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Validity Problems in Empirical Analyses of 
Non-Home-Activity Patterns 

ARNIM H. MEYBURG AND WERNER BROG 

Validity problems of empirical data have been neglected to a large extent in 
the transportation planning field. This paper illustrates the impact that choice 
of survey method has on the validity of the data. It shows that the recorded 
data depend directly on the method selected for obtaining them. An uncritical 
application of survey methods is not justifiable and, in fact, can lead to incor
rect survey results. Basic research in the area of empirical survey methods is 
long overdue. An international exchange of experiences in this regard is con
sidered most beneficial, as illustrated by this paper. The exchange of informa
tion and insights is often hampered because the survey methods used for 
specific investigations tend to be inadequately documented. This deficiency 
makes subsequent assessment of data validity very difficult. if not impossible. 
Furthermore, the use of such data without consideration of the underlying 
survey method is dangerous. The paper cites examples where the results of 
analyses can be manipulated by means of different survey methods. Greater 
efforts should be made to integrate data collection with the research effort 
performed on the basis of these data. 

Many transportation planners, engineers, and model
ers have, for all too long, ignored the quality of 
the basic input to their research efforts, namely 
the data. Since much of this research is of an em
pirical nature, the data are obtained through empir
ical surveys. This paper is intended to add to the 
efforts concerned with survey methodology for empir
ical analyses of travel activities. It presents a 
number of examples that show how the survey method 
and design can influence the results of an investi
gation. 

We recognize that only a limited' set of examples 
can be shown in the context of a paper of this na
ture. Further, the basis of comparison is yet an
other survey, albeit one that is generally recog
nized as representative of the state of the art in 
survey methodology [e.g., the national travel survey 
( KONTIV) (.!) ] • We need to accept the quality of 
that survey and the validity of its results in order 
to believe in the results of the research presented 
in this paper. 

Even if the argument is made that the different 
survey results obtained through two surveys do not 
prove the correctness (or lack thereof) of one or 
the other survey results, the disturbing fact re
mains that different results about mobility were ob
tained when the study objectives were identical and 
only the survey method differed. This result alone 
is worth keeping in mind.. The transportation plan
ner or modeler is well advised to pay careful atten
tion to the procedure used to generate the inputs 
that are used in any modeling effort or in the gen
eration of simple mobility statistics. The valid
ity (correctness) of the data will also determine 
the validity of any model or statistical results, 
which in turn might be used as the basis for policy 
and investment decisions. 

VALIDITY VERSUS REPRESENTATIVENESS 

The paper concentrates on the validity aspects of 
survey results because problems of validity of em
pirical data have been neglected to a large extent 
in the transportation planning field. The issue of 
validity of survey data transcends that of represen
tativeness. Representativeness addresses the ques
tion of whether we have enough data points for each 
of our strata or cells. The concept of validity is 
aimed at questions of whether the data obtained are 
valid (correct or relevant) or whether they are an 
accident ascribable to a particular method of data 
collection. We attempt to show in this paper that 
empirical results based on survey data typically 
contain substantial errors that result in severe 
misrepresentation of reality. 

The error sources addressed in this research lie 
exclusively in the survey method and design employed 
to generate these data. A fair assessment of pres-
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ent survey and research practice in transportation 
probably is that these distortions of reality go 
largely undetected. This is in part due to the re
searcher's unawareness of any problems of bias in 
the data and to a great extent to the preoccupation 
with the modeling and analysis phase of the typical 
research undertaking. Since data collection is such 
a tedious and costly element of any empirical re
search effort, it is somewhat understandable, yet 
not justifiable, that some researchers are unwilling 
to look back when a data base has been generated 
that can be analyzed. Any additional effort that 
questions the validity of the information seems to 
detract from the real research work and progress. 

VALIDITY PROBLEMS OF EMPIRICAL SURVEY RESULTS 

The following sections contain a number of examples 
of the impact of survey technique and survey instru
ment on the validity of the results of studies of 
travel behavior, irrespective of the quality and 
structure of any models used in the analysis phase. 
The items illustrated here do not represent an ex
haustive set of influence factors, but they are in
tended to provide an array sufficiently broad enough 
to show the severity of the problem. The issue of 
nonresponse, which is certainly an element of valid
ity problems, is not dealt with in detail in this 
paper because it is discussed extensively elsewhere 
(£) and in our other paper in this Record. 

