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Mobility surveys play an important role in transport planning because they often provide
nput for decisions resulting in an investment of millions of dollars.

o‘ugh'such surveys are common practice since many decades, there is little concern
al_Soﬁt’th‘e quality of these surveys and consequently the validity of results achieved

But even if data quality is in question, the discussions are often centered around random

s, significance and representiveness.

However, detailed research into quality of mobility surveys shows, that systematic errors,
'éla_féd'to design and conduct of such surveys do have often much greater effects Since
systematic etrors can be avoided, it is very important to provide better knowledge about
é_f__féc_:t's of survey design elements which spoil the quality of mobility data

The paper will present examples of such design elements which did have great effects on
results and could have been easily avoided
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1. Introduction

In transport research, statistical methods and modelling techniques are wel] developed and
have reached a high level of expertise. The input for such analysis and models are very
ofien empirical data, gathered in surveys on travel behaviour,

Correspondingly, there is much concern about random errors in the input data, e g
significance or representativeness. On the other hand an empirical data base can contain
systematic etrors, which cannot be analysed not described by statistical methods. Evermore
the statisticians, transport planners and modellers are often not aware that this type of error
OCCUrs,

Ehis paper concerns systematic errors and gives real-life examples of the impact of survey
instruments and design factors on the validity of the results of studies on travel behaviour
and the derived conclusions for planning decisions. The cases presented here are by far not
exhaustive of the whole field of possible sources of erroz, but highlights the importance of
such considerations '

Discussions about quality of mebility surveys are traditionally dominated by extensive
concern with random errors, which suggest to the less experienced data user that
statistically satisfactory random errors can be equated with the "reliability" of the results,
This simplification is just as ill-considered as it is harmful. Particularly when measuring
complex phenomena (like mobility behaviour), the systematic errors caused by the use of
an inappropriate measurement method in complex survey designs and a questionable state
of practice can exert a disproportionately larger influence on the results than that due to
random errors. Systematic errors can in principle be anticipated and - up {0 a certain point -
corrected. Failing to take these errors into account and the concentration on random errors
can only be explained by the fact that as a rule, good statistical knowledge but little real
experience with empirical methods are demanded in “traditional” transport research

Problems found are relatively easily explained, if one is familiar with the respective survey
designs, and understands the systematic errors aiising from using them. However, a
discussion of these effects - as important and useful as it would be for the further
development of methodology - does not normally take place.
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ystematic Exrors in Survey Design

“Case study

-FBr some years now, the Dutch National Travel Survey (OVG) which is conducted by the
entral Bureau of Statistics, Netherlands (CBS), has had a significant decline in
response. The OVG has a telephone-postal design. From 1978 until 1984 the data was
.collected in a face-to-face interview but due to budgetary reasons was collected by a
lephone / mail interview from 1985 onwards. The survey population is defined as the
rtesident population of the Netherlands The sampling unit is the household.

e decline of overall response rates stems partly from an increasing proportion of unlisted

telephone numbers and therefore a declining accessibility of households. Furthermore, there

‘3 tendency of a reduced willingness to participate These factors combined resulted in a
drop of overall response rates from 51 % in 1985 to 35 % in 1998 (Moritz and Brég 1999).

The declining accessibility and rapidly dropping response rates gave rise to serious and
increasing doubts with respect to representativeness of the sample and comparability of
urvey results. Parallel to these developments the demand from the side of policy makers
r information with respect to transport and mobility increased. These factors caused
Statistics Netherlands, in co-operation with the Ministry of Transport and Public Works to
look for an alternative design that would combine significantly improved response results
with enhanced research flexibility.

