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Abstract

Background: Epidemiological research often requires collection of data from a representative sample of the
community or recruitment of specific groups through broad community approaches. The population coverage of
traditional survey methods such as mail-outs to residential addresses, and telephone contact via public directories
or random-digit-dialing is declining and survey response rates are falling. There is a need to explore new sampling
frames and consider multiple response modes including those offered by changes in telecommunications and
internet technology.

Methods: We evaluated response rates and cost-effectiveness for three modes of survey administration (postal
invitation/postal survey, postal invitation/internet survey and postal invitation/telephone survey) and two styles of
contact approach (personalised and generic) in a community survey of greywater use. Potential respondents were
contacted only once, with no follow up of non-responders.

Results: The telephone survey produced the highest adjusted response rate (30.2%), followed by the personalised
postal survey (10.5%), generic postal survey (7.5%) and then the internet survey (4.7% for the personalised approach
and 2.2% for the generic approach). There were some differences in household characteristics and greywater use
rates between respondents to different survey modes, and between respondents to personalised and generic
approaches. These may be attributable to the differing levels of motivations needed for a response, and varying
levels of interest in the survey topic among greywater users and non-users. The generic postal survey had the
lowest costs per valid survey received (Australian $22.93), followed by the personalised postal survey ($24.75).

Conclusions: Our findings suggest that postal surveys currently remain the most economic option for
population-based studies, with similar costs for personalised and generic approaches. Internet surveys may be
effective for specialised groups where email lists are available for initial contact, but barriers other than household
internet access still exist for community-based surveys. Given the increasing recruitment challenges facing
community-based studies, there is an imperative to gather contemporary comparative data on different survey
modes and recruitment approaches in order to determine their strengths, limitations and costs. Researchers also
need to document and report on the potential biases in the target and respondent populations and how this may
affect the data collected.
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Background
Modes of contact for community-based epidemiological
research traditionally include mail-outs to residential
addresses, and telephone contact based on public direc-
tories or random-digit-dialing (RDD) to landline
telephone numbers. In addition to deciding on contact
mode(s), a choice needs to be made between persona-
lised (directed to a named person) or generic (to the
Householder/Occupant) approaches. However, the
population coverage of personalised data sources based
on public telephone directory listings has declined in re-
cent years due to the rapid transition to wireless (mo-
bile/cell) phones [1,2], and higher proportions of
unlisted landline numbers [3]. The rising prevalence of
households with only wireless telephone connections
has also impacted adversely on the coverage of generic
RDD methodology for landline telephone numbers [2].
In addition, researchers are encountering greater pro-

blems in making contact with potential respondents and
rising refusal rates among those contacted [4]. Declining
response rates have been reported for long established
population health surveys including the U.S. Behavioral
Risk Factor Surveillance Study (BRFSS), as well as public
opinion and consumer surveys [4]. A review of the RDD
monthly Survey of Consumer Attitudes by the Univer-
sity of Michigan [5] showed non-contacts accounted for
less than 5% of non-response between 1979 and 1985,
but increased to more than 15% by 2003. The rate of
refusals among contacted households also increased
from 19% in 1979 to 27% in 2003, and the overall re-
sponse rate fell from 72% to 48%. The dual challenges of
shrinking population coverage of traditional sampling
frames and falling response rates underline the need to
explore new sampling frames and alternative modes of
data collection for community-based surveys and to
document their utility.

Use of the internet for community surveys
With internet access now widespread in many countries,
electronic methods of contact and data gathering for
surveys have become possible. In common with tele-
phone interviews, internet surveys offer many advan-
tages for improving data quality compared to written
questionnaires [6]. These include the ability to require
or prompt for answers to missed questions, application
of input masks and consistency checks to minimise in-
valid responses, and skipping of irrelevant sections
which are conditional on the answers to previous ques-
tions. Problematic questions can be quickly identified by
tracking completion times and break-off points, then
modified to reduce the rate of incomplete surveys [7].
Initial costs for internet surveys vary depending on the
level of programming sophistication required, but as
data entry is performed by the respondents, the cost per
response declines as the number of respondents
increases. This offers potential savings compared to pos-
tal or telephone survey modes where material and staff
costs tend to be proportional to respondent numbers.
For surveys of specialised populations such as students

or professional groups it is usually possible to send an
email invitation with a direct hyperlink to the internet
survey to an existing email list, but the lack of such lists
for the general population means that other methods of
contact need to be used. Comparisons of internet sur-
veys with other modes of survey administration have
generally used conventional mail for initial contact, and
a common finding has been that response rates to com-
munity internet surveys are lower than for postal surveys
[8-10]. Two independent meta–analyses found that the
average differential between internet surveys and other
response modes was greater for community surveys than
for surveys involving specific target groups such as stu-
dents, employees or association members who may be
more familiar with internet use [11,12].
Even in countries such as Sweden where more than

