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Abstract: The present article reviews web-based research in psychology. It captures principles, learnings, and trends in several types of web-
based research that show similar developments related to web technology and its major shifts (e.g., appearance of search engines, browser
wars, deep web, commercialization, web services, HTML5. . .) as well as distinct challenges. The types of web-based research discussed are
web surveys and questionnaire research, web-based tests, web experiments, Mobile Experience Sampling, and non-reactive web research,
including big data. A number of web-based methods are presented and discussed that turned out to become important in research
methodology. These are one-item-one-screen design, seriousness check, instruction manipulation and other attention checks, multiple site
entry technique, subsampling technique, warm-up technique, and web-based measurement. Pitfalls and best practices are described then,
especially regarding dropout and other non-response, recruitment of participants, and interaction between technology and psychological
factors. The review concludes with a discussion of important concepts that have developed over 25 years and an outlook on future
developments in web-based research.
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While Internet-based research began shortly after the
invention of the Internet in the 1960s, web-based research
in psychology began only in the mid-1990s once the world
wide web (short: web) had been invented by Tim Berners-
Lee in Geneva in 1992. Web browsers had become avail-
able, and subsequently, the http protocol had been
amended by the functionality of forms. Forms allowed a
web browser user to send back responses to what someone
had set up on a web page as response options, for example,
radio buttons, drop-down menus, check boxes, or text fields
(Birnbaum, 2004; Reips, 2000).

Web-based research naturally relies on technology and
the principles of remote research. As we have seen, a num-
ber of technologies have competed and continue to com-
pete for a place among essential requirements. Surviving
technologies and concepts are from both server- and cli-
ent-side (with advancements in quick switching and inte-
gration first via AJAX, then in HTML5 technology).
Recently, however, Garaizar and Reips (2019) have con-
cluded that the complexity of browser technologies has
increased so much that web-based research is facing diffi-
culties that will continue to cumulate. Anwyl-Irvine and col-
leagues (2021) compared the precision and accuracy of
some online experiment platforms, web browsers, and
devices. Their data confirm what became clear as an intrin-
sic difference at the onset of web-based research: Variance

in any measurement is higher than under laboratory-based
conditions, especially compared to calibrated equipment of
a limited type. Variance on the web comes unsystematically
and systematically, as in earlier research, Anwyl-Irvine and
colleagues found differences between online experiment
platforms, web browsers (and operating systems), and
devices. While during the first decades of web-based
research, browsers (and main technologies) were updated
only every few years or months, browser vendors now
update weekly or even daily (Garaizar & Reips, 2019; see
e.g., for Firefox at https://en.wikipedia.org/wiki/Fire-
fox_version_history). From a researcher’s point of view,
both the stimulus display technology and the measurement
device change frequently during data collection. Further-
more, browsers are not being optimized to meet research-
ers’ needs. The main reason behind some of the
difficulties is the browser vendors’ motivation to optimize
browsers in terms of the user experience to serve their com-
mercial outlook. Browser vendors primarily want to sell, not
help science find the truth.

With the advent of new technologies, the story of web-
based research in psychology continues in a similar vein,
yet to new frontiers. Similar to Musch and Reips (2000,
replicated by Krantz & Reips, 2017), who once surveyed
the first web experimenters, Ratcliffe and colleagues
(2021) recently web-surveyed those who currently pioneer
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remote research with Extended Reality (XR) technology –

such as virtual and augmented reality. They found a similar
hope by XR researchers to the early web researchers for
“benefits of remote research for increasing the amount,
diversity and segmentation of participants compared with
in-lab studies” (Wolfe, 2017, p. 9) and also in parallel to
web-based research. In reality that this hope rarely materi-
alizes, probably as a result of many technical and procedu-
ral limitations. While XR researchers see opportunities to
further develop web-based XR, the history of web-based
research shows that research requiring any addition to the
core interface – the browser – may be doomed to fail or
end up in a small niche of limited showcases that never
make it to routine research methods.

Types of Web-Based Research

Essentially, all traditional methods in behavioral research
have been transferred to digital research in one way or
the other. However, naturally, some methods transfer more
easily than others, which may change over time with the
change of technology. Major shifts (now sometimes trendily
called “disruptions”) in web technology always caused new
methods to flourish. Examples are (1) the implementation
of forms in HTML in the mid-90s suddenly allowed people
to easily send data back to the servers from websites, inspir-
ing web pioneers in psychology to create the first web sur-
veys, experiments, and tests (like André Hahn, who owned
the domain psychologie.de and is believed to have devel-
oped the first web-based psychological test,1 on perceived
self-efficacy); (2) big data methods are evolving from the
appearance of search engines and large hubs on the web,
for example, picture sharing sites or public databases, with
their data being made available (e.g., a method is to use
SECEs – search engine count estimates – in research,
Janetzko, 2008); (3) web methods that rely on quick inter-
action between client and server (e.g., AJAX, social interac-
tion online, video transmission) have become possible and
increasingly better accessible with higher bandwidth and
ubiquity of mobile connections and flat rates; (4) digital
experience sampling methodology evolving from the inven-
tion and subsequent proliferation of smartphones, smart-
watches, and other wearables. Some other technologies
have been on the verge of a breakthrough for a long time
and may make it in the future or not, for example, VR
and augmented reality in, for example, Google glasses.

From a taxonomy valid for the first decade of web-based
research Reips and Lengler (2005) empirically determined

from data for reactive studies on the web that within psy-
chology web-based research mostly was conducted in cog-
nitive and social psychology, followed by perception and a
few studies each in personality, clinical and Internet
science. A later review and survey by Krantz and Reips
(2017) revealed a largely unchanged picture. Reips and Len-
gler also explicitly introduced the concept of web services,
which is software that runs on a server on the Internet:
“Users access it via a web browser and can use it only while
they are connected to the Internet. Because the functional-
ity of web browsers is less dependent on the operating sys-
tem . . . all who access a web service are likely to see and
experience almost the same interface (but see, e.g., Dillman
& Bowker, 2001, for browser-related problems in Internet-
based research). Web services spare the user from upgrad-
ing and updating since this is done by the web service
administrators at the server. Nothing is installed on the
user’s computer, saving space and time” (p. 287). Curiously,
in a way with web services (now often called “apps”) and
the “cloud” we have returned to the server-terminal model
common in the 70s and 80s that was interrupted by a brief
phase of only temporarily connected personal computers.

