nantly grid street pattern has a clearly defined arterial 
network. Bus service exists on all arterials, and two 
rapid transit lines also serve the community. 

Of the 168 interviews obtained, 86 came from the 
Senior Citizens Project (SCP) operated by the Chicago 
Housing Authority at North Clark and Irving Park streets, 
close to the center of the study area. Because the em
phasis of the pilot survey was to determine character
istics of the target population, rather than to assess pa
rameters of the population accurately, the survey was not 
designed to be either totally random or representative. 

The survey included physically handicapped persons 
and persons of age 65 or over. Blind or mentally ill 
persons were excluded. The socioeconomic character
istics were influenced by the SCP residency require
ments that tenants had to be over 65 or over 55 if they 
had a physical disability. In addition, there was an in
come ceiling. Characteristics of the respondents are 
as follows: 

Respon- Respon-
Characteristic dents(%) Characteristic dents(%) ---
Age 65 or over 63 Cannot drive at all 78 
Disability reported 85 Use transit 67 
Women 67 Retired 67 
Apartment dwellers 85 High school graduate 38 

As part of the interview, a typical travel survey was 
conducted to analyze existing travel patterns of the re
spondents. The survey recorded all trips for 2 d by all 
modes no matter how short. Of the 375 trips reported, 
44 percent were made by walking, the most used mode, 
and 33 percent were made by bus, the next most used 
mode. Over half of the nonhome destinations were for 
social and recreational purposes. Shopping accounted 
for 18 percent of all the nonhome trips. Excluding travel 
to home, 50 percent of the trips were sho1·ter than 1 km 
(0,6 mile); these trips were almost all made by walking. 
Longer trips were almost all made by bus. 

Since most regional travel surveys pay scant attention 
to short trips and walking trips, data are not always 
available for comparison with the handicapped and elderly 
data. The handicapped and elderly survey trip rates are 
compa1·ec1 with 195G data from the Chicago Area Trans
portation Study (CATS) in Table 1 (8, p. 22). Since em
ployment of the survey sample is lmv and since the CA TS 
data omit walking trips, the most valid comparison is 
for nonwork, nonwalk trips. The handicapped and elderly 
survey rate of 0.286 person trip/cl (excluding trips to 
home) is well below one-half the rate for the overall pop
ulation. Although the handicapped and elderly do manage 
to reach many additional activity sites by walking, they 
still do not have the same range of opportunities as able
bodied people do. 

The respondents were gl'Oupecl according to their phys
ical capabilities (13) . Three groups were analyzed: Bl, 
those who can per.form most travel functions; B2, those 
who can perform most travel functions but cannot enter 
and maintain stability in a moving bus; and B3, those who 
have severe mobility limitations. In Figure 2, the non
work trip rates of the three groups are compared with 
corresponding 1956 CATS data. As expected, groups B3 
and B2 travel significantly less than group Bl. Group Bl 
appears to make more trips than the regional average be
cause the CATS data exclude walking trips. 

In terms of latent demand, group Bl seems to be the 
norm for travel behavior, but statistical tests demon
strated that there were no significant socioeconomic dif
ferences among the groups ( 13). They differ only by 
their p hysical capabilities. One would, therefore, be 
maldng two erroneous assumptions in selecting group Bl 
as the norm: Group Bl has no latent demand, and groups 
B2 and B3 desire to, and are able to, participate in the 
same kinds of activities with the same frequency as 
group Bl. 

The questionnaire includes a series of questions to 
test the latent demand concepts discussed earlier in the 
paper (Figure 3). The responses are summarized in 
Table 2. The items are ranked according to the total 
demand for participation in the activity (TDA), i.e., the 
number of persons who already participate in the activity 
plus those who would like to. The activities near the top 
of the list are basic physical and social needs. These 
trips are made regularly and therefore rank above the 
social and recreation activities. However, those ac
tivities showing the greatest expression of latent de
mand (LDA) are social or recreational, i.e., going to a 
movie or visiting friends. The basic needs, such as 
visiting the doctor, are fulfilled as required and have 
less latent demand. 

The survey reveals that 145 respondents (86 percent) 
have a latent demand for at least one activity. Of these, 



Figure 1. Conceptual model of latent 
demand of an individual. 

Dlrecl Latent Implied Latent 
Demand lor Demand for 

Transportation Traneportalfon 

Table 1. Travel of the handicapped and nonhandicapped. 

