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Citizen science allows members of the public to engage with scientific inquiry, and is increasingly being
employed to monitor environmental change. Some previous research explores the demographic characteristics
of participants in environmental citizen science projects. Design of recruitment campaigns and selection
of activities for citizen science projects could benefit from a better understanding of participants’ demo-
graphic and socioeconomic characteristics, as well as participants’ health, their well-being status, and
their level of physical activity. In addition, this type of information can provide a baseline for examining
effects of engaging in citizen science on participants’ health and well-being in later research. This paper
reports results from a survey of a group of environmental citizen scientists engaged in observation and
monitoring activities who have recently registered as biodiversity data recorders in Ireland. The survey
employs questions drawn from existing large-scale socioeconomic surveys in Ireland, so the characteristics
of biodiversity recorders can be compared with those of the wider population. Differences in proportions
are tested for statistical significance, and Blinder-Oaxaca decomposition methods are applied to strip out
compositional differences when comparing health status and physical activity. Results show that biodi-
versity recorders are more highly educated, more middle-aged, more rural, better-off, and more active in
the labour force than the general population. They are deeply concerned about threats from the decline
or extinction of species and ecosystems, they classify environmental protection as very important, and
they believe that individuals have a role to play in protecting the environment. Biodiversity recorders are
more physically active than the wider population, and mixed results are found for generalised health and
mental health status.
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Introduction
Citizen science allows members of the public to engage
with scientific inquiry, and is increasingly being employed
to address environmental change and conservation issues
(Turrini et al. 2018; Johnson et al. 2014). There have been
many studies focused on the contribution of environ-
mental citizen science to science and research (Ballard,
Dixon, and Harris 2017; Chandler et al. 2017; Theobald et
al. 2015; Pandya 2012; Raddick et al. 2009). One benefit
for researchers is that some projects that were previously
impossible can be rapidly completed with the help of citi-
zen science (Raddick et al. 2009). For society in general,
environmental citizen science can help to generate new
knowledge, to raise awareness, and to enable civic partici-
pation in conservation (Turrini et al. 2018).

Past research also explores the effect of citizen science
on participants, including on the scientific knowledge
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and attitudes of participants (Price and Lee 2013; Crall
et al. 2013; Pandya 2012; Raddick et al. 2009; Brossard,
Lewenstein, and Bonney 2005; Overdevest, Huyck Orr,
and Stepenuck 2004). Several studies examine the demo-
graphic characteristics of people who participate in citi-
zen science, often finding citizen scientists or volunteers
to be more highly educated, more affluent, more rural-
based, more middle-aged, and overwhelmingly white
compared with the general population (Committee on
Designing Citizen Science to Support Science Learning et
al. 2018; Merenlender et al. 2016; West and Pateman 2016;
Pandya 2012; Hobbs and White 2012; Evans et al. 2005;
Overdevest, Huyck Orr, and Stepenuck 2004; Trumbull et
al. 2000). In addition, persons with disabilities are found
to be underrepresented by one study (West and Pateman
2016). Barriers to participation for groups that are tradi-
tionally underrepresented in citizen science are consid-
ered in the literature to be the money or time associated
with volunteering; a perception that volunteering neces-
sarily involves physical activity; a lack of access to natural
settings among urban dwellers; a lack of familiarity with
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scientific methods among people with lower levels of edu-
cation; and a perception among some people from eth-
nic minority groups in some regions that the countryside
is predominantly populated by white people (West and
Pateman 2016; Merenlender et al. 2016; Pandya 2012). It
is also noted in the literature that while some population
groups are generally underrepresented in citizen science
projects, there is some evidence of citizen science being
employed by groups, including marginalized groups
(Kullenberg 2015), in support of a political agenda.

A better understanding of the sociodemographic char-
acteristics of groups participating in environmental citizen
science could help researchers target recruitment cam-
paigns and design activities suitable for involving citizen
scientists. Knowledge of the educational attainment and
other capabilities of citizen scientists could help research-
ers evaluate the potential to broaden the involvement
of citizen scientists to a wider range of research-related
activities. Participation in citizen science mostly takes the
form of contributory projects designed by researchers,
with citizen scientists’ efforts focused on voluntary data
collection (Kullenberg and Kasperowski 2016). However,
some research suggests there is potential to increase
the involvement of citizen scientists in other aspects of
research, such as the development of research questions,
data analysis, and the dissemination of findings. This
could in turn further enhance the strategic knowledge
environment as well as the scientific literacy and empow-
erment of citizen scientists (Schréter et al. 2017). With this
in mind, this paper contributes to the evidence base on
participants in environmental citizen science activities by
assessing demographic, socioeconomic, and health char-
acteristics of biodiversity recorders in Ireland.

A better understanding of the attitudes of citizen
scientists at the early stages of participation should cast
light on the scope for using these programmes to inform
and engage these individuals in support of conservation
objectives, as well as provide a baseline for studying how
participation affects attitudes and enthusiasm about
conservation. Some previous research shows evidence of
behavioural change in individuals as a result of participa-
tion in citizen science, particularly increased engagement
in wider conservation activities or increased appreciation
of habitats (Lewandowski and Oberhauser 2017; Evans et
al. 2005). Other studies, however, find little or no evidence
of changes in environmental attitudes due to participation
in citizen science (Crall et al. 2013; Brossard, Lewenstein,
and Bonney 2005). As an initial step in this direction, we
also examine the environmental attitudes of biodiversity
recorders in Ireland.

