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Abstract Online e-Learning is increasingly being

used to provide environmental training. Prevention

measures including biosecurity are essential to reduc-

ing the introduction and spread of invasive alien

species (IAS) and are central to international and

national IAS policy. This paper is the first to evaluate

the effectiveness of e-Learning as a tool to increase

awareness, risk perception and biosecurity behaviour

in relation to IAS among individuals conducting work

activities or research (fieldwork) in the field. We

surveyed participants (a mixture of students and

professionals) before, and 6 months after undertaking

an e-Learning course on IAS and biosecurity practices.

Awareness of IAS and self-reported biosecurity

behaviour increased after e-Learning among students

and professionals. Students had a lower awareness of

IAS than professionals before training (20% of

students vs 60% of professionals), but after training

students showed a greater increase in awareness which

led to similar levels of awareness post-training (81%).

Prior to training, risk perception was also lower

amongst students than professionals (33% of students

and 59% of professionals were aware of the risk that

their activities posed to the accidental spread of IAS).

There was no change in risk perception amongst

professionals after training, however training led to a

doubling of risk perception in students. E-Learning

also led to an increase in reported biosecurity

behaviour and cleaning practices and there were

higher levels of biosecurity cleaning amongst profes-

sionals. The higher awareness and better biosecurity

amongst professionals is likely to reflect their famil-

iarity with the issues of IAS and day-to-day activities

in the field. Our results suggest that e-Learning is an

effective tool to raise awareness and encourage

behaviour change among field workers and research-

ers in an attempt to reduce the risk of accidental

introduction and spread of IAS.
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Introduction

Invasive alien species and biosecurity

Invasive alien species (IAS) have negative ecological,

economic or social impacts, or adversely affect human

health in their novel range. Once established, control

of IAS is difficult and expensive and total eradication

is often infeasible (Hulme et al. 2017). Therefore

methods to prevent the risk of introduction and spread

are increasingly being recognised as the most cost

effective means of reducing the impacts of IAS.

Prevention is central to the Convention on Biological

Diversity (CBD), EU Marine Strategy Framework

Directive (MSFD), EU IAS Regulation (1143/2014)

and the Invasive Non-Native Species Strategy for

Great Britain (Perrings et al. 2005). Human activities

such as transport, trade and tourism are all associated

with pathways of introduction and secondary spread of

IAS in the marine, freshwater and terrestrial environ-

ment (Hulme 2009; Saul et al. 2017).

Biosecurity measures are activities aimed at pre-

venting the introduction and secondary spread of IAS.

For example, good hygiene practices reduce the risk

that activities in the field might lead to the spread of

IAS. Practitioners and researchers working in the field

could potentially spread IAS. Biosecurity measures

include; ensuring that equipment taken into the field is

free from IAS; fieldwork preparation planning (for

example visiting an IAS infested site last during a day

of site visits, accessing a site on foot to minimise the

risk of contaminating vehicles); cleaning measures to

remove/kill IAS potentially attached to clothing or

equipment (Anderson et al. 2015; Sebire et al. 2018;

Shannon et al. 2018a).

To address the issue of IAS and promote good

biosecurity behaviour among stakeholders, communi-

cation campaigns have been created to raise awareness

of the risk of IAS and to modify public attitudes and

encourage positive risk-reducing changes in behaviour

such as adopting biosecurity measures (pro-environ-

mental behaviour). The Stop Aquatic Hitchhikers:

Clean Drain Dry campaign in the USA (Aquatic

Nuisance Species Task Force 2020) and New

Zealand’s Check Clean Dry campaign (Ministry for

Primary Industries 2020) attempt to educate and raise

awareness of the impact of accidentally spreading

aquatic invasive species among recreational users and

to improve biosecurity practice amongst water users.

In the UK, the Department for Environment, Food and

Rural Affairs (Defra) launched the first invasive

species specific biosecurity campaign Check Clean

Dry in 2011 in response to the first reports of the

invasive non-native Dikerogammarus villosus (Killer

Shrimp) (Defra 2020). The campaign is now led by the

Great Britain Non-Native Species Secretariat

(GBNNSS) on behalf of Defra, theWelsh Government

and the Scottish Government. The aim of the Check

Clean Dry campaign in the UK (similar to those of the

USA and New Zealand) was to raise awareness of the

risk posed by stakeholders that use the aquatic

environment for work or leisure (e.g. anglers, recre-

ational boaters), and to encourage stakeholders to take

practical measures to reduce their risk of accidental

introduction and secondary spread of aquatic IAS on

equipment (Box 1). More recently, a recent survey in

the UK on awareness of IAS amongst anglers and

boaters had increased over the last 10 years, although

awareness remains low amongst public overall (67%

general public aware compared to 87% of anglers and

83% of boaters (Creative Research 2018)). Biosecu-

rity initiatives have also been designed for the

terrestrial environment, for example the Forestry

Commission in England and Scotland promote the

Keep it Clean campaign (Forestry Commission 2020)

which encourages individuals to take measures to

reduce the spread of pests and disease.

