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Abstract
Objectives To systematically review the literature and compare response rates (RRs) of web surveys to alternative data

collection methods in the context of epidemiologic and public health studies.

Methods We reviewed the literature using PubMed, LILACS, SciELO, WebSM, and Google Scholar databases. We

selected epidemiologic and public health studies that considered the general population and used two parallel data

collection methods, being one web-based. RR differences were analyzed using two-sample test of proportions, and pooled

using random effects. We investigated agreement using Bland-and-Altman, and correlation using Pearson’s coefficient.

Results We selected 19 studies (nine randomized trials). The RR of the web-based data collection was 12.9 percentage

points (p.p.) lower (95% CI = - 19.0, - 6.8) than the alternative methods, and 15.7 p.p. lower (95% CI = - 24.2, - 7.3)

considering only randomized trials. Monetary incentives did not reduce the RR differences. A strong positive correlation

(r = 0.83) between the RRs was observed.

Conclusions Web-based data collection present lower RRs compared to alternative methods. However, it is not recom-

mended to interpret this as a meta-analytical evidence due to the high heterogeneity of the studies.
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Introduction

Much of the epidemiologic and public health findings are

dependent on interviewing individuals. The main objective

of the interviews is to produce a combined estimate that

can be generalized to a broader population. To achieve this

goal, it is very important to reduce the total survey error

(TSE) (Biemer 2010). One of the main components of the

TSE is the nonresponse error, which is the failure to obtain

data from all the members of a sample (Groves 2004). If

the non-respondents are different from the respondents on

characteristics that are important to the study objectives,

this could skew the results and limit the generalization of

the findings (Beebe et al. 2012; Keiding and Louis 2016).

The nonresponse error is related to the survey response rate

(RR), as low RRs increase the probability of occurring this

error (Groves 2004). Recently, epidemiologic and public

health studies are facing a constant reduction on their RRs,

which lies between one (Morton et al. 2006) and two

percentage points (p.p.) per year (Wallander et al. 2015).

Several aspects can influence the RR, including the data

collection method (Galea and Tracy 2007).

Face-to-face interviews are commonly used to collect

data; however, the complicated logistics and the elevated

costs are turning this methodology prohibitive (Dillman

et al. 2014). Questionnaires sent via mail are also widely

used among high-income populations, where the mailing

system works and the costs related to printing and sending

questionnaires via traditional mail are not a problem

(Hardigan et al. 2012). Another data collection method is

the telephone, which involves simple logistics but is

compromised by the massive reduction of landline phones

(Blumberg et al. 2013). The Internet is a natural candidate
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to overcome the disadvantages of the alternative data col-

lection methods, as its coverage is in constant growth

worldwide (The World Bank 2018). Web surveys are

defined as instruments located in a server in the World

Wide Web (WWW), where the questionnaire lies in a web

page and is accessed using a web browser (Bethlehem and

Biffignandi 2012). This method can facilitate the logistics

(Sax et al. 2003) and reduce costs, since there is only the

survey setup cost, which does not increase with the number

of persons interviewed (Hardigan et al. 2012).

The number of epidemiologic and public health surveys

using the web to collect data is growing. From 2007 to

2014, there was a 400% increase on the number of ran-

domized trials using the web (Brice et al. 2015). However,

the web still is a novel approach to collect epidemiologic

data; thus, it is important to compare the quality of web

surveys to alternative data collection methods. There are

several survey quality factors that constitute the TSE, but

in this study, we will focus on the nonresponse component

and use the RR as its indicator.

The goal of this study was to systematically review the

epidemiologic and public health literature to compare RRs

of web surveys and alternative data collection methods

applied to the general population, and check whether there

is enough evidence about how the different approaches

differ in relation to this indicator.

Methods

The literature review was based on PubMed, LILACS,

SciELO, WebSM, and Google Scholar databases. The

search ended in March-2017 and was limited to human

populations. No date limit or language restriction was used.

The list of references of all selected articles was checked to

find potential studies of interest not yet identified through

our search.

The expression used to search the databases was con-

structed as follows: [(Internet OR web OR online OR

www) AND (response OR return OR completion) AND

(rate OR proportion)]. The search for the terms was limited

to the title and abstract of the studies. To search the

WebSM database, we used the following filters: ‘‘Mode

comparison’’, ‘‘Web Surveys’’, ‘‘Mixed-Mode Surveys’’,

‘‘Journal article’’, ‘‘Conference proceedings’’, ‘‘Book’’,

‘‘Edited book’’, ‘‘Book section’’, and ‘‘Thesis/diplomas’’.

