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THEORY AND PRACTICE

RESEARCH PAPER

Exploring Engagement Characteristics and Behaviours of
Environmental Volunteers

Valentine Seymour and Mordechai (Muki) Haklay

Environmental volunteering and environmental citizen science projects both have a pivotal role in civic
participation. However, one of the common challenges is recruiting and retaining an adequate level of
participant engagement to ensure the sustainability of these projects. Thus, understanding patterns of
participation is fundamental to both types of projects. This study uses and builds on existing quantitative
approaches used to characterise the nature of volunteer engagement in online citizen science projects, to
see whether similar participatory patterns exist in offline environmental volunteering projects. The study
uses activity records of environmental volunteers from a UK environmental charity “The Conservation
Volunteers,” and focuses on three characteristics linked to engagement: longevity, frequency, and distance
travelled. Findings show differences in engagement patterns and contributor activity between the three
UK regions of Greater London, Greater Manchester, and Yorkshire. Cluster analysis revealed three main
types of volunteer engagement profiles which are similar in scale across all regions, namely participants

can be grouped into “One-Session,”

Short-Term,” and “Long-Term” volunteer. Of these, the “One-Session”

volunteer accounted for the largest group of volunteers.

Keywords: environmental volunteering; volunteer engagement; typologies; participatory patterns

Introduction
Environmental volunteering refers to the practice of
unpaid volunteers spending time engaging in a wide range
of practical conservation and outdoor-based activities,
including pond weeding, dry stone walling, and coppicing
trees (Bruyere and Rappe 2007). Examples include
environmental volunteering or certain Non-Governmental
Organisation (NGO) projects (e.g., the Burrenbeo Trust
in Ireland). Environmental volunteering shares some
parallels with environmental citizen science projects, as
both engage members of the public in activities that help
contribute to the conservation and restoration of natural
environments (Roy et al. 2012). What distinguishes these
two practices is the types of activities they engage in.
Whilst in environmental citizen science projects volunteers
typically collect data about the environment (e.g., number
of species identified) in partnership with scientists,
environmental volunteering project staff work with their
volunteers to restore the environment through practical
conservation activities (e.g., days spent coppicing trees).
Environmental volunteering and citizen science projects
both play a pivotal role in civic participation and require
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a continuity of volunteers to sustain their practices (Reed
and Selbee 2001; Mohan and Bulloch 2012; Chu et al.
2012). For both types of projects, recruiting and retaining
an adequate level of participant engagement to ensure
long term sustainability of project activities is challenging
(Hyde et al. 2016). Therefore, developing a volunteering or
citizen science project that matches both the motivations
and engagement levels of participants can be important
for increasing and sustaining the level of long-term con-
tribution (Chu et al. 2012).

The last 10 years have seen an increase in the use of
computerised databases and online platforms by both
environmental volunteering organisations and citizen
science projects. For the context of this study, we first
describe two broad types of computerised databases
and online platforms used in citizen science projects—1)
online and 2) information and communication
technology (ICT)-dependent—and then compare them to
databases used in environmental volunteering.

Online projects are those in which participants vol-
unteer their efforts and abilities while working in net-
worked environments on tasks that cannot exist offline
(Liu and Ram 2011; Balestra et al. 2016). These projects
are also known as “Citizen Cyberscience” (Grey 2009).
Information on volunteers and their activities in these
projects are recorded through their transaction log data
as they engage directly with computerised databases and
online platforms. Examples include Volunteer Thinking
Citizen Science Projects (e.g., Snapshot Serengeti, Galaxy
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Zoo, Wikipedia), in which participants volunteer their
cognitive abilities and classify information or images to
help scientists and researchers solve research problems
(Nov et al. 2011; Ponciano and Brasileiro 2014).

ICT-dependent projects are designed to actively involve
volunteers in data collection as part of a scientific enquiry,
using smartphones or an online system (Silvertown et al.
2015; Boakes et al. 2016). The volunteers might be in a
situation where they have no Internet connection (e.g., in a
remote location in a national park); in this case, the activity
supports the recording of information offline which is later
uploaded through the use of smartphones or websites,
such as iSpot (Silvertown et al. 2015). Information about
volunteers (e.g., identification codes) and their associated
activities in these projects (e.g., data collected about
species) is collected in a similar way to online projects, via
online databases and mobile platforms. Examples include
projects in which observers collect data to report on a local
phenomenon which is then used for multiple purposes,
including estimation of species trends or measurement of
noiseand light pollutionlevelsindifferent neighbourhoods.
Like online projects, engagement patterns of those who
volunteer in ICT-dependent projects can be analysed using
a log of volunteers’ activities.

By contrast, in environmental volunteering projects
internally created online databases are used to manage
volunteers' activities which all occur offline, and volun-
teers do not engage directly with ICT tools or the data-
collection process. Information about volunteers (e.g.,
volunteering sites, regions, and projects attended) and
their associated activities (e.g., number of days and tasks
contributed) are collected by the project’s staff and stored
in an online database. Volunteer data collected are often
used by project staff to report back to project funders to
review volunteering project deliverables. Research that
addresses participation in these projects has to date used
national governmental surveys, which explore the total
amounts of charitable giving and participation in civic
engagement (Reed and Selbee 2001; Mohan and Bulloch
2012).

