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are now incurred in monitoring and maintaining 
statewide vehicle counts. Another approach might 
entail estimation of the shift factors as functions 
of socioeconomic variables that take into account 
gasoline availability and price as well as other 
indicators of travel. 

The initial application of the rank-size rule 
presented in this paper indicates that further study 
is warranted. The approach has the potential to 
greatly ease the very costly and burdensome task of 
estimating vehicle miles of travel, and its utility 
in forecasting vehicle miles of travel is yet to be 
fully explored. 

Research is under way to determine effective 
bellwether sections to be used as a basis for esti
mating the necessary parameters for this application 
of the rank-size rule. In addition, the approach 
has been verified on vehicle miles of travel data 
for 1976-1979, and the development of a method for 
determining the shift parameters as functions of 
gasoline and diesel sales is currently under study. 
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Consideration of Nonresponse Effects in Large-Scale 
Mobility Surveys 

WERNER BROG AND ARNIM H. MEYBURG 

This paper continues the line of investigation of nonresponse problems previously 
presented. After a brief review of the context of the problem, namely the non
response effects on measured behavior in spite of demographic weighting, and the 
results of the previous research on this topic, the paper documents a broadening 
of the insights gained into the effects of nonresponse. These insights were applied 
to a large-scale nonresponse analysis of approximately 100 000 trips. The analysis 
included the nonresponse effects for the number of trips, trip purpose, travel 
mode, and seasons. Also, nonresponse effects are compared for written and in
terview surveys. Experience with the characteristics and impacts of nonresponse 
for intercity travel is presented. The insights gained could be used to clear up 
and correct past and present survey efforts and also to ensure that future data
collection efforts are conducted at lower costs, since corrections can also be made 
for smaller rates of return. 

In principal, empirical surveys are not capable of 
providing an exact replication of measured reality: 
They only provide a picture that deviates more or 
less from this reality. The size and direction of 
these deviations are determined significantly by a 
variety of factors tied to the chosen survey design 
(see Meyburg and Brog in another paper in this 
Record). 

Strict application of these basic facts shows the 
limits and possibilities of empirical research: 

1. Precise determination of the distortions 
(biases) induced by the survey method will never be 
possible and 

2. Systematic research into the biases caused by 
the survey method employed will lead to insights 
that will permit the estimation of the direction and 
order of magnitude of these deviations. 

The corresponding 
exactly correct, 
(i.e., closer to 
sults closer to 

measurement results 
but they will be 
reality). In order 

reality, systematic 
survey methods is necessary. 

will not be 
more correct 
to reach re

research into 

Such methods research typically is very expen
sive. For that reason, these studies will have to 
be of an exemplary nature. This means that this 
fundamental research must be designed such that 
generalizable results (at least within reasonable 
limits) are obtained. These insights can be that 

1. At least the direction of the bias in rela
tion to the chosen survey method can be indicated; 

2. Additional correction factors for the elimi
nation of this bias can be provided, whose applica
tion would move the measured results closer to re
ality; and 

3. An evaluation method is developed that would 
make it possible to estimate the relevant influences 
directly within the survey and to correct the survey 
data themselves. 

The general level of knowledge about relevant 
factors of influence to survey methods in the deter
mination of activities outside the home is rather 
limited to date. It has progressed only to a stage 
where we comprehend that a multitude of factors 
exists in the survey design that can be of signifi
cant influence on the measurement results. Further
more, we beg in to realize that, even in compara
tively simple measurements of nonhome mobility, for 
example, regional and seasonal factors can generate 
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Table 1. Overall mobility by response increments. 

Mobility per Cumulative Index Cumulative 
Response Increment Increment Mobility Values• 

First fifth 2.91 2.91 112.8 
Second fifth 2.70 2.81 108.9 
Third fifth 2.57 2.72 105.4 
Fourth fifthb 2.41 2.64 102.3 
Fifth fifth0 2.37 2.58 100.0 

Note: KONTlV 1976 had approximately 105 000 person survey days. 

~ ~llnuahuJ 1oi,,I v~tl uc c: I 00. 
f'artlr1I nonre:spon.so. e1ol mote:: . 

c •ompl<Ut1 nonn: . .!flOUic. e1tlwate. 

specific survey situations that stand in the way of 
generalizing corresponding fundamental research. 

For this reason, in the conduct of basic studies 
of survey-method-specific influence factors, special 
attention should be paid to the development of an 
evaluation method that allows the renewed examina
tion of the results in a concrete case and that 
thereby expands the spectrum of corresponding in
sights. 

THE NONRESPONSE PROBLEM 

A significant bias in empi r ical surveys of nonhome 
mobility results from the fact that it is not pos
sible to get all households or individuals to re
spond. This problem exists both in sampling and in 
total population surveys. In either case conclu
sions have to be drawn for a larger entity based on 
a smaller group of respondents. Unfortunately, the 
severity of the problem increases for the usual 
sampling situation. In practice, this problem is 
usually disguised by means of the indication of a 
significance level based on sampling theory (ll· 
These statistical significance measures are valid 
only when information about each sampling element is 
available. This condition cannot be fulfilled in 
empirical surveys. 