To be included, a study had to report the RRs of at least

two data collection methods, being one of them a self-

administered web survey. To be considered a web survey,

it should be a questionnaire located in a web page acces-

sible using a web-browser (Bethlehem and Biffignandi

2012). The web-based and the alternative data collection

methods had to be concurrently administered. The studies

had to be about health-related topics, based on represen-

tative samples, not including, for example, case reports or

studies based on convenience samples. Studies that tar-

geted specific populations such as professional groups,

students, and persons with a given disease or any other

specific group were excluded. These specific groups were

not included in the review, since they are more likely to

respond compared to the general population (Lozar Man-

freda et al. 2008).

Every search result was added to a Zotero 4.0 (Zotero,

Virginia, USA) database, where duplicates were removed.

If different studies were based on the same survey or

inquiry, only one study was selected. This exclusion

occurred to avoid duplicates in terms of RRs, since dif-

ferent studies that used the same survey or inquiry have the

same estimates. In this case, the earliest study, according to

the publication year, was selected. Following the exclusion

of duplicates, the titles and abstracts of the studies were

checked according to the selection criteria. Finally, the full

text of the articles was read to confirm their eligibility, to

check the reference list, and to extract the results of the

studies. If any relevant detail was not described in the full

text, an email was sent to the first author of the study to

achieve such information.

Descriptive variables

Among the 19 selected studies, two types of study designs

were identified: cross-sectional and randomized trials. To

be considered a randomized trial, the participants had to be

randomly assigned to one of the different data collection

methods compared by the study. The web recruitment

method describes the mean through which the participants

were invited to respond the web survey. E-mails had to

contain a link pointing to the web survey, letters had to be

sent via traditional mail, and the other category included

virtual banners and phone calls. A study was considered to

provide monetary incentives if any money amount or

monetary gift cards were given. Lottery entrance, dona-

tions, or points were considered non-monetary. The use of

reminders consisted on any attempt to contact the non-

respondents after the initial recruitment. Finally, the type of

RR calculation was analyzed according to the Standard

Definitions of the American Association for Public Opinion

Research (AAPOR) (The American Association for Public

Opinion Research 2016). If the study did not provide the

RR considered, the type of calculation was assessed using

the formulas of the AAPOR publication.

To account for the differences in Internet coverage and

use that might occur across the years, the mean RRs con-

sidering two different publication periods were analyzed.

The first period was from 2002 to 2009, while the second

was from 2010 to 2015. These periods were chosen,
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because they are from two different decades, and because

the Internet coverage suffered important changes. In 2002,

only 10.6% of the world population had Internet access,

reaching 25.5% in 2009. While in 2010, 28.9% of the

population had Internet access, reaching 43.2% of the

population in 2015 (The World Bank 2018). The whole

decade period (e.g., 2000–2009 and 2010–2020) was not

considered, since no studies were published before 2002,

neither after 2015.

Statistical analyses

The selected studies were organized in an Excel 2010

(Microsoft Corp., Washington, USA) spreadsheet, where

the relevant methodological aspects of the studies were

extracted. Statistical analyses were performed using Stata

13.1 (Stata Corp., Texas, USA). The difference between

the RR estimates of the web-based and the alternative data

collection methods was assessed via two-sample test of

proportions. The pooled RR differences were estimated

using random effects, and the percentage of variation

among the studies due to heterogeneity was analyzed using

the i2 statistic (Higgins and Thompson 2002). The agree-

ment between RR estimates was analyzed using the Bland

and Altman (1999) method, and the correlation was ana-

lyzed using Pearson’s correlation coefficient. It was con-

sidered a significance level equal to 5%.

Results

Selection process

The search among the five databases returned 4707 studies.

All titles and abstracts were checked, and 4689 studies

were excluded: 46.2% did not target the general popula-

tion, 23.7% were not health-related, 21.4% did not report

RRs of at least two data collection methods, 4.2% were

based on the same survey with identical RRs, 3.6% did not

use web surveys, and 0.9% did not use concurrent data

collection methods. A total of 18 eligible studies were

selected according to the selection criteria. After reading

their full text, one additional study was selected via the

reference list, totalizing 19 eligible studies, as shown in

Fig. 1.

Description of the selected studies

A complete list of the selected studies is provided in Online

Resource 1. Some of the studies used more than one

alternative method to the web-based data collection

method, and also more than one web-based approach

compared to the alternative methods. This is the reason

why we describe the studies more than once, adding up to

28 groups assessed. All the selected studies were conducted

in high-income countries, almost half of them (nine stud-

ies) being based in the United States, one conducted in

South Korea, and the remaining nine studies were per-

formed in four European countries (one in Denmark, one in

Finland, two in The Netherlands, and five in Sweden). Mail

questionnaires were the most used alternative to the web-

based method, being employed 11 times.

