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Introduction

Travel surveys provide vital information for transport planning But, unfortunately
from the respondents' point of view, travel surveys are among the most onerous surveys
to complete Ihis is particularly true of travel diaries which are a commonly used
instrument in travel sUIveys The information requested by travel diaries is not only
demanding in terms of sheer quantity, but it may also encroach on individual privacy
Ihe complexity of the task is further compounded when a postal, self-administered
questionnaire is used to collect travel data In a non-travel context, Kaldenberg, Koenig
and Becker (1994) have found that among elderly persons, age has a significant effect
on response rates to a mail questionnaire, This finding is consistent with the tenet that
the ability to process information, hence responding to complex questions, declines with
age (Phillips and Sternthal 1977) In the context of travel surveys, the time and effort
taken to systematically record travel and out-of'home activities is likely to increase
proportionately as travel patterns become more complex Since the complexity of travel
patterns increase with the presence of children (Monis and Richardson 1995; 1996;
Rosenbloom 1994; Rosenbloom and Burns 1993), the propensity to respond to a travel
survey may also decline A central question facing mail-out, mail-back travel surveys
involving a travel diary, therefore, is whether respondents are likely to be dominated by
the "less sophisticated" travellers. A corollary to this is whether the use of repeat
reminders, long perceived to be essential in increasing response rate (Maser and Kalton
1958; Dillman 1978; and de Vaus 1995), and the conduct of face-to-face interviews,
deemed critical for correcting non-response bias (Smith 1983), are effective in
rectifying such a possible selectivity bias in the sample

Based on the results of a carefully adntinistered mail survey with four rentinders and a
subsequent survey of non-respondents conducted in West Berlin in 1976, Brag and
Meyburg (1980) found an overrepresentation of mobile persons when no reminders
were issued to obtain a larger sample Rather than suggesting that this could possibly be
due to a reluctance to respond by those with ~ore complex travel patterns, they
interpreted this as reflecting the over-enthusiasm' of mobile persons to paIticipate in
travel surveys. Iheir argument thus contradicts the logic of a declining tendency to
participate in travel surveys with increasing travel complexity As Brag and Meyburg
(1980) have not analysed their data from the perspective of family type, their
interpretation may be considered to be inconclusive Moreover, the analysis of Brag
and Meyburg (1980) is based solely on one set of data Ihe consistency of their results
cannot be ascertained

Ihe Victorian Activity and Travel Survey (VAI S) conducted by the I ransport Research
Centre (IRC) at RMII since December 1993 provides an opportunity to assess these
issues VAIS uses a mail-out, mail-back, self-adntinistered questionnaire .. Similar to
the 1976 Continuous Iravel Survey in West Berlin used by Brag and Meyburg (1980),
up to four reminders are also sent to each non-responding household in VAI S In
addition, a selected number of households are tagged during sampling for a possible
face-to-face interview, should they fail to respond after the fourth reminder Drawing
on four years of VAIS results, this paper examines the household and travel
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Response patterns by household type

By grouping the VATS respondents according to their family type, the proportion of
eacb type in the database may then be compared with that of the total population Table
I presents the results of this comparison.. It is clear that the four VATS databases
consistently contain a disproportionately larger share of couple families without
children, but a lower share of one parent families and couple families with children.
VATS94, VATS95 and VATS96 are also undenepresented in the proportion of
extended families and gronp households, bnt are over-represented in the category of
'Other Family' By conttast, VATS97 has a higher portion of the first two family types
but a slightly lower share of the 'Other Family' type. Lone person households are the
only group reflecting the expected population share in VATS94 and VATS95. This
family type, however, is also underrepresented in VATS96 and VATS97

Table 1
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completed, will be counted as valid responses. As part of the quality assurance process,
a follow-up phone-edit is conducted on all incomplete or "questionable" responses
where a phone number is supplied by the honsehold.. When a phone number is not
provided, an office edit is attempted by two trained administrators On average, almost
95% of the responding households provide a phone number The extent of item non
response or missing value items is examined later in the paper

VATS is now in its sixth year of operation. Four years of VATS data have been
released to date: VATS94, VATS95, VATS96 and VATS97 The analyses contained in
this stndy are derived from the four VATS databases currently available

Estimated 95 pop3

VAIS95'

1991 Pop Census l

Estimated 97 pOp3

VAIS97'

Note: All the four family type profiles derived from the respective VATS databases are statistically

different from their corresponding population distribution at _ = 0,05



Re~ponse Pattern in Travel Survey

~~long been established that the travel patterns of households with children,
ecially women, are among the most intricate, characterised by a high level of
rpersonallinkages and coupling constraints (see for example Jones et al 1983;

g;lIIl and Morris 1981; Morris and Richardson 1995; 1996; Rosenbloom and Burns
g~;~osenbloom 1994). The response patterns (by family type) exemplified by the
lI;y~ars of VATS data, as such, pose little surprise They evidently confirm the
~l?i~i(Jllthat travel surveys requesting a large amount of information are less likely to
istthe participation of families with children

t()le()ffollow-np r·eminders and non-response interview

l(g""upmailings of reminders have traditionally been seen as an effective way of
gi~~non-response bias and increasing response rate" It is important, therefore, to
iIl~h(JW the four postal reminders, as well as the non-response interviews, in