Since 2011, e-Learning courses have been designed

to support the UK’s Check Clean Dry campaign by

raising awareness among stakeholders and targeting

behaviours that pose a risk of accidentally spreading

IAS in the marine, freshwater and terrestrial environ-

ment. The GBNNSS have an e-Learning platform on

their website with six modules covering biosecurity

and IAS, these are used by government and stake-

holders such as anglers, boaters, environmental prac-

titioners and site workers(GB Non-Native Species

Secretariat 2020). Field researchers are an important

group of stakeholders that undertake activities in the

aquatic and terrestrial environment (e.g. surveying and

sampling), which could potentially bring them into

contact with IAS (knowingly or unknowingly) and

facilitate their spread (Shannon et al. 2018b; Sutcliffe

et al. 2018). Field researchers therefore represent an

important group of individuals that would benefit from

e-Learning training. The Better Biosecurity e-Learn-

ing course designed by the University of Leeds, Cefas,

Environment Agency and the GBNNSS in 2015
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(University of Leeds 2020), targets individuals con-

ducting work activities or research (fieldwork) in the

marine, freshwater and terrestrial environment,

including students and professionals. However, since

this investment into e-Learning training, there has yet

to be a measure of its effectiveness.

Box 1. Check Clean Dry campaign

Check your equipment, boat and 
clothing after leaving the water for mud, 
aquatic animals or plant material. 
Remove anything you find and leave it 
at the site. 

Clean everything thoroughly as soon as 
you can, paying particular attention to 
areas that are damp or hard to access. 
Use hot water if possible.

Dry everything for as long as you can 
before using elsewhere as some invasive 
plants and animals can survive for over 
two weeks in damp conditions.

Environmental training and e-Learning

Many early environmental behavioural studies

assumed that knowledge is a necessary pre-condition

for behavioural change through its influence on a

person’s attitude; the information deficit model (re-

viewed in Owens and Driffill 2008; Boyes and

Stanisstreet 2012). However it has repeatedly been

found that knowledge of an issue alone does not

necessarily translate directly into behaviour change to

address that problem (Hungerford and Volk 1990;

Rothlisberger et al. 2010; McKenzie-Mohr and

Schultz 2014). Instead, behavioural models use ‘tools’

to evaluate more effective strategies to encourage and

foster behaviour change (e.g. education, persuasion,

incentivisation, coercion, and training) (McKenzie-

Mohr and Schultz 2014). Whilst education focuses on

imparting knowledge and developing understanding,

environmental training focuses on developing the

necessary skills to address the issue (Michie et al.

2011). Training is described by Salas et al. (2006) as

the acquisition of knowledge, skills and attitudes that

lead to improved performance. Behaviour change is

the real purpose behind any training effort; therefore

for training to be considered effective, a behavioural

change should ideally be observed post-training

(Gilpin-Jackson and Bushe 2007). Therefore, envi-

ronmental training is fundamental to any successful

activity of environmental management or conserva-

tion (Jabbour 2013).

E-Learning, or electronic learning, is a form of

distance learning undertaken by an individual on a

computer or other electronic device (Arkorful and

Abaidoo 2014; Azeiteiro et al. 2015). As with

traditional training courses, e-Learning courses

attempt to use real life examples for individuals to

relate to situations and make connections with their

activities (Bouhnik and Marcus 2006; Liaw et al.

2007; Liaw 2008). E-Learning can be extremely

flexible as it uses network technologies to facilitate

learning at any time or any place (Lim et al. 2007).

Many individuals (including researchers) seek profes-

sional development but may not have time or money to

attend face-to-face courses or to undertake laboratory

fieldwork training (Bacelar-Nicolau et al. 2009).