Preliminary investigations for a new design of the Dutch National Iravel Survey resulted in
& choice for the NEW KONTIV DESIGN (NKD), developed by SOCIALDATA in
- Munich, Germany. (The NKD employs a mail-back technique.) Statistics Netherlands

ested this design in a pilot study in September 1997.

n:the pilot study, a response rate of 74 % was obtained from households thaj were
pproached using the NKD procedure (table 1). This result was significantly better than the
esponse rate in the control group using the OVG procedure, achieving a response tate of
4.% of the households. Unlike the procedure in the OVG-group, the households in the
KD-group, for which no telephone number could be obtained, were approached by mait.
“For these households a response rate of 45 % was obtained. The higher response rate in the
'NKD-group, however, can only be partially explained by this difference. The response rate
- for the households for which telephone numbers were known was considerably higher in
NKD-group: 81 % versus 55 % in the OVG group.
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Table 1: Response Rates
ovG* NKD
total tel. (+) tel (-)
| Net sample (households) 1014 960 765 195
Responding households 446 708 620 88
Response 1ates 44 % T4% 81 % 45 %

* OV(-control-group: same period, region and sample frame
The NKD pilot survey resulted in 1 72 activities and 3.03 trips per person per day {table 2).

The OVG control group showed 2 32 activities and 3.88 trips per person per day. The
difference in these mobility figures between NKD and OVG led to the suspicion, that the
NKD would achieve higher response rates, but the OVG more reliable results, because the
latter measured a mobility level (trips per person), which was 28 % higher:

Tabie 2: Mobility figures: comparison NKD - OVG
NKD ovG
Activities per person / day 1.72 2.32
Irips per person / day 3.03 388

If the trip rate of the NKD survey (3.03) is set equal to 100, the trip rate of the OVG survey
(3 88) accounts to 128. When compared on this basis there are big differences in the
distribution of modes:

In the NKD survey 17 % of all trips were walking trips and 31 % cycling trips Every third
trip was undertaken with a car as driver and every seventh with a car as passenger. Public
transport was used for 3 % of all trips. In the OVG survey the share of all modes is highet,
as the base — trips per person / day — is higher (128 compared to the original NKD-value =
100) Especially the mode shares for the car (as driver and passenger) and cycling are
rematkably higher.
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.. Mede choice: comparison NKD-OVG

%

Walking . 17 19
" Bicycle 31 41
 Motorbike 1 i
i 34 42

Car as passenget 14 19

: Public Transport 3 4

Other 0 2
TOTAL 100 128
.. (T rips per person/per day) (Base:3.03) (Base:3.88)

j h.:'m_'depth analysis into systematic errots, three major influences explaining the
ifferences were identified:

coding conventions
“response rate
If-selection by respondents

der to'identity the effect of coding, the NKD questionnaires were coded independently

two separate coding teams, using the same coding conventions. However, it can be

1, that even with identical questionnaires and coding conventions, there are still
nces in the results:
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Coding-Effects: Impacts on trip number; based on real number

of trips / person f day
NKD
Team A Team B
% %

(trips) (trips)
Coding errors +0.5 +3.0
Unlinked trips -4.9 -
Split of roundtrips +0.4 -
Questionnaire unclear -06 -+0.4
T1ip on private ground -05 -
Sample day replaced -0.9 -
Commercial traffic -04 +0.4
Missing questionnaire - +0.3
Playing of children -0.5 -
Non-reported-trips /
Over-reported-trips (Exploration) +0.1 0.0
TOTAL -6.8 +4.1

£

The most important reason for a higher trip rate it the Team A coding was the acceptance
of unlinked trips. (Although the used trip definition was for linked tiips only.) Since it is
well known that some respondents do report unlinked instead of linked tiips, it is important
that the coders correct such respondent-related errors. (And this is also a good example
highlighting the role of coding as a cortectional procedure instead of a “blind punching in

On the other hand, coding is ofien not seen as an important part of data validation and thus
not given enough time and attendance. The result of that can be seen in the underreporting
of rips by Team B (In this specific case, the reason was that the coding had to be done by
Team B coders under extreme time pressure.)

So in total the coding produces an over reporting of trips by Team A in the range of 7%
and an underreporting by Team B in the range of 4 %
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n be easily assumed, that under “tougher circumstances™ (e g different questionnaires,
less superwswn of coders, more coders involved, slightly different conventions) the effect
ing only can result in differences in the resulting trip rate of up to 20-30 % (and there

arc specific examples where this has happened!)