X~have contributed to these two aspects.. Table 2 displays the distribution of family
~s~ytheir survey response time Almost without exception, couple families without
!,l~f~n~nd lone person families are considerably over-represented among the first
~y~:()frespondents (ie, those rerurning their responses within the first week) in all four
!~!i?fVATS data examined However, such an over-representation seems to be
gg;r~ssiyely eroded with the inclusion of the later responses generated by follow-up
.~n~~rs, Typically the groups who are slower to respond are single parent families,
~glRfamilies with children, extended families, group households and 'Other Family'
Bj~i)'I'he same situation is observed with non-response interviews, which also see a
lllParatively higher share of families with children

»$~theVP;TS data has an over-representation of families without children, Table
llI'ly suggests that, without the follow-up postal reminders, this disparity would be
g~eater, This is fully borne out by the results of a comparative analYsis between

Ad\stribution of family types in VATS and in the population In Table J, both the
H'l.~b~olute deviation and the maximum deviation between the proportion of each

'lytype in the VATS databases and in the population are computed as successive
~ofresponses are added to the data Both the indicators show a monotonically

'ning trend as successive waves of responses are included This strongly suggests
;!JI$~~ditional households recruited from the follow-up reminders help to bring the
R~eIltation of family types in the VATS sample closer to the population data
Ilg.the seven family types, it is also observed that as more data ar·e included in the
~Ies,the absolute deviation tends to decrease One of the few exceptions is the

\~$rI'arrtily' type, which consistently depicts an increasing deviation trend for the four
'ill1though this is a relatively small group overall Similarly for VATS97, the
:J:I10fdeviation for extended families, the group and lone person households

sesover the course of the response period, but the magnitudes are comparatively
':/l'<ptwithstanding the case of the 'Other Family', which contains a mix of family
,theJollow-up mailing of survey reminders would seem to have the effect of

$l'\g; bias in the data.. They appear to be especially effective in inducing families
F~lldren to respond to the survey
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Table 2

V Within 1 week

A Between 1 and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks
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9 Waves 1 to 5 1.3% 31% 1 1% 04% 0.7% 16% 0.3%

7 Waves 1 to 6 1.2% 3.0% 1.0% 0.5% 0.8% 1.8% 0.3% 8.5% 3.0%

V Wave 1

A Waves I &2

I Waves 1 to 3

S Waves I t04

9 Waveslt05

5 Waveslt06
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V Wave 1

A Waves I &2

I Waves I to 3

S Waves]t04

9 Waves 1 to 5

4 Waves 1 to 6

Table 3 Absolute deviation of VATS households from population estimates
by cumulative response waves (source: computed flom VAIS94, VAIS95, VATS96
and VAIS97 and inferred trends flom 1991 and 1996 Population Census)
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Response Pattern in Travel Survey

candidates selected for non-response interviews have previously ignored the
questiormalire and all subsequent reminders, it may be interpreted that these

little intention of participating in the survey. However, with the
•.•~2~1:~~~e of an interviewer, a proportion of these households complete the forms,
r many complex linked trips in a travel log - despite having chosen to disregard

llPirse::~nert,L;~a~S;tly. since the non-response interview is conducted face-ta-face at
it believed that these interviews generate more reliable responses

This point is examined in the next section

/'1'."..·.1 ph~ ••'·t..·idics of family types by response wave

impOltarlt to establish whether the over-representation of families without children
sample causes some distortion of the travel profile of the population and

follow-up reminders help to minimise such bias if it exists This section
ex,unine the trip characteristics of different family types by the elapsed time of

h",ppnse survey.. Table 4 provides the mean daily stop rates per person by family
response wave for the four VATS databases (In VAI S, a stop is distinguished

In cases where stops involve a change of travel mode, these are regarded as
trip. All other stops which do not involve a mode change, however, are also