In Table 1, we describe the methodological character-

istics of the selected studies. Only nine studies formally

compared the RRs by randomizing the participants

between the different data collection methods. Only six

studies explicitly provided the type of RR calculation

according to the AAPOR Standard Definitions (The

American Association for Public Opinion Research 2016).

Almost half of the studies calculated the RRs assuming that

there were no eligible cases among the cases of unknown

eligibility (RR5), and two other studies adopted the same

methodology but also considered partial respondents as

complete respondents (RR6). Two studies also considered

the partial respondents as complete ones, but one included

the real number of cases of unknown eligibility in the

calculation (RR2), and the other performed an estimate of

this number (RR4). Six studies calculated the minimum RR

(RR1). Although there were differences between the RR

calculations used by the studies, we directly compared the

estimates, since there was not enough information in the

manuscript, or provided by the authors, to standardize the

types of RR for all the studies. In Table 2, we present the

mean and median sample sizes and RRs for the web-based

and the alternative data collection methods. The different

number of groups assessed is to avoid repeated RR and

sample size estimates for studies that compared more than

two alternative or web-based approaches. The studies had a

wide range of sample sizes, regardless of the data collec-

tion method used. The difference between the mean and

median indicate the asymmetry of the distribution of

sample sizes for the web-based and the alternative data

collection methods. This difference was not as large for the

RR values, but still assumed an asymmetric distribution.

However, to simplify the interpretation and to enable

comparisons with other studies, we adopt the mean to

perform the RR analyses.

Response rate analyses

The difference between the RRs of the web-based and the

alternative data collection methods is presented in Fig. 2.

The RR was higher for the web-based data collection

method only in four comparisons, two times compared to

telephone interviews, one time compared to cell phone

interviews, and one time compared to IVR interviews. The
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pooled mean RR difference considering all 28 groups was

12.9 p.p. (95% CI = - 19.0, - 6.8; i2 = 99.6%) lower for

the web-based method compared to the alternative data

collection methods. A similar result was found when

pooling only the estimates of the randomized trials, 15.7

p.p. (95% CI = - 24.2, - 7.3; i2 = 98.5%) lower com-

pared to the alternative methods. We also analyzed the

pooled RR differences comparing web-based and the

alternative methods according to the reward of monetary

incentives and reminders (calculated as: web RR - alter-

native methods RR). Providing monetary incentives did not

influence the RR differences, as they were - 11.1 p.p.

(95% CI = - 26.8, 4.5) for studies that provided incen-

tives, and - 13.2 p.p. (95% CI = - 19.6, - 6.8) for those

not providing. However, the pooled RR difference was

lower among studies that did not send reminders (RRd-

iff. = - 2.0; 95% CI = - 19.0, 9.5) compared to the ones

that sent reminders for the non-respondents (RRd-

iff. = - 14.2; 95% CI = - 20.7, - 7.7). As shown in

Table 3, the mean RRs increased from the 2002–2009

period to the 2010–2015 period. The absolute RR differ-

ence comparing web-based to alternative data collection

methods remained constant. The agreement analysis is

presented in Fig. 3. The majority of the points lie below the

line that indicates RR equality (y = 0), demonstrating the

superiority of the RRs of the alternative methods compared

to the web-based data collection. The points are well dis-

tributed along the x-axis, illustrating that the RR differ-

ences are not dependent on the study mean RR. Thus,

independently if the study achieves a high or a low RR, the

difference between the web-based and the alternative data

collection methods (regardless of the data collection

method used) is, on average, similar. The correlation

between the web-based and the alternative methods RR

was r = 0.83 (95% CI = 0.66, 0.92).

Discussion

Our systematic literature review found that RRs of web

surveys are systematically lower compared to RRs of

alternative data collection methods. A similar difference

was found when we considered only randomized trials.

However, it is not possible to consider these results meta-

analytical evidences due to the high degree of hetero-

geneity of the studies: i2 = 99.6% considering all the

studies, and i2 = 98.5% for randomized trial only. Our

study limited the analysis of survey quality to a single

component of the TSE (nonresponse error), and used the

RR as its indicator. This was a methodological choice to

achieve the study goal and also to simplify the analyses,

since the RR is usually available on published articles.

However, we identified five different RR formulas among

the selected studies, and few that explicitly described the

type of RR calculation used. To standardize the estimates

and enable better comparisons, the use of the AAPOR

Standard Definitions (The American Association for Public

Opinion Research 2016) is strongly recommended.