Ano er exa.mple is that of the replacement of sample days. This is typical for respondents,
¢ generally very active, but were for some umisual reason (e.g iliness), immobile on
mple day. They tend to replace the "odd sample day” (in their view) with a “normal

a;ﬁple__day”, thus reporting a higher mobility.

cond important systematic error in mobility surveys is the effect of different response

It is well documented in the respective literature, that often the survey design

oti vates people with a higher mobility to participate in the survey than those with low or

lity (e g. Brég and Meyburg 1980). As shown above, the response rate in the OVG

was mgmﬁcantly lower than in the NKD. However, in the NKD, whete a strict mail back

design was used, results can be analysed by the speed of response and following this well

own procedure the results of the NKD could be calculated for the same response 1ate.

This analysis showed, that the trip rate in the “44 % - sample” of the NKD was 11 % higher

than in the total sample which gives reason to assume, that the OVG is affected by over
: rtmg of trips by at least that amount.

Finally, “self-selection” of respondents is another source of error, which is often ignored in
ey- analysis. In the OVG design respondents were first approached by telephone and
mainly sociodemographic information was collected. Then the respondents were asked,
ther they were willing to fill in diary and only when they agreed to do this, was a diary
mailed to them. Thus there is a clear element of self-selection. Experiments show, that self
election in mobility surveys result in higher trip rates (tanging between 10 and 30 %,
r0g Erl 1999, paper for the European Conference of Ministers of Transport {CEMTI)

only these three categories of systematic error are corrected for, the trip rate in the OVG
drops: from a level of 128 (in companson to 100 in the NKD) to a level of 97. TRis indicates
at-the presumably higher trip rate is in fact a lower trip 1ate which is affected by
underreportmg of trips (which is due to a less clear questionnaire in the OVG than the
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Table 5: Mode choice-correction of the OVG survey

ovVG
corrected for

Original Coding /
Self
selection /
1€sponse rate
%

Walking 16
Bicycle 32
Motorbike 1
Car as driver 13
Car as passenger 12
Public Transport 3

Oth
er 0

I0TAL 97

3. Systematic Errors in Diary Design
— Selected Examples —

The following examples demonstrate how p;resumably “unimportant™ aspects of

questionnaire design can spoil the results of mobility surveys. For understandable reasons, .
these examples have to be presented anonymously; however, they are all “real life” - .

examples

In 1986 two travel surveys were conducted in parallel in the same city: the city travel

survey and the national travel survey. The surveys were based on a large number of :

respondents (more than 2,500 households each) using the same design and the same .
administration but with a small difference in the questionnaire: unlike Version B, Version
A didn’t offer the category “car as passenger” This resulted in respondents confusing “Car -

as passenger” with “Bus as passenger” wheteas in Version A they could enter the right '
answer to the open-ended question in their own words and the categorisation was done by .

the coder




‘Figure 1:

Version A

AYAVAVANVY

' ['How did you
.get to your
destination?

" Please mark all
. methods of travel
©- that you used,

“Table 6:

METHODE OF TRAVEL
Walk

Bicycle

Bus

Train

Motor bike

Car Driver

Cther (Please write in):

Svstematic Errors in Mobility Surveys

Questionnaire design of two surveys

Version B

AVAVANVANY

HOW did you
get to your
destination?

NN

Please mark alt
methods of travel
thal you used.

Mode choice, different questionnaire design

METHODS OF TRAVEL
Walk

Bicycle

Bus

Train

Motor bike

Car as driver

Car as passenger [:I
Other {Please write in):

AVAVAVAN

Version A
%

Version B
%

12

Walking 12
Bicycle 6 6
Motorbike 1 1
Cas as driver 58 58
Car as passenger
Public Transport
Other