Moreover, it would be useful to know whether these
activities improve the health and well-being of partici-
pants. Further evidence of benefits to participants could
provide additional justification for funding these activi-
ties and could help support recruitment. It has previously
been suggested that participation in environmental citi-
zen science increases self-efficacy (Johnson et al. 2014).
In general, however, the effects of environmental citizen
science activities on the health and well-being of partici-
pants receives relatively little attention in the literature.
The wider literature relevant to the potential health and
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well-being benefits of participation in environmental
citizen science can be divided into two main categories:
the effects of interaction with green spaces and natural
environments; and the effects of social engagement and
volunteering.

Environmental citizen science, particularly observation
and monitoring activities such as recording biodiversity,
can bring participants into contact with green spaces.
Exposure to green spaces may be associated with a lower
likelihood of becoming obese or overweight, a lower risk
of developing heart conditions, and better mental health
outcomes (Dempsey, Lyons, and Nolan 2018; James et al.
2015). Increased physical activity, greater social network
opportunities, decreased exposure to environmental
hazards, and a sense of restoration or stress reduction
in natural outdoor environments are all possible mecha-
nisms through which such environments, particularly
green spaces, are associated with better physical and
mental health (Dadvand et al. 2016; James et al. 2015;
Triguero-Mas et al. 2015; Van Dillen et al. 2011; Maas
2006; de Vries et al. 2003). Another potential health
benefit to being an environmental citizen scientist stems
from interaction with nature and biodiversity. The healthy
development of microbiota of human skin and gut is
dependent on exposure to microbes from environmental
sources (Sandifer, Sutton-Grier, and Ward 2015).

The second category of potential health and well-being
benefits, based on increased social engagement and vol-
unteering, can apply to any form of environmental citizen
science. Much of the literature in this area focuses on the
cognitive effects of increased social engagement or volun-
teering on older adults (Huang 2018; Lee and Jean Yeung
2018). Older adult participation in socially productive activ-
ities enhances perceptions of self-worth and health, results
in individuals being more socially integrated and physically
active, and acts as a buffer against depression or stress trig-
gered by negative age-related events. This, in turn, leads to
better cognitive functioning (Lee and Jean Yeung 2018).
Volunteering can provide mental, physical, and social stim-
ulation simultaneously, and can thus act as a protective fac-
tor specifically against the aggravation of cognitive ageing
brought about by retirement (Gupta 2018). Environmental
concern, particularly at high levels, increases the likeli-
hood of volunteering and becoming a member of an envi-
ronmental organisation, and positively impacts subjective
well-being (Binder and Blankenberg 2016).

To assess potential impacts of participation in citizen
science on health and well-being in future research, an
understanding of participants’ baseline health, well-being,
and level of physical activity is required. Therefore, in addi-
tion to broadening the evidence base of demographic,
socioeconomic, and health characteristics of people who
decide to participate in citizen science, we establish the
health and well-being status and level of physical activity
of biodiversity recorders in Ireland in the early stages of
their participation in recording activities. To our knowl-
edge, this is the first paper to characterise a group of peo-
ple who engage in environmental citizen science activities
in terms of their health, well-being, and physical activity.
The most similar past work compares the general health
status of older people who engage in volunteer activities
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with those who do not volunteer (Gupta 2018), with vol-
unteering defined as either formal (for religious, educa-
tional, health-related, or other charitable organisations)
or informal (helping friends, family, or neighbours). Other
similar past work explores the motivations of participants
in environmental citizen science (Merenlender et al. 2016;
Johnson et al. 2014; Hobbs and White 2012).

We collaborate with the National Biodiversity Data
Centre to carry out a survey on a group of environmen-
tal citizen scientists engaged in observation and monitor-
ing activities who have recently registered as biodiversity
data recorders in Ireland. The survey employs questions
drawn from existing large-scale socioeconomic surveys
in Ireland, which allows us to compare the demographic,
socioeconomic, and health characteristics of biodiversity
recorders with the attributes of the wider population, and
statistically test for differences between them.

The Materials and Methods section outlines the survey
data used in our research, and the statistical methods
employed to analyse these data. Results of this analysis
are discussed in the Results section, and the final section
sets out some conclusions and suggestions for further
research.

Materials and Methods

Population data sources

To obtain information on the health, well-being, and
physical activity characteristics of the general popula-
tion, we use two sources of microdata: The Irish Longitu-
dinal Study on Ageing (TILDA) and Healthy Ireland (HI).
In addition, population data on environmental attitudes
is sourced from a Special Eurobarometer public opinion
survey on the environment.

The Irish Longitudinal Study on Ageing

TILDA (Donoghue et al. 2018; Kearney et al. 2011) is a
nationally representative longitudinal study of more than
8,000 people aged fifty and over in Ireland, which collects
information on all aspects of health as well as economic
and social circumstances.! Data collection for the third
wave of the survey, which is employed in this paper, was
carried out between March 2014 and October 2015 on
6,566 individuals aged fifty and over. TILDA data is col-
lected using three different methods. First, interviews are
conducted by trained interviewers in each respondent’s
home using Computer Assisted Personal Interviewing.
Second, participants are given a self-completed question-
naire, which captures more potentially sensitive data, to
fill out and return by post. Finally, respondents are invited
to attend a nurse-led health assessment at specialised
Health Assessment Centres, or a modified partial assess-
ment in their homes if travel to a centre is not practicable.

Healthy Ireland

HI is a government programme that includes an annual
cross-sectional survey of the health and well-being of
adults in Ireland (Ipsos MRBI 2010). More than 7,500 peo-
ple aged 15 years and over participated in each of four
annual cross-sectional rounds of the survey. This paper
uses data from the first round of the survey, data col-
lection for which took place between October 2014 and
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August 2015 on 7,539 participants. Participants complete
the survey questionnaire through a face-to-face interview,
and are then invited to undertake a physical measure-
ment module. The HI survey covers different topics in
each round. The main topics included in the first round
are health, utilisation of health services, smoking, alcohol
use, diet, exercise, well-being, and sexual health.