Use of Perceived Versus Actual Values 

Investigation of travel distances on the basis of 
information from survey respondents is very diffi
cult, due to the difference between actual and per
ceived values. A Dutch study <ll shows an overall 
overestimate of approximately 10 percent based on 
perceived (reported) distances [Table 1 (lll. Of 
course, these results also vary by mode (ranging 
from 0.8 percent for transit to 15.7 percent for 
moped) and with the actual distance traveled. Obvi
ously, the use of perceived distances as input to 
other investigations, such as determination of 
travel speed, produces an error at the input stage. 
The problem becomes even more pronounced if airline 
distances are used. 

In a separate investigation in West Germany that 
dealt with the effects of using reported rather than 
actual (measured) values [a study performed to de
termine price elasticities for travel by transit 
(,i)], similar discrepancies were detected. For re
ported distances by the mode actually used, a close 
match between the Dutch and the German results can 
be observed for automobile (+10.7 percent versus 
+10.2 percent); however, the difference is more sig
nificant for public transit (+0.8 percent versus 
+4. 5 percent) • Of course, keep in mind that in the 
latter study only estimates by users of the mode 
under consideration were employed [Table 2 (,!)]. 

A comparison of reported and actual travel times 
by automobile and transit shows significant overes
timates [Table 3 (,i)] • This is particularly true 
for automobile drivers in the judging of travel 
times by transi t--61 percent overestimated transit 
travel time by more than 20 percent. Even transit 
riders overestimated their travel times on the aver
age by 10.4 percent (Table 3). 

The picture is much less dramatic for estimates 
of travel time by automobile, where drivers overes
timate their times by 8.4 percent and transit riders 
judge automobile travel time on the average to be 
4. 0 percent more than the actual values (Table 3) • 
When evaluating this information, keep the stratif i
cation of misestimates by percentage (provided in 
the table) in mind because the averages tend to veil 
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a number of interesting details. For example, the 
largest percentage misestimate (28 percent) of auto
mobile travel time lies in the 21 percent-plus stra
tum of transit riders. 

For travel cost by automobile and transit [Table 
4 (_!)] we observed the well-known phenomenon that 
automobile travel costs tend to be underestimated by 
both automobile users and nonusers. The absolute 
misestimation is most pronounced for automobile 
drivers (62.4 percent) and the largest underestima
tion is in the 21 percent-plus stratum (57 per
cent). Naturally, transit riders report their tran
sit fare accurately because the out-of-pocket costs 
for that mode are obvious and easy to recall. 

I nfluence o f El apsed Time on Repor t ed Trip Volume 

Another serious influence on the results of mobility 

Table 1. Difference between reported and actual travel distance. 

Total Distance (km) 
No. of Difference 

Travel Mode Trips Reported Measured (%) 

Car 1342 12 352 11 162 10.7 
Truck or 40 860 814 5.6 

delivery van 
Moped 100 464 401 15.7 
Bicycle 843 l 583 I 467 7.9 
Walk 1004 626 594 5.3 
Public transit 104 735 729 0.8 

Table 2. Reported travel distance by mode used for all trip purposes . 

Automobile 
Driver Transit Rider 
(n = 930) (n = 2327) 

Estimate (%) (%) 

Overestimation 
By 21 percent and more 22 17 
By 11-20 percent 8 13 
By 1-10 percent 3 6 
Total 33 36 

Correct 42 28 
Underestimation 
By 1-10 percent 7 7 
By 11-20 percent 12 18 
By 21 percent and more 6 II 
Total 2s 36 

Average misestimation +10.2 +4.5 
Absolute misestimation 118.5 I 118.21 

Table 3. Reported travel time for all trip purposes. 

Perceived Travel Time Perceived Travel Time 
by Transit(%) by Automobile(%) 

Automo- Automo-
bile Transit bile Transit 
Driver Rider Driver Rider 

Estimate (n = 400) (n = 2380) (n=891) (n = 1306) 

Overestimation 
By 21 percent and more 61 27 28 20 
By 11-20 percent 10 16 11 11 
By 1-10 percent 5 16 7 2 
Total 76 59 46 33 

Correct 9 9 7 14 
Underestimation 

By 1-10 percent 3 14 10 9 
By 11-20 percent 4 9 22 16 
By 21 percent and more 8 9 15 28 
Total Ts 32 47 53 

Average misestimation +28.9 +10.4 +8.4 +4.0 
Absolute misestimation 136.51 120.61 125.81 131.21 
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Table 4. Reported travel cost for all trip purposes. 