Research suggests that e-Learning can provide an

effective alternative to face-to-face training in higher

education and achieve the same performance (Azeit-

eiro et al. 2015). According to Noesgaard and

Ørngreen (2015), the most common way to measure

effectiveness is quantitatively using pre-and post-

tests; and effectiveness can be defined in many ways

(e.g. learning outcome, transfer, attitude, satisfaction).

In a study looking at awareness, attitudes and

behaviour, students had acquired knowledge and

performance as well as motivation (willingness) to

learn and act after completing a postgraduate e-Learn-

ing course in Environmental Science (Bacelar-Nico-

lau et al. 2009). Similarly, e-Learning has been utilised

as an alternative to instructor-led training to meet the

fire safety training needs of owners, operators, with

awareness, attitudes and test score improving after

training (Harrington and Walker 2009). The effec-

tiveness of e-Learning is yet to be looked at in the

context of IAS and biosecurity among field practi-

tioners and researchers.

We present the first study of the effectiveness of

e-Learning in influencing the awareness of IAS and

in influencing biosecurity behaviours of people

working in the environment. By surveying individ-

uals before and after e-Learning, we aim to
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investigate the effectiveness of e-Learning training

on awareness of IAS, risk perception of field

activities accidentally spreading IAS, and on an

individuals’ self-reported cleaning and self-reported

biosecurity practices.

Methodology

The Better Biosecurity e-Learning course was made

freely available on two platforms. The first was

available to staff and students at the University of

Leeds on an internal Virtual Learning Environment

(VLE), ‘Minerva’. The second was available on

‘Blackboard Open’ software, and was aimed at

individuals undertaking fieldwork or involved in

industry, agriculture, trade, site surveys, education,

or recreation. The Better Biosecurity e-Learning

course took between one to two hours to complete

and participants were able to save and return to the

course at any time. The course guided the individual

through four sections: introduction to IAS and the

importance of biosecurity, fieldwork preparation and

consideration of the risks of IAS spread, the Check

Clean Dry campaign, and a set of multiple-choice

questions. The course’s learning objectives to achieve

behaviour change were as followed:

1. To make participants aware of the impact of IAS,

of routes of IAS spread and of the risk fieldwork

poses in relation to introduction and spread.

2. For individuals to gain or advance awareness and

knowledge of practical skills for better biosecurity

practice.

3. To advance ability to critically evaluate different

types of fieldwork scenarios to determine the best

methods to reduce the spread of IAS.

The e-Learning course used a mixture of pictures,

videos and interactive images in order to engage the

individual. Formative multiple-choice questions pre-

sented during the course allowed users to check their

understanding; in the case of an incorrect answer, the

individual was shown the correct answer with feed-

back. At the end of the e-Learning course, there were

10 multiple-choice questions in which 100% was

required in order to pass and receive a completion

certificate. If participants failed to get 100% they were

encouraged to redo the test until 100% was achieved.

Sampling

At the University of Leeds, staff and students (under-

graduate and postgraduate) within relevant disciplines

such as geography, environmental studies, biology,

ecology and conservation were made aware of the

e-Learning course through being sent monthly invita-

tion emails. Students were also directed to the

e-Learning course at induction sessions for under-

graduate and postgraduate courses, and in relevant

taught modules in the faculties of Environment and of

Biological Sciences. The e-Learning was embedded

into the Health and Safety risk assessment process for

students and staff undertaking fieldwork within these

faculties.

Information about the e-Learning course was

disseminated externally to a wide range of organisa-

tions through email and social media promotions

(Twitter and Facebook) during the same time period.

Handouts to promote the e-Learning course were also

provided at various IAS focused meetings and con-

ferences (e.g. British Ecological Society Annual

Meeting, the International Conference on Aquatic

Invasive Species), as well as directly targeting organ-

isations that undertake field research (water compa-

nies, consultancies, regulators, conservation

authorities). The e-Learning course was also promoted

on the GBNNSS website and the University of Leeds

website. All participation on the e-Learning course

was voluntary. Of those who took the e-Learning

module (n = 1906) 38% (n = 729) completed the quiz

with 100%.

Survey design

After enrolling on to the course, participants were

asked to undertake the pre e-Learning online survey

(supplementary information); this was optional and

the participant was able to start the e-Learning without

having to complete the survey.