Fig. 1 Flow chart of the study

selection process (Denmark,

2013; Finland, 2014; The

Netherlands, 2009, 2013; South

Korea, 2015; Sweden, 2002,

2005, 2011, 2012; United

States, 2004, 2005, 2007, 2008,

2012, 2013, 2014)
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Other literature reviews and meta-analyses comparing

RRs estimates are already published in the literature, but

our study differs from those, since it focused exclusively on

epidemiologic and public health studies that had the gen-

eral population as their target. Considering the general

population is important, since the variability of the Internet

access and coverage in this group is higher compared to

other specific groups (Pew Research Center 2016). For this

reason, it is important to understand if web surveys are

feasible to be used as the main data collection method in

the general population. Focusing on public health and

epidemiologic studies is important, since the use of the web

as mean of data collection is fast increasing in these areas

(Brice et al. 2015). Furthermore, health surveys usually

require more sensitive and personal information than other

survey subjects (i.e., market research and opinion polls);

hence, the cooperation and RRs should be studied. A meta-

analysis published by Shih and Fan (2008) found a mean

RR 11.0 p.p. lower for the web-based data collection

compared to mail surveys and a similar heterogeneity

i2 = 98.9%. However, besides comparing the web only to

mail data collection, the authors included specific groups

such as students and professional parties, which are known

to have higher RRs than the general population (Lozar

Manfreda et al. 2008; Shih and Fan 2008). Another meta-

analysis conducted by Lozar Manfreda et al. (2008)

investigated the RR differences between concurrently

administered web surveys and alternative data collection

methods. Among the general population, the RR difference

was 19.0 p.p. lower for the web surveys. Different from our

study, Lozar Manfreda and colleagues did not limit their

review to studies that investigated health-related subjects,

what might explain the differences between the pooled

estimations.

Although there were methodological variations between

ours and the other reviews, they were consistent in con-

cluding that the RR of the web-based data collection

method is lower than the alternative methods. The lower

RRs of web-based methods held from 2002 to 2015, even

when we considered the publication year as a proxy to

account for the differences in Internet coverage and use

across the years. We also found that the mean difference

between the web-based and the alternative data collection

methods does not vary according to the RR level (high or

low). For this reason, it is clear that other methodological

aspects, such as the type of recruitment method (Brown

et al. 2015; Akmatov et al. 2015), giving incentives (Gajic

et al. 2012; Holland et al. 2015), and sending reminders for

Table 1 Description of the methodological characteristics of the

studies (Denmark, 2013; Finland, 2014; The Netherlands, 2009, 2013;

South Korea, 2015; Sweden, 2002, 2005, 2011, 2012; United States,

2004, 2005, 2007, 2008, 2012, 2013, 2014)

Characteristic Number of studies (%)

Study design

Cross-sectional 10 (52.6)

Randomized trial 9 (47.4)

Web recruitment method

Email 10 (52.7)

Letter 7 (36.8)

Other 2 (10.5)

Monetary incentive

Yes 3 (15.8)

No 16 (84.2)

Reminder

Yes 16 (84.2)

No 3 (15.8)

Response rate typea

RR1 6 (31.6)

RR2 1 (5.3)

RR4 1 (5.3)

RR5 9 (47.3)

RR6 2 (10.5)

Total 19 (100.0)

RR response rate
aResponse rate codes according to the American Association for

Public Opinion Research Standard Definition report (The American

Association for Public Opinion Research 2016)

Table 2 Mean and median sample size and response rate for web-based and alternative data collection methods (Denmark, 2013; Finland, 2014;

The Netherlands, 2009, 2013; South Korea, 2015; Sweden, 2002, 2005, 2011, 2012; United States, 2004, 2005, 2007, 2008, 2012, 2013, 2014)

Data collection Mean Median IQR Min Max Groups assessed

Web-based 22

Sample size 9861.4 1659.5 293.0–7423.0 37 70,932

Response rate (%) 40.5 38.3 20.2–53.4 1.7 93.4

Alternative 25

Sample size 4043.0 1918.0 735.0–3009.0 34 28,407

Response rate (%) 56.3 59.7 43.0–70.7 8.0 97.1

IQR interquartile range, Max maximum, Min minimum
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Fig. 2 Response rate difference

in percentage points between

web-based and alternative data

collection methods.