Using information collected about volunteers (e.g.,
identification codes) and their associated activities (e.g.,
tasks undertaken), researchers have begun to evaluate the
activities of volunteers to identify participatory patterns
in online and ICT dependent citizen science projects. One
example found in citizen science research is Participatory
Inequality, in which highly differentiated patterns of con-
tribution are recognized amongst the volunteers (Nielsen
2006; Haklay 2016). Identifying volunteers’ engage-
ment characteristics and behavioural patterns has been
achieved using both exploratory (graphic and non-graphic
descriptive data summaries) and confirmatory (traditional
statistical tools of inference, significance, and confidence)
techniques. Such knowledge has been valuable in assist-
ing practitioners in citizen science fields in their under-
standing, recruitment, and retention of individuals who
engage in their activities. However, this remains an under-
studied area in volunteering research, with no studies to
date using these approaches to characterise the nature of
engagement in volunteering projects. Thus, knowledge
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about volunteering engagement would be considerably
valuable in helping practitioners in the volunteering field
in areas of project design and management.

This study applies and builds on existing quantitative
approaches used to characterise the nature of volunteer
engagement in online and ICT dependent projects. By
using similar analytical methods, comparisons were made
to identify whether similar participatory patterns exist in
environmental volunteering projects. Despite differences
in their activities, it is reasonable to expect that some par-
allels can be drawn between environmental volunteering
and environmental citizen science projects, with each of
these projects engaging members of the public in activi-
ties that help contribute to the conservation and restora-
tion of natural environments. In particular, we explore the
engagement characteristics and contributing behaviours
of volunteers who engage in environmental volunteering
activities managed by the UK charity, The Conservation
Volunteers (TCVs), using volunteer data extrapolated from
their online database. Described as one of the UK's largest
environmental volunteering charities, TCV shares some
similarities with online and ICT dependent citizen science
projects in relation to the types of volunteer information
data they collect (e.g., number of tasks completed).

Characteristics of engagement in volunteer and
citizen science projects
In the last decade, the study of engagement has gradu-
ally emerged in both volunteering and citizen science
research literature. The subject of engagement itself has
been studied widely across other disciplines and includes
user (Chapman 1997), work (Kahn 1990; Maslach 2011),
and student engagement (Newmann 1992; Garrett 2011).

The term “engagement” has no generally agreed upon
definition or conceptual framework. Instead, it is broadly
defined and oriented towards the research field that is
being studied. For instance, in studies on user engage-
ment, the term has been defined loosely as “a process
and product of interaction” in which its degree of inten-
sity can alter with time depending on a host of factors,
including attention, aesthetics, challenges, feedback, and
motivation (O'Brien and Toms 2008). By contrast, work
engagement centres on an employee’s cognitive connec-
tion to their work and is said to be persistent in the event
of challenges encountered. Within each of these study
fields, there are two types of engagement: Attentional
(intensity or degree of involvement and duration expendi-
ture) and emotional (perception, motivation, cognitive,
and experience) (Maslach 2011). In this study, we focus on
attentional engagement, referred to here as the interac-
tion or behaviour presented by a volunteer in relation to
the project in which they engage. These behaviours can be
used to understand a volunteers’ level of engagement and
are an area of limited yet valuable research amongst the
volunteering sector with regards to volunteer recruitment
and project management (Reed and Selbee 2001; Mohan
and Bulloch 2012).

Often employed in user engagement research for web-
site design, attentional engagement can be derived from
a person’s engagement characteristics (e.g., click-through
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rates, page views, and time spent on a website). These
can be measured through a series of metrics (e.g., length,
frequency, and geographical location of activity), with
those characteristics being evaluated according to what
information is obtainable or required. Researchers have
begun using this approach to evaluate the attentional
engagement of volunteers who engage in online and ICT
dependent citizen science projects, using information
collected about volunteers (e.g., identification codes and
tasks contributed) via computerised databases and online
platforms (Ponciano and Brasileiro 2014). A similar type
of data about volunteers' attentional engagement is also
being collected by some volunteering projects (e.g., TCV);
these data have the potential to be used to characterise
the nature of volunteer engagement within the volunteer-
ing sector.

This study used the following engagement character-
istics: Longevity, frequency, and distance travelled. These
characteristics were previously evaluated in online and
ICT dependent citizen science projects (e.g., Tulloch and
Szabo 2012; Ponciano and Brasileiro 2014; Boakes et al.
2016) and were selected for the current research owing
to their importance to the sustainable management and
design of environmental volunteering projects.

Longevity is the length of time that a person continues to
be involved in volunteering and citizen science activities.
Research has long shown much variation in the length of
time that a person commits to engaging in volunteering
and citizen science activities relating to a number of inter-
nal and external factors including intrinsic motivation,
time availability, and type of volunteer project (Macduff
2005; Nov et al. 2011; Dunn et al. 2016). Understanding
volunteers’ longevity behaviours is important for overall
project management in relation to the sustainability and
continuity of their practices, adequacy of recruitment and
retention, and the allocation of resources (e.g., equipment
and training) (Nov et al. 2011; Chu et al. 2012).

Frequency refers to the regularity of a person’s involve-
ment in volunteering and citizen science activities. Online
user engagement research commonly measures a person’s
level of involvement in an activity. The higher the involve-
ment, the more engaged they are considered to be. This
measurement is important from a project management
perspective, particularly when planning for regular activi-
ties (e.g., weekly or monthly) or single events (Ponciano
and Brasileiro 2014).