All individuals were asked whether they would be

willing to participate in a post e-Learning survey. All

individuals that agreed to be contacted for a follow up

survey were emailed 6 months after completing the

pre e-Learning survey and Better Biosecurity e-

Learning course. This time interval was used to allow

participants the opportunity to apply their new
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behaviour at work/study before we measured any

behaviour change. Both e-Learning platforms (VLE

and Blackboard Open) were cross-checked against

participants that agreed to be followed up to check that

the e-Learning had been fully completed before

participants were emailed the link to the post e-Learn-

ing survey.

For comparison of awareness of IAS and/or biose-

curity campaigns, risk perception of field activities,

self-reported cleaning and self-reported biosecurity

practice, identical questions were asked in the pre and

post e-Learning online survey (supplementary

information).

The surveys were created using Online Surveys

software (https://www.onlinesurveys.ac.uk/). The

online surveys satisfied the University of Leeds’

guidelines on ethical conduct (Ethics reference

BIOSCI 15-023). A pilot study (internal n = 5,

external n = 5) was conducted to ensure the pre and

post surveys worked effectively and to reduce ambi-

guity or misinterpretation of the questions. This pilot

data was not used in the overall analysis.

The pre e-Learning surveys were conducted between

November 2015 and July 2018 and were designed to

take no longer than 10 min. Post e-Learning surveys

were conducted 6 months after the individual had

completed the initial survey and training.

Surveys included a one page introductory informa-

tion sheet about the project aims and objectives and

stated that participants would not be identifiable in the

research outputs. Due to a variety of different defini-

tions used for IAS in the literature (including INNS

and non-indigenous species), a definition of IAS was

given at the start of the online survey. Participants

were asked for consent before being able to continue

with the survey.

Demographic data

The first section of the survey collected demographic

data on the participants (gender and age). Participants

who took the training on Blackboard Open were asked

to identify what organisation they worked for, partic-

ipants who took the training on the VLE were known

to be working or studying at the University of Leeds.

All participants were asked if they were studying; if

yes, participants were asked for their department and

what level of education (undergraduate, postgraduate,

PhD).

Self-reported biosecurity cleaning practices

The second section of the survey focused on self-

reported biosecurity cleaning practices undertaken by

respondents. There are many difficulties with measur-

ing actual behaviour using surveys, therefore research-

ers rely on reported behaviour in an attempt to get

closer to reality (Corral-Verdugo 1997). To increase

the value of participants’ answers and to increase

accuracy, questions concerning the cleaning of equip-

ment, transport and clothing were asked before

participants answered questions on IAS and biosecu-

rity behaviour. This was to avoid participants chang-

ing answers in relation to the research question on

what they would think might be a more socially

desirable answer.

All participants were asked if they used equipment

in the field (yes or no). To determine self-reported

cleaning practices, participants that answered yes to

using equipment in the field were then asked questions

about cleaning practices for equipment. Participants

were asked a series of questions (based on the Check

Clean Dry campaign) about how often they cleaned

equipment before arriving and before leaving a site, as

well as whether they dried equipment between uses

and if they used the same equipment at multiple sites a

day (measured using a Likert scale from always to

never). Participants were given a selection of cleaning

methods to choose from and were able to choose as

many methods of cleaning equipment that they

undertook. These included measures such as rinsing

in cold water, cleaning with disinfectant and drying

either before arriving at a site, before leaving a site or

upon returning after fieldwork.

All participants were asked how they arrived at field

sites. Participants that arrived by car/bicycle/other

wheeled vehicles and by boat were then asked

questions about how often they cleaned tyres/wheels/

boat hulls before arriving and before leaving a site as

well as whether they dried transport between uses

(again using a Likert scale from always to never).

Participants were again allowed to choose the method

that they took to clean transport before arriving at a

site, before leaving a site or upon returning after

fieldwork. Participants that did not arrive by car/

bicycle/other wheeled vehicle or by boat in the field

were automatically forwarded to answer questions

about cleaning practices for outerwear/footwear.
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All participants were asked how often they cleaned

footwear and outerwear in-between site visits (Likert

scale from always to never), and what cleaning

methods they used. These included measures such as

rinsing in cold water, cleaning with disinfectant and

drying either before arriving at a site, before leaving a

site or upon returning after fieldwork.

All cleaning questions for equipment, transport and

footwear/outerwear were used to generate a ‘self-

reported cleaning score’ for the analysis. The response

given to how often participants cleaned before arriv-

ing, before departing, after returning and dried in

between was scored from 0 to 4 (e.g. never = 0,

rarely = 1, sometimes = 2, often = 3, always = 4).