Eurobarometer

Special Eurobarometer 468 (European Commission,
2017) is a public opinion survey on the attitudes of
European citizens towards the environment, the impact
of environmental issues, ways of taking action to tackle
environmental issues, and the role of the European Union
in environmental protection, ecolabels and air pollution.
Fieldwork for the Irish sample was carried out in the form
of face to face interviews in the homes of 1,002 partici-
pants between September and October 2017.

Biodiversity Recorder Survey

For this research, we targeted a group of citizen scientists
who are registered as biodiversity data recorders with the
National Biodiversity Data Centre (NBDC) in Ireland. Citi-
zen scientists record biodiversity sightings through the
NBDC's online Citizen Science Portal, recording informa-
tion such as species name, activity, abundance, and sight-
ing location. Recording biodiversity through the NBDC is
open to anyone who wishes to participate, regardless of
previous knowledge or experience.? To focus the research
on a relatively homogeneous group of newly recruited
citizen scientists, the survey was sent to all recorders who
had registered in the past year (approximately 2,000).

We created a new online survey instrument with the
purpose of capturing the demographic, socioeconomic,
attitudinal, and health characteristics of these biodiversity
recorders during the early stages of their participation in
recording activities. To allow consistent comparisons with
population characteristics, questions were copied directly
from our population data sources. The survey consists
of a brief introductory section; an environmental atti-
tude section containing questions from Eurobarometer;
a social connectedness section that contains variables
used to generate a Berkman-Syme Social Network Index,
a measure used by TILDA (Berkman and Syme 1979);
and a health and well-being section consisting of ques-
tions that ask for self-reported conditions and questions
employed by TILDA to generate more objective measures
such as a Center for Epidemiological Studies depression
(CES-D) score (O'Halloran, Kenny, and King-Kallimanis
2014; Radloff 1977). In addition, an International
Physical Activity Questionnaire (IPAQ) is included in the
Biodiversity Recorder Survey, as in TILDA and HI, to meas-
ure the physical activity of respondents (Craig et al. 2003).
Finally, a sociodemographics section concludes the sur-
vey. Our survey also asks for information on household
income for comparison with TILDA on socioeconomic
status. For comparison with HI, which does not capture
income data, we employ a dummy variable of whether or
not a respondent has private health insurance as a proxy
for socioeconomic status. The questionnaire is provided in
Supplemental File 1, Appendix A.
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The survey was sent by the NBDC to biodiversity
recorders via email in February 2019, and each respond-
ent was restricted to one survey response. Respondents
were required to complete a consent form before com-
mencing the survey, having been provided a Participant
Information Sheet and a Data Protection Privacy Notice
online. Responses from 14 recorders residing outside the
Republic of Ireland were omitted from our dataset. The
survey was also restricted to recorders aged 18 and over.
A validity test was included in the health and well-being
section, whereby a response was required before proceed-
ing with the survey and respondents were asked to simply
select “Agree” from a Likert scale. Twenty-three responses
failed this validity test and were thus dropped from the
dataset. The survey was closed in April 2019, and 438
valid responses were submitted in total with the sample
size varying between questions. Average response rates
ranged from 73% for the physical activity section to 95%
for the section on environmental attitudes. It should be
noted that the Biodiversity Recorder Survey collected data
in 2019, while Eurobarometer data are from 2017, and
data from HI and TILDA were collected between 2014 and
2015. This mismatch in dates is a limitation of the study,
but its practical effect may be limited given that socioeco-
nomic and health characteristics of the population tend to
change slowly over time.

Methodology

Comparisons of average characteristics

To compare the health and demographic characteristics
of our sample of biodiversity recorders with the popu-
lation data sources, we test the hypothesis that the dif-
ference between two characteristic variables is equal to
zero. In the case of categorical variables, such as the age
category respondents fall into, the null hypothesis is that
the proportion of the sample attributed to the category
in question is equal between the Biodiversity Recorder
Survey and the population data source. The null hypoth-
esis in the case of continuous variables, such as the age
of respondents, is that the mean is the same in both data
sources. Conversely, the alternative hypothesis states that
the proportion or mean of the respective characteristic
variable is significantly different between our sample of
biodiversity recorders and the population. In these analy-
ses, sampling weights for TILDA and HI are used to adjust
for aspects of sample design and differential response (see
Supplemental File 2, Appendix B).

Decomposition analysis

To test for differences between demographic character-
istics of biodiversity recorders and the wider popula-
tion, comparison of mean characteristics is sufficient.
However, when it comes to checking for differences in
health status between these samples, a more sophisti-
cated approach is required. This is because health sta-
tus can itself depend upon demographics and other
personal characteristics, so any health status between
groups might be affected by differences in sample com-
position. For example, suppose biodiversity recorders
turn out to be more highly educated on average than
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the general population. This would suggest they might
also be healthier, since many health indicators are posi-
tively associated with education. To get at the innate dif-
ferences in health between citizen scientists and others,
it would be helpful to strip out the component due to
observed personal characteristics.

To help strip out compositional differences, we employ
a Blinder-Oaxaca decomposition (Blinder 1973; Oaxaca
1973).2 This is a statistical method originally employed
in labour economics (Oaxaca 1973), but it is increasingly
applied in other fields such as health (Shackleton et al.
2019). This apportions the proportion of any gap in mean
outcomes between what can be explained by group dif-
ferences in observed characteristics, and what cannot be
explained by these differences. The proportion of the mean
outcome gap “unexplained” by differences in endowed
characteristics is considered to be due to group differences
in the coefficients of characteristics, as well as in the inter-
actions between characteristics and coefficients. In other
words, this technique can be used to reveal differences in
outcomes between our sample of biodiversity recorders
and the general population that would exist even if our
sample was endowed with the same demographic charac-
teristics as the population. Statistical analysis is conducted
using the Stata 14 and R 4 software packages. Code for
this analysis is provided in Supplemental Files 3—6.