Finally, distance travelled measures the distance that
a person travels to a volunteering or sample site from a
starting location. In the context of this study, we refer to
distance travelled as the distance that a volunteer travels
to a volunteering project from their place of residence.
Unlike most citizen science projects where volunteers
can choose to do an activity either from home or in close
proximity (depending on the project), environmen-
tal volunteering projects are organised group sessions
that often occur for an entire day in set locations which
require volunteers to travel. To date, no studies in volun-
teering research have looked into patterns of distances
travelled; instead, they have identified the importance of
distances travelled to a person’s willingness to engage in
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environmental volunteering activities (Pope 2005; O'Brien
et al. 2008; Tulloch and Szabo 2012). Potential barriers
include insufficient public transport, car accessibility, and
reimbursement of transport costs (Pope 2005; Tulloch
and Szabo 2012). Nonetheless, such knowledge is of par-
ticular importance to project managers in both environ-
mental volunteering and citizen science projects to assist
in identifying funds for volunteers’ travel reimbursement,
selecting locations to hold volunteering sessions or data
collection surveys, and to organise travel arrangements if
required (e.g., minibus or car sharing).

Related work and existing gaps in knowledge
Characterising volunteer’'s motivations that can under-
lie their engagement has a wide literature base in vol-
unteering and citizen science research, examining both
qualitative (e.g., questionnaires) and quantitative dimen-
sions (e.g., measurement indexes). Previous research has
touched on many areas including motivations to volun-
teer (Clary and Snyder 1999); the linkage between volun-
teer role and self-identity (Stryker 1980); comparing the
relationship between volunteer motivation and project
contributions (Nov et al. 2011; Balestra et al. 2016); indi-
vidual trait-based characteristics of those who choose to
volunteer (Davis Smith 2005); and task or activity pref-
erences (Willems and Walk 2013). Studies have revealed
how factors of personality characteristics, team affiliation,
social enjoyment, types of volunteering projects, current
life situations, and personal motivations can predict a
person’s initial and ongoing involvement in volunteering
activities. Yet, whilst these findings provide useful insights
into volunteers' underlying motivations for project
engagement, more research is needed which focuses on
project management and adaptability to levels of volun-
teer retention in order to help strengthen their practices.
This is particularly important in volunteering fields where
empirical research has been limited.

Studies in volunteering research which have focused on
the engagement behaviours of volunteers include explor-
ing the total amounts of charitable giving, volunteering
and participation in civic engagement, and analysing asso-
ciations between civic engagement and religiosity (Reed
and Selbee 2001; Mohan and Bulloch 2012). Quantitative
methods used in each of these volunteering studies
were descriptive (e.g., percentage proportions and total
counts) and derived from governmental surveys based
on subsamples of the national population. In each of
these studies researchers found that few volunteers con-
tributed the majority of UK volunteering activities, find-
ings that resonate closely with patterns of participatory
inequalities identified amongst online and ICT depend-
ent citizen science projects (Haklay 2016). Further, the
study of Mohan and Bulloch (2012) which explored the
socio-demographic backgrounds of highly contributing
volunteers found that they were largely from prosper-
ous, middle-aged, and highly educated sections of the UK
population. However, findings from volunteering studies
remain largely generalised in scope and have not yet fully
explored the different types of volunteer engagement
characteristics or volunteering projects, nor have they
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cross-examined these patterns amongst urban-rural popu-
lation density distributions. Such knowledge would help
to identify variability in volunteers’ engagement patterns
as well as any relating factors (e.g., level of engagement,
type of volunteering project, and transport mobility).

Research on engagement behaviours of volunteers also
has emerged in the field of human computation, in partic-
ular Volunteer Thinking projects (e.g., Zooniverse, SETI@
home, and The Milky Way Project). Existing studies in this
area include analysing the contributing activity of vol-
unteers (Neis and Zipf 2012), understanding volunteers’
recording behaviours in species monitoring (Boakes et al.
2016), characterising volunteer engagement (Tulloch and
Szabo 2012; Ponciano et al. 2014), and volunteer engage-
ment profiling (Ponciano and Brasileiro 2014). The stud-
ies use various quantitative analytical approaches (e.g.,
descriptive statistics and cluster analytical approaches)
to evaluate the activity logs of volunteers who engage in
online and ICT dependent citizen science projects. These
studies reveal how these analytical approaches can be
used to identify volunteers’ contributing behaviours and
engagement patterns in these projects. For instance,
Ponciano and Brasileiro (2014) used a clustering analyti-
cal approach to identify engagement profiles of volun-
teers, grouping volunteers according to similarities and
dissimilarities between their engagement characteristics.
This inductive analytical inquiry is a commonly used tech-
nique for classifying information data into categories or
groups that share similar characteristics and is used where
no previous knowledge of these categories or groupings
exists. Whilst the analytical approaches in these studies
have been used to explore citizen science projects spe-
cifically, there is scope for these methods to be applied in
other related or nearby fields (e.g., volunteering) that wish
to explore people’s engagement for project management
purposes.

Methodology

To examine the engagement characteristics and profiles
of those involved in environmental volunteering, we used
descriptive and cluster analytical approaches, implement-
ing significance testing where possible. These analytical
approaches were conducted from June to December 2015
to assess the characteristics (e.g., longevity) that form the
basis of volunteers’ engagement profiles using informa-
tion from the UK environmental charity, The Conservation
Volunteers (TCV).