For each variable (equipment, transport and foot-

wear/outerwear) each respondent was given a mean

score and then an overall combined score. Participants

that did not complete all variables were given a mean

score based on one, or both of the other variables. The

higher the score, the better the self-reported biosecu-

rity cleaning practices of the individual.

Awareness of IAS and biosecurity campaigns

To measure awareness, participants were asked if they

were aware of IAS and/or any campaigns in relation to

biosecurity (yes/no). If participants answered yes, they

were then asked to give further explanation and

details.

Risk perception of activities accidentally spreading

IAS

Risk perceptions are fundamental components that are

influenced by, and frame attitudes and beliefs, and can

help predict intentions and behaviours (O’Connor

et al. 1999; Estévez et al. 2015). To determine risk

perception, participants were asked whether they

considered their field activities to pose a risk in terms

of spreading IAS (yes or no). Those that answered yes

were asked to rank their risk from low (1) to high (5).

Self-reported biosecurity practice

The final section of the survey asked all respondents to

self-report on whether they consciously employed

biosecurity measures in the field (yes or no). Asking

individuals to self-report on their behaviour allowed

us to investigate whether e-Learning had an effect on

self-reported biosecurity practice as self-reporting has

been recognised as an important factor in achieving

behaviour change (Corral-Verdugo 1997).

Data analysis

A total of 666 individuals completed the pre e-Learn-

ing survey. However, fewer individuals provided

information that enabled us to carry out an analysis

(n = 62) on data for the same individual before and

after training. We therefore conducted analysis of the

whole dataset and also undertook a further analysis on

the subset of paired data.

All statistical analyses were carried out in R version

3.5.0 (R Core Team 2016). We investigated the effect

of training and position (student or professional) on an

individual’s awareness, risk perception, self-reported

biosecurity cleaning practices and self-reported biose-

curity practice. Data pertaining to awareness and risk

perception, relative to respondent position (i.e. stu-

dent/professional) and training status (i.e. before and

after) were analysed using Generalised Linear Models

(GLMs), fitted with a binomial error structure. GLMs

were simplified to minimum adequate models (Craw-

ley 2007). Variables were discarded from the model

when they did not significantly increase deviance.

Self-cleaning practices reported by respondents using

a Likert scale, were used in conjunction with other

replies to generate a composite cleaning score. The

data were analysed using a linear model (ANOVA)

(commonly used for analysis of Likert data (Goodwin

et al. 2018)) allowing us to explore potential interac-

tion terms. However, as Likert scale data are in fact

ordinal data, we also undertook Mann–Whitney tests.

We also analysed the data for the subset of

respondents who provided us with information to

compare paired data. Again, we investigated the effect

of training and position on an individual’s awareness,

risk perception, self-reported biosecurity cleaning and

self-reported biosecurity practice.

Results

Pre and post survey return rate and demographics

A total of 666 individuals completed the pre e-Learn-

ing survey; of these individuals 461 (69%) were

students and 205 (31%) were professionals. Students
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included individuals undertaking undergraduate

(56%), taught postgraduate (27%) and PhD (27%)

studies. Professionals included practitioners and vol-

unteers working in the field of conservation and

environmental management, academic lecturers and

field staff.

A total of 14 different universities and research

institutes were represented by the students; 10 in the

UK, 1 in Ireland, 1 in Germany and 2 in the USA.

Among the professionals, 124 different organisations

and companies were represented, as were participants

that were self-employed and retired. Organisations

were based worldwide and included UK, USA,

Australia, Mexico, Holland, Kenya, Norway, New

Zealand, and India.

A range of age groups were represented in the pre

e-Learning survey, with the majority of participants

aged between 18 and 25 (63%) then 26 and 35 (16%)

followed by 26 and 45 (9%), 46 and 55 (6%) and

finally 66 or over (1%) (0.3% preferred not to say).

All participants were asked to select up to four

disciplinary areas that best described their area of

work, research or education (Fig. 1). The most com-

mon discipline selected was Biology (37%), followed

by Ecology (35%), Conservation (29%) and Environ-

mental Science (18%). The totals sum up to[ 100%

as participants could select more than one discipline.

A total of 274 participants agreed to participate in

the follow up survey. Of these, 78 participants

completed the post e-Learning survey of which 32

(41%) were students and 46 (59%) were professionals.