Therefore, it is important to deal with the non
response problem in a systematic fashion in order to 
be able to estimate how the observed results would 
change if corresponding information were available 
for each selected sample element. It is especially 
important that the information be relevant for the 
object of the investigation, in this case for non
home mobility. Information that captures merely the 
sociodemographic characteristics does not fill this 
information gap and, therefore, is not sufficient 
for reliable estimation of the influence of non
response. 

METHODOLOGICAL EXPERIMENTS 

Since the nonresponse effect constitutes a signifi
cant bias of empirical results, we have investigated 
this problem area in several basic research ef
forts. One of these studies was presented in an 
earlier paper (l). It constituted the starting 
point for several additional analyses, including the 
research reported here. 

For a survey of 984 households in West Berlin, 
the survey design corresponded exactly to the one 
employed in the national travel survey (KONTIV) and 
other large surveys in West Germany. The only ob
jective of the West Berlin survey was to obtain as 
large a response rate as possible and to gather ad
ditional qualitative information about late or non
responding households. 

The survey used the mail-back technique with 
several follow-ups. Although in other large surveys 
in West Germany the number of reminders was usually 
limited to four (which normally results in a re-
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sponse rate of 65-75 percent), in this survey it was 
increased and the response rate increased corre
spondingly from 74 to 87 percent. Care was taken 
not to modify the survey design in order to truly 
measure the influence of the nonresponse effect and 
not that of a changed survey method. 

In order to gain additional insights into the 
structure and motivation of the group of nonrespon
dents, interviews were conducted with late respon
dents and nonrespondents wherever possible. Other
wise, additional investigations were undertaken to 
obtain certain information about these groups of 
people. 

The most-significant result of this methodologi
cal experiment was that the measured mobility (trips 
per person) decreased with the size of the response 
rate (see Table 1) and that this effect cannot be 
corrected sufficiently by means of simple sociodemo
graphic weighting. 

The follow-ups and additional investigations 
clearly indicated that people who had little nonhome 
mobility (i.e., few trips taken outside the home) 
did not feel sufficiently concerned and, therefore, 
did not participate in the survey. On the other 
hand, it could not be confirmed that late respon
dents, tired of the numerous follow-ups and re
minders, simply report fewer trips than they actual
ly perform. 

SUBSEQUENT ANALYSES 

The methodological experiment resulted in several 
important insights for subsequent work on the non
response problem: 

1. Trend extrapolation on the basis of response 
speed proved to be a usable method of estimation and 
an acceptable method of evaluation; 

2. Use of the term "mobility per person" (i.e., 
trips per person) proved to be too imprecise; vari
ables such as "share of mobiles" (i.e., that share 
of the population surveyed who took a trip on the 
survey day) and "mobility per mobile" (how many 
trips the surveyed mobile person took on the survey 
day; i.e., trip rate per person) should be used in
stead; and 

3. Stratification according to mode and trip 
purpose did not produce consistent results yet-
probably due to relatively small sample size (this 
suggests further investigations on the basis of 
larger sample sizes). 

In this experiment the specific influence of the 
survey area and the survey period could not be de
termined. The present level of knowledge suggested 
that the nonresponse investigation be repeated on 
the basis of this evaluation method for the KONTIV 
survey (l} [i.e., a sample representative of an en
tire region (in this case, West Germany) and dis
tributed across all seasons]. 

In its basic version, as it is used in this 
paper, the KONTIV survey consisted of 105 ODO person 
survey days, and it had a response rate of 72.4 per
cent. A stratification into five response segments 
of equal size was performed because the trend extra
polation can be performed most readily when only the 
last segment has to be esUmated completely and the 
second to last has to be estimated partly. The re
sults presented in the following sections permit a 
much-more-precise determination of the nonresponse 
effect. However they are only relevant for surveys 
of comparable methodological design (i.e., specifi
cally for mail-back surveys) . 

SELECTED RESULTS 

Meaau ref; of Non home Mobility 

The average number of trips for all people surveyed 
shows the known effect that mobility decreases with 
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increasing response rate. It is almost one-quarter 
higher for the first respondents than for the (esti
mated) population average. 

The variable "mobility per person" is, however, a 
quasi-artificial average value that is composed of 
the "share of mobiles" and the "mobility per mo
bile." These two measures show modifications al
ready. Although the value of "mobility per mobile" 
decreases with increasing response rates, the values 
in each response fifth (stratum) are relatively less 
exaggerated than they are for the measure "mobility 
per person" (Table 2). The "share of mobiles" 
reaches its highest value only in the second fifth, 
which indicates, among other things, that some 
people who have low mobility also answer very 
quickly (Table 2) . 