Results

Sociodemographic characteristics

Table 1 provides an overview of how the demographic
characteristics of our sample of biodiversity recorders
relate to all adults in Ireland as captured in HI. Tests reveal
several statistically significant differences. Firstly, as illus-
trated in Figure 1, the age distribution of biodiversity
recorders is significantly different from the wider popula-
tion. While the mean age of biodiversity recorders is sig-
nificantly higher than that of the population,* more biodi-
versity recorders fall into the 45-64 age range with fewer
recorders in all other age categories, indicating a more
middle-aged sample. Biodiversity recorders appear to be
much more highly educated than the population gener-
ally, as illustrated by Figure 2, with a significantly larger
proportion having attained a bachelor’s degree or higher.
Biodiversity recorders are significantly more likely to be
married, and more of them live in rural areas than the
population as a whole. We find no statistically significant
difference in the gender profile of biodiversity recorders
compared with the general population.

Having private health insurance is often used as a proxy
for socioeconomic status in studies focusing on Ireland. We
find that a significantly higher proportion of biodiversity
recorders has private health insurance compared with the
general population, which may suggest that the sample is
of a higher average socioeconomic status. In addition, a
significantly higher proportion of biodiversity recorders is
employed, with lower proportions unemployed, caring for
the home or family, and in education.

A comparison between the proportion of our biodi-
versity recorder sample aged fifty or over and TILDA in
Table 2 supports the findings that biodiversity recorders
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Table 1: Demographic characteristics of biodiversity recorders compared with adult population in Ireland using Healthy

Ireland Survey.

Characteristic Vs Yy Yirs ~Ypop
(%) (%) (%)
Lives in urban area 41.06 63.30 -22.25**
Male 4468 4912 -4.44
Age class:
18-24 years 237 977  -740"
25-44 years 3521 4118  -5.97*
45-64 years 5118 31.85  19.33**
65+ years 1124 1720 -5.96**
Highest education attained:
None to lower secondary 446 3093 -2647"*
Upper secondary to post-secondary non-tertiary 30.36 38.00 -7.65%*
Bachelor's degree or above 65.18 31.07 3411+
Employment status:
Retired 14.04 12.23 1.81
Employed 68.71 54.68  14.03**
Unemployed 292 812 520"
Permanently sick/disabled 263 394 -131
Caring for home/family 585 13.95 -8.10"**
In education/training 439 6,57 -2.18*
Marital status:
Married/civil partnership 7294 59.61  13.34*+
Single 1735 3012 -12.77**
Separated 324 314 0.09
Divorced 324 18.04 1.43
Widowed 265 533 -2.68
Has private health insurance 63.17 4253  20.65***

Y, denotes proportion of biodiversity recorders; y, - denotes proportion of the population.

*** denotes significance at the 99% level.
** denotes significance at the 95% level.
* denotes significance at the 90% level.

65+

45-64
@
BRS §
A 2
25-44
18-24

75 50 25 0 25 50
Percentage

75

-50

-25 0 25
Biodiversity recorder difference

50

Figure 1: Age distribution of biodiversity recorders compared with adult population in Ireland using Healthy Ireland

Survey (HI).
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Figure 2: Highest education attainment of biodiversity recorders compared with adult population in Ireland using
Healthy Ireland Survey (HI). Low indicates less than primary, primary, and lower secondary education; medium
indicates upper secondary and post-secondary non-tertiary education; high indicates short-cycle tertiary, bachelors,
masters, and doctoral education. 95% confidence intervals are based on difference in proportions tests.

Table 2: Demographic characteristics of biodiversity recorders compared with older adult population in Ireland using
The Irish Longitudinal Study on Ageing (TILDA).

Characteristic (}:)Z ; (};%S yl"‘(o;, {m
Lives in urban area 3550 56.44 -20.94***
Male 50.60 47.84 2.76
Age class:
50-64 years 76.97 44.51 32.46"
65+ years 23.03 5549 -32.46"*
Highest education attained:
None to lower secondary 488 5814 -53.26%*
Upper secondary to post-secondary non-tertiary ~ 39.02  31.82 7.20*
Bachelor’s degree or above 56.10 10.04 46.06%*
Employment status:
Retired 2840 46.74  -18.34**
Employed 33.73 19.80 13.92%
Self-employed 2249 10.81 11.68**
Unemployed 237 392 -1.55
Permanently sick/disabled 414 520 -1.06
Caring for home/family 414 1248 -8.34%*
In education/training 237 034 2.03*
Marital status:
Married 70.24 63.00 7.24%*
Living with partner 714 220 4.94*
Single 714 10.99 -3.85%
Separated 357 4.08 -0.51
Divorced 536 299 2.37
Widowed 536 16.74 -11.38**

(Contd.)
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-ybrs _-ypop
%) (%) (%)

Household income:

€0-10 000 327 10.97 ~7.70%**
€10 000—20 000 1046 2334 -12.88"*
€20 000-40 000 32.03 35.03 -3.01
€40 000-70 000 3399 2127 12.72%*
€70 000—-120 000 9.80 7.22 2.58
€120 000+ 261 217 0.45
Has private health insurance 64.67 53.28 11.39%*
Y, denotes proportion of biodiversity recorders; y,  denotes proportion of the population.
** denotes significance at the 99% level.
** denotes significance at the 95% level.
* denotes significance at the 90% level.
€120k+ | H
€70-120k I H—
€40-70k . —
BRS
M TILDA
€10-20k . —
€0-10k I =
75 50 25 0 25 50 75 -50 -25 0 25 50
Percentage Biodiversity recorder difference