Importantly, when discussing characteristics of web-
based research, it is important to not mistakenly attribute
the advantages of computerized assessment to the web
method only. Many useful functionalities such as item
branching, precise timing, filtering, automatic checks of
plausibility during data entry, and so on, were already intro-
duced to experimenting during the computer revolution in
the late 1960s and early 1970s (Reips & Krantz, 2010).
Characteristics of computerized research are valid in
web-based research also, but its true advancement comes
from its structure and reach as a world-wide network.

In the following, I will present characteristics and develop-
ments of the methods of web surveys and questionnaire
research (including web-based tests), web experiments,
Mobile Experience Sampling, and non-reactive web research.

Web Surveys and Questionnaire Research

This type of web-based research is the most frequently
used, yet it also may be the most error-prone. A general
advantage of surveying as a methodology is its ease, and
thus we see much ad hoc use with everything associated
with quick-and-dirty approaches. Related, many errors fre-
quently seen in web questionnaires came and come from a
lack of understanding of the technology and that a direct
transfer from the paper-based or computer-based formats
to an Internet-based format is impossible.

1 Still available at https://userpage.fu-berlin.de/ahahn/frageb.htm – the web archive also contains it at http://web.archive.org/web/*/userpage.
fu-berlin.de/�ahahn/ The self-scoring script, a CGI, is not working anymore, at the time it would calculate and show the test takers their own
score, their percentile and the distribution of all results.

�2021 The Author(s). Distributed as a Hogrefe OpenMind article under Zeitschrift für Psychologie (2021), 229(4), 198–213
the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)
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Some of the typical pitfalls are technological. For exam-
ple, Birnbaum (2004) observed a case of erroneous coding:
in that web questionnaire, if a person were from India or if
he or she did not respond, the coded value was the same,
99. Reips (2002a) highlights that the way HTML forms
work may lead to overwriting of data due to the same
names associated with form elements, for example, assign-
ing the variable name “sex” to both an item reporting one’s
own sex and an item asking about frequency of sexual
activity.

In a recent meta-analysis, Daikeler and colleagues
(2020) confirmed earlier findings that response rates in
web surveys are lower than in other survey modes, roughly
by 12%. The expected length of web questionnaires is, of
course, a major factor in a respondent’s decision-making
for participation and response. Galesic and Bosnjak
(2009) experimentally varied both expected (10, 20, and
30 min) and actual questionnaire length. They found, “as
expected, the longer the stated length, the fewer respon-
dents started and completed the questionnaire. In addition,
answers to questions positioned later in the questionnaire
were faster, shorter, and more uniform than answers to
questions positioned near the beginning” (p. 349).

Reips (2010) lists several typical errors that frequently
happen when constructing online questionnaires:
� preselected answer options in drop-down menus,

resulting either in submission of the default answer
option as a chosen answer when the item is really
skipped or provoking an anchoring effect,

� overlapping answer categories,
� no limitations set or announced to size of text to be

entered in text fields,
� lack of options that indicate reluctance to answer (e.g.,

“don’t want to answer” or “no answer”), especially for
sensitive items,

� all items on one run-on web page (see OIOS Technique
section below),

� incorrect writing (e.g., errors in instructions or
questions).

An excellent resource for many topics around web survey
methodology is Callegaro and colleagues (2015). It summa-
rizes many important learnings from the scientific literature
on moving surveying to the web and supersedes many ear-
lier attempts in scientific depth and applicability.

Despite the many benefits of web-based research,
researchers and others have expressed concerns about
online data collection in surveying. For the important case,
in which generalization to a country population is needed,
Dillman and colleagues (2010), in their editorial “Advice
in surveying the general public over the Internet” for the
International Journal of Internet Science, make the prediction
“The first decade of this century in web surveying is likely

to be recalled as a time of much uncertainty on whether
random samples of the general public could be surveyed
effectively over the Internet. A significant proportion of
households in most countries are not connected to the
Internet, and within households, some members lack the
Internet skills or frequency of use needed for responding
to survey requests. In addition, households without Internet
access differ sharply from those with it. Non-Internet
households are older, have less education, and have lower
incomes. Their inclusion in surveys is critical for producing
acceptable population estimates, especially for public policy
purposes. Web survey response rates in general public sur-
veys are often dismal.” (p. 1). Despite the skeptical state of
web surveying the general public, the authors made five
recommendations that are likely to improve the situation,
namely (1) use of a mixed-mode approach, (2) delivering
a token cash incentive with the initial mail request, (3) using
a mail follow-up to improve response rates and obtain a bet-
ter representation of the general public, (4) refraining from
offering people a choice of whether to respond by web or
mail in initial contacts, and (5) using an experimental
approach, in order to generate estimates for the meaning
and sizes of various effects on response rates and non-
response. Loomis and Paterson (2018) empirically investi-
gated the challenges identified by Dillman and colleagues
and found limited differences between survey modes when
aggregating all results (in their case from 11 studies). Only
the non-deliverable rate seemed consistently higher in
online surveying than in mail surveying. Non-response
rates, item non-response, and content of the results showed
no or only small differences for the aggregated data. The
authors interpreted differences in response rates according
to mode as “random or idiosyncratic in nature, and perhaps
more a matter of study population or topic than of mode”
(p. 145).

A specific form of web surveying, if it considers verbal
items, is web-based psychological testing (e.g., of personality
or other individual differences constructs). A researcher
who has pioneered this branch of web-based research is
Tom Buchanan (e.g., Buchanan, 2000, 2001; Buchanan
& Smith, 1999; Buchanan et al., 2005). His and others’
studies generally find equivalency to offline testing, with
notable exceptions that indicate that any web-based test
should be scrutinized with the standard reliability and valid-
ity checks during test development.