Data Source

Described as one of the UK's largest environmental vol-
unteering charities, TCV has engaged people from diverse
backgrounds and abilities who have taken part in various
practical conservation projects since it was established in
1959. In this study, we focus on the charity’s larger and
more well-known projects, the Action Teams. This project
was established when the charity was initially set up and
engages environmental volunteers in practical conserva-
tion work, including pond weeding, dry-stone walling,
and coppicing trees. Despite differences in types of activi-
ties, environmental volunteering projects share goals

Seymour and Haklay: Exploring Engagement Characteristics and Behaviours of

Environmental Volunteers

with many environmental citizen science projects, as
each engage members of the public in activities that help
contribute to the conservation and restoration of natural
environments (Roy et al. 2012). TCV was selected as a case
study project to identify whether participatory patterns
in environmental citizen science projects exist in environ-
mental volunteering projects. Findings observed in this
study may be applicable to both environmental volunteer-
ing and citizen science projects in areas of project design
and management.

In 2001, the charity was one of the first in its field to
develop an online database initially as a simple volun-
teering tracking system in Northern Ireland. Its informa-
tion functionality and requirements have been shaped
by TCV's management approach and work context.
Since then, the database has evolved into a complex
national volunteer project management tool, storing a
total of 222,605 records of volunteers who collectively
have undertaken 241,990 conservation tasks over 12
UK geographical regions. The information in the sys-
tem was collected by TCV staff using both paper and
online forms to record volunteer’s information (e.g.,
socio-demographics, TCV sites, regions, and projects
attended) as well as their activities (e.g., number of days
and conservation tasks contributed) usually after the
activity ended. Much of the data collected about vol-
unteers and their activities are similar to the types of
volunteer data collected in online and ICT dependent
citizen science projects.

To calculate the characteristics (longevity, frequency, and
distance travelled) previously identified as being impor-
tant for measuring engagement patterns in environmen-
tal volunteering projects, we selected the following data
items: Volunteer identification code, region identification,
site identification, total active days, start and end dates of
volunteering, and postcodes of volunteer’s places of resi-
dence and TCV sites attended. This enabled us to explore
engagement characteristics and contributing behaviours
of volunteers who engaged in TCV projects. Further, due
to the scale and volume of volunteer records, the study
was based on all volunteers registered from January 2010
to December 2013.

The analysis focused on the following volunteering
regions: Greater London (n = 6690), Greater Manchester
(n=810), and Yorkshire (n=2871). We analysed these three
regions to identify any influences of population density
distributions in rural (e.g., Yorkshire) to urban areas, differ-
ences in mobility potential (e.g., public transport services),
and as cross-examination between relatively similar urban
regions (e.g., Greater London and Manchester). All volun-
teer information was both confidential and anonymised
in line with ethical practices and a data sharing agreement
with TCV. No personal or sensitive information was used
in the analysis, including gender, ethnicity, and economic
status.

Data analysis

Data analysis consisted of two main parts; first, engage-
ment characteristics and contributor activity, and second,
volunteer engagement profiles. All statistical analysis was
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performed using R Version 3.1.1 (R Core Team 2014) and all
spatial analysis was conducted using ArcGIS (Version 10.1).

Engagement characteristics and contributor activity of
volunteers was identified and assessed as follows. First,
exploratory data analysis, both graphical (bar graphs) and
non-graphical (descriptive tables, ratio proportions, and
percentages) was used to reveal and visually represent the
underlying features of the dataset in relation to the fol-
lowing: Numbers of volunteers, net annual changes in vol-
unteer numbers, length of time volunteering, number of
volunteering sessions attended, number of days between
sessions, proportion of “One-Session” to “Multi-Session”
types of volunteers, and their individual contributions
to overall volunteering activities. Second, confirmatory
data analysis was used to assess relationships and differ-
ences among geographical regions, year of analysis, and
TCV sites. This was carried out using a series of 2-Way
ANOVA (with replication) statistical tests on the following
data information (Dytham 2011); volunteering numbers
and number of volunteering sessions (also referred to as
activities).

Volunteer engagement profiles were identified using
engagement metrics and clustering algorithms described
by Ponciano and Brasileiro (2014), which analysed
engagement patterns of those who participated in
Volunteer Thinking projects that are part of the Zooniverse.
Unlike Ponciano and Brasileiro’s (2014) analysis, the
current study includes volunteers who attended only one
volunteer session. This was to ensure both a full analysis
of all volunteers who “engage” in volunteering activities
and that their engagement characteristics could be made
and understood (Rochester 2006).

Three of the four engagement characteristics defined by
Ponciano and Brasileiro (2014) were used: Activity Ratio,
Relative Activity Duration, and Variation in Periodicity.
Such characteristics are particularly useful for understand-
ing avolunteer’s level of productivity, attendance frequen-
cies, and length of time spent volunteering. Activity Ratio
is the number of days that a volunteer was active divided
by the total days they are linked to the volunteering pro-
ject, i.e., all of the days between the first and last days of
engaging in volunteering activities. A volunteer was con-
sidered to be active if they attended at least one session.
Relative Activity Duration is the ratio between the num-
bers of days that a volunteer was active divided by the over-
all study observation period in days. Finally, Variation in
Periodicity is the average number of days elapsed between
two sequential days that an individual was active divided
by the total average number of days elapsed between
active days of all individuals. Engagement metrics were
then normalised to span O to 1 using the following nor-
malisation scaling formula where x is the engagement
metric and i is the volunteer:

X.