TOTAL

‘All'modes had equal shares in both surveys, except the share for car as passenger which

was 16.% in version A and 18 % in version B and the public transport share which was 6 %
..and 4 % resp.. Consequently, public transport “lost” about one third of its patronage in
.Versmn B due to the fact, that the category “car as passenget” was misunderstood and bus
-sers ticked the wrong box!
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An important principle in questionnaire design is to make it “as simple and clear as
possible” for the respondent. If this principle is not sufficiently observed, distortions in the

results must be expected. The guestionnaire in a German Survey of the Elderly provided a

specimen (rip as an example for the respondents. One of the problems of the questionnaire
design, however, was the misleading trip definition in the specimen. The example showed

no return trip. Since activity patterns which consist of only one trip are very infrequent, it is
not wise that they be used as examples. Furthermore there wete three trips to be filled in on
the front-page of the questionnaire and no indication for turning to the back page to fill in
more trips. It could therefore be expected thata rather large proportion of refurn trips were
not reported and that there was a large number of questionnaires with no more than three

trips teported

The tesults of the Survey of the Eldetly could be compared with “Elderly” from the
National Travel Survey, (the so-called German “FONTIV™).

Table 8: Comparisen of methodological effects in two different surveys

__________——————‘—-_—__\
Survey of Elderly KONIIV

Basis .
(Person Travel Days) 9’3/079 24:;’69

]

Person Travel Days with
1 trip 17 1
2 trips 47 52
3 trips 17 3
4 trips + 19 39

100 100

L—______u_—————_——

It has already been pointed out that, based on ﬂleégéxample given to respondents, return trips
were not recorded as separate activities. This influence can be clearly seen in the results
The high proportion of person travel days for which only one trip was recorded cannot be
explained in any other way Activity patterns with only one trip are very rare, as shown
both by the KONTIV survey and other studies. They can occur when someone returns
travel day from a destination where they had spent the previous day or when
a later date. It can be reasonably argued that

ntly for persons aged 60 and over than for

home on the
someone goes 10 a destination and returns at
such activity patterns appear rather less freque:

other age groups.

And the fact, that there was 1o indication to tutn over the page after three trips in the
Survey of the Elderly produced twice as many person travel days in the national survey. As
a result of this, the trip rate in the KONTIV was nearly one quarter higher than in the

elderly survey.
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The }mportance of every detail in the design of a diary becomes even clearer where the
diary collects trips in a “line format” (although literature shows the disadvantage of this
apibrdéch, see Brog, Dasler, et al 1983) using a specific order of categories and boxes:

The'fol'l'owing example shows an extract of a trip diary using this line format Each line
asks the respondents to give details about each trip, beginning with start time, starting
address, ending address, arrival time, trip purpose, mode of transport, number of people in
car, where the car was parked and the parking cost

Up to nine trips could be recorded on a single A4 sheet, with trip pupose and mode of
ransport response boxes pre-coded.

The following extract of the “Mode of Iransport” column shows whete this has caused
- tespondents to tick wrong boxes, in particular when they wanted to tick “Car-Driver”. They
were invited to tick the box between the 6 and Car-Driver (Figure 2). But this was the box
for “Car-Passenger”! As a result, in a sample of 7,000 households, there were more than
15000 trips with “Car-Passenger” but “number of people in car” (which was also collected)
: was teported as one. There were another 15,000 trips with “Car-Driver” in doubt, with
correction impossible because the car occupancy was not reported or was higher than one.

Sis ilar problems can occur with other modes (e g. ticking train instead of bus, taxi instead
of bicycle, etc.) and with trip purposes (e.g ticking shop instead of education, lunch instead
- of recreation, etc), where this line format is used.

- As'a rule, systematic errors cannot be calculated, but can often be corrected (as distinct
' from random errors, which can be calculated, but not corrected). This represents one of the

rare examples, where a systematic error could not even be corrected and the survey results
“would have only very limited value, if any.

