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INTRODUCTION

Abstract

Survey-based research with recruitment through online channels is a convenient
way to obtain large samples and has recently been increasingly used in autism
research. However, sampling from online channels may be associated with a high
risk of sampling bias causing findings not to be generalizable to the autism popu-
lation. Here we examined autism studies that have sampled on social media for
markers of sampling bias. Most samples showed one or more indicators of sam-
pling bias, in the form of reversed sex ratio, higher employment rates, higher edu-
cation level, lower fraction of individuals with intellectual disability, and later age
of diagnosis than would be expected when comparing with for example popula-
tion study results from published research. Findings from many of the included
studies are therefore difficult to generalize to the broader autism population.
Suggestions for how research strategies may be adapted to address some of the
problems are discussed.

Lay Summary

Online surveys offer a convenient way to recruit large numbers of participants for
autism research. However, the resulting samples may not fully reflect the autism
population. Here we investigated the samples of 36 autism studies that recruited
participants online and found that the demographic composition tended to devi-
ate from what has been reported about the autism population in previous
research. The results may thus not be generalizable to autism in general.
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useful way to obtain large sample sizes. However, the
representativity of the cohorts obtained this way may be

There is an increasing recruitment of participants for
research studies through online channels, particularly for
studies centered around surveys, as these can be con-
ducted fully online and at a low cost (Andrade, 2020).
Online surveys allow broad geographical diversity and
may be able to reach parts of a population that might not
otherwise participate in scientific studies, for example,
individuals with busy lives and/or with a preference to
participate more anonymously (Evans & Mathur, 2005).
Surveys advertised on social media may therefore be a

compromised.

Sample size correlates negatively with the variance of
the sampling distribution of a statistic of interest (e.g., the
sample mean). Larger samples minimize sample-to-sample
variability and thus produce more precise estimates than
smaller samples. However, a precise estimate is not neces-
sarily accurate. The benefits of large samples can only be
obtained if the sample is unbiased and representative, so
that observations may be generalized from the sample to
the entire population under study.
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Unrepresentative samples are usually a result of a
sampling bias, that is, a sampling process that over-
samples some parts of the population and under-samples
other parts. In the absence of sampling biases, larger
samples will more closely resemble the population and
produce smaller standard errors as given by basic statisti-
cal calculations. However, a large sample cannot make
up for sampling biases. Indeed, in the presence of sam-
pling bias, even very large samples can deviate consider-
ably from the population (a notable example being the
Literary Digest poll of the 1936 US presidential election
[Squire, 1988]). In a representative sample, the distribu-
tions of a/l characteristics should be approximately equal
to those of the population of interest. Conversely, unre-
presentative samples may differ from the population on
one or more parameters, in which case observations on
the sample should not automatically be assumed to be
generalizable to the target population.

While many characteristics of the population will be
unknown a priori, previous research can provide a reference
point for how some characteristics, for example, demo-
graphic variables are expected to be distributed in the target
population. Therefore, demographic information such as
sex ratio or educational level can inform on whether a sam-
ple diverges from what has generally been reported within
research and can thus act as markers of sampling bias.

When sampling online, there may be biases related to
response/nonresponse, meaning that those who choose to
participate may systematically differ from those who choose
not to (Andrade, 2020; Rubenstein & Furnier, 2021). Some
demographic groups may be more likely to respond than
others (Cheung et al., 2017), and individuals may choose
whether to participate based on their interest in or position
on the topic of the survey (Groves et al., 2004). There may
also be biases related to exposure to the survey. Online sur-
veys on autism may be circulated in online communities for
autistic individuals. These communities may attract certain
subgroups of the autism population, such as autism self-
advocates, more than other subgroups. Though the perspec-
tives of these groups are relevant, they may not be represen-
tative of the autism population as a whole. To assess
whether the theoretical risks of sampling bias are likely to
have a practical implication, we have investigated the sam-
ple representativeness of a selection of studies that have
recruited through social media.

METHODS

We investigated markers of sampling bias in studies that
aimed to characterize the autism population using online
surveys with participants recruited, entirely or in part,
through social media. We used the following search string
on Google scholar: ‘autism AND “online survey” AND
“social media” AND (recruitment OR advert*) AND

“non-autism” OR “non-autistic”)’. Since studies that aim
to make general statements about the autism population

usually compare to a control group, we included the search
term (“non-autism” OR “non-autistic”). Google scholar was
used as it can search article full texts rather than just the
abstract, and some of the words in our search query
(e.g., social media) may be mentioned in methods sections
rather than in abstracts. The full text of each hit was exam-
ined, and studies were included if they obtained part of their
autism sample by recruitment on social media, including
for example, “online autism communities.” Studies were
excluded if they were not peer-reviewed or not written in
English. Additionally, studies were excluded if their aim
was to investigate a subpopulation, such as autistics who
are mothers, or university students with autism, since such
samples should not be expected to be representative of the
whole autism population. Studies focusing on individuals
within a specific age bracket were included. For each
included study, we extracted (if reported) the following
markers of sampling bias: Sex ratio, average age at autism
diagnosis, percentage with a college or university education,
percentage of unemployment, and percentage with intellec-
tual disability. To further examine the characteristics of the
samples we also extracted information about the racial/
ethnic composition and identification with another gender.
Additionally, we examined whether the studies discussed
potential sampling biases and whether they included enough
information in the methods section to replicate the sampling
process. The search was conducted on October 5, 2021.