In addition to the three engagement characteristics out-
lined above, distances travelled by volunteers was included
in the engagement profiling method. This was calculated
using ArcGIS. Volunteer's place of residence and TCV sites
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were first geocoded using Code-Point® Open dataset and
ESRI's World Street base map data. As 2,896 (27.9%) of vol-
unteer postcodes for their places of residence were either
missing or incorrect, the analysis was based on a total of
7,475 volunteers for the three regions, Greater London
(n = 4887), Greater Manchester (n = 624), and Yorkshire
(n = 1964). Using OS Master Map® Integrated Transport
Network Layer dataset (Version 09/2015), we calculated
the shortest distance (in miles) between each volunteer's
places of residence and TCV volunteering sites, approxi-
mating the distance travelled by volunteers using the
shortest route between locations inclusive of roads (Zhu
et al. 2013). This ensured a higher degree of accuracy than
the Euclidean (straight line) distance, taking account for
actual street network structures (e.g., bridges, rivers, and
road networks) that can affect volunteer’s distances trav-
elled and time investment (Nicoara and Haidu 2014). This
is particularly important in London, where a short distance
across the river can be translated to a much longer travel
time on the road, due to the limited number of bridges.

Following this, we identified behavioural profiles of
volunteers who exhibited similar engagement character-
istics using a clustering analytical approach (Ponciano
and Brasileiro 2014). This inductive analytical inquiry is
a commonly used technique for classifying information
data into categories or groups that share similar character-
istics, and is used where no previous knowledge of these
categories or groupings is available. First, the hierarchical
cluster analysis using the R package “cluster” (Maechler et
al. 2015) was applied to understand the grouping of vol-
unteers using Ward's Minimum Variance method to esti-
mate the observed similarities and dissimilarities between
volunteer's engagement metrics. This enabled the data-
sets to be organised into distinguishable grouped clusters
where no predefined number had been selected (Fielding
2007). Drawing on this, the within-group sum of squares
by the number of clusters for each dataset region was
then plotted to identify the number of grouped clusters.
K-Means clustering approach was then applied to parti-
tion data points into the k number of groupings selected,
which sorted data values according to the nearest mean at
each cluster’s centre (Wagstaff et al. 2001). An Averaged
Silhouette Width (Hennig 2015) was then used to vali-
date the numbers of clusters selected and evaluate each
cluster's degree of tightness and separation (Rousseeuw
1987). Those scores equal to or larger than 0.51 were used
as a reference to indicate sufficient partitioning. In addi-
tion, Spearman’s rank correlation coefficients were used
to observe whether relationships could be identified
between each of the engagement metrics that would fur-
ther explain volunteer engagement profiles.

Results

Volunteer characteristics: Total volunteering numbers
and retention levels

We calculated the total numbers and retention levels of
TCV volunteers from January 2010 to December 2013
(See Table 1). First, the total number of volunteers from
each of the three geographical regions varied widely.
Greater London presented the highest overall volunteer
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population (2539 to 724) by comparison to Greater
Manchester (237 to 178) and Yorkshire (907 to 592). From
this, the percentage of each region’s volunteering popula-
tion size relative to the TCV's overall volunteering popu-
lation (6989 to 3693) was calculated as follows; Greater
London (19.6-36.3%), Greater Manchester (2.7—4.8%)
and Yorkshire (10.8-16%). Further, there were no stable
trends in volunteering numbers across sites, instead they
were quite variable. Similarly, there were no differences in
volunteering numbers between months throughout the
year.

Volunteers' yearly retention levels differed across each
region presenting no clear trends. In general, volunteer-
ing numbers increased from 2010 to 2012, with decreases
occurring across all regions between 2012 and 2013. The
Greater London region accounted for most of these yearly
changes in volunteering numbers, having the highest
retention levels. By comparison, Greater Manchester and
Yorkshire have lower retention levels.

In summary, there were no clear trends in volunteer
numbers across all three regions, both yearly and between
individual volunteering sties. Greater London exhibited
the highest volunteer population and retention levels,
compared to the other two regions. Further, seasonal vari-
ability shows no bearing on volunteer numbers, with the
volunteering site having more of an impact.
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Volunteer characteristics: Longevity, frequency, and
distance travelled

We calculated the total length of time that volunteers
were actively engaged (longevity) in volunteering activi-
ties as well as the number of volunteering sessions they
attended (frequency) for each region. The total length of
time that volunteers were actively engaged varied from
1 day to up to 3 years. We also observed differences in
the number of sessions that volunteers attended and the
amount of time that lapsed between these sessions. Over-
all, findings showed similar trends in longevity and fre-
quency characteristics across all geographic regions (See
Figures 1 and 2), with a higher number of volunteers
engaging in one volunteering session.

Ratio proportions of “One-Session” to “Multi-Session”
volunteers varied. The overall value for the UK was
18:7, which differed from Greater London (5:1), Greater
Manchester (3:2), and Yorkshire (1:1). Overall, participatory
patterns across all regions revealed that a small percent-
age of “Multi-Session” volunteers contributed the most to
volunteering activities, with a larger proportion of “One-
Session” volunteers contributing the least. For instance, of
the 207,671 total volunteering activities for all UK regions
(Table 2), 89.1% were conducted by “Multi-Session”
volunteers, who make up 27.6% of the total volunteers.
This participatory pattern of “Multi-Session” volunteers

Table 1: TCV's annual volunteer numbers between years 2010 to 2013 for each geographical area.

Total UK Greater London Greater Manchester Yorkshire
Mean 5692 1673 203 718
Medium 6042 1716 198 686
1% Quartile 4861 1403 184 606
3 Quartile 6873 1986 216 797
SD 1547 744 26 147
Range 6989 2534 237 907
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Figure 1: Total percentage of TCV volunteers' length of time volunteering.
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Figure 2: Total percentage of TCV volunteers attending volunteering sessions.
Table 2: Annual volunteering activities for each geographic area.
Regions 2010 2011 2012 2013
Greater London 3372 5467 5160 7386
Greater Manchester 1552 1282 1610 1920
Yorkshire 4332 4190 7073 7053
Total UK Activities 43187 49734 56420 58330

is similar across each of the regions: in Greater London
11.1% of volunteers contributed 95.6% of activity, while
in Greater Manchester 39.5% contributed 80.4% of activ-
ity, and in Yorkshire 33% contributed 96.7% of activity.