' _ gur'e 2: Trip form

MODE OF TRANSPORT

Walk 1] JTrain 2] |Bus 3[_]Taxi [ ]Bicycle 5[ ]
{ Car - Passenger 6[:} Car - Driver [_—] Motorbike 8[_—]
Other (please specify)

e ettt arwaracreey
e et R
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4. Correction of Systematic Error

In Vienna, Austria, two mobility surveys were conducted (A+B) using a mail-back design.
Survey A had a low and survey B a high response 1ate (25 % as to 81 %) The trips per
petson per day were equal in both cases (2 9) and this was seen as an

indication, that even a survey with a low response rate can provide reliable data on
mobility. However, an inspection of mode choice has already indicated, that there might be
hidden problems in survey A:

Figure 3: Characteristics of two travel surveys in Vienna

®

VIENNA TRAVEL SURVEYS

Survey A Survey B

Response-
1ate

MODE CHOICE

Walk
Bicycle
Motorbike
Car as driver

Caras
passenger

Public transport

i

Trips / person / day

However, the response rate is one quality indicator of surveys, which is highly correlated
with other quality indicators:

This correlation is easy to understand and can be traced back to the survey design. Only
when using a good design, are respondents encouraged to respond. But a good design is.
also a necessary pre-requisite for accurate responses. And cnly if respondents are motivated
to respond and have little trouble with the survey, will they report complete and valid data- - %
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sure 4: Correlations

CORRELATIONS

Design

~

* Validity

simaple cotrelation can now be used to estimate the systematic errors hidden in the

sults of survey A Since both surveys used a mail-back design it is possible to analyse
survey B by speed of response. This analysis shows, as discussed earlier, that the trip rate
alls: with an increasing response 1ate. A low response rate usually has its reason in a bad
ign (this as also the case in survey A, where a confusing, hardly readable diary was
employed). Therefore, when a low response rate is associated with a bad design, one of the
_effects is that the non-reported trip rate will be high with a low response tate and low non-
reported trip rate with a high response 1ate [his correlation is shown in the following

Figui'é 5 Validation of trip rate

l VALIDATION I

- Trips per
rson

pe
I(:gx;:.)ﬂated, . . NON - RESPONSE

... Response
. rate (%)

| pepaper 5an <F==—==">N - REPEES3ED s JRIPS
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It can been seen, that the response effect and the non-reported tiip effect are of the same
size, which tend to cancel each other out

We can now use this correlation for a calculation of error:

The expected trip tate of survey A is 21 % higher than the trip rate of survey B. However
the real trip 1ate was 2 % lower. This means, that survey A measured only 81 % of the trips
it should have collected (98 out of 121).

1f we now compare the mode choice for survey B at a response rate of 25 % (= 100) with
mode choice of survey Aona basis of 81 %, we can estimate the number of non-reported

trips for each mode:
Figure 6: Estimate of error

ESTIMATION OF ERROR ®

Response = 100 (98 :121)

"Target at 25% "Actual’ =81 non reported

Walk

Bike
Motorbike

Car as driver

Caras
passenger

Public
transport

It becomes very clear, that the trip rate of 2.9 in survey A was misleading. In reality, survey
A was biased by more mobile respondents who did not report a significant part of their trips
(with mainly walking, public transport and car as driver missing).

This example also shows that systematic errors can be estimated — and corrected to a
certain extent — if sclf-administered travel diaries are used, methodological information is
available and coding conventions are known. But if errors are directly linked to the
questionnaire design no further considerations concerning the extent of the errors is

possible
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onclusion

s paper présented selected examples for systematic errors in the area of empirical survey
othods; with the aim to make a contribution to an increased level of awareness and
wiedge using data from travel behaviour research.

are various influencing factors on the validity of survey data such as sampling
;‘questionnaire design, survey administration, coding, conventions and definitions,
exclusions, which strongly influence survey results. It happens that even the
srcher who is in charge of a travel behaviouzal study, is often not aware of errors which
oceur in collecting the data. And even more so the users of the data, analysts, planners,
dellers and political decision makers who, depending on and believe in, data which can
strongly influenced by systematic errors.

ut the ¢lassical thinking in the field of empirical research is still dominated by numbeis
significance-levels, but statistical figures are irrelevant if the systematic error is larger

han any confidence interval

rveys are the output of a complex communication process. One has to know the inputs
and the-participants of the process to use and assess the results of this process correctly.
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