Web Experiments

Web-based experimenting has evolved since 1994 and was
first presented at the SCiP Conference in Chicago 1996,
with Krantz presenting the first within-subjects web experi-
ment (Krantz et al., 1997) and Reips (1996) presenting
the first between-subjects web experiment and the first

Zeitschrift für Psychologie (2021), 229(4), 198–213 � 2021 The Author(s). Distributed as a Hogrefe OpenMind article under
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experimental laboratory on the world wide web, the Web
Experimental Psychology Lab (Reips, 2001). On track of
the question whether lab and web and type of participant
recruitment are comparable, Germine and colleagues
(2012) addressed the question of data quality across a range
of cognitive and perceptual tasks. Their findings on key per-
formance metrics demonstrate that collecting data from
uncompensated, anonymous, unsupervised, self-selected
participants on the web need not reduce data quality, even
for demanding cognitive and perceptual experiments.

Reips points out the ultimate reason for using the web to
conduct experiments:

The fundamental asymmetry of accessibility (Reips,
2002b, 2006): What is programmed to be accessible
from any Internet-connected computer in the world
will surely also be accessible in a university labora-
tory, but what is programmed to work in a local com-
puter lab may not necessarily be accessible anywhere
else. A laboratory experiment cannot simply be
turned into a web experiment, because it may be pro-
grammed in a stand-alone programming language
and lack Internet-based research methodology, but
any web experiment can also be used by connecting
the laboratory computer to the Internet. Conse-
quently, it is a good strategy to design a study web-
based, if possible. (2007b, pp. 375–376).

As a consequence, the many advantages of web-based
experimenting, for example,

(1) web experiments are more cost-effective in adminis-
tration, time, space, and work in comparison with
laboratory research,

(2) ease of access for participants, also from different
cultures and for people with rare characteristics (for
accessibility see Vereenooghe, 2021),

(3) web experiments are generally truly voluntary,
(4) detectability of confounding with motivational aspects

of experiment participation,
(5) replicability and re-usability, as the materials are

publicly accessible,

quickly led to the new method’s proliferation (Birnbaum,
2004; Krantz & Reips, 2017; Musch & Reips, 2000; Reips,
2000, 2007b; Wolfe, 2017). As a consequence of these
characteristics of web experiments, they frequently have
been shown to collect higher quality data than laboratory
experiments (Birnbaum, 2001; Buchanan & Smith, 1999;
Reips, 2000). For example, in a field where all past studies
from more than two decades had two digit sample sizes,
spatial–numerical association, web experiments finally pro-
vided detailed results with small confidence intervals
(Cipora et al., 2019). Tan and colleagues (2021) were highly
successful in objectively measuring singing pitch accuracy

on the web. With moderate-to-high test-retest reliabilities
(.65–.80), even across an average 4.5-year period between
test and retest (!) they see high potential for large-scale
web-based investigations of singing and music ability. In
some areas of psychology, more than half of all studies pub-
lished are now conducted online, for example, in social psy-
chology – however, due to a certain participant recruitment
method discussed further below, the widespread use is not
without problems (Anderson et al., 2019).

Beyond what to researchers continues to be a new way
and sometimes challenging and questionable advancement
beyond laboratory experimental research, web experiments
have truly revolutionized digital business. In his bestseller
Seth Stephens-Davidowitz (2017) writes:

Experiments in the digital world have a huge advan-
tage relative to experiments in the offline world. As
convincing as offline randomized experiments can
be, they are also resource-intensive. . . . Offline exper-
iments can cost thousands or hundreds of thousands
of dollars and take months or years to conduct. In the
digital world, randomized experiments can be cheap
and fast. You do not need to recruit and pay partici-
pants. Instead, you can write a line of code to ran-
domly assign them to a group. You do not need
users to fill out surveys. Instead, you can measure
mouse movements and clicks. You do not need to
hand-code and analyze the responses. You can build
a program to automatically do that for you. You do
not have to contact anybody. You do not even have
to tell users that they are part of an experiment. This
is the fourth power of big data: it makes randomized
experiments, which can find truly causal effects,
much, much easier to conduct – anytime, more or less
anywhere, as long as you’re online. In the era of big
data, all the world’s a lab. This insight quickly spread
through Google and then the rest of Silicon Valley,
where randomized controlled experiments have been
renamed ‘A/B testing.’ In 2011, Google engineers ran
seven thousand A/B tests. And this number is only
rising. Facebook now runs a thousand A/B tests per
day, which means that a small number of engineers
at Facebook start more randomized, controlled
experiments in a given day than the entire pharma-
ceutical industry starts in a year (pp. 210–211).

While early and quickly, a number of web survey generators
appeared on the market, with “Internet-Rogator” by Heid-
ingsfelder (1997) being one of the first, only a few web experi-
ment generators are available today. For a recent listing of
software for experiments (laboratory or web) and links to
further resources, see the helpful Google page by Weichsel-
gartner (2021). Figure 1 shows the newest version of

�2021 The Author(s). Distributed as a Hogrefe OpenMind article under Zeitschrift für Psychologie (2021), 229(4), 198–213
the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)
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WEXTOR (https://wextor.eu, also available on the iScience
server at https://iscience.eu), one of the longest-standing
web experiment generators.

Mobile Experience Sampling

This method is sometimes also described under the terms
“ecological momentary assessment” or “ambulatory assess-
ment” (Shiffman et al., 2008). It is a modern form of the
diary method and has its strength in the current ubiquitous
presence of smartphones, smartwatches, and other wear-
ables in large proportions of populations in many technolog-
ically advanced societies. For instance, Stieger and Reips
(2019) were able to replicate and refine past research about
the dynamics of well-being fluctuations during the day (low
in the morning, high in the evening) and over the course of
a week (low just before the beginning of the week, highest
near the end of the week) (Akay & Martinsson, 2009). The
method is more accurate in capturing the frequency and
intensity of experiences (Shiffman et al., 2008), but it is rel-
atively burdensome for both participants and researchers,
may lead to non-compliance, produces correlational data
only, and its reliability is hard to determine. With context-
sensitive experience sampling (see e.g., Klein & Reips,
2017), researchers can trigger questions based on times,
events, app usage or location or combinations thereof, for
example, ask for subjective well-being when someone

leaves university only on afternoons when smartphone sen-
sors registered a practical sports class was attended. More-
over, by using the experience sampling method, different
research questions can be analyzed regarding the use of
mobile devices in research, for example, whether well-
being can be derived from the tilt of the smartphone (Kuhl-
mann et al., 2016).