Figure 3: Household income distribution comparison of biodiversity recorders with older adult population in Ireland
using The Irish Longitudinal Study on Ageing (TILDA). Note that 95% confidence intervals are based on difference in

proportions tests.

are more middle-aged, more highly educated, and more
rural. Biodiversity recorders are also more likely to be mar-
ried and employed. In relation to the finding that biodi-
versity recorders tend to be better-off (measured using the
proxy of private health insurance), comparing recorders
aged fifty and over with TILDA allows us to analyse self-
reported household income levels, depicted in Figure 3. A
significantly lower proportion of the biodiversity recorder
sample aged fifty and over reports household income of
€010 €10,000 or €10,000 to €20,000, while a significantly
higher proportion reports a household income of €40,000
to €70,000. There is no significant group difference in pro-
portions for higher bands of household income, however.
These results suggest that biodiversity recording activities
draw a relatively high share of their membership from the
middle class, and this is further supported by biodiversity
recorders aged fifty or over being more likely than the
general population of older adults to have private health
insurance.

Our results in relation to sociodemographic charac-
teristics share many similarities with previous research
that considers the characteristics of citizen scientists and
environmental volunteers (Committee on Designing
Citizen Science to Support Science Learning et al. 2018;
Merenlender et al. 2016; West and Pateman 2016;
Pandya 2012; Hobbs and White 2012; Evans et al. 2005;
Overdevest, Huyck Orr, and Stepenuck 2004; Trumbull
et al. 2000). Our sample of biodiversity recorders are
more highly educated, more affluent, more rural-based
and more middle-aged than the general population. In
addition, we find that biodiversity recorders are more
likely to be married. Some of our results are in contrast
with research comparing volunteers and non-volun-
teers, however. While volunteers tend to be younger and
are more likely to be male than non-volunteers (Gupta
2018), our sample of biodiversity recorders is more
middle-aged, and there is no significant difference in
gender profile. In addition, our finding that biodiversity
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recorders are more likely to be employed is in contrast
with Gupta (2018), who finds that volunteers are more
likely to be retired.

Health status and physical activity - descriptive
analysis

In terms of health characteristics, Gupta (2018) finds vol-
unteers to be generally healthier than non-volunteers.
Digging deeper into the health characteristics of the full
sample of biodiversity recorders using self-reported meas-
ures of health, we find a more mixed picture, as presented
in Figure 4 and in Table 3. We find biodiversity record-
ers to be more positive in relation to their self-reported
health status than the wider population, with a higher
proportion reporting either “good” or “very good” health.
Interestingly, however, a higher proportion of biodiver-
sity recorders also reports being limited by their health,
although a lower proportion reports a “severe” health limi-
tation. While a lower proportion of our sample of biodi-
versity recorders reports a diagnosis of heart or respiratory
conditions than the general population reports, a higher
proportion reports being diagnosed with an allergy and
with depression.

Using the International Physical Activity Questionnaire
(IPAQ) to measure physical activity, we find our sam-
ple of biodiversity recorders to be considerably more
physically active than the broader population, with our
sample reporting higher mean metabolic equivalent
(MET) minutes across all categories of physical activity.
In addition, as shown in Figure 5, a higher proportion
of the sample achieves a “high” physical activity score
and a lower proportion achieves a “low” score, while
there is no statistically significant difference in relation
to the proportion achieving a “moderate” score.
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Table 3: Health and well-being characteristics of biodiver-
sity recorders compared with those of adult population
in Ireland using Healthy Ireland Survey (HI).

Characteristic Yors Y, Yirs ™Yoy
) (%) (%)
Self-reported health:
Very good 39.34 4210 -2.77
Good 48.75 4247 6.28**
Fair 8.59 1291 -4.32%
Bad 3.05 206 0.99
Very bad 028 045 -0.17
Long-term health limitation:
Severe 139 341 -2.03*
Not severe 2216 1645 571
No limitation 75.90 80.01 -4.11*
Health conditions:
Respiratory condition 6.16 852 -2.35*
Heart condition 10.27 1417  -3.90**
Allergy 1709  9.90 7.19%*
Depression 13.68 6.14 7.53%*
IPAQ score:
High 43,53 30.27 13.26™*
Moderate 38.80 38.72 0.08
Low 1420 22.06  -7.86**

Y, denotes proportion of biodiversity recorders; y = denotes
proportion of the population.

**+* denotes significance at the 99% level.

** denotes significance at the 95% level.

* denotes significance at the 90% level.

Heart condition

Respiratory condition

@ BRS
® Hi

Reports poor health

Long-standing illness

Health limitation

Depression

Figure 4: Health and well-being characteristics of biodiversity recorders compared with those of adult population in

Ireland using Healthy Ireland Survey (HI).



Mac Domhnaill et al: The Citizens in Citizen Science

Art. 16, page9 of 17

High

Medium

Low

None

75 50

0
Percentage

25

50 75 50

-50 -25 0 25
Biodiversity recorder difference

Figure 5: International Physical Activity Questionnaire (IPAQ) score distribution of biodiversity recorders compared
with that of older adult population in Ireland using Healthy Ireland Survey (HI). Note that 95% confidence intervals

are based on difference in proportions tests.