NONRESFONSE BY SEASON 

The analysis of the nonresponse effect by season 
shows the importance of subdividing the average mo
bility into its two constituent components. If we 
look at the changes in "mobility per person," we 
also find a rather uniform decrease in values with 
an increasing response rate (Table 3) . 

This picture is largely reconfirmed in the analy-

Table 2. Share of mobiles and mobility of mobiles. 

Share of Mobiles Mobility of Mobiles 

Index 
Cumula-

Response Cumula- live Cumula-
Increment Single live Valuesa Single tive 

First fifth 75.7 75.7 102.3 3.84 3.84 
Second fifth 78.4 77.l 104.2 3.45 3.65 
Third fifth 76.8 76.9 103.9 3.34 3.54 
Fourth fifthb 71.2 75.2 101.6 3.38 3.51 
Fifth fifthc 69.3 74.0 100.0 3.42 3.49 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

~ lis<lmare(.I 101111 v1tluo i;; I 00. 

c ~.~!~~~~~1!~:,~~;:;:~ i=~l~~\0ate. 

Index 
Cumula-
tive 
Valuesa 

110.0 
104.6 
101.4 
100.6 
100.0 

Table 3. Overall mobility by season. 
Cumulative Value 

Response 
Increment Spring Summer 

First fifth 3.00 2.79 
Second fifth 2.82 2.73 
Third fifth 2.69 2.64 
Fourth fifth b 2.67 2.63 
Fifth fifthc 2.65 2.63 
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sis of the measure "mobility per mobile," but it is 
relatively different for the "share of mobiles." Two 
different tendencies become evident: Although the 
first two response fifths show the highest mo
bility in winter and spring, this effect only shows 
in the second and third fifth for summer and fall 
(i.e., it is delayed). The reason for this phenome
non lies in the fact that people who travel a lot 
and who belong to the group of fast respondents dur
ing winter and spring only answer with a delay dur
ing the summer and fall months when they are busy 
with nonhome activities or when they are more fre
quently on trips away from home (Table 4). 

In connection with the seasonal variation de
velopment of the measure "mobility per mobile," we 
therefore observe quite different nonresponse ef
fects dependent on the time of the survey. In a 
continuous year-long survey, it is therefore advis
able to apply a nonresponse correction separately by 
time of year. 

Nonr esponse by Mode 

Response or nonresponse behavior has a 
effect on the resulting frequency of 
Early respondents often use individual, 

significant 
modal use. 
often non-

motorized, travel modes, and a large number of pub
lic transit users apparently decide only relatively 
late (or not at all) to participate in a survey 
(Table 5). Also obvious here is that a response 
rate of, for example, 60 percent still contains tan
gible fluctuations in the modal split representa
tion, in spite of relatively good representation of 
the total mobility. 

Nonresponse by Trip Purpose 

Inconsistencies due to nonresponse are even more 
pronounced in the analysis by trip purpose. A re
peatedly indicated tendency of decrease with in
creasing response rate is evident for social-recrea
tional and shopping trips, in spite of the fact that 
the initial values in the first fifths lie sub
stantially above the estimated average value (Table 
6). For mandatory trips, however, a substantial de-

Index Cumulative Value3 

Fall Winter Spring Summer Fall Winter 

2.90 2.98 113.2 106.1 112.8 120.7 
2.85 2.83 106.4 103.8 110.9 114.6 
2.80 2.73 101.5 100.4 109.0 110.5 
2.68 2.58 100.8 100.0 104.3 104.5 
2.57 2.47 100.0 100.0 100.0 100.0 

Note: KONTIV 1976 had approximately 1 OS 000 person survey days. 

~ E.fl limn lul lo inl vt1lua =- 100. 

c ~~~:;,~~~~ ~~:!1~~~~~.~~ i:~,~~~ te. 

Table 4. Share of mobiles and mobility 
of mobiles by season. Index of Cumulative Values• 

Share of Mobiles 
Response 
Increment Spring Summer Fall Winter 

First fifth 104.2 95.4 102.7 108.4 
Second fifth 103.2 99.6 106.1 107.7 
Third fifth 102.1 100.1 105.8 106.9 
Fourth fifthb IOI.I 100.0 102.7 103.0 
Fifth fifthc 100.0 100_0 100.0 100.0 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

~ &ii llm lllttll lOt ohl \'ftluci 1111 !OU. 

C ~:~~~:).~ ~~~ r~:.~~:~~~~l~~IAl_~~~te. 

Mobility of Mobiles 

Spring Summer Fall Winter 

108.5 111.3 109,8 111.5 
102.8 104.2 104.6 106.5 
99.4 100.3 102.9 103.5 
99.7 100.0 101.4 101.5 

100.0 100.0 100.0 100.0 
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Table 5. Mobility of mobiles by principal mode of travel. 