:
~i~~~:~:as trips For the purpose of this paper, stops and trips are used synonymously)

the effect of family type, there is a clear indication of declining stop rates with
elapsed time between the first mail-out and survey response The trend is

i""peci'llly prominent among one-parent families and couple families with children
couple families without children, the tendency of lower reported stop rates
respondents persists The declining trend of lower reported stop rates,

h6''''''',er. is less conspicuous in the case of the extended families, group households,
households and other families As for the non-response interviews, the

obtained reveal an overall profile that goes against the declining trend In most
ill,:tar,ce:s, the stop rates recorded among non-response interviewees either revert to OI

than those of the first wave responses ;

the perspective of family type, individuals from group households and
households display the highest number of stops. They are followed by

extended families and couple families with children Members of couple
f~~~I~~~;Without children tend to make fewer daily stops overall Ihe pattern remains
b stable for all waves of responses and across all four years of data A two-way

test on the main and interaction effects of response wave and family type on
shows that both the main effects are statistically significant at _ = 0.05 The

inlleniction effect, however, is insignificant Ihese results point to the existence of a
system'ltic reporting pattern endemic to both response time and family type

reasons for lower reported stop rates among late respondents is that a
r"!lativellv larger proportion of these respondents report that they do not make any out
of,·home stops on the assigned travel day (Iable 5) Ihis pattern of a rising share of
Ilon-trav·ellin~ individuals with increasing response time is statistically significant both

the perspectives of family types as well as response wave (ie, categories of
re"ponse time), but not the interaction between them
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Table 4

V Within 1 week

A Between I and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

4 Non-response interview

V Within 1 week

A Between 1 and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

6 Non-response interview
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V Within 1 week

A Between 1 and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

5 Non-response interview
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Res onse Wave

V Within 1 week

A Between 1 arid 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

7 Non-response interview

Note: A two-way ANOVA test using family type and response wave as factors shown that both the

main effects are statistically significant at _ = 005, but the interaction effect is not

NO = no data
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Family Type

V Within 1 week
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S Between 3 and 4 weeks

9 After 4 weeks

4 Non-response interview

Response Wave

v Within 1 week

A Between I and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

5 Non-response interview

Table 5 Percent of' VATS respondents reporting no tr ips on assigned travel day by
['es onse wave (source: corn uted from VAIS94, VAIS95, VAIS96 and VArS97 databases)
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V Within I week

A Between I and 2 weeks

I Between 2 and 3 weeks

S Between 3 and 4 weeks

9 After 4 weeks

'7 Non-response interview
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Table 6 Average daily stop distance (km) per per son by family type and
response wave (source: computed from VAIS94, VATS95, VAIS96 and VAIS97 databases)

Family I'ype

C
b b~ ~ b

~
·s .- f'

" "0 0 :sef' b '"
~ S "0 " b <40 ~ 0 ·sResponse Wave '" .- <Il 0 f' <S:;:::: " o " " " <11<4S " oS

"0
~"5

0 ·s 8 5l <4 " ":E JJ
" ~ -~<S g. .~ <4.>: " <11

" 0
v 0

u 0 0 0 oS 80_ Ul 00 0 0·- " ....l " 0 "U U ~

V Within 1 week 55 71 71 49 79 54 74 68
A Between 1 and 2 weeks 73 96 74 61 74 63 69 76
r Between 2 and 3 weeks 53 8.3 80 56 73 76 62 77
S Between 3 and 4 weeks 84 92 82 121 49 87 67 83
9 After 4 weeks 47 70 77 62 6.1 8 1 113 74
4 Non-response interview 8.4 7.1 6.4 ND 3.1 8.0 6.8 6.7

V Within 1 week 73 8.9 79 66 6.7 76 80 80
A Between 1 and 2 weeks 119 87 89 195 5 I 9.6 71 90
r Between 2 and 3 weeks 66 92 104 28 88 84 143 97
S Between 3 and 4 weeks 52 99 81 72 5.5 63 72 77
9 After 4 weeks 99 93 9.2 93 193 98 149 101
5 interview 8.6 9.9 8.7 14.0 10.6 6.1 10.7 8.9

V Within 1 week 6.5 88 7.6 8.2 7.2 61 64 76
A Between 1 and 2 weeks 69 95 ;5 99 80 6.6 76 90
r Between 2 and 3 weeks 121 10.3 8.5 150 62 8.2 136 92
S Between 3 and 4 weeks T2 87 83 97 132 73 66 83
9 After 4 weeks 68 80 75 54 81 86 61 75
6 Non-response interview 4.0 10.5 5.8 6.8 6.7 5.2 8.3 6.4

V Within 1 week 71 77 87 67 72 63 8.5 8J
A Between 1 and 2 weeks 95 11 I 92 68 84 7.8 6 7 93
r Between 2 and 3 weeks 64 108 85 94 7.3 69 69 85
S Between 3 and 4 weeks 152 84 88 6.7 59 84 8 I 9.2
9 After 4 weeks 53 93 85 8 I 59 81 30 80
7 Non-response interview 9.1 8.9 7.0 8.6 7.0 9.2 15 7.7

Note: A two-way ANOVA test using family type and response wave as factors shown that both the
main effects and interaction effect are statistically insignificant at _ =0.05

ND =no data
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Extent of Missing Data in Selected Variables (%)

I

107,486
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20,241
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Sample Size
I