Findings showed that the numbers of volunteers
decreased with increasing distances travelled. These
trends were replicable between both “One-Session” and
“Multi-Session” volunteers, with the majority living within
a 20-mile distance of the TCV site they attended. Overall
estimated distances travelled by volunteers for each
region were as follows: Greater London about 32 miles,
Greater Manchester about 36.5 miles, and Yorkshire about
42.3 miles. Findings also showed that in the two urban
regions most volunteers (Greater London 79.9%, Greater
Manchester 85.56%) lived within a 5 to 20-mile distance
from the TCV site they attended. By contrast, most volun-
teers (62.05%) in Yorkshire lived within close proximity of
up to 5 miles from the TCV sites they attended. These find-
ings were consistent whether a volunteer attended one or
multiple sessions, as illustrated in Table 3.

To summarise, similar trends were observed in longev-
ity and frequency characteristics across all geographic
regions, with a large proportion of volunteers engaging
in one volunteering session. Additionally, participatory
patterns across all regions revealed that a small percent-
age of volunteers contributed the most to volunteer-
ing activities, with a larger proportion contributing the
least. Finally, most volunteers lived within a commutable

distance of the TCV site they attended, with few travelling
from farther distances.

Volunteer engagement profiles

A clustering analytical approach identified engagement
profiles of volunteers, grouping volunteers according to
similarities and dissimilarities between their engagement
characteristics. This analytical approach revealed three
distinguishable profiles of volunteers termed as One-Ses-
sion, Short-Term, and Long-Term. These were shown to be
the number that best optimised the trade-offs between
the number of groups and the within-group sum of
squares. This was validated in Averaged Silhouette widths,
with scores above 0.51 indicating sufficient partitioning
of the clustered groupings (Greater London 0.58; Greater
Manchester 0.55; Yorkshire 0.57). The general descriptives
of the three regions’ engagement metrics subdivided into
profile types as defined by Ponciano and Brasileiro (2014)
are shown in Table 4.

In general, the average number of days that volunteers
were active during the time they volunteered (Activity
Ratio) were moderate to high across all regions, as indi-
cated in means, medians, and quartiles. The length of
time that volunteers actively engaged in environmental
volunteering activities (Relative Activity Duration) tended
to be longer in Greater Manchester, with a higher propor-
tion volunteering for a short duration. Further, the num-
ber of days elapsed between each volunteering session
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(Variation in Periodicity) shows a slight variability between
regions, as indicated in the range. For instance, volunteers
in Yorkshire attended sessions less frequently than did
volunteers in urban regions (e.g., Greater Manchester). In
addition, the mean average distance travelled is relatively
similar across each region, with most volunteers living
within a proximity of up to 10 miles to the TCV sites they

attend.

Volunteer's engagement profiles (see Table 5) are as

follows:

One-Session volunteer: These volunteers account
for the largest proportion of the volunteer popula-
tion, travelling the least distance and committing the
shortest amount of time.
Short-Term volunteer: These volunteers had a pro-
file type mid-way between the other two.
Long-Term volunteer: These volunteers represented
the smallest proportion of the volunteering popula-
tion, travelling the farthest distance and committing
the longest amount of time to the organisation.

Table 3: Volunteer travelling distances in percentage across the three geographical regions for each volunteer type.

Volunteer Type  Regions

Distance Travelled (%)

<=1Mile <=5Miles <=10Miles <=20Miles <=30Miles 30+ Miles

One-Session Greater London 33 284 294 30.9 7 0.9
Greater Manchester 2.3 278 39.7 20.7 79 1.6

Yorkshire 8.2 529 19.7 13.6 4.5 1.6

Multi-Session Greater London 9.9 61.5 20 6.2 1.9 0.3
Greater Manchester 12 24.1 50.6 20.7 4.1 12

Yorkshire 14.8 53.8 14.9 9.4 5.7 1.2

Table 4: General descriptions for each of the engagement characteristics (Activity Ratio [AR], Relative Activity Duration
[RAD], Variation in Periodicity [VP], and Distance Travelled in miles [Distance]) compared across each region.

Greater London Greater Manchester Yorkshire

AR RAD VP Distance AR  RAD VP Distance AR RAD VP Distance
Mean 0.8 0.02 0.6 8.7 0.63 0.04 0.9 6.1 0.7 0.07 1 8.8
Medium 1 005 038 3.3 1 <0.01 0.05 7 1 <0.01 0.09 35
15t Quartile 0.04 0.01 0.4 1.9 0.14 <0.01 0.05 4.7 0.13 <0.01 0.09 1.8
34 Quartile 1 0.02 2 8.9 1 0.03 0.3 11.2 1 0.03 0.7 6.6
SD 03 009 27 6.7 0.4 0.1 3.1 7.2 0.4 0.2 2.7 6.6
Range 1 1 34 32 1 1 41 42.3 1 1 194 36.5

Table 5: Mean centroids for each of the engagement characteristics (Activity Ratio [AR], Relative Activity Duration
[RAD], Variation in Periodicity [VP] and Distance Travelled in miles [Distance]) compared across each region and sub-

divided by profile type.
Profile Type Regions Engagement Characteristics
AR RAD VP Distance