80% of adults have internet access at home and there is
high penetration across different age groups and educa-
tion levels [9], it appears most people still prefer mail
surveys. For example, a community internet health sur-
vey with one mail and one telephone follow up contact
following a mailed invitation, obtained a response rate of
50.6%, but the parallel postal survey arm yielded a re-
sponse rate of 64.4% [13]. Similarly, a lifestyle survey of
Swedish women produced an initial response rate of
33% for a postal invitation to complete an internet sur-
vey [14], but when non-respondents were followed up
by letter or email and offered the choice of postal or
internet response, over 90% of those who responded at
this stage chose the postal option.
Although internet surveys currently appear less effect-

ive for community studies than other response modes,
the combination of multiple modes may offer a means
to improve overall survey response rates and possibly
broaden population coverage [15]. Indeed, it has been
argued that use of any single mode of contact other than
face-to-face household interviews will currently exclude
significant sub-groups within the population [16]. Stud-
ies offering the internet mode simultaneously with other
response modes have generally found little improvement
in overall response rates [17,18], but sequential use of
different modes has been reported to be beneficial [15].
For example, a US community study using a generic
address-based postal sampling frame found that re-
sponse rates between 44% and 52% could be achieved
using an initial internet survey with a pre-paid $5 cash
incentive followed by a postal survey of non-responders
[19]. Respondents to mail-only and internet+mail sur-
veys were similar to each other in demographic
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characteristics and more closely matched population
demographics than internet-only respondents. However,
it was found that the mail-only comparison arms had
higher response rates and lower costs, and the need to
use postal contact for invitations and follow up negated
the potential cost and speed advantages of the internet
mode. In more restricted target group (subscribers to
long distance telephone services), follow up of non-
responders to four initial survey modes (mail, telephone,
interactive voice response, or internet) using a different
mode (telephone or mail) resulted in an increase of up
to 37% in the overall response rate [20].
Investigation of factors affecting internet response

rates among those who are successfully contacted shows
general similarities to those documented for other sur-
vey modes [21]. The salience of the topic to the individ-
ual, the length and complexity of the survey and the
type of sponsoring organisation (academic, government
or commercial) all may influence a potential respon-
dent’s decision to take part. Access to the internet is of
course a prerequisite for responding, and the constraints
of literacy and language apply for the internet mode as
they do for mailed surveys, although the ability to pro-
vide access to questionnaires in alternative languages is
greatly simplified on the internet.

The effect of personalisation and incentives
Personalisation has generally been found to increase re-
sponse rates for postal questionnaires, but a recent sys-
tematic review showed a positive effect in only one of
six randomised studies that used community-based sam-
pling frames [22]. Another analysis of 17 comparisons
involving the general public in the US found a modest
benefit of personalisation on mail survey response rates
with greater effects apparent in rural areas [23]. Person-
alisation of email invitations for internet surveys has
been reported to increase response rates in a number of
groups including university students [24,25] and scien-
tists and engineers [26]. This approach is not open to
community surveys due to the lack of email lists, but
personalisation of invitation letters for internet surveys
might reasonably be expected to improve response rates
compared to generic invitations.
Incentives for participation in surveys may be provided

in monetary or non-monetary form, and paid uncondi-
tionally (sent to all potential respondents with the invita-
tion), conditionally (sent only to those who complete the
survey), or offered in the form of a lottery. Monetary
incentives were shown to be effective in a systematic re-
view of 94 postal surveys [22], with the odds of response
being almost doubled compared to no incentive, al-
though results were heterogenous. Monetary incentives
were more effective than non-monetary incentives, and
larger amounts generally more effective than smaller
amounts. Unconditional incentives were more effective
than conditional incentives, but there was heterogeneity
among studies. In this review only one internet survey
that assessed a monetary incentive versus no incentive
was included, and there was no significant effect on the
response rate. However six trials assessing non-
monetary incentives found that the odds of response al-
most doubled compared to no incentive.
A variety of alternative or combined incentives have

been assessed for internet surveys in terms of response
rate and cost-effectiveness. For example, a Canadian
study using mailed invitations for a community internet
survey found a small ($2) prepaid cash incentive gener-
ated the highest response rate, but a high value lottery (2
prizes of $250) was the most cost-effective option (other
options tested were no incentive and 10 prizes of $25)
[27]. A systematic review of material incentives found a
fairly consistent positive effect on increasing the number
of people visiting the first page on internet survey web-
sites but a more variable impact on the number of sur-
veys actually completed [28], but most individual studies
had insufficient power to detect an effect.
In 2011 we carried out a community-based survey in

Melbourne, Australia examining household practices
regarding greywater use and associated health risks.
Greywater is used water collected from the bathroom,
laundry or kitchen for subsequent reuse in the home or
garden. We used postal invitations in combination with
three modes of survey administration (postal, internet
and telephone) and two styles of contact approach (per-
sonalised and generic), with a lottery incentive. We
present a comparison of response rates and cost-
effectiveness for the different modes and approaches.