Akin to upbeat statements regarding the potential of
computers in psychology in the 1960s and 1970s and exten-
sion of hopes for the impact of the web in psychological
research in the 1990s, the proponents of mobile research
declared, “Smartphones could revolutionize all fields of
psychology and other behavioral sciences if we grasp their
potential and develop the right research skills, psych apps,
data analysis tools, and human subjects protections.”
(Miller, 2012, p. 221). Critically, however, the reliance on
consumer-grade devices in research comes with their lim-
ited reliability and fast-changing variance. For example,
smartwatches do not agree much in their recordings of
workout parameters, and their measures depend on walk-
ing speed (Fokkema et al., 2017). Furthermore, our study
on smartphone sensors showed that measurements and
their reliability vary by type and brand of smartphone and
operating system (Kuhlmann et al., 2021). Smartphone
sensing in the field will thus systematically suffer from
worse measurements than possible in controlled studies
in the laboratory.

Figure 1. WEXTOR 2021, a web experiment generator available from https://wextor.eu. The figure shows the “good methods by design” philosophy
implemented by WEXTOR’s authors, that is, methods and best practices for web-based research were implemented in a way that the
experimenter is nudged toward using them.

Zeitschrift für Psychologie (2021), 229(4), 198–213 � 2021 The Author(s). Distributed as a Hogrefe OpenMind article under
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While mobile experience sampling research is often not
exactly web-based, the free open-source platform “Samply”
(Shevchenko et al., 2021; https://samply.uni.kn) for experi-
ence sampling enables researchers to access the complete
interface via a web browser and manage their present stud-
ies. It allows researchers to easily schedule, customize and
send notifications linking to online surveys or experiments
created in any web-based service or software (e.g., Google
Forms, lab.js, SurveyMonkey, Qualtrics, WEXTOR.eu). A
flexible schedule builder enables a customized notification
schedule, which can be randomized for each participant.
The Samply research mobile application preserves partici-
pants’ anonymity and is freely available at the Google
and Apple App Stores. Shevchenko and colleagues (2021)
demonstrated via two empirical studies the app’s function-
ality and usability.

“Non-reactive web-based methods” refer to the use and
analysis of existing databases and text or media collections
on the Internet (e.g., forums, picture collections, server log
files, scanned document collections, newsgroup contribu-
tions). Such data can also include geolocation, that is, infor-
mation about the place that may allow analysts to identify
routes and timelines. “The Internet provides an ocean of
opportunities for non-reactive data collection. The sheer
size of Internet corpora multiplies the specific strengths of
this class of methods: Non-manipulable events can be stud-
ied in natura, facilitating the examination of rare behavioral
patterns.” (Reips, 2006, p. 74). While lab-based research
creates social expectations that might motivate participants
to answer and perform in unusual ways, data from archival
or non-reactive research will not contain biases that come
from reacting to the research situation or personnel (hence
“non-reactive”). Such non-reactive research is easy to do on
the web.

For some archival data, there are even specific interfaces.
For example, upon its initiative to scan as many of the
world’s books as possible and make them available to the
public, Google also created a specific search engine to
search this corpus, Google Books Ngram Viewer (short: Goo-
gle Ngram, https://books.google.com/ngrams/). With it,
relative frequencies of words within the corpus can be ana-
lyzed per year, and thus, it is possible to create timelines
that show word use over time since the year 1800. Michel
and colleagues (2011) describe how this tool allows for
research options unprecedented in the history of science,
in data mining cultural trends as reflected in books. Younes
and Reips (2019) provide guidelines for such research, for
example, the use of synonyms, word inflections, and control
words to assess a word’s base rate in a given year and lan-
guage corpus.

Research That Could Not Be Done
Without the Web

Of course, there is a lot of web-based research that cannot
be done without the web because it is research that con-
cerns the web. I will not review this research here. Instead,
I will focus in this section on research that was impossible
or only very difficult to do before the advancement of the
web.

Sensitive or Illegal Topics
Research with people who have rare and unusual character-
istics of interest used to be impossible to do or very costly
and burdensome. Similarly, for research asking sensitive
questions about illegal or taboo behaviors (e.g., drug deal-
ing, Coomber, 1997; or ecstasy and cannabis consumption,
Rodgers et al., 2001, 2003) or for information that the
responders may be reluctant to disclose the web with its veil
of anonymity has become a promising route.

With just two web-based surveys conducted via the hub
of people concerned with having the rare condition sexsom-
nia and their family and friends, sleepsex.org,2 Mangan and
Reips (2007) reached more than five times as many partic-
ipants from the target population than in all previously pub-
lished studies combined.

Large Crowdsourcing Studies
In most cases, studies that rely on thousands of participants
or even more can be conducted much more efficiently and
less burdensome on the web. Deshpande and colleagues
(2016), for example, took a collection of thousands of so
far unanalyzed hand-marked forms, with which hundreds
of researchers and research assistants before the advent
of modern media and the Internet had collected color
names in almost 200 middle American cultures that used
different yet related languages, and crowdsourced helpers
on the web to categorize these entries. The results of this
ongoing project promise unparalleled insights into the
essentials of perception and language. Similar projects can
be found on Citizen science websites, for example, zooni-
verse.org, where people from the general public can help
researchers via the web by categorizing images from outer
space or remote zones on Earth or read and classify diaries
and letters by soldiers who fought in the American Civil
War. Honing (2021) discusses citizen science studies in
music cognition.