RESULTS

One hundred seventy search hits were identified. Thirty-six
studies met inclusion criteria, all except two were published
in 2019 or later. The included studies are summarized in
Table 1. Many of the included studies reported very limited
demographic and descriptive information about their sam-
ples. Figure 1 shows the percentage of the identified studies
that reported each of the selected variables. A few addi-
tional studies reported similar variables that could not be
compared, such as the percentage diagnosed as adults
instead of the mean age of diagnosis. Sample characteristics
from the studies that did report each of the examined demo-
graphic variables are shown in Figure 2. Most of the studies
did not purely sample from social media, as the surveys
were advertised through several channels. Five studies col-
lected data from proxy-informants and reported this sepa-
rately from the data from autistic individuals themselves.
For these studies, the weighted average of sample character-
istics for the two groups were used, weighted by the group
sizes.

Sex ratio
A meta-analysis of published studies (Loomes

et al., 2017) estimated the male to female ratio in autism
to be around 3:1. A recent register-based study has also
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FIGURE 1 Overview of the percentages of studies that reported
each of the selected markers of sampling bias. This does not include
studies that reported demographics in other ways, such as total years of
education or percentage diagnosed as adults.
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FIGURE 2 Distributions of sample characteristics for the five
markers of sampling bias among the included studies that had reported
each of them. Each point represents a single study. The boxes indicate
the quartiles of the distributions. The thick blue lines indicate estimates
of where the mean would be expected in the autism population in
general, based on the literature (see main text for details). For college/
university, a conservative estimate based on the general population is
used. The expected mean age of diagnosis in the whole population is
difficult to estimate from the literature. Five studies included proxy
responses, for example, by a relative. Mean sample characteristics for
these studies were calculated as the weighted average between the self-
reports and proxy-reports and are highlighted as red squares

reported a high male preponderance in autism (2.57:1 in
adults, 3.67:1 in children) (Posserud et al., 2021). Here,
we generally observed a reversed sex ratio where most

participants in most of the investigated studies were
female, with the median male-to-female ratio being 1:1.6.
A general tendency for a higher female respondence in
survey research has been described (Aerny-Perreten
et al., 2015; Cheung et al., 2017), but the shift in sex ratio
observed here is substantially larger (around 3:1 in the
population and 1:1.6 in the samples), and likely indicates
additional sampling bias.

Age of diagnosis

Autism is currently defined as a developmental condition
where symptoms should present across contexts during
childhood. Therefore, one would expect a substantial
proportion of the autism population to have received
their diagnosis in childhood. However, we are not aware
of a good estimate of the exact expected age of diagnosis,
which will likely depend strongly on the age of the sample
being studied. In the investigated studies we found a ten-
dency for the mean age of autism diagnosis to be high
and often well into adulthood (median = 29.8 years). The
two studies where mean ages of diagnosis were below
18 years were focusing specifically on younger adults up
to 25 years. Although it is very possible that a part of the
autism population has not been diagnosed as children
despite showing symptoms, such a large percentage of
participants having been diagnosed late could indicate
the presence of a sampling bias.

College/university degree

Based on a recent US census, around 45% of the general
population aged 25 or older had obtained a college or
university degree, including 2-year college degrees, of
which 35% of the population had obtained at least a
bachelor’s degree (U.S. Census Bureau, 2018). Similarly,
according to OECD data for the UK, 49% of all adults
aged 25-64 had obtained post-secondary education, of
which 25% had a bachelor’s degree (OECD, 2021). In
our investigation we found the median percentage of
autistic individuals that had obtained a college or univer-
sity degree to be 60.2%. This does not correspond well
with previous studies reporting a tendency for lower edu-
cational and occupational outcomes among individuals
with autism compared to individuals without (Eaves &
Ho, 2008; Howlin et al., 2013; Shattuck et al., 2012;
Taylor & Seltzer, 2011).