Focusing on the subset of our sample aged fifty and
over in Table 4 allows us to analyse additional health and
well-being characteristics available in the TILDA dataset
that are not included in HI. Similar to the comparison
with HI, the sample of biodiversity recorders aged fifty
and over is more positive in self-reporting general health
than the population of older adults. A higher proportion
of recorders reports a health limitation, but a lower pro-
portion reports a severe limitation. In addition, a higher
proportion of recorders aged fifty and over reports hav-
ing received a diagnosis of depression than the popula-
tion of older adults. TILDA also includes a questionnaire
that scores respondents on the Center for Epidemiological
Studies depression (CES-D) scale as a more robust meas-
ure of depression. Figure 6 illustrates the distribution of
CES-D scores for biodiversity recorders and for the popula-
tion. Despite biodiversity recorders being more likely to
report a diagnosis of depression, and while our sample of
recorders has a higher mean CES-D score than the older
adult population, we fail to reject the hypothesis that
there is no group difference in the proportion that reg-
istered a CES-D score of nine or above to indicate clinical
depression.

We also derive a Berkman-Syme Social Network Index
for respondents and find in Figure 7 that our sample
of biodiversity recorders aged fifty and over is generally
more isolated than the general population of older adults.
A closer inspection of this finding in Table 4, however,
reveals that it appears to be driven by differences in
attendance at religious services, with a significantly lower
proportion of biodiversity recorders attending religious
services on a weekly basis than the general population.
A significantly higher proportion of biodiversity recorders
reports membership of a club or community group, and
the sample of biodiversity recorders has a significantly
higher mean number of close relatives and close friends.®
This indicates a more nuanced picture in terms of social
connectedness than suggested by the Social Network
Index, and reveals a potential shortcoming in the Social
Network Index as a contemporary measure of social con-
nectedness in that such an emphasis is placed on weekly
attendance at religious services. Finally, the finding that
the whole sample of biodiversity recorders is significantly

Table 4: Health and well-being characteristics of biodiver-
sity recorders compared with those of older adult popu-
lation in Ireland using The Irish Longitudinal Study on
Ageing (TILDA).

Characteristic (};% s {1%'5 ybrs(% {W
Self-reported health:
Very good 3564 13.00 22.64**
Good 51.06 31.96 19.10%
Fair 9.58 3524 -25.67**
Bad 3.19 16.09 -12.90**
Very bad 0.53 371 -3.18**
Long-term health limitation:
Severe 160 830 -6.71"
Not severe 2394 1851 5.43*
No limitation 7394 73.18 0.76
Health conditions:
Respiratory condition 566 261 3.05%*
Heart condition 13.96  6.83 7.13%
Depression 13.51 247 1104
Physical activity (IPAQ) score:
High 4459 2580  18.79**
Moderate 38.85 34.33 452
Low 1147 2348 -12.01**
Social Network Index:
Most isolated 9.09 964 -0.55
Moderately isolated 3394 2730 6.64*
Moderately integrated 40.00 39.67 -0.33
Most integrated 15.76  22.88 -7.12%*
Wegkly attendance at religious  19.65 65.39 -45.74**
services
Membership of club/ 6943 4772 2171

community group

Y, denotes proportion of biodiversity recorders; Yoop denotes
proportion of the population.

** denotes significance at the 99% level.

** denotes significance at the 95% level.

* denotes significance at the 90% level.
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Figure 6: Center for Epidemiological Studies depression (CES-D) score distribution of biodiversity recorders compared
with that of older adult population in Ireland using The Irish Longitudinal Study on Ageing (TILDA). A CES-D score of
9 or above indicates clinical depression.
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population in Ireland using The Irish Longitudinal Study on Ageing (TILDA). Note that 95% confidence intervals are
based on difference in proportions tests.
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more physically active than the wider population is also
reflected in the comparison with TILDA.

Health status and physical activity — decomposition
models

When interpreting differences in health characteristics
between biodiversity recorders and the population, it is
worth exploring whether any of the difference remains
unexplained after accounting for the significant differ-
ences in demographic characteristics outlined above. This
is done using a Blinder-Oaxaca decomposition, as discussed
in the Materials and Methods section and Supplemental
File 2, Appendix B. Table 5 presents decomposition results
for three binary outcome variables, each using HI and
TILDA as the population data source. The models consider
(I) whether or not a respondent reports either “good” or
“very good” general health, (I) whether or not a respond-
ent reaches a minimum recommended level of physical
activity as defined by their IPAQ score (i.e., an IPAQ score
of moderate or high), and (III) whether or not a respond-
ent has been diagnosed with depression (as measured by a
self-report). Using HI as the population source, results for
general health indicate that while a higher proportion of
biodiversity recorders report either “good” or “very good”
general health, group differences in other characteristics
suggest that this proportion should be even higher. While
85% of the population reports positive general health, the
corresponding figure for biodiversity recorders is 87%, a
difference of 2 percentage points. Group differences in
characteristics explaina difference of 6 percentage points;
however, they also indicate an unexplained gap of minus
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4 percentage points that is reducing the overall differ-
ence. This suggests that even if our sample of biodiver-
sity recorders was endowed with the same demographic
characteristics as the population, the recorders would be
4 percentage points less likely to report either “good” or
“very good” general health. In the case of physical activity,
meanwhile, very little of the difference can be explained
by group differences in characteristics. The probability of
engaging in at least moderate levels of physical activity is
82% for biodiversity recorders and 69% for the HI popula-
tion, and less than one percentage point of this difference
can be explained by different group characteristics. This
suggests that even if our sample of biodiversity recorders
was endowed with the same demographic characteristics
as the population, the recorders would still be 13 per-
centage points more likely to achieve a minimum recom-
mended level of physical activity.