Methods
Ethical approval for the study was granted in compliance
with the Helsinki Declaration by the Monash University
Human Research Ethics Committee (MUHREC Project
number CF10/1163-2010000621). Names and addresses
for personalised contact were obtained from a commer-
cial database holding the contact details of over 70% of
Australian households and telephone numbers for some
households. Five methods of recruitment were used:

1. Personalised postal survey: mail out of a personally
addressed introductory letter, together with the
explanatory statement for the study, a greywater
survey form and a reply paid envelope.

2. Generic postal survey: mail out of an introductory
letter addressed generically “to the householder”,
together with the explanatory statement, a greywater
survey form and a reply paid envelope.

3. Personalised internet survey: mail out of a personally
addressed postcard inviting the householder to
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complete a web-based survey. The Explanatory
statement was available at the web address given on
the postcard. To prevent multiple survey responses
from the same household, postcards were
overprinted with a unique alphanumeric code which
had to be entered to begin the survey. Each code
could be used only once.

4. Generic internet survey: mail out of a generic
postcard addressed “to the householder” inviting the
householder to complete a web-based survey. These
postcards also had a unique alphanumeric code.

5. Telephone interview: mail out of an explanatory
statement and a personally addressed introductory
letter informing the householder that they would be
telephoned and invited to complete a telephone
interview.

The total target number for completed surveys via all
recruitment strategies combined was 600, with about
200 responses to be derived from each of the three
modes of contact (postal, internet and telephone). The
target area included approximately 128,000 residential
postal delivery addresses in 27 contiguous suburbs in
the southeast region of Melbourne. The selected area
contained a high percentage of houses with gardens
relative to the inner city, and therefore a higher likeli-
hood of greywater use given the prevailing restrictions
on outdoor tap water use imposed by prolonged drought
conditions. The target area included suburbs spanning a
range of socioeconomic levels defined by the Australian
Bureau of Statistics (ABS) using Socio-Economic In-
dexes for Areas (SEIFA). The SEIFA Postal Area Index
of Relative Socio-Economic Advantage and Disadvantage
2006 was used to categorise suburbs. This is a con-
tinuum of advantage (high values) to disadvantage (low
values) and is derived from several Census variables, in-
cluding factors such as tertiary education and household
income [29].
The recruitment strategy ensured that each household

received only one approach and this was accomplished
by reserving two suburbs for the generic internet post-
card mail out and one suburb for the generic postal sur-
vey mail out. For the remaining suburbs, separate non-
overlapping data files were obtained for the personalised
approaches (one data extract comprising 15,500 ran-
domly selected names and addresses for the postal sur-
vey and another data extract containing 2,060 randomly
selected names, addresses and telephone numbers for
the telephone survey).
Printing, packaging and postal lodgement of survey

material was carried out by a mailing company. Persona-
lised postal surveys were sent to 5,500 householders,
generic postal surveys to 4,000 householders, persona-
lised internet postcards to 10,000 householders, generic
internet postcards to 7,000 householders, and persona-
lised letters informing householders they would be called
for a telephone interview were sent to 2,060 households.
Households selected for the telephone survey had a two
week period to contact the Study Centre and decline
participation before interviews began (a condition of
MUHREC approval). Numbers listed in the Australian
Do Not Call registry (a national opt-out list for telemar-
keting calls) were deleted prior to commencing tele-
phone interviews. The generic postal surveys and
internet postcards were delivered by the postal service to
all households in the targeted suburb(s) along with con-
ventional mail, rather than being bundled with “junk
mail” deliveries. Householders had four weeks to re-
spond to the postal and internet surveys, and no re-
minder mail outs or telephone calls were made.
Telephone interviewing was contracted to a telemarket-
ing company, and calls were made between 4 pm and
8 pm on Monday to Thursday of one week. Data entry
for postal surveys was carried out in-house, and respon-
dents entered their own data for the internet survey.
The survey enquired about collection and reuse of