One-Session Greater London 0.97 0.01 0.8 46
Greater Manchester 1 <0.01 0.4 35
Yorkshire 0.88 0.02 0.7 24

Short-Term Greater London 0.9 0.02 0.4 8.9
Greater Manchester 0.88 0.5 1 11.6
Yorkshire 0.78 0.04 0.9 6.2

Long-Term Greater London 0.8 0.03 0.6 28.3
Greater Manchester 0.68 0.77 1.1 30.1
Yorkshire 0.61 0.05 1.8 35.9
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Regions differed in engagement characteristics. In general,
activity ratios were relatively similar in Greater London and
Manchester, with volunteers being active for shorter peri-
ods than those in Yorkshire. Marked differences were also
observed in the time elapsed between the number of volun-
teering sessions attended (periodicity) by volunteers as well
as in their distances travelled. This suggests that each of the
profile types have a variable range with noticeable distinc-
tions between those more urbanised regions (e.g., Greater
London and Manchester) to those semi-urban and rural (e.g.,
Yorkshire). Further, there is a noticeable gradient in engage-
ment metrics across each engagement profile. This is sup-
ported by a series of Spearman’s rank correlation coefficient
(as data presented a non-normal distribution) where a sta-
tistical significance was observed between each of the four
engagement metrics (p < 0.001).

Numbers and percentages of volunteers classified
in each engagement profile grouping are shown in
Figures 3 and 4. One-Session volunteers make up the
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largest group of volunteers, with Long-Term volunteers
being the smallest, and this pattern is present across all
regions.

In summary, there were clear distinctions between those
more urbanised regions to those semi-urban and rural,
with volunteers from urban regions (e.g., Greater London)
being more actively engaged in volunteering activities for
longer periods than those in semi-urban and rural areas
(e.g., Yorkshire). Further, we identified three types of vol-
unteer engagement profiles that are similar in scale across
all regions. Volunteer engagement profiles presented a
distinct gradient in their engagement characteristics, with
“One-Session” and “Long-Term” being on opposite ends of
the spectrum.

Discussion

Overall, this study demonstrates that descriptive and
clustering analytical approaches used to characterise
the nature of volunteer engagement in online and ICT
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dependent projects were applicable to TCV's volunteering
dataset. Comparisons could be made to identify whether
similar participatory patterns (e.g., Participatory Inequal-
ity) exist in environmental volunteering projects, dis-
cussed further below. In addition, this study showed the
potential for alternative measures of volunteer's engage-
ment (e.g., distances travelled) to be incorporated into
future assessments, both in environmental volunteering
and citizen science projects. Such analytical approaches
could therefore be viewed as valuable in assisting practi-
tioners in both environmental volunteering and citizen
science fields in their understanding, recruitment, and
retention of individuals who engage in their activities.
Knowledge gained from this analytical approach could
help to increase long-term sustainability and design of
environmental volunteering and citizen science projects
and bring them in alignment with volunteer's engage-
ment typologies and overall participatory patterns (Chu
et al. 2012).

Our findings presented differences in yearly retention
levels and longevity behaviours of volunteers between
the three UK regions examined. Of these, Greater London
exhibited both a higher volunteer population as well as
those engaging in volunteering activities over a longer
duration. Several factors might explain this trend, includ-
ing population density, social factors, and project organi-
sation (Ryan et al. 2001). By understanding volunteers’
population size and longevity behaviours, project staff
overseeing environmental volunteer and citizen science
projects can be better equipped in organising resources
required (e.g., equipment) as well as planning which tasks
to undertake and how many (e.g., practical conservation
activities and data collection), thus strengthening the con-
tinuity of their practices.

In relation to the ratio proportions of “One-Session”
and “Multi-Session” volunteers and their associated con-
tributions to volunteering activities, a common trend was
identified across all regions in which a few volunteers
contributed the most and many volunteers contributed
the least, demonstrating that “participation inequality”
is happening in environmental volunteering as well as
in citizen science projects and online web platforms, e.g.,
OpenStreetMap and Wikipedia (Liu and Ram 2011; Neis
and Zief 2012; Tulloch and Szabo 2012; Ponciano and
Brasileiro 2014). This suggests that participation inequity
is present not only in online social media or citizen science
initiatives but also in offline environmental volunteering
projects. Such information is important for the project
management of environmental volunteering and citizen
science projects and can be useful in relation to planning
the frequency of sessions (e.g., weekly or monthly) and the
type or length of time allocated to a task (e.g., single event
or ongoing project) (Ponciano and Brasileiro 2014).

Considering the distance travelled in both environmen-
tal volunteering and environmental citizen science pro-
jects, our findings showed that the majority of volunteers
lived within a 20-mile distance of TCV sites, with fewer
travelling farther distances. These trends were replicable
between both “One-session” and “Multi-Session” volun-
teers, with slight noticeable differences between regions.
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Similarly, the proportion of volunteers decreased with
increasing distance travelled, with those in Yorkshire trav-
elling farther than those in the other two regions. Possible
explanations include the improved mobility potential in
large urban areas such as public transport services (Pope
2005). In addition, vehicle ownership, financial resources,
and the lower number of volunteering opportunities in
areas with a lower population density can influence the
distance travelled (O'Brien et al. 2008; Tulloch and Szabo
2012). Such knowledge can be valuable to project manag-
ers in both volunteering and citizen science projects when
selecting locations to hold volunteering sessions or data
collection surveys, and suggests the need to choose sites
that maximise volunteer numbers for the purpose of the
volunteering activity. Further, knowing how far volunteers
travel to a site can assist project managers when allocat-
ing financial resources (e.g., travel reimbursement) as well
as when organising travel arrangements (e.g., minibus or
car sharing) for those travelling from farther distances, if
required.