Index of Cumulative Values• 

Response Nonmotorized Individualized 
Increment Total Modesb Travel Modesc 

First fifth 110.0 115.2 107.2 
Second fifth 104.6 107.2 104.8 
Third fifth 101.4 103.6 101.2 
Fourth fifthd 100.6 101.4 100.6 
Fifth fifth0 100.0 100.0 100.0 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

~ Erl l i mMll!ld COIOI ~D. lu0; -::m;;: lOO. 
lndude! w.;il king, bic:)"th:: , nnd momtized biC)'Cl la. 

~ Includes :!IUlomobUt!' Urlv.cr, nutomobHe pW \" nt;er, moped, and motorbike. 

e ~~r~~~ ;.:•~:·;:::.~~ 1;~•:,~·ti tc. 

Table 6. Mobility of mobiles by trip purpose. 

Index of Cumulative Values• 

Response Mandatory Social-Recreational 
Increment Total Tripsb Trips 

First fifth 100.0 99.4 114.8 
Second fifth 104.6 98 .2 108.6 
Third fifth 101.4 97 .6 102.5 
Fourth fifthd 100.6 98 .8 100.0 
Fifth fifth0 100.0 100.0 100.0 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

~ E31l m.1U ed loUI \IDluG -= t()Q. 
tnclu<lia:s \ .. -o rk anJ ,ichool lrlps. 

~Includes l rlp5 fo r .1hopph1H 11 nd personal business. 
Pnll nt 11onrc:1'iponso e.11i mMo.. 

e ConipldtG a onrCJponH c ~n i mate. 

Public 
Transit 

100.0 
94.7 
97.4 

100.0 
100.0 

Shopping 
Tripsc 

121.4 
111.7 
105.8 
102.9 
100.0 

Table 7. Mobility of mobiles-mandatory travel by principal modal use. 

l nd~x of Cumulative Values for Mandatory 
Trnv el8

' b 

Response N onmotorized Individualized 
Increment Total Modesc Travel Modesd 

First fifth 99.4 104.l 97.6 
Second fifth 98.2 100.0 97.6 
Third fifth 97.6 100.0 97.6 
Fourth fifth 0 98.8 100.0 98.8 
Fifth fifth f 100.0 100.0 100.0 

Note: KONTJV 1976 had approximately 105 000 person survey days. 
3 Eii1imnlod tot11I valua ~ 100. 
blu cJocks. wo t k Q11d J.chcQl trlp:J. 
c Jnc.ludc:[I. w11Hi.l ng. btcrc:h!11 1rid motorized hlc)'C"le. 
dlncl udf.15 nu to mobiloi: d rl1,1 "1:r, nucomobile piu1nmger, moped, and motorbike. 
~ rartln l nonresporu.o " 1hnr. td. 

Com p lC! lO flO llJil,!:5.pO nllo- csfl rrn:.1r. 

Table 8. Mobility of mobiles for social-recreational travel. 

Index of Cumulative Values for 
Social-Recreational Travel" 

Response Nonmotorized Individualized 
Increment Total Modesb Travel Modesc 

First fifth 114.8 123.5 109.8 
Second fifth 108.6 111.8 104.9 
Third fifth 102.5 108.8 100.0 
Fourth fifthd 100.0 105.9 100.0 
Fifth fifth0 100.0 100.0 100.0 

Note: KONTIV 1976 had approximate)y 105 000 person survey days. 
8 F,s 1im1HGd IOU. I YDIUc .: ,00. 
bfnc-l u1.hts w:iil1Ur1~; bfcyefo1 i;tnl l mo 1orized bic-ytla. 
~ l ncluda 11 ul omobllc Jrivor, -.ucornnhile paui.'H,lilt'r, moped, and motorbike. 

Pn llal 11011ret 11u n"1 cstirnqtc. 
e o m1ilo1t.t nonrl!i f'IOOIJI) c,ii: 1l111QI~ . 

Public 
Transit 

100.0 
92.3 
96.2 

100.0 
100.0 

Public 
Transit 

100.0 
100.0 
100.0 
100.0 
100.0 
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crease can be observed, especially in the middle 
fifths (Table 7). Evidently, people who have rela
tively simple activity patterns that do not go sig
nificantly beyond trips to and from work tend to be
long to the groups of late or nonrespondents. 

The indicated effects could be eliminated or, as 
is more common, enlarged due to the consideration of 
combined measures. The combination of the measures 
"trip purpose" and "predominantly used travel mode" 
illustrates even more clearly the problems of low 
response rates. For example, a rather good response 
rate of 60 percent generates a good result only for 
mandatory trips by nonmotorized modes. For all 
other modes the results are below average. The 
situation is exactly opposite for social-recrea
tional travel. For the identical response rate, 
nonmotorized travel would be overrepresented, but 
the use of other modes would have been represented 
correctly (Table Bl. For shopping trips only, pub
lic transit trips were captured correctly; however, 
they play a rather insignificant role for that par
ticular trip purpose. The other much-more-important 
travel modes are substantially overrepresented for a 
60 percent response rate (Table 9). 

s ociodemog raphic We i g hting 

Prior to this nonresponse estimation, the r esults of 
the KONTIV survey were subjected to a detailed 
weighting process. First, an equal distribution of 
weekdays was performed. This equalization was fol
lowed by a reconstruction (replication) and correc
tion of the selection procedures for the formations 
of the sample in the context of a free estimation of 
population values. Finally, the results were sub
jected to sociodemographic weighting on the basis of 
a cell plan with approximately 200 cells. These 
weighting efforts were relatively intensive and in
cluded all possibilities available on the basis of 
secondary statistical material. 