greywater (defined as water from the laundry, bathroom
or kitchen) at any time in the last five years. For those
who had used greywater, details were requested about
specific greywater use practices. To enable demographic
comparisons to be made, information was collected from
all participants about postcode of residence, household
type (family, couple, single, group), home ownership
(own/purchasing, renting) and dwelling type (detached
house, semi-detached house, apartment). The survey
required a maximum of 10 min to complete, and the
majority of questions required checkbox answers with
some optional short text fields. Respondents to all sur-
vey modes (whether greywater users or non-users) could
choose to enter a lottery draw for 20 retail gift vouchers
to the value of $70 each.
A web database was established for data entry from all

survey modes. The database programming included
branching, so that questions deemed irrelevant based on
a previous response were not presented to participants
in the internet or telephone modes, minimising comple-
tion time. Programming also ensured that respondents
could not skip relevant questions, thereby enhancing
survey completeness and validity. Postal surveys
included instructions for respondents to move to the
next relevant section depending on their prior answers.

Results
Survey response rates
A total of 1677 responses to the greywater survey were
received, comprising 924 postal surveys, 273 telephone
surveys and 480 internet surveys. Among the postal sur-
veys, 40 returned surveys were excluded from data entry
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due to large amounts of missing data. An additional 16
surveys (10 postal and 6 internet surveys) were excluded
from data analysis as they were from respondents living
outside the study area. This left 1621 valid surveys for
analysis (874 postal, 273 telephone and 474 internet sur-
veys), which was above the planned minimum number
for each recruitment mode. Ninety seven (97) postal sur-
veys lacked postcode information but were otherwise
complete, and these were included in all analyses except
those involving socioeconomic factors which required
suburb of residence to be known. Overall, 67.6% of
respondents were greywater users, and the majority of
respondents (79.0%) opted to enter the prize draw.
Crude and adjusted response rates for the different

modes of contact are shown in Table 1. The highest re-
sponse rate was obtained for the telephone approach
with 30.2% (95% confidence limit 27 – 33%) of house-
holds where at least one contact attempt was made,
completing the survey. Contact modes which required
the respondent to take action (fill in a postal survey
form and mail it back, or visit an internet site to do an
on-line survey) had lower response rates. For both postal
and internet surveys, the personalised approach pro-
duced significantly higher crude response rates than the
corresponding generic approach (two sample proportion
test p < 0.001). After adjusting for mode characteristics
(e.g. internet access, unknown postcode), the relative
order of response rates remained the same as for crude
rates: telephone survey personalised > postal survey per-
sonalised > postal survey generic > internet survey perso-
nalised > internet survey generic, with response rates
significantly different from each other (two sample pro-
portion test p < 0.001 in a stepwise manner).
As the generic postal surveys were sent to only two

suburbs, the potential respondents may not have
Table 1 Response rates for the greywater use survey

Type of approach Number of
approaches

Number of
responses

Crude
response rate (%)

A
a

Postal survey
personalised

5,500 511 9.3 5

Postal survey
generic

4,000 266 6.7 4

Internet survey
personalised

10,000 289 2.9 6

Internet survey
generic

7,000 101 1.4 4

Telephone survey
personalised

1,000 273 27.3 9

Total 34,500 1621 4.7 2
* Adjusted by distribution of 97 postal surveys with unknown postcode to personal
postcodes.
** 62.1% of households in the personalised internet survey area had internet access
*** 64.5% of households in the generic internet survey area had internet access.
**** Crude response rate calculated for 1,000 telephone numbers (minimum quantit
least one contact attempt made. Of 866 households contacted, 352 refused, 148 we
technical difficulties.
represented the same spectrum of socioeconomic cat-
egories included in the larger target area for the persona-
lised postal survey. Therefore the response rate for the
generic postal survey was also compared to the subset of
suburbs in the same SEIFA quintile in the personalised
approach area (quintile 4 for the SEIFA Postal Area
Index of Relative Socio-Economic Advantage and Dis-
advantage 2006). A total of 794 personalised postal sur-
veys had been sent to suburbs in this SEIFA quintile,
resulting in 67 responses (crude response rate 8.4%) from
the corresponding postcodes. This was higher than for
the generic postal survey (crude response rate 6.7%),
but the difference was not significant (p=0.09). For the
personalised internet survey, the number of respondents
from the corresponding SEIFA quintile area was too low
to permit meaningful comparison with the generic inter-
net survey area.