Volunteer engagement profiles were identified using
a clustering analytical approach, grouping volunteers
according to similarities and dissimilarities between
their engagement characteristics. Such an approach
is commonly used where, as in this study, no previous
knowledge of these categories or groupings existed. This
approach indicated there to be three main profile types
of similar scale across all three regions; “One-Session,”
“Short-Term,” and “Long-Term.” This suggests general
consistency in profile types with no marked regional vari-
ation similar to those identified in related studies. We will
now summarise these profiles more fully.

First, “One-Session” volunteers account for the largest
group, travelling the least distance and committing the
shortest amount of time. Findings concur with similar
studies in existing citizen science (e.g., Boakes et al. 2016)
and volunteering projects (e.g., Holmes 2014; Hyde et al.
2016), providing further evidence on the emerging shift
in engagement patterns towards those more casual and
episodic (Rochester 2006). Suggested explanations for
this trend include time availability and motivations (Clary
and Snyder 1999; Davis Smith 2005; Rochester 2006;
Balestra et al. 2016).

Second, those classified as “Short-Term” have a profile
type mid-way between “One-Session” and “Long-Term.”
This transition was also identified by Cnaan and Amrofell
(1995) who suggested there to be no distinctions between
volunteer typologies (e.g., one-off versus ongoing vol-
unteer typologies). Instead they proposed a gradient or
continuum of typologies, with those classified as episodic
and casual—committing the least amount of time—being
placed at the lower end of the spectrum. Very few stud-
ies (Rochester 2006; Ponciano and Brasileiro 2014) have
described this profile type, placing more emphasis on
those that are episodic or long-term. The “Short-Term”
volunteer is a combination or overlap of the proceeding
profiles by variable degrees, with further research still
required.

Finally, those classified as “Long-Term” volunteers rep-
resented the smallest proportion, travelling the farthest
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distance and committing the longest amount of time to
the organisation. These volunteers presented engage-
ment characteristics that closely resemble those that
have been described as the ‘“classic” typology, who have
a high level of unconditional dedication and a strong
sense of affiliation with the organisation they volunteer
with (Hustinx and Lammertyn 2003). Similar findings
also have been identified in other studies (Boakes et al.
2016).

By understanding volunteers’ engagement profiles,
environmental and citizen science project staff can tailor
their projects to meet both their project requirements
(e.g., practical conservation tasks or data to be collected)
and volunteers’ level of engagement, which may help to
increase volunteer participation. Further, a knowledge
of how and in what ways volunteers engage in environ-
mental volunteering and citizen science projects not only
helps us to understand how these projects can increase
their contribution to conservation and restoration of nat-
ural environments, it also increases our understanding of
how these projects are important to people.

Study limitations and future research

We highlight the following issues for future research.
First, though this study is able to characterise the
nature of engagement in environmental volunteering
projects, such quantitative analytical methodology fails
to provide further contextual explanation behind these
volunteers’ patterns of engagement (e.g., motivations to
volunteer). There is need to use complementary forms of
qualitative methodological approaches (e.g., interviews
and observations) in conjunction with quantitative
approaches to provide a more in-depth understanding
of volunteer engagement. Such mixed methods would
allow for multiple perspectives, identifying not only the
magnitude and frequency of volunteers’ engagement
patterns, but examining the meaning and understanding
behind their occurrence (Bryman 2012).

Second, whilst figures calculated for volunteer’s
shortest distance travelled served as a good estimate of
distances travelled, the study does not include the mode
of transport. However, because findings suggest that
distance travelled is associated with a volunteer's level
of engagement, we recommend that future research
implement these factors to ensure a more accurate
assessment of volunteer’s travelling distance.

Third, whilst engagement profiles were case specific to
those that attended TCV, similar, more generalised find-
ings on differentiated patterns of contribution also have
been identified in existing volunteering research (Reed
and Selbee 2001; Mohan and Bulloch 2012). This suggests
that these findings could be extendable. Further work is
needed to understand whether the profile types, scales
(e.g., individual, regional, and national) as well as their
proportional structures over time are attributable to other
volunteer organisations. Further research also would
provide a more in-depth understanding of volunteering
typologies to help organisations adapt and accommodate
their volunteering opportunities to existing trends in
recruitment and retention.
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Conclusion

This study demonstrates that the quantitative analytical
approaches used to characterise the nature of volunteer
engagement in online and ICT dependent projects were
applicable to TCV's volunteering dataset. It also shows the
potential for alternative measures of volunteer's engage-
ment (e.g., distances travelled) to be used. These measures
enabled comparisons to be made between environmen-
tal volunteering and citizen science projects to identify
whether they shared any similarities in participatory
patterns. Further, the study suggests potential for these
methods to be applied in other fields wishing to explore
people’s engagement for project management purposes
(e.g., volunteer retention and project design) if the rele-
vant data are available.

The study also identifies areas that warrant more
research. For example, we recommend that future
research should implement additional forms of quali-
tative methods (e.g., semi-structured interviews and
observational studies) to explore contextual information
associated with volunteers’ engagement patterns, includ-
ing underlying motivations. In addition, the study opens
questions about whether the profile types as well as their
proportional structures over time are attributable to other
volunteer organisations. Such evidence would provide a
more holistic and realistic perspective of our existing
knowledge and understanding of engagement presented
by volunteers.
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