When the results of the weighting process are 
compared with those obtained through the nonresponse 
estimation, it becomes evident that the weighting 
process does not lead uniformly in the same direc
tion and that it results in substantial deviations 
from the estimates of the actual values in some 
cases. 

Overall, the weighting procedure 
overestimate of total mobility by 1.6 

results in an 
percent. This 

is a di f terence that 1001<s relat i ve l y good compared 
with other nonresponse investigations (Table 10). A 
nonuniform picture arises for the individual sea
sons. In this instance it is particularly note
worthy that sociodemographic weighting is least pre
cise for the winter, when the nonresponse effects 
are particularly strong. Substantial inaccuracies 
are also observed for the travel mode and trip pur
pose categories, where the unweighted results are 
not changed consistently in the proper direction. 
Therefore, a correction by means of sociodemographic 
characterstics does not ensure that the characteris
tics of the behavior under investigation are im
proved sufficiently accurately. 

CONCLUSIONS ABOUT THE METHODOLOGICAL EXPERIMENTS 

These results produce generalizable insights about 
the direction and the order of magnitude of biases 
that result from the survey method chosen. They 
also illustrate an evaluation method on the basis of 
which corresponding tests of the other empirical 
surveys can be undertaken. Recognize, however, that 
such a new nonresponse estimation requires suffi
ciently high response rates. In the application of 
the trend-extrapolation method, this rate should not 
lie below 70 percent if at all possible. Otherwise 
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Table 9. Mobility of mobiles for shopping and personal business travel . 

Index of Cumulative Values for Shopping 
and Personal Business3 

Response Non motorized Individualized 
Increment Total Modesb Travel Modesc 

First fifth 121.4 120.0 125.0 
Second fifth 111.7 109.1 120.0 
Third fifth 105.8 103.6 112.5 
Fourth fifthd 102.9 101.8 107.5 
Fifth fifth 0 100.0 100.0 100.0 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

~ £3,t!nUtl ~J Villu.r = ! OD. 
tnc-lud:llJ wiilkln,£, hli: yc:lr , 1md motorized blc)·~t e. 

~Jnchula.s. i.ui o mol)IJe driver, :mtomobHe pass1.mger, moped, and motorbike. 

e ~r~:~\~~~ ·~~~.~~:~~::.!! 1:;:.~·~re. 

Public 
Transit 

128.6 
114.3 
100.0 
100.0 
100.0 

Table 10. Influence of sociodemographic weighting on the measurement of 
nonhome mobility. 

Original Values 

Socio- Non-
Stratifica- demographic response 
ti on Characteristic Weighting Estimation Index 

Total year Mobility per person 2.62 2.58 101.6 
Share of mobiles 74.8 74.0 101.1 
Mobility per mobile 3.50 3.49 100.3 

Spring Share of mobiles 76.2 75.4 101.1 
Mobility per mobile 3.49 3.52 99.2 

Summer Share of mobiles 72.6 74.1 98.0 
Mobility per mobile 3.60 3.55 101.4 

Fall Share of mobiles 74.8 73.8 101.4 
Mobility per mobile 3.53 3.48 101.4 

Winter Share of mobiles 75.7 72.8 104.0 
Mobility per mobile 3.53 3.39 104.1 

Travel mode Nonmotorized 1.44 1.38 104.4 
Individualized 1.64 1.66 98.8 
Public transit 0.35 0.38 92.1 
Other 0.07 0.07 100.0 

Trip pur- Mandatory 1.54 1.65 93.3 
purpose Social-recreational 0.85 0.81 104.9 

Shopping and per- I.I I 1.03 107.8 
sonal business 

Note: KONTIV 1976 had approximately 105 000 person survey days. 

Table 11. Influence of response rate on the measurement of nonhome 
mobility. 

Original Values for a Response Rate 
of 33 Percent 

Socio- Non-
Stratifica- demographic response 
ti on Characteristic Weighting Estimation Index 

Total year Mobility per person 2.82 2.58 109.3 
Share of mobiles 76.7 74.0 103.6 
Mobility per mobile 3.68 3.49 105.4 

Spring Share of mobiles 77.9 75.4 103.3 
Mobility per mobile 3.66 3.52 104.0 

Summer Share of mobiles 72.7 74.l 98.l 
Mobility per mobile 3.75 3.55 105.6 

Fall Share of mobiles 77.2 73.8 104.6 
Mobility per mobile 3.68 3.48 105.7 

Winter Share of mobiles 78.4 72.8 107.7 
Mobility per mobile 3.64 3.39 107.4 

Travel mode Nonmotorized 1.50 1.38 108.7 
Individualized 1.74 1.66 104.8 
Public transit 0.37 0.38 97.4 
Other 0.07 0.07 100.0 

Trip pur- Mandatory 1.63 1.65 98.8 
pose Social-recreational 0.88 0.81 108.6 

Shopping and per- 1.17 1.03 113.6 
sonal business 

Note: KONTIV J 976 had approximately 105 000 person survey days. 
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a uniform trend might not be detected and, as a con
sequence, the final value will be estimated incor
rectly. 