Pe rson Trips per P erson per Day• 

Purpose 

Shopp ing 
Social and recreationc 
Other nonworkingd 
Total nonworking 
Working 
All purposes 

"Excludes trips to home, 

Handicapp ed and 
Elderly' 

Includes Excludes 
Walking Walking 

0 , 110 0.039 
0.304 0. 143 
0 . 134 0. 104 
0.548 0 .286 
0.056 0 ,042 
0.604 0.328 

b168 persons sampled, summer, 1971 
c Includes ea t ing meals 
c1consists of personal business. school, and serve passenger~ 

CATS Population, 
Excludes Walking 

0.106 
0.285 
0 .301 
0 .692 
0.393 
1.085 

122 indicate that transportation is a factor. Transpor
tation improvements might therefore benefit 73 percent 
of the respondents or 84 percent of those with LDA. 
Table 2 gives the latent demand for transportation (LDT) 
for each purpose. 

Figure 4 shows the relationship between total demand 
and latent demand. Three distinct clusters of activities 
are formed. (School trips provide too low a demand for 
meaningful evaluat:i,on.) The labels identifying the three 
clusters are an attempt to describe how much the re
spondents must travel for each purpose. There is a high 
demand for those activities in the "satisfied" cluster. 
The respondents make these trips when necessary re
gardless of cost. Except for a few persons traveling to 
regular rehabilitation clinics, travel to these activities 
is infrequent. The cluster labeled "essential" contains 
five activities that demand frequent trip making for sus-

Figure 2. Comparison of nonwork trip data from survey and 
from Chicago Area Transportation Study. 
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tenance purposes. Although eating out is generally re
garded as a social activity, it represents an essential 
function for many of the respondents who cannot prepare 
their own meals on a regular basis. The respondents 
rate their social and spiritual needs as important as 
their purely physical needs. The "discretionary" cluster 
is made up of 10 items including all 7 of the recreational 
activities. This cluster has almost as high an absolute 
latent demand as the essential cluster, but because the 
overall demand level is much lower the level of unsatis
fied demand is much higher. 

SYNTHESIS OF TRAVEL NEEDS 

The approach to latent demand typified by Figure 1 leads 
to consideration of two hierarchical probabilities: 

1. If an individual now desires to participate in an 
activity, what is the probability that he or she desires to 
participate more often? 

2. Given that an individual has expressed a latent 
demand to participate in an activity, what is the proba
bility that transportation affects his latent demand? 

Probability 1 also includes those individuals who do 
not participate but would like to; and the probability of 
demand is in essence TDA/N, where TDA is the number 
of persons desiring to participate in the activity and N is 
the number of r esponses to the item. The probability of 
latent demand is LDA/TDA. Finally, the probability for 
tra11S1)ortation is LDT/ LDA, where LDT is the number 
of persons who responded that transportation affects their 
rate of participation. 

Table 3 gives activities and their probabilities grouped 
in clusters previously developed. The differences in the 
clusters can be seen by the following typical probabilities: 

Activity TDA/N LDA/TDA LDT/ LOA 

Essential cluster 80 43 74 
Discretionary cluster 43 77 74 
Satisfied cluster 67 14 60 
Work 42 83 28 
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Figure 3. Questionnaire for 
I am now going to read a list ol purposes lor making a trip . For each purpose Indicate the reoponae category on 

determining individual latent demand. the card which best represents how ollen you make that trip In relation lo how olten you would like to. 

PURPOSE 

41. Shop for groceries 

42, Go to a movie 

43 Go to a museum or art gallery 

44. Go lo the library 

45. Go Jo the zoo 

46. Go to work 

47 , Shop for clothes 

48 . Go to a Cubs ball game 

49 , Go lo school 

50. Go lo the beach 

51 , Visit city or government offices 

52 , Visit friends or relatives 

53 Go out lo eat 

54. Shop in the Loop 

55 Go to the doctor or dentist 

56 Go lo the bank 

57 ~ Go to barber or hairdresser 

58, Go to a public meeting, hearing , 
lecture or speech 

59. Go to church, temple, or 
synagogue 

Table 2. Latent demand analysis. 