Large collections of entries or traces from human behav-
ior on the Internet have become an accessible source for
research. Examples include the definition of points of inter-
est via data mining in uploaded pictures (Barras, 2009),

2 Site now dysfunctional, see web archive at, for example, https://web.archive.org/web/20080827050316/http://www.sleepsex.org/ for a
snapshot of the site.
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prediction of influenza outbreaks from searches (Ginsberg
et al., 2009), and our own work on attributions of person-
ality characteristics to first names accessed via Twitter min-
ing (Reips & Garaizar, 2011). Upon the big success of its
search engine that became available on the web in 1997,
Google has created freely available interfaces to their
search data. These include Google Trends, Google Insights,
Google Correlations (now disconnected, like the more
specific services Google Flu Trends and Google Eurovi-
sion). These services can be used in psychological research,
sometimes with profound results achieved within hours, but
of course, there are also limitations, ethical issues, and sci-
entific principles that are sometimes at odds with character-
istics of big data services provided by companies.

Other big data research is, of course, possible without the
web, and all of it comes with a number of limitations. For
example, Back et al. (2011) showed for a big data study
on emotions in digital messaging how a term from an auto-
matically generated message that was frequently sent by
the system unknowingly completely messed up the results
and the conclusions that were first drawn from it because
it contained the word “critical,” which was interpreted as
a marker for anger. I expect us to see many more cases with
such artifacts in the future, along with the proliferation of
large-scale studies.

In principle, for many studies conducted in psychology,
no large participant crowds are needed. Even though power
was notoriously low in pre-web psychology research and
promises to become more adequate as web-based research
is more easily scalable, overpowering studies is just as bad
(e.g., Faul et al., 2009; Reips 1997). There has been a bit of
bragging in some articles relying on web-based data collec-
tion in terms of how many participants had been reached –

“millions and millions” –, some of which then report pitiful
effect sizes, but really for methodological and ethical rea-
sons to request such large numbers of people to devote
their time usually is not needed and thus may fall back
on the authors of such articles as questionable practices.

Methods in Web-Based Research

While most methods in principle have been transferred to
the web, many needed to be modified and adapted to the
online format, so often, new challenges arose. Psychological
tests, for example, should not simply be transferred from
paper-and-pencil to the computerized format and then be
handled similarly as usual on the web. In principle, they
need to be evaluated and validated as web-based instru-
ments (Buchanan, 2001; Buchanan & Smith, 1999). For
reasons of space, the selection of methods presented here
will be limited to those that have large effects and decent
impact.

Design: One-Item-One-Screen (OIOS)

When designing a web-based instrument that consists of a
number of items, a researcher has to decide how many
items are going to be presented on one screen – or whether
this may vary by device or participant. The OIOS or one-
item-one-screen design has several advantages, namely
“Context effects (interference between items) are reduced
(Reips, 2002a), meaningful response times and drop out
can be measured and used as dependent variables, and
the frequency of interferences in hidden formatting is vastly
reduced” (Reips, 2010, pp. 33–34). The design thus is rou-
tinely used in research studies, for example, in urban plan-
ning (Roth, 2006), where even a variant was developed, the
“Two-item-one-screen design” (Lindquist et al., 2016).

OIOS has been proposed as a recommended strategy in a
general framework for technology-based assessments by
Kroehne and Goldhammer (2018). They write, “Item-level
response times from questionnaire items (e.g., Likert type)
are an interesting source of information above and beyond
item responses.” (p. 543) and go on to criticize current
implementations of the Programme for International Stu-
dent Assessment (PISA) and other large-scale assessments
as missing out on such opportunities in web-based
assessments.

Including other data (para-data, meta-data) apart from
the response itself, especially behavioral data that indicate
timing, navigation, and switching of answers (Stieger &
Reips, 2010) and thus can be important in identifying issues
during test and questionnaire construction as well as diag-
nostic indicators beyond content responses, likely will
become much more important in future surveying. Issues
with adaptivity (e.g., in responsive design) and ethical appli-
cation will continue to be discussed (see e.g., Hilbig &
Thielmann, 2021).

Seriousness Check

The seriousness check is a technique that can be used in all
reactive types of web-based research to significantly
improve data quality (Aust et al., 2013; Bayram, 2018;
Musch & Klauer, 2002; Reips, 2000, 2009; Verbree et al.
2020). Revilla (2016) found only limited evidence support-
ing the technique, but hers was an underpowered study
with online panelists and a wording geared towards com-
mitment that resulted in very few “non-serious”
participants.

Nowadays, online studies are accessible to a large diver-
sity of participants. However, many people just click
through a questionnaire out of curiosity, rather than provid-
ing well-thought-out answers (Reips, 2009). This poses a
serious threat to the validity of online research (Oppen-
heimer et al., 2009; Reips, 2002b, 2009). The seriousness
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check addresses this problem (Figure 2): In this approach,
the respondents are asked about the seriousness of their
participation or for a probability estimate that they will
complete the entire study or experiment (Musch & Klauer,
2002). Thus, by using the seriousness check, irrelevant data
entries can be easily identified and be excluded from the
data analysis. To provide a rough idea of how large the seri-
ousness check’s effect can be: It routinely was observed
that of those answering “I would like to look at the pages
only” around 75% will drop, while of those answering “I
would like to seriously participate now” only ca. 10–15%
will drop during the study. Overall, about 30–50% of visi-
tors will fail the seriousness check, that is, answer “I would
like to look at the pages only” (Reips, 2009).

Figure 2 depicts a possible seriousness check proposed by
Reips (2009). The participants are asked whether or not
they want to participate seriously in the experiment (“I
would like to seriously participate now.”/“I would like to
look at the pages only.”). Seriousness checks can be imple-
mented before (e.g., Bernecker & Job, 2011) and after (Aust
et al., 2013) participation in the study. Reips (2002b, 2008,
2009) has argued to conduct seriousness checks on the first
page of the experiment because this is the best predictor of
dropout rates and thus a measure of motivation. Addition-
ally, conducting a seriousness check before the completion
of the study can reduce the dropout rates (Reips, 2002a).
The participant’s answer to the check question serves as
self-commitment, as predicted by dissonance theory (Frick
et al., 2001). Bayram (2018) experimentally showed that
emphasizing the seriousness increased the degree of infor-
mation participants accessed and their time they spent on
the study. The technique has been shown to predict dropout
and control for motivational confounding (Aust et al., 2013;
Bayram, 2018; Musch & Klauer, 2002; Reips, 2002b, 2008,
2009). Some tools for web-based research, for example,
WEXTOR (Reips & Neuhaus, 2002; https://wextor.eu),
implement the seriousness check by default.