Comparison of respondents from different survey modes
Information on participating households was compared
with characteristics of residents of the target area using
data from the 2006 Australian Census [30]. Survey
respondents were more likely to be home owners/buyers
(93.9% versus 72.9%), less likely to occupy apartments
(1.2% versus 12.5%), and more likely to be families or
couples (85.1% versus 74.5%) compared to the overall
population in the target area.
Comparisons between survey respondents from differ-

ent modes of contact showed that rates of home owner-
ship were similar in all groups but telephone survey
respondents included a significantly higher proportion
of group households than postal or internet respondents
(5.5% vs 0.8% and 1.9% respectively, p<0.01), and postal
survey respondents were less likely to occupy apart-
ments compared to telephone or internet respondents
djusted number of
pproaches

Adjusted number
of responses

Adjusted response rate
(%) and (95% CI)

,500 575* 10.5 (9.7-11.3)

,000 299* 7.5 (6.7-8.3)

,210** 289 4.7 (4.2-5.2)

,515*** 101 2.2 (1.8-2.6)

03**** 273 30.2 (27.2-33.2)

5,384 1,621 6.4 (6.1-6.7)

ised (n = 64) or generic modes (n = 33) as per survey response rates for known

.

y for data file purchase), adjusted rate is for 903 telephone numbers with at
re missed call backs, 93 had language difficulties. There were 37 numbers with
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(0.6% versus 1.8% and 1.9% respectively, p<0.05). Grey-
water use was significantly lower among telephone
respondents compared with both internet and postal
respondents (both p<0.001) and for postal respondents
compared with internet respondents (p<0.01).

Comparison of respondents from different contact types
Comparison of respondents replying to generic versus
personalised approaches showed no significant differ-
ence in household or dwelling type (both p>0.05) either
overall or when adjusted for SEIFA quintile. However,
those responding to generic approaches were less likely
to be home owners/buyers than those who responded to
personalised approaches (90.9% versus 95.0%, p=0.004).
Additionally, there was a significantly higher proportion
of greywater users among generic versus personalised
approach respondents (75.6% versus 69.2%, p = 0.012).
When the comparison was adjusted for SEIFA quintile,
the differences were still significant.

Costs of the survey
An assessment of the costs associated with each mode
of survey recruitment and the expenditure required for
each valid survey obtained is shown in Table 2. The esti-
mated costs per completed valid survey were similar for
the personalised ($24.75) and generic ($22.93) postal
survey modes of recruitment, but costs for the internet
and telephone survey modes were considerably higher,
ranging from $44.24 to $53.84 per valid survey
completed.

Discussion
Response rates for the different survey administration
modes varied, as did greywater use rates among respon-
dents to different modes, perhaps reflecting differing
Table 2 Summary cost figures (Australian $) for the different

Component Postal survey
personalised

Post
gene

Rental of data extract and data manipulation $2,148 -

Printing and packaging survey form, letters,
postcards

$4,625 $3,31

Postage $3,071 $683

Web database programming** $1,373 $1,37

Salary costs for mail handling and data entry
of postal surveys***

$3,012 $1,48

Telephone interviews - -

Total costs $14,229 $6,8

Number of contact attempts 5,500 4,000

Number of valid surveys obtained 575 299

Cost per valid survey $24.75 $22.
* Costs have been calculated for 1,000 telephone numbers and introductory letters.
** Web database programming and hosting costs have been distributed equally acr
*** Costs do not include salaries for senior researchers supervising staff.
levels of motivation and interest in the topic. Similar to
other community studies using postal invitations and
comparing response rates for different survey modes
[8,10], we found that response rates to the internet sur-
vey were significantly lower than other modes even after
correction for levels of internet access. The crude re-
sponse rates in our survey were significantly higher for
personalised versus generic approaches with both postal
and internet modes, but for the postal surveys there was
no significant effect of personalisation when comparing
areas of the same socioeconomic level, suggesting little if
any benefit to overall response in this instance. However
personalisation allows preliminary contact by letter prior
to telephone interviews, and this has been shown to sig-
nificantly increase response rates [31].
Our overall response rates were lower than has been

documented in some other studies, but still enabled
sufficient recruitment numbers for our purposes. This
may in part reflect the specialised research topic, as
well use of a single contact attempt with no follow up.
Additionally, changing weather conditions (heavy rains
before the survey period) and a relaxation in tap water
restrictions in Melbourne probably reduced levels of
interest in the survey topic. The response time permit-
ted for postal and internet surveys was short (four
weeks), and although we recognise that follow up of
non-responders significantly enhances response rates to
both postal [32] and internet surveys [6], we were un-
able to follow up non-respondents because of study
time constraints. Similarly, the short time frame available
for telephone interviews (four days) limited the ability to
call back households who asked to defer the survey.
Our survey was not intended to assess the prevalence

of greywater use in Melbourne but rather to collect
detailed information on greywater use practices from
survey modes