The decomposition results are also interesting in the
case of depression, where biodiversity recorders have
a 14% probability of reporting a depression diagno-
sis while the equivalent probability for the population
is 6%, an overall difference of 8 percentage points. The
portion of this gap explained by group differences in
characteristics, however, is -3%. This implies that given
their demographic profile, biodiversity recorders should
be 3 percentage points less likely to suffer from depres-
sion than the general population. The unexplained gap is
thus 10 percentage points, indicating that if biodiversity
recorders were endowed with the demographic charac-
teristics of the population they would be 10 percentage
points more likely to have depression.

Table 5: Blinder-Oaxaca decomposition of health and well-being outcomes using Healthy Ireland Survey (HI) and The

Irish Longitudinal Study on Ageing (TILDA).

Models I: Healthy II: Active III: Depression
(%) (%) (%)

Population: HI

Py, . #0) 8711 8201 13.87

Pry,,,#0) 84.58 69.10 6.16

Pry,.#0) - Prly, =0) 2.53 12.91 7.72
Explained 5.99 0.15 -2.67
Unexplained -3.46 12.76 10.39

Population: TILDA

Pry, .= 0) 8500 8357 13.77

Pr(ypop #0) 44.54 60.26 2.48

Pry, . #0) - Py, #0) 4045 2322 11.29
Explained 14.82 11.93 -0.36
Unexplained 25.63 11.29 11.65

Yy, denotes proportion of biodiversity recorders; y _denotes proportion of the population.

Models [, 11, and III are logit models that control for age, gender, urban or rural residence, marital status, highest education attained,
employment status, socioeconomic status, and (for TILDA only) social connectedness. For all models, the reference category is the
population (i.e., equation (4) in Supplemental File 2, Appendix B). Models I and III also control for level of physical activity.

Model I outcome variable is whether respondent reports “very good” or “good” general health.

Model Il outcome variable is whether respondent achieves “moderate” IPAQ score or higher.

Model Il outcome variable is whether respondent reports having been diagnosed with depression.
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Using TILDA as the population source and focusing on
older adults in our sample, similar patterns are evident for
physical activity and self-reported depression, with even
larger unexplained differences. In the case of self-reported
general health, however, biodiversity recorders are 40 per-
centage points more likely to report good health, and 28
percentage points of this remain unexplained. This suggests
that older adults are substantially more likely to report pos-
itively on their general health if they are biodiversity record-
ers, a finding that is not reflected when studying all adults.

The strikingly higher level of self-reported depression
among biodiversity recorders, evident both when analys-
ing all adults and when focusing on older adults, is hard
to interpret. When we restrict our analysis to older adults
in the sample and compare them with TILDA, we find no
significant group differences in the proportions with a
high CES-D score. There are at least three possible expla-
nations for these findings. First, it may be that the unex-
plained difference in depression based on self-reports of
a professional diagnosis reflects access to healthcare; i.e.,
perhaps biodiversity recorders are more likely to engage
with health professionals and obtain a diagnosis, despite
similar levels of depressive symptoms to the general pop-
ulation. A second possible explanation is that biodiversity
recorders are simply more willing to report depression
in a survey, or that respondents to an online survey are
more likely than respondents in an interview setting to
self-report depression. A further possibility is that there
are other unobserved factors affecting our results, such as
the personality of respondents (Malouff, Thorsteinsson,
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and Schutte 2005). Further research is required to validate
and interpret this result.

Environmental attitudes
Finally, in Table 6 we compare the attitudes towards the
environment of our full sample of biodiversity recorders
with the attitudes of the population using the Special Euro-
barometer 468 public opinion survey. Overall, as expected
given the nature of their voluntary conservation work, bio-
diversity recorders appear to be more engaged with envi-
ronmental protection than the wider population. Nearly
88% of biodiversity recorders, a significantly higher pro-
portion than the wider population, classify environmental
protection as “very important.” A substantially higher pro-
portion of recorders also agrees that environmental issues
have a direct effect on daily life and health. In addition,
however, biodiversity recorders are much more likely to
agree that they, as individuals, can play a role in protect-
ing the environment in Ireland, another result that can be
viewed as unsurprising given their engagement in conser-
vation through environmental citizen science.
Respondents were also asked to choose up to four envi-
ronmental issues most important to them, and Figure 8
conveys which issues were attributed the highest impor-
tance by each group. The larger area covered by the
Biodiversity Recorder Survey plot in Figure 8 is driven
by the fact that a higher proportion of Eurobarometer
respondents chose less than four issues of importance. As
expected in a survey of citizen scientists recording biodi-
versity, 93% of our sample of recorders indicate that the

Table 6: Attitudes towards the environment in biodiversity recorders compared with those of adult population in

Ireland using Special Eurobarometer 468.

Characteristic

Environmental issues of concern':

Decline/extinction of species and ecosystems

Shortage of drinking water

Increasing frequency of floods/droughts
Pollution of rivers/lakes

Marine pollution

Air pollution

Noise pollution

Climate change

Increasing levels of waste

Agricultural pollution

Environmental protection “very important”

Environmental issues have direct effect on daily life and health

Individual can play role in environmental protection

B @ e
92.82 25.00 67.82%**
11.01 32.00 -20.99%**
8.85 29.00 -20.15%**
54.07 45.00 9.07**
4737 20.00 27.37**
12.44 36.00 -23.56%**
2.15 14.00 -11.85%**
55.50 49.00 6.50***
52.63 46.00 6.63***
53.35 30.00 23.35%**
87.44 59.00 28.44***
73.74 48.00 25.74***
7215 64.00 8.15%*

Yy, denotes proportion of biodiversity recorders; y,, denotes proportion of the population.

*+* denotes significance at the 99% level.
** denotes significance at the 95% level.
* denotes significance at the 90% level.