In a study with 5,077 participants representative of the
Dutch population in education, gender, and age over 15
years, Verbree and colleagues (2020) recently confirmed
that self-reported seriousness and motivation significantly

predict multiple data quality indicators. In preparing a study
that includes a seriousness check, it may be important to
know that their results showed that self-reported serious-
ness varies with demography.

Instructional Manipulation Check (IMC)
and Other Attention Checks

The IMC (Oppenheimer et al., 2009) was created with the
same intention in mind as the seriousness check, to identify
and avoid data from participants who are not as attentive in
online studies as is required to gather quality data. In the
case of the IMC, the focus is on attention during instruc-
tions. Of course, if participants do not properly attend to
instructions, it is unlikely they will provide valid data during
any subsequent task. Hence, screening them out at the
beginning makes sense. However, there are several other
attention checks that were designed to verify attention dur-
ing tasks – we will also briefly look at those further below.

In the IMC, a request for unusual navigation is hidden
within the instructions, for example, to not click on the sub-
mit button at the end of the page, but rather on the title of
the text or a small blue dot. Only those who read the
instruction carefully and comply will follow the navigation,
and only their data will be analyzed later.

Another attention check, the Cognitive Reflection Test
(CRT; Frederick, 2005) is a frequently used measure of
cognitive vs. intuitive reflection, sometimes also discussed
as a measure of numerical ability. A typical task it includes
is the bat-and-the-ball problem: “A bat and a ball cost $1.10
in total. The bat costs $1.00more than the ball. How much
does the ball cost? . . .cents”. The intuitive answer most
inattentive participants go for is “10 cents”, but the correct
answer is “5 cents”. With the widespread use of the task as
a nice riddle and as an attention check in web-based
research, many people have become familiar with this task.
Indeed, Stieger and Reips (2016) found in a large study that
44% of the more than 2,200 participants were familiar with
the task or a similar task and scored substantially higher on
the test (Cohen’s d = 0.41). They also found that familiarity
varies with sociodemographics. Web researchers should,
therefore, better use lesser-known attention check items
or the methods discussed above.

Multiple Site Entry Technique

The multiple site entry technique I first proposed in the
mid-1990s (Reips, 1997, 2000) is a strategy used in web-
based research to target different samples via different
recruitment sites and compare their data. The method
can be used in behavioral and social research to assess

Figure 2. Seriousness check technique (adapted from Reips, 2009).
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the presence and impact of self-selection effects. Self-selec-
tion effects can be considered a major challenge in social
science research. With the invention of online research in
the 1990s, the multiple site entry technique became possi-
ble because the recruitment of participants via different
links (URLs) is very easy to implement. It can be assumed
that there is no or very limited self-selection bias if the data
sets coming from different recruitment sites do not differ
systematically (Reips, 2000). This implies that the results
from studies that use the multiple site entry technique and
find no sample differences indicate high generalizability.

Implementing the multiple site entry technique works as
follows: Several links to the study are placed on different
websites, in Internet forums, social media platforms, or off-
line media that are likely to attract different types of partic-
ipants or are mailed out to different mailing lists. In order to
identify the recruitment sources, the published URLs con-
tain source-identifying information, and the HTTP protocol
is analyzed by different referrer information (Schmidt,
2000). This means a unique string of characters is
appended to the URL for each recruitment source, for
example, “...index.html?source=studentlist” for a study
announcement mailed to a list of students. The data file will
have a column (“source” in the example) containing an
entry of the referring source for each participant (“stu-
dentlist” in the example). The collected datasets can then
be compared for differences in results and differences in
relative degree of appeal (measured via dropout), demo-
graphic data, central results, and data quality (Reips,
2002b). Figure 3 illustrates the multiple-site entry
technique.

Several studies have shown that the multiple site entry
technique is useful for determining the presence and
impact of self-selection in web-based research (Reips,
2000, 2002a; Roth, 2006). Now, in the spring of 2021,
Google Scholar shows more than 75 publications that men-
tion the technique. It has been used in memory (Kristo
et al., 2009), personality (Bluemke & Zumbach, 2012;
Buchanan et al., 2005; Trapnell & Campbell, 1999), trauma
surveys (Hiskey & Troop, 2002), cross-cultural music-lis-
tening (Boer & Fischer, 2011), landscape research (Roth,
2006), criminological psychology (Buchanan & Whitty,
2014), and political psychology (Kus et al., 2014) and it
has entered the methodological discussion in the fields of
experimental survey research (Holbrook & Lavrakas,
2019), sex research (Mustanski, 2001), and health science
(Whitehead, 2007). Rodgers and colleagues (2003) used
the multiple site entry technique to detect biased responses
to their web questionnaire on drug use (subsequently vali-
dated by finding discussions of their research in forums
on that particular recruitment website). The multiple site
entry technique thus helps to detect potential sampling
problems, which in turn ensures the quality of the data

collection over the Internet (Dillman et al., 2010; Reips,
2002b). Therefore, the generalizability of the research
results can be estimated when using the multiple-site entry
technique (Reips, 2002a).

Subsampling Technique

Data quality may vary with a number of factors (e.g.,
whether personal information is requested at the beginning
or end of a study, Frick et al., 2001, or whether participants
are not allowed to leave any items unanswered and, there-
fore, show psychological reactance, Reips, 2002b). Subsam-
pling analysis is a verification procedure. For a random
sample drawn from all data submitted (e.g., from 50 out
of 1,500 participants), every possible measure is taken to
verify the responses, resulting in an estimate for the whole
dataset. This technique can help estimate the prevalence of
wrong answers by checking verifiable responses (e.g., age,
gender, occupation) both by specific item and via the aggre-
gate for any item. Ray and colleagues (2010) consider this
technique as one possible option to better verify age and
thus protect children on the Internet.