Perceived Travel Cost Perceived Travel Cost 
by Automobile(%) by Transit(%) 

Automo- Automo-
bile Transit bile Transit 
Driver Rider Driver Rider 

Estimate (n = 870) (n= 841) (n = 331) (n = 2397) 

Overestimation 
By 21 percent and more 21 7 21 1 
By 11-20 percent 4 5 15 1 
By 1-10 percent 1 2 1 0 
Total 26 14 37 2 

Correct 22 38 93 
Underestimation 

By 1-10 percent 5 4 2 2 
By 11-20 percent 7 4 18 0 
By 21 percent and more 57 56 5 3 
Total 69 64 2s 5 

Average misestimation -3.1 -25.4 +12.4 +0.2 
Absolute misestimation 162.41 139.71 122.21 12.41 

Table 5. Influence of elapsed time on reported trip volume. 

Travel Mode 

Automo-
Elapsed Time Before Survey Total bile Train Air Other 

Intercity Vacation Trips During 1 Year 

First quarter, travel directly 100.0 100.0 100.0 100.0 100.0 
before survey 

Second quarter, 3-6 months 100.0 96.8 100.0 100.0 100.0 
Third quarter, 6-9 months 95.7 90.3 100.0 100.0 100.0 
Fourth quarter, 9-12 months 87.0 83.9 85.7 100.0 100.0 

Other Personal Intercity Trips During 3 Months 

1 month 100.0 100.0 100.0 100.0 100.0 
2 months 92.1 91.2 100.0 100.0 100.0 
3 months 80.3 79.4 100.0 50.0 100.0 

studies can be traced to memory lapses that obvi
ously increase with the length of time for which 
travel activities are to be reported by the respon
dent. An example from the investigation of inter
city vacatiou aud peL-sonal travel is selected to il-
lust rate this point [Table 5 (2,)]. For 
vacation trips the recollection of trips 
by up to 14.3 percent for train travel and 

intercity 
decreases 
18.1 per-

cent for automobile travel undertaken more than nine 
months prior to the reporting date. The average un
derestimate of travel by all modes is 4. 3 percent 
after a six-month and 13. 0 percent after a nine
month time lapse. Also note that the more signifi
cant underreporting occurs for the more common 
modes, namely automobile and train, and air and 
other constitute more memorable (less frequent and 
costlier) events and result in accurate reports of 
vacation trip making. 

In general, the reporting of other personal trips 
is even less reliable than that of vacation trips. 
After only three months, 19. 7 percent of all trips 
are lost due to memory lapses, with the automobile 
and air modes being the main factors. One impli
cation seems to be that vacation trips are more mem
orable and, therefore, more easily recollected. 

Panel Effects o n Reported Mobility 

Data obtained through the use of a survey panel gen
e rally are considered to be a reliable source of in
formation input for research studies. Aside from 
the fact that time-series data can be obtained by 
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this method, it also represents a certain level of 
efficiency in sampling. The standard virtue of this 
survey technique is that a more or less consistent 
set of sample elements is available. 

Unfortunately, a number of disadvantages are also 
associated with panel surveys, aside from the prob
lem of setting up a willing set of respondents. As 
is illustrated in Table 6 (!), which represents the 
results of travel activity and trip frequency re
ports for a three-year panel survey performed in 
Munich, West Germany, substantial decreases in re
ported mobility can be observed over the three-year 
reporting period. This apparent decrease in overall 
activity and trip frequency represents a special 
hidden form of nonresponse influence. The respon
dents who are basically willing to participate in 
the panel survey, more and more frequently return 
their second- and third-stage questionnaire with the 
remark that they did not partake in any out-of-home 
activities during the survey day. Consequently, the 
share of immobiles (i.e., respondents who claim not 
to have performed any trips at all) increased by 6 
percent from year to year, or more generally from 
phase to phase, and the average trip frequency of 
the mobiles (i.e., those who report out-of-home ac
tivities) remained relatively stable. Due to the 
fact that survey panels tend to measure artifacts of 
the methods rather than results, survey researchers 
are becoming more hesitant to use panels. 