Rank ol Number of 
Latent Demand Activity Responses 

1 Visit friends or relatives 167 
2 Go to doctor or dentist 167 
3 Shop for groceries 167 
4 .~hnp f,-.,. ,.J,-.thac, ,ao 

5 Go out to eat 167 
6 Go to church, temple, or synagogue 166 
7 Go to barber or hairdresser 167 
8 Go to bank 166 
9 Go to movie 167 

10 Shop in the Loop 167 
11 Go to zoo 166 
12 Go to museum or art gallery 167 
13 Go to public meeting, hearing, lecture, or speech 167 
14 Go to work 167 
15 Go to Cubs ballgame 168 
16 Visit city or government offices 167 
17 Go to library 168 
18 Go to beach 167 
19 Go to school 167 

These statistics confirm the comments made earlier 
concerning the nature of the clusters. The hierarchical 
latent demand for transportation is uniform across the 
clusters, but is significantly lower for the work purpose. 
Apparently, the latent demand for work is due to physical 
and motivational factors rather than to travel barriers 
and requires a more in-depth analysis. 

The demands can be qualified in terms of participation 
rates and travel rates. If a single activity is considered 
and t' represents the ideal frequency of participation in 

Do not 
make trip Do not 
for this make 
purpose Make trip Make trip Make trip Make trip such a 

but 1;, as 1h as ~ as as trip &do 
would often as often as orten as ollen as not wish O's O's O's 
like to I wish to I wish lo I wish lo I wish to to 61-80 , 41-80 61-80 

D D D D D D a a 
D a D D a a a a 
D a D D D a a a 
D D D D D D a a 

D D D D D D D a 
D D D D D a D D 

D D D D D a a a 
D 0 0 0 D D 0 D 

D D a D D D a D 

0 0 0 a 0 a a 0 

D D 0 D D 0 D D 

D D 0 D D D 0 D 

0 0 D 0 0 D D D 

D D D D D a D D 

D D D 0 D D a a 
D D D D D D a a 
D D D D D D a a 
D D D D D a a a 

a a 0 a D D a a 

Wish to Participate Wish to Participate T ransportatlon Al-
in Activity More Olien feels Participation 

Number Percent Number Percent Number Percent 

150 90 64 38 51 31 
143 86 6 4 4 2 
136 81 59 35 43 26 

'"" uu "~ JG ., ii 
127 76 71 42 45 27 
116 70 54 33 43 26 
112 67 25 15 15 9 
96 57 13 8 2 1 
86 51 66 40 37 22 
85 51 43 26 31 19 
77 46 59 36 46 28 
73 44 62 37 45 27 
71 43 46 28 34 20 
70 42 58 35 16 10 
65 40 53 32 30 18 
51 31 40 24 34 20 
51 30 39 23 30 18 
42 25 35 21 24 14 
17 10 15 9 10 6 

the activity, the rate of participation of those who par
ticipate, and do so as often as they desire, becomes an 
appropriate surrogate. And if t 1 represents the actual 
frequency for individual i and n becomes the total num
ber of persons expressing demand for participation, the 
total demand for participation in a given time period is 
then 

TOA= nt' (I) 



Figure 4. Latent demand versus total demand for 
activity participation. 
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Table 3. Aggregate hierarchical probabilities for latent demand. 

Latent Hierarchical 
Probabilities 

Probability Pa rtici- T ra nspor -
Activity of Demand pation ta tion 

Ess ential cluster 
Visit fr iends or r elatives 90 43 82 
Shop fo r groceries 8 1 43 74 
Shop for clothes 80 44 52 
Go out to eat 76 56 63 
Go to churc h , temple, or synagogue 70 47 81 

Discretionary cluster 
Go to movie 51 77 57 
Shop in Loop 51 51 72 
Go to zoo 46 77 79 
Go to museum or a r t gallery 44 85 74 
Go to public meeting, hearing, 

lecture , or speech 43 65 74 
Go to Cubs bal lgame 40 82 59 
Visit city o r government offi ces 31 78 85 
Go lo library 30 76 79 
Go lo beach 25 83 69 

Satisfied cluster 
Visit doctor or den tist 86 4 80' 
Go to barber or haird resser 67 22 60 
Go lo bank 57 14 18' 

Other 
Go lo work 42 83 28 
Go to school 10 88 67' 

ii Small samples, 

TDA represents a r ate of par ti cipation, but the measure 
TDA represents a number of per sons . The latent demand 
for participation by individual i can be express ed as 

(LDA)i = t ' - t ; (2) 