al survey
ric

Internet survey
personalised

Internet survey
generic

Telephone
survey*

$3,817 - $684

7 $2,494 $2,326 $509

$5,100 $966 $510

3 $1,373 $1,373 $2,747

3 - - -

- - $10,249

56 $12,784 $4,665 $14,699

10,000 7,000 1,000

289 101 273

93 $44.24 $46.19 $53.84

oss postal, internet, and telephone survey modes.
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households which had used this water source during a
recent drought. Representative data on household grey-
water use in Australia are limited to the prevalence in
state capitals and other areas, and garden watering as a
major use [33]. For this reason it is difficult to ascertain
whether our respondents are representative of all urban
greywater users. The household characteristics of sur-
vey respondents were consistent with expectations, with
greywater use being strongly associated with the pres-
ence of a garden and with home ownership. Our
respondents spanned a range of socioeconomic levels,
with no clear trend in response rates relative to socioe-
conomic status (data not shown). However, response
required a good command of spoken or written English,
and the effect of this restriction can be estimated from
the telephone survey where 10.7% of contacted house-
holds were excluded because of language difficulties.
Analysis of costs per valid survey returned showed

that the postal survey mode was the most cost-effective,
with only minor differences between personalised and
generic approaches, but internet and telephone modes
were more costly. Our internet-based survey database
was constructed by a professional programmer, and cost
savings could be achieved by using a “do-it-yourself”
web survey tool, provided that the survey structure is
not too complex. However, costs need to be balanced
against generalisability, and if the lower motivation
required for telephone surveys means they are associated
with increased response rates, they may also provide a
more representative range of respondents than other
survey modes.
The impact of changes in household telecommunica-

tions and other factors on the coverage and availability
of different data sources mean that researchers must
now consider use of more than one sampling frame and/
or response mode in attempts to survey or recruit repre-
sentative population samples [3,34]. Current evidence
suggests that telephone and postal modes of survey ad-
ministration remain the most effective for community
surveys, but this may change as levels of household
internet access and familiarity increase. There is also a
need to develop more cost-effective ways of inviting
community participation in internet surveys. Paid adver-
tising on social media websites or pop-up adverts trig-
gered by particular internet search terms have been
successfully used for recruitment of specific target
groups including young women [35] or people seeking
quit smoking information [36], but it is not yet clear
how such methods might be adapted to broader com-
munity recruitment efforts.
Regardless of the sampling frame or mode of contact,

low response rates in comparison to historical levels
seem likely to continue in the future. While high re-
sponse rates have often been viewed as a safeguard
against non-response bias, low response rates of them-
selves do not necessarily indicate a high degree of bias
in study results. A detailed analysis of the relationship
between non-response rates and non-response bias in
235 separate estimates from 30 published studies found
that the response rate alone was not a very good indica-
tor of the magnitude of non-response bias [37]. While
very high response rates reduced the probability that
non-response bias was present, this did not mean that
the degree of bias was low, in cases when it did occur.
In addition, there was often considerable variation in the
degree of bias among different variables within any indi-
vidual study.

Conclusions
Our findings suggest that postal surveys remain the
most economic option for community surveys, with
similar costs for personalised and generic approaches.
Telephone surveys may produce higher response rates
but also entail higher costs, and the internet is not cur-
rently an effective mode for community-based surveys.
In Australia, as in many other jurisdictions, it is be-

coming increasingly difficult to obtain data sources
which provide a representative population sampling
frame for inviting community members to participate in
epidemiological surveys. The optimal recruitment strat-
egy for a specific study requires consideration of the
relative importance of response rates, response biases,
cost-effectiveness and generalisability. Even when a rep-
resentative sampling frame is used, some degree of re-
sponse bias is inevitable depending on demographic and
socioeconomic factors, literacy and language constraints,
the personal level of interest/relevance of the topic
under study, the demands of the survey (length/com-
plexity/sensitive topics), and the mode(s) of contact
employed. When publishing study outcomes it is import-
ant that researchers specify the limitations of the data
sources and sampling strategies used for recruitment,
and document the potential biases in the target and re-
spondent populations and how this may affect the data
collected.

Abbreviations
ABS: Australian Bureau of Statistics; RDD: Random digit dialling; SEIFA: Socio-
economic indexes for areas.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
All authors were involved in the study conception and design, interpretation
of data, and reviewed drafts of the manuscript. JOT conducted the data
analysis, MM and MS wrote the initial draft. All authors read and approved
the final manuscript.

Author information
MM is currently located at the Epidemiology Unit, Ministry of Health,
Colombo, Sri Lanka.



Sinclair et al. BMC Medical Research Methodology 2012, 12:132 Page 8 of 8
http://www.biomedcentral.com/1471-2288/12/132
Acknowledgements
This research was funded by the Smart Water Fund Victoria and Water
Quality Research Australia. JOT was supported by an NHMRC Training
Fellowship and KL by an NHMRC Career Development Award. MM visited
Monash University as a Public Health Trainee with the support of the
Department of Health, Sri Lanka.