A total of 62 individuals completed the pre e-Learning

survey and post survey and provided sufficient infor-

mation to conduct an analysis of the paired data. Of

these individuals, 23 (37%) were students and 39

(63%) were professionals 23 (37%) were students and

39 (63%) were professionals.

The effect of training on awareness of IAS and/

or biosecurity campaigns

Participants were asked before and after the e-Learn-

ing course whether they were aware of IAS and/or

campaigns in relation to biosecurity. Awareness of

IAS and/or biosecurity campaigns increased after

undertaking the e-Learning course (Fig. 2a, Table 1).

Before e-Learning, 32% of participants were aware of

IAS and/or biosecurity, this increased to 81% of

participants after e-Learning.

Awareness was significantly affected by the inter-

actions between position and training (Table 1). Initial

awareness was higher in professionals (60%) than

students (20%). However, students had a greater

increase in awareness after e-Learning compared to

professionals, leading to a similar awareness post-

training; student awareness increased to 80% and

professional’s awareness increased to 81% (Fig. 2a).

Participants that were aware of campaigns (or

guidance) gave examples of Check Clean Dry, Be

Plant Wise, ballast water management, EU IAS

Regulation (1143/2014) and Forestry Commission

guidance.

Those individuals who took the survey both pre and

post e-Learning showed a higher level of initial

awareness. 82% of professionals that returned for the

follow up survey were aware of IAS and/or campaigns

before training, whereas, amongst those who did not

complete the follow up survey, only 66% were aware

of IAS. Likewise, 65% of students that returned for the

follow up survey were aware of IAS and/or campaigns

before training compared to 16% of students that were

aware before training who did not complete the follow

up survey. This highlights self-selection bias in the

analysis, where these participants had higher aware-

ness of IAS and/or campaigns before training com-

pared to those that did not return.

However, the results of the analysis of the paired

and the overall data set were in accord; awareness was

significantly increased after training, with students

exhibiting a greater improvement overall when com-

pared to professionals (Table 2).

The effect of training on risk perception

Participants were asked whether they considered their

activities to pose a risk of accidentally spreading IAS.

Before undertaking the e-Learning course, 41% of

participants considered their activities to pose a risk of

accidentally spreading IAS, this increased to 56% after

e-Learning. Before e-Learning, those that did consider

their activities a risk considered it a medium to low

risk on the Likert scale. After e-Learning participants

that considered their activities to pose a risk consid-

ered it a medium to high risk on the Likert scale.

Risk perception was also significantly affected by

the interaction between position and training

(Table 1). Initial risk perception was higher among

professionals (59%) compared to students (33%).
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Whilst student’s risk perception doubled after

e-Learning (66%), risk perception of professionals’

did not change significantly (Fig. 2b).

Exploration of the paired data for those individuals

who completed both pre and post training surveys

showed a similar pattern, although there was no

significant effect on risk perception of position,

training or by the interaction (Table 2).

The effect of training on self-reported biosecurity

practice

Participants were asked before and after e-Learning

whether they consciously employed biosecurity mea-

sures in the field. Self-reported biosecurity practice

increased after undertaking the e-Learning course

(Table 1; Fig. 2c). Before e-Learning, 42% of partic-

ipants reported consciously employing biosecurity
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Fig. 1 Number of

participants within each
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Fig. 2 Respondents’ awareness of IAS and/or biosecurity campaigns (a), risk perception (that activities pose a risk of IAS spread) (b),
self-reported biosecurity practice (c) and self-reported cleaning behaviour (d) before and after undertaking the e-Learning
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measures in the field, this increased to 81% after

e-Learning. Self-reported behaviour was higher

amongst professionals than amongst students (Fig. 2c)

but was not significantly affected by the interactions

between position and training (Table 1).

Table 1 The influence of e-Learning (training) and position (student or professional) on awareness of IAS, risk perception (per-

ception that their activities pose a risk of spreading IAS), self-reported biosecurity practices, and self-reported cleaning behaviour