Comparison of Oral Versus Written Responses 

Recent methodological research into survey methods 
has established that mail-back and interview surveys 
will produce different results for the identical re
ported phenomenon (l, and Brog and Meyburg in this 
Record). Underreporting and poor reporting tend to 
be the rule for oral responses. Table 7 illustrates 
the substantially different level of accuracy for 
length of time of travel generated by the two survey 
techniques. The average deviation from the correct 
(objective) travel time is -11 percent and +36 per
cent for automobile and transit, respectively, when 
an oral survey is used; however, deviations of only 
+3 percent and +12 percent are registered for 
written surveys. 

How fundamentally oral interviews influence the 
result of the survey can also be seen in the parame-
ter of "number of activities listed." For this pur
pose, diaries were kept for a week in two random 
samples. The first group, after receiving adequate 
instructions, filled out each day's activities by 
themselves. In the second group, the persons were 
orally questioned on the first day, and then filled 
out days two through seven by themselves. The sur
veys differed from each other only in this proce
dural method on the first day (i.e., case 1 = 

written survey, case 2 = oral and written survey). 
If the number of listed activities in the first case 
is set equal to 100, we get the results shown in 
column 2 of the table below (1) • 

Qil 
One 
Two 
Three-seven 

Index of Activities 
Case 1 Case 2 
(n = 1162) (n = 882) 
100 85 
100 
100 

99 
100 

Although the answers on days two through seven are 
comparable, oral interviewing lowers the result no
ticeably. Responsible are the following factors: 

1. Unconscious mistakes on the part of 
terviewees, who are forced to completely 
something within a short period of time; 

the in
remember 
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Table 6. Panel effects on reported mobility. 

Spring 1977 

Total City 
Item (n = 1938) (n=ll52) 

Travel activity 
Did not leave home 12 10 

on survey day (%) 
Left home on survey 88 99 
day(%) 

Trip frequency 
No trips(%) 12 10 
One trip(%) 0 0 
Two trips (%) 42 40 
Three trips(%) 8 IO 
Four trips (%) 20 22 
Five trips(%) 7 8 
Six trips(%) 8 8 
Seven or more trips 3 3 

(%) 

Average mobility 
Average trips per 2.91 3.02 

person for all survey 
days 

Average trips per per- 3.29 3.36 
son for survey days 
that had trips 

Note: Percentages may not total 100 due to rounding. 

Table 7. Deviations of oral and 
written responses with respect 
to length of travel. 

Estimate 

Spring 1978 

Region Total 
(n = 786) (n = 1938) 

14 18 

86 82 

14 18 
I I 

47 39 
5 7 

18 20 
5 6 
8 7 
3 2 

2.74 2.70 

3. 18 3.27 

Correct, within the permissible limit8 (%) 
Wrong, not within the permissible limit" (%) 

Average deviationb 
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Spring 1979 

City Region Total City Region 
(n = 1152) (n = 786) (n = 1938) (n = 1152) (n = 786) 

15 21 25 21 31 

85 79 75 79 69 

15 21 25 21 31 
I I I 2 I 

38 40 34 36 30 
8 5 7 8 5 

21 19 18 19 16 
7 5 5 5 5 
7 6 6 6 7 
2 3 4 3 4 

2.78 2.58 2.50 2.57 2.38 

3.28 3.26 3.35 3.27 3.47 

Length of Travel 

Oral Survey Written Survey 

Public Public 
Automobile Transportation Automobile Transportation 
(n = 800) (n = 520) (n = 1100) (n = 538) 

72 79 93 88 
28 21 7 12 

89 136 103 112 

8 Permissible limit is ±25 percent. bCorrect (objective) time= 100. 

2. Conscious mistakes on the part of 
terviewees, who are unwilling to give a 
certain informationi or 

the in
stranger 

3. Influence of the interviewer, who attempts to 
complete the interview as quickly as possible. 

The diary filled out in the presence of an inter
viewer measures 15 percent fewer trips than the one 
completed with more leisure by the interviewee 
alone. We may conclude that interview surveys will 
produce substantially reduced mobility levels due to 
survey characteristics alone. To that element other 
factors have to be added, such as nonresponse influ-
0nces (see our other paper in this Record). 