Author details
1Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Monash University, Melbourne, Australia.
2School of Land and Environment, The University of Melbourne, Parkville,
Australia.

Received: 25 January 2012 Accepted: 27 August 2012
Published: 31 August 2012

References
1. Blumberg SJ, Luke JV: Wireless substitution: early release of estimates from the

National Health Interview Survey, July–December 2009: Centers for Disease
Control and Prevention; 2010. http://www.cdc.gov/nchs/nhis/releases.
htm#wireless.

2. Blumberg SJ, Luke JV: Wireless substitution: Early release of estimates from the
National Health Interview Survey, January-June 2011. Centers for Disease
Control and Prevention; 2011. http://www.cdc.gov/nchs/nhis/releases.
htm#wireless.

3. Guterbock TM, Diop A, Ellis JM, Holmes JL, Le KT: Who needs RDD?
Combining directory listings with cell phone exchanges for an
alternative telephone sampling frame. Soc Sci Res 2011, 40(3):860–872.

4. Galea S, Tracy M: Participation rates in epidemiologic studies. Ann
Epidemiol 2007, 17:643–653.

5. Curtin R, Presser S, Singer E: Changes in Telephone Survey Nonresponse
over the Past Quarter Century. Public Opin Q 2005, 69(1):87–98.

6. Ekman A, Litton J-E: New times, new needs; e-epidemiology. Eur J
Epidemiol 2007, 22:285–292.

7. Van Gelder MMHJ, Bretveld RW, Roeleveld N: Web-based questionnaires:
the future in epidemiology? Am J Epidemiol 2010, 172(11):1292–1298.

8. Link MW, Mokdad AH: Alternative modes for health surveillance surveys:
an experiment with web, mail and telephone. Epidemiology 2005,
16(5):701–704.

9. Källmén H, Sinadinovic K, Berman AH, Wennberg P: Risky drinking of
alcohol in Sweden: a randomized population survey comparing
web- and paper-based self-reports. NAT Nordic Stud Alcohol and Drugs
2011, 28(2):123–130.

10. Eriksen L, Grønbæk M, Helge JW, Tolstrup JS, Curtis T: The Danish health
examination survey 2007–2008 (DANHES 2007–2008). Scand J Public
Health 2011, 39(2):203–211.

11. Manfreda KL, Bosnjak M, Berzelak J, Haas I, Vehovar V: Web surveys versus
other survey modes. A meta-analysis comparing response rates. Int J
Market Res 2008, 50(1):79–104.

12. Shih TH, Xitao F: Comparing response rates from web and mail surveys:
A meta-analysis. Field Methods 2008, 20(3):249–271.

13. Balter KA, Balter O, Fondell E, Lagerros YT: Web-based and mailed
questionnaires: A comparison of response rates and compliance.
Epidemiology 2005, 16(4):577–579.

14. Ekman A, Dickman PW, sa Klint A, Weiderpass E, Litton JE: Feasibility of
using web-based questionnaires in large population-based
epidemiological studies. Eur J Epidemiol 2006, 21:103–111.

15. Couper MP: The future of modes of data collection. Public Opin Q 2011,
75:(5 SPEC)889–908.

16. Blyth B: Mixed mode: The only ‘fitness’ regime? Int J Market Res 2008,
50(2):241–266.

17. Brogger J, Nystad W, Cappelen I, Bakke P: No increase in response rate by
adding a web response option to a postal population survey:
a randomized trial. J Med Internet Res 2007, 9(5):e40.

18. Turunen M, Paanala A, Villman J, Nevalainen A, Haverinen-Shaughnessy U:
Evaluating housing quality, health and safety using an Internet-based
data collection and response system: a cross-sectional study. Environ
Health 2010, 9:69.

19. Messer BL, Dillman DA: Surveying the general public over the internet
using address-based sampling and mail contact procedures. Public Opin
Q 2011, 75(3):429–457.
20. Dillman DA, Phelps G, Tortora R, Swift K, Kohrell J, Berck J, Messer BL:
Response rate and measurement differences in mixed-mode surveys
using mail, telephone, interactive voice response (IVR) and the Internet.
Soc Sci Res 2009, 38(1):1–18.

21. Fan W, Yan Z: Factors affecting response rates of the web survey:
a systematic review. Comput Hum Behav 2010, 26:132–139.