Unemployment

Unemployment rates for individuals with autism have gen-
erally been found to be high, with more than 50% not hav-
ing a job (Hedley et al., 2017). In the investigated studies
we observed lower unemployment rates, with a median per-
centage of unemployment of approximately 28.7%.
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Intellectual disability

A record linkage study (Idring et al., 2015) estimated the
prevalence rate of co-occurring intellectual disability at
around 25.6% among 0- to 27-year-old individuals with
an autism diagnosis, while a recent register-based study
(Rodgaard et al., 2021) observed a co-occurrence rate of
intellectual disability in 16-year-olds of approximately
17%. The prevalence of co-occurring intellectual disabil-
ity in the investigated studies tended to be much lower
with a median percentage of 3.8%.

DISCUSSION

Distributions of reported sample statistics in the investi-
gated studies departed markedly from what would be
expected of the autism population based on previous
research. This suggests sampling bias among many of the
investigated studies. In these studies, the results should
not be interpreted as characterizing the autism popula-
tion as a whole. The sampling bias could potentially
reflect that substantial groups within the autism popula-
tion are under-sampled because they may be less likely to
be part of the autism communities on social media where
online surveys may be circulated. Conversely, it is possi-
ble that those with a late autism diagnosis are more likely
users of autism communities or networks on social media
and generally more likely to respond to surveys about
autism because the recency of their diagnosis leads to a
greater interest in autism and a greater need for connect-
ing with other individuals with an autism diagnosis.
However, the present investigation cannot determine why
recruiting autistic individuals on social media might
result in a bias nor is it the scope of this study to estimate
the precise risk of sampling biases associated with studies
using online recruitment in general.

The descriptions of the recruitment processes were
generally quite limited. It would be beneficial for studies
to report more detailed methodological information con-
cerning recruitment, for instance, the full advert text, the
specific social media platforms and/or groups that were
targeted, and how many participants were obtained from
each recruitment source (e.g., different social media plat-
forms or a database). Such information is relevant in
order to replicate the studies (Rubenstein & Furnier,
2021) and may be useful in assessing the risk of a bias.
For example, advert texts that ask participants to share
the advert with their network (“snowball sampling”) may
exacerbate sampling bias. Snowball sampling favors indi-
viduals with larger social networks as they will be more
likely to receive the advert from someone they know
(Baltar & Brunet, 2012; Magnani et al., 2005). Addition-
ally, the individuals initially included will influence the
composition of the rest of the sample (Magnani
et al., 2005), which violates the assumption of indepen-
dent observations made in most common statistical tests.

Additional details about recruitment would have allowed
for more quantitative meta-analytic studies of the effects of
online recruitment, for example, how the fraction of the
sample that was recruited online correlates with markers of
sampling bias, or whether a snowball sampling strategy is
associated with specific sample characteristics. To help
ensure transparency and reproducibility, journals could
require authors to report essential descriptive statistics
about their samples, that is, sex, age, race/ethnicity, diag-
nostic status (clinical or self-diagnosed), age of diagnosis,
education, employment, IQ, and intellectual disability, as
well as include detailed descriptions of the recruitment and
sampling procedures. It may even be beneficial to require
that the most central elements of this information be men-
tioned in the abstract.

Some studies combined their recruitment through
social media with recruitment from existing databases of
participants. However, such databases may also contain
data from individuals who were recruited to the database
through online channels and may have similar biases.
Recruitment through established databases may be a way
to reduce sampling bias, provided that the databases
themselves are representative of the autism population. It
would thus be beneficial to continuously monitor relevant
descriptive statistics of the individuals in each database.
In studies that recruit individuals from a database, the
possibility of response/nonresponse bias should still be
considered.

Most of the investigated studies did include some dis-
cussion of the potential for sampling bias. Specifically,
most studies mentioned that individuals with intellectual
disability were likely underrepresented. Underrepresenta-
tion of intellectual disability is widespread in the autism
literature (Russell et al., 2019), and this may thus not be
a bias that is specific to autism research using online
recruitment. Underrepresentation of intellectual disability
could contribute to some of the deviations in employment
and education level described here. However, although
intellectual disability is overrepresented in the autism
population, it is far from a majority (Idring et al., 2015).
It is thus unlikely that excluding this group alone would
bias demographic variables as much as we observed here
(Figure 2). For example, the median proportion of sam-
ples with a college/university education was found to be
markedly higher than what has been reported in the gen-
eral population, which would also not be expected in the
population of autistics without intellectual disability.
Indeed, even in the absence of intellectual disability, spe-
cific symptoms associated with autism, for example,
social or communicative difficulties would likely lead to
poorer outcomes. A recent study found that individuals
diagnosed with Asperger’s syndrome, the criteria of
which require that no cognitive delay be present, were
reported to have significantly lower levels of both educa-
tion and employment than matched individuals without
any autism diagnoses (Toft et al., 2021). Furthermore,
low outcomes for autistic individuals without intellectual
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disability has previously been reported for education and
employment (Howlin et al., 2013). Underrepresentation
of those with intellectual disability is also not likely to
explain the large proportions of females observed in the
present study.