'Respondents were asked to choose up to four issues that were of highest importance to them.
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Figure 8: Environmental issues of concern for biodiversity recorders compared with those of adult population in
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Figure 9: Demographic characteristics of biodiversity recorders compared with those of adult population in Ireland

using Healthy Ireland Survey (HI).

decline or extinction of species and ecosystems is among
their four most important issues, a substantially higher
proportion than in the rest of the population. In general,
issues that could be regarded as having a more direct
impact on biodiversity appear to be assigned more impor-
tance by biodiversity recorders. These include the pollu-
tion of rivers and lakes, marine pollution, and agricultural
pollution. Meanwhile, other issues that may affect bio-
diversity and natural ecosystems less directly such as
noise pollution, air pollution,, and shortages of drinking
water are selected as important by a significantly lower
proportion of biodiversity recorders than by the wider
population.

Conclusions

Citizen science is an increasingly important tool for assess-
ing environmental change, allowing members of the pub-
lic to contribute to research and to engage and interact
with conservation efforts. We contribute to a growing
literature exploring the benefits of citizen science to con-
servation by characterising the people who participate in
biodiversity monitoring in terms of demographic, socio-
economic, attitudinal and health attributes.

Overall, as summarised in Figure 9, the demographic
picture of biodiversity recorders broadly concurs with
previous research on environmental citizen scientists
in showing them to be more highly educated, more
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middle-aged, more rural, better-off, and more active in
the labour force than the general population. The find-
ing that environmental citizen scientists tend to be highly
educated supports the argument that the involvement of
citizen scientists in conservation and research could be
broadened (Schréter et al. 2017), although it is also worth
noting that environmental citizen scientists are more
likely to be employed and thus may have limited spare
time to devote to voluntary conservation activities.

As a corollary, our data suggests that younger people,
people who live in urban areas, people who are unem-
ployed, and people with lower levels of education are all
currently underrepresented in our sample of biodiversity
recorders—a finding that is also in broad agreement with
previous literature. That environmental citizen science
projects often rely on an unrepresentative participant base
is of potential concern (Committee on Designing Citizen
Science to Support Science Learning et al. 2018). There
may be scope for campaigns designed to increase overall
participation in environmental citizen science and con-
servation to focus on these groups. However, the present
study does not examine the marginal costs of recruiting
participants from different groups, so the practicability of
exploiting these groups’ untapped potential for partici-
pation in biodiversity recording activities remains to be
established.

Another dimension worth considering is the inten-
sity of participation in environmental citizen science
activities. It could be that different groups within the
population represent most of the highly active citizen
scientists, i.e., those who contribute the most to scien-
tific activities and presumably derive the greatest health
and well-being benefits from it. Previous research finds
that a small cohort of environmental volunteers gener-
ally contributes the most to environmental volunteering
projects, while the majority of volunteers contribute lit-
tle (Seymour and Haklay 2017). In future work, we hope
to link survey data to administrative information on bio-
diversity recording activity to examine how participants’
characteristics relate to their participation in citizen
science activities.

To the extent that one objective of citizen science pro-
jects involving the observation and monitoring of flora
and fauna is to foster enthusiasm for biological conserva-
tion among participants, our results suggest that newly
recruited biodiversity recorders are already about as con-
cerned as our metrics can record about the environmen-
tal threats from the decline or extinction of species and
ecosystems. They also classify environmental protection
as very important and they believe that individuals have a
role to play in protecting the environment. In future work,
we hope to check whether these attitudes strengthen fur-
ther after extended participation in citizen science, but
given the strength of feeling reported soon after recruit-
ment, it is hard to see how there could be much scope
for further attitudinal change. This may help explain the
observation reported in Turrini et al. (2018) that it is dif-
ficult to realise goals such as adoption of pro-environmen-
tal attitudes and behaviours among citizen science project
participants. Other, less pre-committed, groups might be
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better targets for those wishing to bring about significant
change in public attitudes.

The final and most unique objective of this study is to gather
baseline information on the health, well-being, and physical
activity of newly recruited biodiversity recorders. In this paper
we employ Blinder-Oaxaca decomposition methods to reveal
differences in health and well-being outcomes between biodi-
versity recorders and the population that cannot be explained
by group differences in other characteristics. Biodiversity
recorders tend to be substantially more physically active,
even after stripping out the effects of sociodemographic
background. There are mixed results concerning their relative
levels of generalised health and mental health. Biodiversity
recorders tend to be slightly more negative in reporting on
their general health, and they are also more likely to have
been diagnosed with depression. Further research is required
to validate and explain these differences. In future years, we
hope to re-survey this sample to see whether participation
in biodiversity recording activities is associated with more
favourable trajectories in health and well-being, compared
with control groups from other surveys.

Data Accessibility Statement

Researchers interested in using TILDA data may access the
data through the TILDA website: www.tilda.ie. Researchers
interested in using Healthy Ireland Survey data may access
the data through the Irish Social Science Data Archive.

Notes

! TILDA is harmonised with the Survey of Health, Age-
ing and Retirement in Europe (SHARE), the English
Longitudinal Study of Ageing (ELSA), the Health and
Retirement Survey (HRS) and the HRS international
network of studies.

2 Further details on becoming a biodiversity recorder
through the NBDC are available at https://www.biodi-
versityireland.ie/record-biodiversity/.

? Specifically, we employ an extension of the Blinder-
Oaxaca decomposition proposed by Fairlie (2005) for
binary outcome variables. This is done using the fairlie
command in the Stata 14 software package. See Sup-
plemental File 2, Appendix B for further details.

* The mean age of biodiversity recorders is 49.25, and
46.17 for the Healthy Ireland Survey.

> Biodiversity recorders have a mean of 4.86 close rela-
tives and a mean of 4.67 close friends, while the equiv-
alent figures for TILDA are 3.18 and 3.42.
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