Buchanan and colleagues (2005, p. 120) noted that such
“ways of estimating the degree of potential data contamina-
tion” along with other control procedures would need to be
developed and researched more in the future. While a lot
has happened in data analysis, for example, in the applica-
tion of Benford’s law (Benford, 1938) to survey data (Judge
& Schechter, 2009), the advances in design and procedure
of web-based research (or all types of research, for that
matter) need further research and development.

Warm-Up Technique

The warm-up technique in Internet-based experimenting,
first proposed by Reips (2001), is a method that can be used
to avoid dropout during the experimental phase of a study
to maximize the quality of the data. This technique is based

Figure 3. Illustration of the multiple site entry technique (adapted
from Reips, 2009).
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on the finding that most dropout will occur at the beginning
of an online study (Reips, 2002c). Therefore, participants
are presented with tasks and materials similar to the exper-
imental materials before the actual experimental manipula-
tion is introduced.

By using this technique, one can counter three main
problems in web-based research: Firstly, the dropout during
the actual experiment will be lower (Reips, 2001). Secondly,
the dropout cannot be attributed to the experimental
manipulation (Reips, 2002a, 2002b). Thirdly, only highly
committed participants will stay in the experiment, and
thus, the quality of the collected data is improved. Reips
and colleagues (2001) showed that by using the warm-up
technique the dropout during the actual experiment was
extremely low (< 2%). In comparison, the average dropout
rate in web-based research is much higher, in a review sum-
marizing previous web-based experimental research,
Musch and Reips (2000) found it to average at 34%.

The technique was used in personality and health behav-
ior research (Hagger-Johnson & Whiteman, 2007), motiva-
tion (Bernecker & Job, 2011), landscape perception
(Lindquist et al., 2016; Roth, 2006), gender research (Fleis-
chmann et al., 2016), polar research (Summerson & Bishop,
2012), and has been implemented in software to conduct
web experiments (Naumann et al., 2007). It entered the
methodological discourse in Poland (Siuda, 2009) and
China (Wang et al., 2015), where it is called 热身法.

Pitfalls, Best Practices

In 2010, I wrote, “At the core of many of the more impor-
tant methodological problems with design and formatting
in Internet-based research are interactions between psycho-
logical processes in Internet use and the widely varying
technical context.” (p. 32). The interaction between psy-
chology and technology can lead to advances, but foremost
in research, many pitfalls were discovered that subse-
quently led to recommendations for best practices, which
I both will introduce in this section.

Measurement

Psychology has a long history of finding strategies to
measure behaviors, mental processes, attitudes, emotions,
self-reported inner states, or other constructs. Pronk and
colleagues (2020), following-up on various others (Garaizar
et al., 2014; Plant, 2016; Reimers & Stewart, 2015; Reips,
2007a; Schmidt, 2001; van Steenbergen & Bocanegra,
2016), investigated timing accuracy of web applications,
here with a comparative focus on touchscreen and key-
board devices. Their results confirm what theoretically

was expected from the technical structure and limitations
of the web (Reips, 1997, 2000):

. . . very accurate stimulus timing and moderately
accurate RT measurements could be achieved on
both touchscreen and keyboard devices, though RTs
were consistently overestimated. In uncontrolled cir-
cumstances, such as researchers may encounter
online, stimulus presentation may be less accurate.
. . . Differences in RT overestimation between devices
might not substantially affect the reliability with
which group differences can be found, but they may
affect reliability for individual differences (p. 1371).

An example of how the combination of computerized mea-
surement and large sample sizes achievable on the web pro-
vided a shift in measurement accuracy that was long
needed but overlooked in light of traditions and measure-
ment burden is the switch from Likert-type rating scales
to visual analogue scales. The latter has become much
easier to administer via the web than on paper (where dis-
tances have to be measured with a ruler) and on computers
(where software often lacks that type of scale as an option).
Figure 4 shows an example of both types of scales. Note the
visual analogue scale turns 100 this year (Hayes & Patter-
son, 1921).

As Reips and Funke (2008) point out, as a result of their
experiment, data collected with web-based visual analogue
scales provide better measurement than Likert-type scales
and offer more options for statistical analysis. Importantly,
visual analogue scales are not to be confused with slider
scales, for which we know its handle causes potential prob-
lems because its default position may cause anchoring
effects or erroneous ratings (Funke, 2016). Slider scales
may also cause more problems for the less educated (Funke
et al., 2011).

Dropout and Other Nonresponse

Dropout is more prevalent in web-based research and may
have detrimental effects (Reips, 2002b; Zhou & Fishbach,
2016). Zhou and Fishbach describe how unattended selec-
tive dropout can lead to surprising yet false research con-
clusions. However, avoiding dropout (e.g., via high hurdle
and warm-up techniques, and low tech principle) or control-
ling it (e.g., via seriousness check) are not the only strate-
gies to deal with the higher prevalence of dropout on the
web. Rather, dropout can be used as a dependent variable
(Reips, 2002a). Bosnjak (2001) describes seven types of
non-response behavior that can be observed in surveys,
these all are good measures in web-based research.

In an early and widely cited study, Frick and col-
leagues (2001) experimentally manipulated the influence
of announcing an incentive (or not), anonymity, and
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placement of demographic questions (beginning vs. end) on
dropout. Incentive announcement and position of demo-
graphic questions showed large main effects on dropout,
it ranged from 5.7% in the incentive known and demo-
graphic questions at the beginning condition to 21.9% in
the incentive unknown and demographic questions at the
end condition. They also found a strong effect (> 100
min difference in reported TV consumption per week) of
the order of questions – asking both for time devoted to
charity work and TV consumption had created a context
that evoked socially desirable responses. Birnbaum (2021)
also discusses dropout and reflects on early discussions
and findings by those who adopted the web for research
and developed the associated methodology.