Some studies included more elaborate considerations
of representativeness, for example, suggesting that indi-
viduals receiving their diagnosis early may have been
under-sampled. However, even though individual studies
may contain nuanced discussions of biases, there is still a
risk that important limitations regarding interpretation
are not reflected in titles and abstracts (Lord &
Bishop, 2021). Furthermore, when numerous studies
exploring the same topic use the same methodologies
with the same risks of sampling biases, they may confirm
each other’s findings and give the impression that the
findings are robust characteristics of autism, even though
they may not generalize to the entire autism population.
Discussion of limitations due to non-representativeness
can therefore likely not eliminate the problems of
sampling bias.

It is widely agreed that the current autism spectrum
population is very heterogenous (Lord et al., 2020; Masi
et al., 2017) with immense differences between individ-
uals with an autism spectrum diagnosis. Therefore, trying
to derive general truths about the entire autism spectrum
as currently defined may not be the most fruitful
approach. Two studies with the same aim might obtain
different results if their autism samples are different, for
example, due to different sampling strategies. A study
that manages to create a representative sample of the
autism population and compares it to a representative
control sample would obtain a result describing the
autism population “on average.” For any given individ-
ual in the population, such an average result will not nec-
essarily meaningfully describe the condition of that
individual, due to the large heterogeneity.

Instead, it may be worthwhile to conduct research on
more narrowly defined and more homogeneous sub-
groups of the autism population. To follow this strategy,
researchers would define a subgroup of interest, by nar-
rowing the range of variation of some variables
(e.g., language or comorbidity) selected by the researcher.
Results obtained by separately studying such a subgroup
cannot be generalized to all individuals with autism.
However, a sample that is narrowly selected on certain
parameters may be more likely to share additional char-
acteristics that would be identifiable even in moderately-
sized samples. Subsequent comparisons of findings from
different subgroups could then allow us to learn under
which conditions various subgroups may or may not be
considered together. In reporting results, we should be
explicit about the subgroup under study, in order to spec-
ify which part of the current spectrum the results may be
generalized to. The chosen subgroup may or may not
represent a categorical biologically distinct group, as long
as it circumscribes a more homogeneous population. It

has previously been suggested to study “prototypical
autism” in a similar manner (Mottron, 2021), but the
strategy can be similarly employed to study other sub-
groups of autism.

An alternative strategy could be to sample broadly
among the entire autism population with the aim to
investigate differences within such samples and drawing
conclusions with these potential differences in mind. For
example, after observing a small or moderate overall
effect in the whole sample, it may be possible to identify
subgroups that are driving this effect and thus draw more
informative conclusions than making a statement about
the entire autism population, which may not be relevant
for a substantial part of it.

Finally, in cases where demographic variables indi-
cate a bias, it would be beneficial to attempt replication
in a sample with different characteristics, corresponding
to those who may initially have been under-sampled, for
example, individuals diagnosed with autism as children,
individuals with co-occurring intellectual disability and
individuals with lower education levels. One approach to
collecting such a complementary sample could be to ana-
lyze responses where another person assists the autistic
individual or answers on their behalf. In the present
study, samples that also included proxy responses tended
to have lower education level, a lower female-male ratio
and more individuals with co-occurring intellectual dis-
ability (Figure 2). Crucially, as a research community we
should strive to develop a language to clearly and suc-
cinctly describe various autism subpopulations and com-
partments within the autism population. This may make
it easier for researchers to define their target populations
and make statements that do not inadvertently over-
generalize to the whole population before we have suffi-
cient evidence for doing so.

Limitations

Identifying studies meeting the inclusion criteria for the
present investigation is challenging for several reasons.
Authors may use many different words and phrases to
describe the online recruitment procedure making it diffi-
cult to construct inclusive search strings. Furthermore,
the methodological details about recruitment are often
not included in the abstract and will only be found if the
search engine has indexed the full text. The search strat-
egy used here therefore cannot be assumed to identify all
studies of autism that have recruited online and should
not be taken as a characterization of online recruitment
studies as a whole, nor should the results of our search be
seen as an estimate of the extent to which online recruit-
ment is used in autism research. Rather, our investigation
serves to demonstrate that sampling bias issues are not
merely a theoretical concern but may exist in a substan-
tial number of studies that recruit samples online. Studies
with unrepresentative samples may still have scientific
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value. Generalizability issues aside, well-designed online
surveys may provide valuable qualitative insight into a
phenomenon and may generate hypotheses that can be
tested using complementary approaches. Many studies
used mixed recruitment channels, and our results cannot
elucidate whether online recruitment is the determining
factor for the risk of sampling bias, or whether the
included studies may share other characteristics associ-
ated with sampling bias. Higher education and unem-
ployment may have been operationalized slightly
differently across the investigated studies, for example,
due to national differences in educational systems.
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