Estimate SE z value P

Awareness

Training 4.7228 1.0166 4.646 \ 0.001

Position 3.6823 0.6923 5.319 \ 0.001

Training: position - 1.8675 0.6142 - 3.040 0.00236

Risk perception

Training 3.0964 0.8371 3.699 \ 0.001

Position 2.7946 0.5877 4.755 0.000216

Training: position - 1.7206 0.5054 - 3.404 0.000663

Self-reported biosecurity practice

Training 2.3207 0.9343 2.484 0.01299

Position 2.1050 0.6897 3.052 0.00227

Training: position - 0.5731 0.6153 - 0.931 0.35167

Self-reported cleaning behaviour

Training 1.7971 0.11060 2.772 0.00571

Position 0.3066 0.07730 3.336 0.00089

Training: position 0.1296 0.2223 0.583 0.5602

Colon (:) represents the interaction of training and position. Estimates of the regression coefficient indicate the mean change/

difference in the response variables (i.e. perception, self-reported biosecurity, and self-reported cleaning) as predictor variables

change (i.e. pre vs post-training and student vs professional)

Table 2 The influence of

e-Learning (training) and

position (student or

professional) on awareness

of IAS, risk perception

(perception that their

activities pose a risk of

spreading IAS), self-

reported biosecurity

practice and self-reported

cleaning behaviour (colon

‘:’ represents the interaction

of training and position) for

the subtest of participants

who undertook both pre and

post surveys

Estimate SE z value P

Awareness

Training 2.3390 0.7523 3.109 0.00188

Position 1.9617 0.5973 3.284 0.00102

Training: position - 2.5042 0.9473 - 2.644 0.00821

Risk perception

Training - 0.321 0.4178 - 0.819 0.413

Position 0.4890 0.4995 0.979 0.328

Training: position - 1.7458 0.9308 - 1.876 0.061

Self-reported biosecurity practice

Training 22.955 3.988 5.755 \ 0.001

Position 22.281 3.705 6.283 \ 0.001

Training: position - 11.345 4.736 - 2.395 0.0166

Self-reported cleaning behaviour

Training 0.1624 0.1632 0.995 0.32153

Position 0.5791 0.1847 3.135 0.00215

Training: position - 0.2104 0.7176 - 0.293 0.770
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Similarly, for the paired data analysis, self-reported

biosecurity significantly improved following training,

with professionals reporting better biosecurity prac-

tices when compared to students. Amongst profes-

sionals that returned for the follow up survey, self-

reported biosecurity practices increased from 79%

(pre training), to 87% (post training). Likewise,

amongst re-surveyed students, self-reported biosecu-

rity practices increased from 26% (pre training) to

78% (post training) (Table 2).

The effect of training on self-reported cleaning

behaviour

Answers to questions on how they cleaned equipment,

transport and footwear/outerwear were used to calcu-

late a cleaning score for each participant before and

after e-Learning. The overall mean cleaning score

significantly increased after training. Self-reported

cleaning behaviour was higher for professionals than

students, and there was no significant effect of the

interaction between position and training (Fig. 2d,

Table 1). The result of the non-parametric analysis

were in accord with those of the parametric analysis.

In contrast, training had no significant effect on

cleaning behaviour in the paired data cohort. How-

ever, there was a significant difference between

professionals and students, with self-reported cleaning

behaviour higher among professionals (Table 2).

Discussion

E-Learning is increasingly being used as a method of

environmental training to raise awareness and change

behaviours among individuals. E-Learning is a useful

tool in the Environmental Sciences and other disci-

plines; individuals seek professional development

online as they do not always have time to attend

face-to-face training courses (Bacelar-Nicolau et al.

2009). Since 2011, e-Learning courses have been

developed to target the behaviours of stakeholders in

relation to the accidental spread of IAS through work

or leisure activities. The Better Biosecurity e-Learning

course was developed in 2015 to raise awareness and

encourage biosecurity practices among individuals

who undertake work or research activities in the

marine, freshwater and terrestrial environment. Nearly

5 years on, this study is the first to test the

effectiveness of e-Learning on awareness and reported

pro-environmental behaviour change in relation to

biosecurity practices to reduce the risk of accidentally

spreading IAS. Applying a common measurement of

effectiveness, we measured field workers’ awareness,

risk perception, self-reported biosecurity practice and

self-reported cleaning behaviour before, and 6 months

after completing the Better Biosecurity e-Learning

course for IAS. We conclude that the e-Learning

course increased awareness and led to reported

behaviour change; participants reported higher biose-

curity scores after e-Learning.

In the literature, studies have found mixed results of

the impacts of training on awareness. In a study

looking at students’ awareness of plagiarism and their

perception of the seriousness of plagiarism before and

after completing an online academic integrity training

course, both students’ awareness of plagiarism and

their perceptions increased significantly after com-

pleting the training (Curtis et al. 2013). On the other

hand, in a case study of two electricity companies,

Perron et al. (2006) found that environmental training

did not sufficiently increase employee environmental

awareness of the company’s environmental impacts.