9,912

5,266

1,993

2,341

1,627

405

Missing value analysis by I esponse wave for VATS94-VATS97
(source: computed from VAI'S94, VAIS9S, VAlS96 and VAI'S97 databases)

Table 8

Summary offindings and conclusion
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From the perspective of both the mean and median percent of missing values, it
evidently suggests that late postal responses are less complete than early responses
However, it must be pointed out that the sample sizes of later waves of responses, which
form the bases of the respective percentage calculation, are significantly smaller than
that of the first wave, as evident flum Table 8 Pooling four years of data together,
responses returned within one week are one and three-quarter times to over six times
more than those coming in after one week In comparison, the differences in mean and
median percent of missing data between the first and subsequent response waves are not
as great This implies that, in percentage terms, the extent of missing data among
subsequent waves of postal responses may have been over-exaggerated

Ihis rationalisation is evidently valid in the case of the non-response interview, which
only has a fraction of the sample size of the first response wave Another reason
explaining the proporrionately higher percentage of missing data in non-response
interviews may be due to the very nature of a face-ta-face interview itself. The presence
of a "stranger" at home may create an awkward or embarrassing situation which
prevents the disclosure of information that is "sensitive" (such as income) or "private"
(such as stop purpose or destination) A third reason for the comparatively larger
percentage of missing information among non-response interviewees could be
attributable to the absence of a follow-up phone interview to edit the data In VAI'S
over 85% of the responses returned via the mail are phone-edited when a phone number
is supplied Ihis, however, is not done in the case of the non-response interview,

Based on four years of VATS results, this study has found that follow-up reminders do
play a significant role in increasing response rate and enlarging the participation rate of
families with children. The first reminder, in particular, has the potential of raising the
response rate by about 50% above that which would be obtained if no reminder was
issued.. While follow-up reminders are valuable in these respects, the quality of the data

Response Wave

Within 1 week

g Between 1 and 2 weeks

g> Between 2 and 3 weeks

1 Between 3 and 4 weeks

After 4 weeks

Non-res onseiilterview
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during these ~ubsequent waves does require careful evaluation One of the
~i~i';;~;~t;~~.~:S issues is the tendency for late respondents to under-report their out-of...

While the patterns may not he statistically significant, the VAIS results do
late respondents are inclined to only report major stops such as those of

travel distance or travel time Further, the information obtained tram late postal
(e';pons,,, also sullers from a relatively higher percentage of missing values .. However,

si,~ni:trc,m(;e of this should not be over-emphasised, given the vast dillerences in
of the respective waves of response in comparison to smaller differences in

0/ missing data

contrast, non-response interviews are considered a useful supplement to mail
sm;vevs. providing a validity check on the responses obtained from dillerent waves

quality a/the data from non-response interviews, though variable owing to the
sample size in the VAIS databases, has shown to be comparable to the responses

the first wave in most instances. The relatively small sample size targeted for noo
re"ponse interviews in VATS together with the absence 0/ subsequent phone-edits may

contributed to the finding that non-response interviews have levels of missing data
are comparable to those from late postal respondents

findings in this study confirm the fear that, due to the complexity of the information
eli,oite,d mail travel surveys in particular suffer from the risk 0/ selectivity bias in the

Households with rather complex travel patterns, such as those with children,
appear less inclined to participate in travel surveys involving the use of a travel diary

the adoption of repeat reminders may help to rectify the problem partially, by
aPiperuir,g to these" leSS-Willing" respondents to return the questionnaire, it does so at
eXl,ense of data quality, in particular underreporting of trips.. This finding challenges

conventional thinking "that late respondents are closer to non-respondents on a
continuum of respondents to non-respondents" (Ihakuriah et al 1993, p. 70) Such a
premise is supported by the argument that late respondents make fewer trips than early
respondents (Brag and Meyburg 1980) Underreporting of trips may be interpreted as
an example of item non-response To the extent that such underreporting pmfs a more
serious problem than total non-response in trip generation models (Thakuriah et al.
1993), the value of repeat reminders can be questioned On the other hand, non
response interviews, which seem to fare better in terms of obtaining reliable
information. should be given greater emphasis as an option for redUcing non-response
bias in Self-administered, postal surveys

Based on the experience of VATS, a reduction in fOllow-up reminders, say from four to
three, compensated by a simultaneous increase in the proportion of households targeted
for non-response interview may be a more cost-effective strategy for mail travel
surveys As a further test on the value of repeat reminders in reducing non-response
bias, the IRe at RMIT is currently conducting additional studies on the cost
effectiveness of repeat reminders using the four years of VAIS data (Kam 1998) One
of these involves a comparative analysis of the weighted travel and household
information obtained from the cumulative responses of successive response waves to
test the statistical validity of the resulting data on the assumption that the survey has less
than four reminders,
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