In cases where a new nonresponse estimation can
not or should not be performed, corresponding values 
from the KONTIV survey are available. For a new 
empirical survey that has a comparable time frame, 
size of urban area, and response rate, corresponding 
correction factors (with or without sociodemographic 
weighting) can be computed and inserted. We have 
already tested such a procedure successfully. 

Significance of Nonresponse Effe cts in Mail-Ba ck 
Surveys 

In the example presented earlier, the measurement 
error due to incomplete participation by the sample 
elements might appear comparatively small. To a 
large degree this is due to the high response rate 
of 72.4 percent achieved in the KONTIV survey. 

Such high response rates will probably not be 
achievable in the future due to tightened data pro
tection problems and due to the general public 
apathy (at least in Germany) toward the increasing 
number of poorly designed surveys. The measurement 
error will therefore increase substantially for 
lower response rates. 

This problem can be illustrated by applying 
sociodemographic weighting only to the first third 
of the respondents and by comparing the results with 
the population estimates. The 33 percent response 
rate in Table 11 was selected because many travel 
surveys do not exceed that rate. 

Such a response rate, although somewhat normal in 
general research practice, yet too low to produce 
reliable results, leads, for example, to an over
estimation of the mobility of the average population 
of almost 10 percent (Table 11). The determining 
factors for this are the overrepresentation of the 
"share of mobiles" (by about 4 percent) and of the 
"mobility per mobile" (by about 5 percent). Ac
cordingly, the mobility values by season, travel 
mode, and trip purpose are overrepresented with few 
exceptions. Low response rates in the absence of 
knowledge about effects induced by them constitute a 
substantial source of error in surveys of nonhome 
mobility. 

On the other hand, more precise knowledge of the 
nonresponse effects in such surveys can also lead to 
substantial savings when such knowledge is imple
mented. A precise calculation of the funds required 
for such a survey indicates that the lowest survey 
cost per returned questionnaire is reached when two 
follow-up reminders are used. By applying the cor
rection factors presented earlier, the bias intro
duced due to response losses can largely be compen
sated for and a substantially more advantageous 
cost-result (performance) ratio can be reached. The 
table below, from the West Berlin survey of approxi
mately 45 000 persons for the transportation de
velopment plan, shows the relation of response rate 
and survey costs (i) : 

Survey Method 
Mail-back questionnaire 

without follow-up 
action 

Mail-back questionnaire 
with two reminder 
notices 

Mail-back questionnaire 
with four reminders, 
including one addi
tional questionnaire 
mailing 

Reponse 
Rate (%) 
30 

60 

77 

Index of 
Cost/Usable 
Response 
100.0 

88.5 

96.4 
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Significance of Nonresponse Effects in Interview 
Surveys 

The trend-extrapolation method for estimating biases 
introduced due to nonrespondents by means of the re
sponse speed is based on the notion that, in a mail
back survey, a significant stimulus for participa
tion (voluntarily, as a rule) lies in the object of 
the investigation. This insight has been documented 
through several research projects (5). 

Interest in a survey on nonhome -mobility is large 
when such nonhome mobility is practiced to a large 
degree, and it is small when such mobility is small 
or nonexistent. For this reason, it is only natural 
that, in a mail-back survey of nonhome mobility, 
many mobile people respond relatively faster and in 
larger numbers than do the immobile ones. This re
lationship holds only for this particular survey 
method, as we have stressed repeatedly. 

The main reason for participation in an interview 
survey, on the other hand, is that the target person 
is reachable at home and can be convinced by the in
terviewer to participate. For relatively well
trained interviewers, the accessibility factor 
(meeting the interviewee) is the more important one 
here. Less-mobile people can be contacted more 
easily, and people who have a wide range of nonhome 
mobility are a definite problem group for interview 
surveys. They are hard to reach and often very 
busy--which means that they are potential interview 
refusers. For this reason, the nonresponse effect 
acts in precisely the opposite direction from that 
observed in mail-back surveys, where the respondents 
tend to provide too low a representation of their 
actual mobility. 