In£luence of Survey Instrument Layout 
on Reported Mobility 

The KONTIV travel survey (],_) conducted in the Fed
eral Republic of Germany is generally considered an 
excellent example of the application of state-of
the-art survey design, implementation, and instru
ment layout. Therefore, a number of comparisons 
have been performed to test other results against 
those generated by KONTIV. The comparison of the 
KONTIV results with another survey of the travel be
havior of senior citizens in Germany showed some in
teresting differences with respect to the mobility 
characteristics of that segment of the population. 
These differences could be traced to the somewhat 
inferior design of the survey instrument of the 
second survey. 

That survey instrument has the following charac
teristics: The beginning of the survey form con
tains a filled-in example that leaves the respondent 
unsure as to whether return trips are to be re
ported. Also, the trip sequence in the example does 
not fit chronologically. Another problem is that 
the form has to be flipped over after the third 
trip. As a result of these problems, the survey 
shows many more survey days with an uneven number of 
trips, as can be seen in the table below (_!.,~). 

No. of Trips KONTIV Survey Days EMNID Survey Days 
Re12orted (%) (n = 13 710) (%) (n = 6411) 
One 2 17 
Two 52 47 
Three 8 16 
Four 23 14 
Five 5 3 
Six 6 2 
Seven and 

more 4 1 

In the EMNID survey the number of days when four or 
more trips were taken is 18 percent smaller than in 
the KONTIV results (largely due to turning the 
page). The total mobility is reported to be 23 per
cent lower (2.52 versus 3.10 trips/person on the 
survey day) and this may be due largely to poor de
sign of the survey instrument. 

Substantial research on the effects of different 
survey instrument layouts and survey administration 
has been performed at the Socialdata Institute for 
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Empirical Social Science Research in Munich. A vo
luminous paper would be required to detail all re
search findings on these topics. The pitfalls a 
survey designer might encounter range from the ob
vious and trivial to the very subtle. The simple 
example of column versus row arrangement of the sur
vey instrument illustrates how lack of methodologi
cal insight can lead to incorrect results. The 
KONTIV survey <.!.l and a comparative experimental 
study by Socialdata showed that a mobility differ
ence per household of 9 percent was observed when a 
column arrangement was used in conjunction with 
simple check-off response possibilities. Also, the 
response rate proved to be 12 percent larger with 
the column layout. 

CONCLUSIONS 

We have presented selected results of past and ongo
ing research in the area of empirical survey meth
ods. It is hoped that this paper can make a contri
bution to an increased level of awareness and 
knowledge of the dangers of uncritical use of data 
in travel behavior research. 

This paper indicates that methodological experi
ments are necessary to improve the generated base 
information. Use of perceived versus actual values, 
influence of elapsed time, panel effects, nonre
sponse, oral versus written responses, and survey 
instrument layout have been shown to severely affect 
the validity of the survey data. These error 
sources can severely undermine the relevance and 
validity of any models and modeling results based on 
invalid data. One should keep in mind, though, that 
these factors constitute only a subset of factors 
that can influence survey and, therefore, modeling 
results. 

It is quite common in our research community to 
use data collected for other than our own purposes 
or collected by some other organization that pro
vides insufficient or no knowledge as to the survey 
method, design, administration, or questionnaire 
layout characteristics that were employed in the 
generation of the data set. In short, frequently 
the analyst or modeler is completely removed from 
the data source. 

Clearly, given the various influencing factors on 
the validity of survey data, this fact produces some 
doubts as to the validity of many modeling results. 
In the course of preparing this paper, we en
countered substantial evidence of a certain amount 
of obliviousness by some researchers as to how the 
data they used were generated. This problem becomes 
particularly serious when data of unknown or ques
tionable validity are used in modeling efforts that 
result in claims of providing new insights into 
travel behavior. In our opinion, there is substan
tial reason to question the validity of these 
claims. It is quite evident that research results 
can be subject to manipulation by means of choice 
and execution of a survey procedure. For example, 
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the results of ignoring the influence of nonresponse 
were illustrated by us for a number of cases (£, and 
in our other paper in this Record). We might also 
point out that sometimes one encounters a certain 
level of puzzlement and bemusement when one tries to 
get the researcher to detail the methods used to ob
tain the data that form the fundamental source of 
claims to new research insights. It is more than 
careless to conduct surveys without proper documen
tation of all details of the data collection method 
used or to use data without knowledge about the 
source and the survey method. 
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