DropR (http://dropr.eu) is ShinyApp and R software that
we created to meet the increased need to calculate dropout
rates because dropout is much more frequent in web-based
research than in laboratory research. In the analysis and
reporting of web experiments, the commonly high dropout
makes it necessary to provide an analysis and often also
visualize dropout by condition. DropR supports web
researchers in both providing manuscript-ready Figures
specifically designed for accessibility (see Vereenooghe,
2021) and all major survival and common dropout analyses
on the fly, including Kaplan-Meier, chi-square, odds ratio,
and rho family tests. Visual inspection allows for quick
detection of critical differences in dropout. DropR is Open
Source software available from Github (Reips & Bannert,
2015).

Dropout is particularly useful in detecting motivational
confounding in experiments (Reips, 2000, 2002b). When-
ever conditions differ in motivational aspects, there is the
danger that this confound may explain any between-condi-
tion findings. On the web this would likely show in differen-
tial dropout rates. On the contrary, “because there is
usually very minor dropout in offline experiments, the lab-

oratory setting is not as sensitive as the Internet setting in
regard to detecting motivational confounding.” (Reips,
2009). In a secondary analysis of two studies, Shapiro-Luft
and Cappella (2013) confirm that motivational confounding
can be detected in web-based studies with video content. It
has been of consideration in conducting real-time multi-
player experiments on the web (Hawkins, 2015) and is
now routinely used as an argument to conduct studies on
the web rather than in the lab (e.g., Lithopoulos et al.,
2020; Sheinbaum et al., 2013).

Interaction of Technology and Psychology

A chief issue in web-based research is interactions between
technology and human factors, such as the type of device
and personality of user. Which device someone uses is by
no way randomly determined, it depends on one’s prefer-
ences – either directly, for example, because one may be
an “early adopter” and likes to buy and use the newest
technology or indirectly because one’s personality and
demographics drive one to follow a certain education and
end up in a certain profession where some type of technol-
ogy is more common than in other professions. Buchanan
and Reips (2001) analyzed responses of 2,148 participants
to a web-based Five-Factor personality inventory and com-
pared demographic items for users of different computing
platforms. The responses of participants whose web brow-
sers were Javascript-enabled were also compared with
those whose web browsers were not. Macintosh users were
significantly more “Open to Experience” than were PC
users, and users using Javascript-enabled browsers had sig-
nificantly lower education levels.

For research, an immediate consequence is to expect lar-
ger direct and indirect self-selection and coverage biases. If a
web-based study relies on certain specific technologies, it
will not reach every person with the same probability. For

(A)

(B)

Figure 4. Web-based Likert type scale (A) and Visual Analogue scale (B).
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theory-guided and experimental basic research, this is less of
an issue, but it may be for any research that tries to general-
ize from samples to populations. Technical and situational
variance in itself in the presence of an effect strengthens
the case for its generalizability (Reips, 1997, 2000), as it
diminishes the probability that an effect is an artifact result-
ing from a specific technological setup in the laboratory.
Krantz (2021) further notes that “technical variance also sug-
gests a potential for modification of the theoretical under-
standing of the phenomenon” (p. 233) in web-based
research and shows how this can be done with the famous
illusion named after the founder of this journal, Ebbinghaus.

Recruitment

Once one understands the willingness of people to partici-
pate in web-based research (Bosnjak & Batinic, 2002),
the question arises where to find them. Participants for
web-based research in psychology can be found via various
types of sources beyond any that also work for laboratory-
based research: Mailing lists, forums/newsgroups, online
panels, social media (Facebook, Twitter, Instagram, Snap-
chat, Tuenti, ...), frequented websites (e.g., for news),
special target websites (e.g., by genealogists), Google
ads. Further, there are dedicated websites like “Psycholog-
ical research on the net” (https://psych.hanover.edu/
research/exponnet.html) by John Krantz or the “web exper-
iment list” at https://wexlist.uni-konstanz.de

Within just a few years, it has become common to recruit
workers as participants for “mini jobs” on crowdsourcing
platforms like Clickworker, Prolific Academic, Cloudflare,
or Amazon Mechanical Turk (AMT). Anderson and col-
leagues (2019) show social and personality psychology as
an example of how dominant recruitment via AMT became
a recruitment platform just within a few years. However,
this proliferation of its use among researchers stands in
stark contrast with much criticism about data quality from
AMT workers (“MTurkers”) and the site’s limitations. Reips
(in press) writes,

Workers respond to be paid, whereas other research
participants respond to help with research. A second
reason why MTurkers provide lower quality data may
be tied to the forums they have established where
jobs are discussed, including online studies. It may
well be that rumors and experiences shared in these
forums lead to decreased data quality. A third reason
is artificial MTurkers that have appeared on the site,
these are computer scripts or “bots”, not humans
(Dreyfuss, 2018), ironically replacing the “hidden
human” in the machine with machines. Stewart and
colleagues (2015) calculated that with more and more
laboratories in the Behavioral sciences moving to

MTurk the total size of the actual participant pool
for all studies approaches just 7,300 people rather
than the hundreds of thousands in the past.

Ironically, a service that was developed to employ people
who appear to work as a machine because the machine
(computer) cannot do the task as well is now going down
the drain because human beings have programmed scripts
that pose as human workers.

Conclusion

Web-based research has enabled psychologists to explore
new topics and do their research with previously impossible
options to reach large heterogeneous samples and people
with rare characteristics, run studies easily in several sam-
ples and cultures simultaneously (see Subsampling Tech-
nique section), and go deeper into multiple fine-grained
measurements that may bring a revival of behavior instead
of self-report and other measures in psychology.

At the same time, technological factors became more
dominant in the ways psychological research is conducted,
various dangers include (1) the dependency on non-scienti-
fic agents like big player companies who provide only
selected data access to “embedded scientists”, (2) lack of
reproducibility because of the many hardware and dynamic
software factors involved and the quickly changing technol-
ogy, and (3) the distance between the researcher and partic-
ipants, who may not even be human but vague “agents”
provided by commercial recruitment services.

Web methodologists are, of course, trying to keep up with
the fast development and provide multiple solutions to the
challenges posed by the web as a route for research. For
those of us who actively have experienced research before
the web revolution, it will be an important task to describe
our insights from comparing pre-web with web-based
research and teach a new generation of researchers in psy-
chology. We will be the only generation to have witnessed
and experienced the change.
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