These interrelationships were illustrated in a 
methodological experiment performed by Moolman (.§_) • 
In the course of an interview survey about nonhome 
mobility the selected households were contacted un
til an interview actually was conducted. A response 
rate of 98. 5 percent was attained by this method. 
When the respondents are stratified according to re
sponse speed into those who respond at the first, 
the second, or only at the third contact effort, it 
becomes evident that the mobility per person is sub
stantially higher for the nonrespondents (.§_): 

Kesponse Speed 
After one contact 

attempt 
After two contact 

attempts 
After three contact 

attempts 

Index for Number of Trips 
per Person 
Respondents 
100.0 

100.0 

100.0 

Nonrespondents 
127. 5 

109.8 

109.6 

From that observation, we can conclude that, even 
with very good response rates (after three or four 
contact efforts), the observed mobility per person 
is 4-5 percent too low in interview surveys due to 
the nonresponse effect alone. 

A further stratification of the unreported trips 
also shows that the largest underrepresentation oc
curs for the non-home-based trips (i.e., people who 
follow complicated trip chains are more likely to be 
nonrespondents). Expressed differently, we can 
state: Aside from those people who have little or 
no mobility, those people who have simple activity 
patterns are the primary respondents, and these are 
the groups that are relatively difficult to reach 
through mail-back surveys. 

These substantial differences of nonresponse ef
fect by survey method do not only belong to the ab
solutely necessary prerequisite basic knowledge in 
the area of nonresponse estimation, but they are 
also impressive proof of the fact that each survey 
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method produces its own specific types of measure
ment errors. Therefore, discussion and comparison 
of empirical measurement results is practically not 
possible without knowledge of the survey method em
ployed. 

This also implies that identical numerical re
sults that were achieved with different survey de
signs do not necessarily mean that the corresponding 
phenomena are represented identically. If, for ex
ample, in country X the mobility per inhabitant ob
served by means of an interview survey (with two 
contact efforts) is quantitatively identical to that 
obtained by means of a mail-back questionnaire (with 
a 30 percent response rate) in country Y, this im
plies that, on the basis of different nonresponse 
effects alone, without consideration of numerous 
other influencing factors, the mobility in country Y 
has to be set at 15 percent below that in country 
x. This insight could, for example, throw a dif
ferent light on the recent discussion of interna
tional comparisons of non-home-activity time budgets. 

APPLICATION TO INTERCITY PASSENGER TRAVEL 

After an evaluation method, such as the one postu
lated in the first section of this paper, has been 
developed and tested successfully, it can be applied 
in general to other similar problem contexts. For 
the case of the problem of nonresponse, this means 
that in measurements of nonhome mobility we can 
typically expect that, on the basis of nonresponse 
effects, the mobility indices will be too high for 
mail-back questionnaires and too low for interview 
surveys. (Other influential factors exit, but they 
are not considered in this paper.) For an estimate 
of this nonresponse effect, the method of trend ex
trapolation on the basis of response speed presents 
itself. A distinction has to be made between mo
biles and irrunobiles, and stratification according to 
trip purpose and travel mode are advisable. 

Equipped with this knowledge and experience we 
can attempt to determine the biases in surveys of 
intercity travel generation caused by nonresponses. 
For this purpose, two continuous surveys are avail
able that measure annual intercity vacation travel 
in the Federal Republic of Germany. One survey was 
performed by the Federal Statistics Office (Statis
tisches Bundesamt) in the context of the Micro
census. The second one was a privately conducted 
travel analysis (Bi. Tne two surveys are not 
exactly comparable ;ith respect to the samples used, 
but both have been criticized for alleged underesti
mation of vacation travel volume. 

The mere knowledge of the direction of valid non
response effects already indicates one possible 
cause for deviations of the estimates from reality. 
However, in this case at least two other significant 
influences have to be recognized in addition to the 
nonresponse effect that must result in the under
estimation of travel, given that the interview sur
vey technique was applied. Respondents are asked to 
report vacation trips performed during the preceding 
12 months. Memory gaps are known to show in this 
retroactive technique. These gaps have proved to be 
greatest for interview surveys, largely due to the 
required instant recall. The mail-back method gives 
the respondent more time to recall past travel. In 
addition, the interview method typically requires 
that a household member also report the behavior of 
other members, which again will lead to underreport
ing of trips. 

These three influences suggest that it is advis
able to survey intercity travel behavior by means of 
the mail-back questionnaire technique. We need to 
be aware that, initially, the travel volume will be 
overrepresented. It will have to be scaled down 
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Table 12. Vacation travel behavior. 

Index of Cumulatives Values 

Response 
Increment 

First fifth 
Second fifth 
Third fifth 
Fourth fifth 
Fifth fifth 

Average No. of 
Vacation Trips 
per Person 

132.0 
116.5 
108.2 
103.l 
100.0 

Share of 
People with 
Vacation Trips 

118.9 
110.2 
104.9 
102.0 
100.0 

Note: Index of es ti mated total travel = 100. 

Table 13. Modal choice for vacation travel. 

Average No. of 
Vacation Trips per 
Vacation Traveler 

111.5 
105.5 
103.0 
101.2 
100.0 

Index of Cumulative Values for Principally Used 
Travel Mode 

Response Increment Automobile Train Airplane Other 

First fifth 112.7 116.7 105.0 100.0 
Second fifth 105.5 112.5 100.0 100.0 
Third fifth 102.7 108.3 100.0 100.0 
Fourth fifth 100.9 104.2 100.0 100.0 
Fifth fifth 100.0 100.0 100.0 100.0 

Note: Index of estimated total travel= 100. 