Randomized trials are marked

with an asterisk (*) (Denmark,

2013; Finland, 2014; The

Netherlands, 2009, 2013; South

Korea, 2015; Sweden, 2002,

2005, 2011, 2012; United

States, 2004, 2005, 2007, 2008,

2012, 2013, 2014)

Table 3 Mean response rate for web-based and alternative data collection methods considering two time periods (Denmark, 2013; Finland, 2014;

The Netherlands, 2009, 2013; South Korea, 2015; Sweden, 2002, 2005, 2011, 2012; United States, 2004, 2005, 2007, 2008, 2012, 2013, 2014)

Data collection 2002–2009 2010–2015 Groups assessed

Mean RR (%) 95% CI Mean RR (%) 95% CI

Web-based 27.6 13.3–42.0 51.3 36.0–66.6 22

Alternative 40.0 23.7–56.3 65.4 53.7–77.1 25

Difference - 12.4 p.p. - 54.7–29.9 - 14.1 p.p. - 50.7–22.6

CI confidence interval, p.p. percentage points, RR response rate

Fig. 3 Bland and Altman plot

between response rates

estimates of the web-based and

the alternative data collection

methods (Denmark, 2013;

Finland, 2014; The Netherlands,

2009, 2013; South Korea, 2015;

Sweden, 2002, 2005, 2011,

2012; United States, 2004,

2005, 2007, 2008, 2012, 2013,

2014)
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the non-respondents (Van Mol 2016; Sebo et al. 2017),

play an important role to define the RR of both web-based

and alternative data collection methods.

Edwards et al. (2009) described the failure to increase

web survey RRs by giving monetary incentives, but iden-

tified an increase on the traditional mail RR estimates. This

is in line to our findings, showing that giving monetary

incentives fail to reduce the RR gap between the data

collection methods, and hence, other types of incentives

and rewards should be explored (Edwards et al. 2009). Our

results also showed that the use of reminders may be less

effective for web-based data collection methods than for

alternative methods, since the gap between RRs is higher

when a reminder is sent. We did not analyze the recruit-

ment methods, since they were very different between the

web-based and the alternative data collection methods.

Although achieving high RRs reduces the probability of

nonresponse error, it is important to note that lower RRs do

not invalidate survey results (Groves 2004). If non-re-

spondents are not different from the respondents regarding

to aspects that are relevant to the study objectives, this will

not bias the results, but could only cause loss of precision

(Dillman et al. 2014). In addition, Groves and Peytcheva

(2008) describe that nonresponse bias can affect studies

with high or low RRs. However, the gap between RRs of

web-based and alternative methods tends to be reduced.

With more users looking for medical information through

web (Tonsaker et al. 2014), the increase of Internet banking

use (Yuen et al. 2010), and more sales being performed

online (United Problem Solvers (UPS) 2016), it is expected

a more confident relation between respondents and web

surveys. To further increase the confidence of participants

on web surveys, it is encouraged to adopt the web as main,

or part of a mixed-mode survey, to disseminate its use as a

data collection method. In addition, web surveys bring

further advantages like cheaper data collection (Greenlaw

and Brown-Welty 2009; Huybrechts et al. 2010), results of

better quality (Barrios et al. 2011; Shin et al. 2012), the

possibility to use audio and visual resources, asynchronous

participation, and the possibility to provide instant feed-

back to the participant. In addition, with the recent increase

of Internet coverage around the globe (The World Bank

2018), this is a good opportunity for low- and middle-

income countries to collect health-related data using web-

based surveys.

Our study presents some limitations. Using binary

variables to indicate the use of reminders and monetary

incentives made impossible for us to analyze the differ-

ences between the number of reminders sent and the

amount of the incentive. This could not be done, since this

information was not available for some studies. Finally, our

study compared different types of RRs without standard-

ization. We could not standardize the estimates due to the

lack of information provided in the manuscript, or by

authors, of the selected studies. However, our study also

presents some strengths. We adopted a comprehensive

approach by including both observational and experimental

studies. In addition, this is one of the first studies to analyze

web survey RRs in the context of health-related studies that

focused on the general population.

Conclusions

This review fills a gap in the epidemiologic and public

health literature in the sense that it compared the RRs of

web surveys to alternative data collection methods. We

show that web RRs are systematically lower than the ones

achieved using traditional data collection methods and that

there is a high variability of the RR estimates between the

studies reviewed. Although the web fails to achieve a

comparable RR to traditional methods, it involves lower

costs and other advantages like validation during data

collection, structured data collection, and more efficient

data consistency leading to better quality results. Consid-

ering these advantages and also the constant growth of the

Internet use worldwide, it might be beneficial to use the

web other than alternative data collection methods for

epidemiologic research.
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