22. Edwards PJ, Roberts I, Clarke MJ, DiGuiseppi C, Wentz R, Kwan I, Cooper R,
Felix LM, Pratap S: Methods to increase response to postal and electronic
questionnaires. Cochrane Database Syst Rev 2009, Issue 3:Art. No.:
MR000008. doi:10.1002/14651858.MR000008.pub4.

23. Dillman DA, Lesser V, Mason R, Carlson J, Willits F, Robertson R, Burke B:
Personalization of mail surveys for general public and populations with
a group identity: results from nine studies. Rural Sociol 2007,
72(4):632–646.

24. Heerwegh D: Effects of personal salutations in e-mail invitations to
participate in a web survey. Public Opin Q 2005, 69(4):588–598.

25. Muñoz-Leiva F, Sánchez-Fernández J, Montoro-Ríos F, Ibáñez-Zapata JA:
Improving the response rate and quality in Web-based surveys through
the personalization and frequency of reminder mailings. Qual Quant
2010, 44(5):1037–1052.

26. Sauermann H, Roach M: Increasing web survey response rates in
innovation research: An experimental study of static and dynamic
contact design features. Res Policy 2012, http://dx.doi.org/10.1016/j.
respol.2012.05.003.

27. Gajic A, Cameron D, Hurley J: The cost-effectiveness of cash versus lottery
incentives for a web-based, stated-preference community survey. Eur J
Health Econ 2011:1–11. doi:10.1007/s10198-011-0332-0.

28. Göritz AS: Incentives in web studies: methodological issues and a review.
Int J Internet Sci 2006, 1(1):58–70.

29. ABS: Socio-Economic Indexes for Areas: Australian Bureau of Statistics; 2008.
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Seifa_entry_page.

30. ABS: Census Home Page: Australian Bureau of Statistics; 2006. http://www.
abs.gov.au/websitedbs/censushome.nsf/home/Census.

31. De Leeuw E, Callegaro M, Hox J, Korendijk E, Lensvelt-Mulders G:
The influence of advance letters on response in telephone surveys.
A meta-analysis. Public Opin Q 2007, 71(3):413–443.

32. McCluskey S, Topping AE: Increasing response rates to lifestyle surveys: a
pragmatic evidence review. Perspect Public Health 2011, 131(2):89–94.

33. ABS: Environmental Issues: Water use and conservation: Australian Bureau of
Statistics; 2010. http://www.abs.gov.au/ausstats/abs@.nsf/mf/4602.0.55.003/.

34. Mokdad AH: The behavioral risk factors surveillance system: Past,
present, and future. Annu Rev Public Health 2009, 30:43–54.

35. Fenner Y, Garland SM, Moore EE, Jayasinghe Y, Fletcher A, Tabrizi SN,
Gunasekaran B, Wark JD: Web-based recruiting for health research using a
social networking site: an exploratory study. J Med Internet Res 2012,
14(1):e20. doi:10.2196/jmir.1978.

36. Ramo DE, Hall SM, Prochaska JJ: Reaching young adult smokers through
the Internet: Comparison of three recruitment mechanisms. Nicotine Tob
Res 2010, 12(7):768–775.

37. Groves RM: Nonresponse rates and nonresponse bias in household
surveys. Public Opin Q 2006, 70(5):646–675.

doi:10.1186/1471-2288-12-132
Cite this article as: Sinclair et al.: Comparison of response rates and
cost-effectiveness for a community-based
survey: postal, internet and telephone modes with generic or
personalised recruitment approaches. BMC Medical Research Methodology
2012 12:132.

http://www.cdc.gov/nchs/nhis/releases.htm#wireless
http://www.cdc.gov/nchs/nhis/releases.htm#wireless
http://www.cdc.gov/nchs/nhis/releases.htm#wireless
http://www.cdc.gov/nchs/nhis/releases.htm#wireless
http://dx.doi.org/10.1002/14651858.MR000008.pub4
http://dx.doi.org/http://dx.doi.org/10.1016/j.respol.2012.05.003
http://dx.doi.org/http://dx.doi.org/10.1016/j.respol.2012.05.003
http://dx.doi.org/10.1007/s10198-011-0332-0
http://www.abs.gov.au/websitedbs/D3310114.nsf/home/Seifa_entry_page
http://www.abs.gov.au/websitedbs/censushome.nsf/home/Census
http://www.abs.gov.au/websitedbs/censushome.nsf/home/Census
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4602.0.55.003/
http://dx.doi.org/10.2196/jmir.1978

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Use of the internet for community surveys
	The effect of personalisation and incentives

	Methods
	Results
	Survey response rates
	Comparison of respondents from different survey modes
	Comparison of respondents from different contact types
	Costs of the survey

	Discussion
	Conclusions
	Competing interests
	Authors&rsquor; contribution
	Author information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