Table 14. Intercity travel behavior. 

Index of Cumulative Values for Share of People 

Who Did Who Made Who Made 
Not Make Who Had Other Private Vacation and 

l\._esponse Intercity Vacation Intercity Other Private 
Increment Trips Travel Only Trips Only Intercity Trips 

First fifth 64.4 100.0 108.6 150.9 
Second fifth 80.1 99.7 107.4 128.0 
Third fifth 89.7 99.2 106.2 114.7 
Fourth fifth 95.8 99.7 102.5 106.0 
Fifth fifth 100.0 100.0 100.0 100.0 
Index• 94.9 97.3 109.9 108.3 

Note: Estimated total value of index of sociodemographically weighted values= 100. 
8 Response rate was 67 percent. 

(corrected) in the course of a nonresponse analy
sis. This method was applied in a large survey of 
intercity travel behavior in the Federal Republic of 
Germany CU • 

When we look, for example, at the number of vaca
tion trips per person by response segments (fifths), 
the familiar nonresponse influence is very pro
nounced, especially among early respondents to a 
1979 intercity travel survey of approximately 60 000 
people (Table 12). This effect is mainly due to the 
fact that people who have not made vacation trips 
apparently can only be enticed very late, if at all, 
to respond to the survey. Among the people who have 
made vacation trips, those people who made more than 
one vacation trip are more likely to respond. 

A stratification, from the same survey, of vaca
tion trips by primary mode of travel shows that the 
nonresponse effect varies by mode. Particularly 
overreported are train trips in the case of low re
sponse rates. Automobile trips develop largely 
analogous to the total distribution, due to their 
dominant share of all vacation trips (70 percent) 
(Table 13). 

The nonresponse effect is even more significant 
in the stratification according to trip purposes. 
In this case, observe how late respondents answer a 
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mail-back questionnaire if they did not undertake 
any intercity trips (Table 14). Equally obvious is 
that people who have a particularly high intensity 
of intercity travel respond to this type of survey. 
The share of people who engage in private intercity 
trips other than for vacation purposes develops in a 
relatively moderate fashion. People whose intercity 
travel consists of their annual vacation trip are 
represented equally (i.e., largely correctly) in all 
response increments. 

Therefore, the special problem groups with re
spect to the nonresponse influence in measuring 
vacation travel are again composed of those people 
who do not, or who rarely, undertake the activity 
under investigation. In light of the present level 
of understanding, these groups are overestimated in 
mail-back surveys and underestimated in interview 
surveys, which results in too high a volume for 
mail-back responses and too low a volume for inter
view surveys. Again, sociodemographic correction 
can only provide limited compensation for these de
viations. 

Although in this mail-back survey this effect was 
compensated for by appropriate nonresponse factors, 
such corrections were absent in the other two inter
city travel surveys mentioned earlier. As a con
sequence of this uneven treatment, the results for 
the three surveys are substantially different. A 
comparison of our results with those of the travel 
analysis conducted during the same year (~) shows 
that the share of people who made vacation trips 
(travel intensity) was underestimated by 4-5 percent 
and the number of trips per vacation traveler (trip 
frequency) by more than 20 percent. This underesti
mation is not only due to the nonresponse factor but 
is also a consequence of the distortions that result 
from memory gaps and from reporting by a household 
member about activities of other members. The lat
ter sources of errors could have been controlled in 
a systematic analysis of response behavior. In any 
event, the documents currently in use concerning 
intercity vacation travel in the Federal Republic of 
Germany understate that travel category by about 25 
percent. A substantial part of this underestimation 
can be tied directly to the fact that nonresponse 
effects were not taken into account. 

SUMMARY 

This paper reports on an ongoing investigation into 
the effects of nonresponse on the accuracy of empir
ical survey results. A number of examples were pre
sented to show the types and magnitude o.f distor
tions that result from ignoring nonresponse 
effects. The different impacts of stratification by 
season, mode, and trip purposes were demonstrated. 
Also, the varying results generated by the mail-back 
versus interview method were analyzed. 

Given the limited experience with nonresponse ef
fects, a useful procedure was developed and pre
sented by means of which the relevant influences can 
be reestimated and corrected for each survey. Aside 
from these methodological experiments, applications 
of their results to the study of intercity passenger 
travel behavior were shown. 

The paper concludes that fundamental methodologi
cal survey research must be designed so that gen
eralizable results can be obtained. Through system
atic research into the distortions caused by 
nonresponse, at least the direction of the bias in 
relation to the chosen survey method can be deter
mined, and additional correction factors for the 
elimination of this bias can be generated. Socio
demographic weighting is shown not to be a satis
factory remedy for the effects of nonresponse. 
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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-