The latent demand for participation by the entire s ample 
is then 

LOA= L (LOA);= L(t'-t; ) (3) 
- - I - -

The expression for LDA represents a total latent de
mand due to all factors, not just transportation. To de
termine what portion of this latent demand is affected by 
transportation barriers requires incorporating the hier
archical probability that transportation affects latent de
mand for participation given that there is latent demand 
for participation, i.e., 

p(LDT/LDA); (4) 

The individual latent demand that can be affected by 
transportation improvements is then 

(LDT);= (t'- t ;) · p(LDT/ LDA); 

The sample aggr egate LDT is then 

LDT= L (t' - t; ). p(LDT/LDA); 
-- I 

(5) 

(6) 

Equation 6 again represents a maximum, i.e., the 
maximum amount of latent demand that might be satis
fied by improving transportation services. There are a 
large number of obstacles to be overcome by the handi
capped, and the possibility of their overcoming these 
obstacles soon is doubtful. For example, a free air
conditioned, chauffeur-driven minivan with a hydraulic 
lift might satisfy most members of the target population, 
but society may be unwilling or unable to make such a 
vehicle available. 

Some numbers a re now applied to the above equations. 
One purpose has been selected at random from the es
sential and discretionary activity clusters: go to church 
and go to the zoo. If t' represents desired participation 
levels and equation 1 and the data in Table 3 are used, 
the total demands for participation ( TDA) for the two ac-
tivities are 116t' and 77t'. --

From Equation 3 the lat ent demand for pa rticipation 
(LDA) can be computed with some simplifying assump
tions. In the conceptual latent demand model, those per
sons desiring to participate in an activity were classified 
as follows: 

1. Participate as much as desired, 
2. Currently participate but would like to participate 

more often, and 
3. Do not participate but wish to do so. 

In the questionnaires, those in classification 2 re
sponded most that they made trips half as often as they 
wished to, and almost equal but much smaller numbers 
responded that they made trips one-fourth and three
fourths as often. The rates of participation might then 
bet', t'/ 2, and 0. The numbers of responses in each of 
the three classifications of the church variable are 62 
respondents in classification 1, 32 respondents in clas
sification 2, and 22 respondents in classification 3. Ap
plying equation 3 gives an LDA of 38t'. Thus, 33 percent 
of the demand to go to church is latent. Using the same 
method for the zoo variable gives an LDA of 55. 5t', a 
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representation of 72 percent of the total demand. These 
two variables again typify the activity clusters from 
which they were drawn. 

Next, Equation 5 is applied to determine how much of 
the latent demand might, at the maximum, be due to 
transportation. None of the 62 persons responding that 
they participate as often as desired was assumed to have 
a latent demand for transportation. Of the 32 persons 
who participate half as often as desired, 26 said trans
portation is a factor and 1 did not respond. Hence, for 
the 32 , p(LDT/ LDA\ = 26/ 31 = 0.839. Of the 22 persons 
who do not par ticipate, 17 said transportation is a factor. 
:Hence, p(LDT/ LDA) 1 = 17 / 22 = 0. 773. Applying Equa
tion 6 gives an LDT of 30 .4t' for church and 43 . 71t' for 
the zoo. For each of these activities, LDT is 80 and 
79 percent respectively of the LDA. --

Several further extensions of the above method are 
possible. First, to dimension the demands separately 
for each handicapped group is possible. In this manner, 
an appropriate norm can be identified for each subgroup. 
Second, the concept of latent demand probabilities can 
be extended to finer levels. That is, a probability can 
be developed for the impact of each subgroup to par
ticular improvement strategies. Thus, the LDT mea
sured above is a maximum, representative of an oc
currence under which 100 percent of the persons with an 
LDT respond up to the level of the norm. Finally, this 
study can be developed further by incorporating appro
priate values fort' from a travel survey. Commensu
rate definitions of trip purpose would then be required. 

SUMMARY 

This analysis has been performed to demonstrate an 
alternative approach to the measurement of the increased 
travel potential of handicapped and elderly persons. The 
method has a basic premise that the key to accurate as
sessment of need is to disaggregate the population ac
cording to professed desires for activity participation 
and then to determine the potential for increased travel 
by subgroups. The study has concentrated on the number 
of persons who desire to travel more and on how much 
more they might travel. These are important measures 
of benefit. Parallel measu.res can also be developed to 
isolate individuals who would be helped in their travel 
problems if more travel opportunities were available 
and existing travel were easier . Certainly a variety of 
improvements are called for since most of the respon
dents do not drive ancl nne-thircl r.annnt t1Re tr:rn,.,it 
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