Consistent with Curtis et al. (2013), our study found as

expected, that participants’ awareness increased fol-

lowing training and professionals had higher aware-

ness compared to students. Higher levels of awareness

among professionals may be explained by infrastruc-

ture availability as well as an increase in interest and

usefulness of the training topic compared to students

(Grossman and Salas 2011; Grossman and Burke-

Smalley 2018).

When we explored the data from all respondents,

we also found that risk perceptions were higher among

professionals before e-Learning compared to the

students. Similarly, in a study looking at the risk

perceptions of field researchers, Shannon et al.

(2018a, b) found higher risk perceptions among those

who undertook high risk activities in relation to IAS

(sampling and aquatic fieldwork). Interestingly, whilst

overall risk perception increased after training, pro-

fessionals’ risk perception did not change significantly

following e-Learning unlike students’ risk perceptions

which increased. Previous studies have also found that

simply being aware of risks does not always seem to be

a strong factor for initiation of behaviours (Karanci

et al. 2006). Wachinger et al. (2013) argue that whilst

personal experience (of a natural hazard) has the most
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substantial impact on risk perception, if after training

individuals do not have any negative experience, then

they are more likely to believe that a future event will

unlikely affect them, therefore their risk perception is

unaltered and has the potential to decrease. We

therefore argue that professionals’ risk perception

did not change significantly as a result from training

due to the increase in awareness and continued

experience and familiarity of IAS in the field.

Education is more than just the provision of

information which does not always lead to behaviour

change (Burke and Hutchins 2007; Hutchins and

Burke 2007). Training aims to bridge this gap and

provide participants with skills information to encour-

age individuals to act in an environmentally respon-

sible manner (Shaw et al. 1999; Noesgaard and

Ørngreen 2015). We found that self-reported biose-

curity (measured as self-reported biosecurity practice

and self-reported cleaning) improved after training,

supporting our assumptions that training led both to

increased awareness and to reported behavioural

change. In our study we found that professionals

reported higher levels of biosecurity practice before

and after training compared to students. Behaviour

change is most likely to occur when participants

consider the training useful or necessary which in turn

motivates their behaviour. Training is also dependent

on the ability to use the skills whilst working, in

comparison to education which focuses on knowledge

and awareness raising (Grossman and Salas 2011).

Sometimes individuals reported fail to apply, or

transfer their learning to the work environment

(Grossman and Burke-Smalley 2018). We therefore

argue that professionals reported higher biosecurity

practices compared to students as they could transfer

the training to their job (Blume et al. 2010).

Training methods such as e-Learning have been

introduced to try to reinforce and improve standards

for good biosecurity in the field. Our study shows that

the objectives of the e-Learning were met; awareness

and risk perception increased as well as an improve-

ment in reported biosecurity behaviour, with these

changes evident 6 months post-training. However,

Velada et al. (2007) argue that if people do not use

their new skills for a while they are likely to forget

them before being able to apply them. In the context of

human resource management, Wexley and Latham

(2002) found that whilst around 40 per cent of training

content was transferred immediately, it fell to 25%

after 6 months and a further 15% after 1 year. As with

any training required by the organisation or institution

to be repeated annually (e.g. fire training, IT security),

biosecurity training should also be repeated by

professionals in order to increase retention, sustain

motivation and maintain a high level of awareness and

behaviour in the future. Participants should take

advantage of the freely available and flexible Better

Biosecurity e-Learning course, and repeat the course

annually, with participation encouraged by supervi-

sors/heads of research departments. In addition to this,

training should be coupled with support structures that

encourage a desired behaviour and barriers should be

addressed for engaging in this behaviour (e.g. cleaning

facilities should be made available to encourage

biosecurity practice) (Heimlich and Ardoin 2008).

Methods to prevent the risk of introduction and spread

are central to effective implementation of relevant

legislation (e.g. CBD, MSFD and the EU IAS

Regulation) and/or policy (e.g. the GB Invasive

Non-Native Species Strategy for Great Britain). This

study demonstrates that e-Learning is an effective tool

to increase personal awareness of IAS and effect

changes in behaviour to aid in reducing the risk of

introduction/spread. Ideally e-Learning should be

used as a tool, as part of a suite of methods, to aid in

the implementation of national and international goals

for the more effective management of IAS.
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