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Abstract: This study proposes an approach based on data envelopment analysis to assess the effec-
tiveness of environmental training for tourists. Most studies have considered only outcomes (i.e., the
continuance or halting of improper behavior towards the environment) to represent the effectiveness
of environmental training but this approach does not consider the amount of resources that have
been applied in the process. The model utilizes input and output factors to estimate the index of
effectiveness. We used a survey of underwater tourist activity to test the proposed model in the
empirical evaluation and explored both the internal and external influences on the effectiveness.

Keywords: tourist behavior; environmental training; data envelopment analysis; diving activity;
effectiveness measurement

1. Introduction

The ecological environment is being damaged by rapid industrial development over
the past few decades. However, people have begun to attach importance to environ-
mental sustainability after experiencing the effects of pollution, climate change, and eco-
catastrophes. The concern of humans towards the environment requires not only reducing
pollution or saving resources but also paying more attention and developing a higher
degree of environmental literacy. Environmental training has been considered a priority for
developing environmental literacy and is one of the most crucial tools for facilitating a more
sustainable world [1]. Environmental education is also playing an important role towards
sustainability and preparing the future generation for a green society [2]. In addition,
through environmental training, ecological consensus, knowledge, attitudes, beliefs, and
environmental sensitivity can be cultivated in the lifestyle of humans, and environmental
conditions can be further improved.

Environmental training can be regarded as one of the fundamental bases for suc-
cessfully practicing environmental management and conservation, as well as recycling
resources [3]. Environmental training is used to teach industrial environmental policies
to workers and it can change people’s behavior to build a permanent relationship with a
balanced environment [4]. Accessing education to develop sustainable methods for using
cleaner and more efficient technologies for natural resources is included in environmental
training [5]. Industries can reduce emissions, produce recyclable goods, and consume
resources more efficiently by using training to pass on the concept of environmental sus-
tainability to workers. Environmental training has become a substantial concern among
industries for promoting sustainable and eco-friendly production, and it is also identified
as an essential activity in the assessment of corporate social responsibility (CSR).

The importance of environmental training to tourism sustainability has been empha-
sized by researchers. The purpose of environmental training is to promote minimal impact
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on the environment and to advance the sustainability of the natural environment [6]. Ma-
rine tourism sustainability relies on developing positive environmental perspectives and
fostering pro-environmental behaviors among tourists [7]. To increase the public awareness
of biodiversity, the public sector provides training and education at tourist attractions,
which aim at informing visitors about improper behaviors that damage natural features
they encounter [8,9]. Donmez-Turan and Kiliclar [10] indicated that environmental train-
ing enables individuals to change their knowledge about the environment and to exhibit
a voluntary pro-environmental behavior. In addition, environmental training has been
associated with conservation, environmental quality outcomes, recycling, and regional
competitive advantage [11–13].

The aim of this study is to develop an approach based on the data envelopment analy-
sis (DEA) to assess the effectiveness of environmental training for underwater activities.
This is regarded as important because water-related recreational activities such as diving
and boating can cause damages to coral reefs and the marine ecosystem, which is already
under due stress from anthropogenic activities. Effective environmental training has been
considered as having a positive impact on tourism and ecological sustainability by previ-
ous studies. For example, Macris and Georgakellos [14] as well as Bogoliubov et al. [15]
indicated that effective environmental training must be easily known, understood, and
accepted by trainees; da Silva et al. [16] suggested that effective environmental training
with better indicators is helpful to achieve environmental goals; and Stefanelli et al. [17]
argued that to be effective, an environmental training program needs to be carefully orga-
nized. While a few prior studies have focused on establishing methods for effectiveness
measurement, such as the work conducted by Erdogan and Tosun [18], and Walker and
Weiler [19] who used trainees’ behavior as indicators to measure the effectiveness of en-
vironmental training, previous studies only defined the effectiveness indicators from the
perspective of output (i.e., trainees’ behavior) but did not consider the resources invested in
environmental training. According to Gronroos and Ojasalo [20] as well as Keh et al. [21],
“effectiveness” refers to the use of minimal resources to maximize the output. The per-
formance indicators evaluated using the DEA model have been frequently defined as the
effectiveness index in previous studies [22–24]. Therefore, the approach developed by this
study further incorporates environmental training resources and trainees’ behavior into
the effectiveness measurement to capture a more holistic view.

This study also aims to explore internal and external influences on the effectiveness
of environmental training. The influences on training effectiveness have been discussed
in vocational training studies. The training process, program content, knowledge, skill
acquisition, and trainee attitudes have considered as the influences on training effective-
ness [25]. Training site, trainee’s experience, gender, and motivation can also affect training
effectiveness [26–28]. However, similar discussions for influences on effectiveness are
limited in environmental training studies. This study will use the slack variables solved
by the DEA to establish indices to measure the internal influences on effectiveness. The
external influences are then estimated by using the truncated regression model. Through
this study, the internal and external factors that cause low performance in environmental
training can be identified and therefore lead to improvements.

The empirical evaluation used the data collected from 246 diving tourists in North
Taiwan to examine the developed approach and revealed several practical implications
for underwater activity tourism. The remainder of this paper is organized as follows.
The literature on environmental training is reviewed in Section 2; the empirical model
is described in Section 3; the empirical results and their discussions are presented in
Sections 4 and 5, respectively; and the conclusions, implications, limitations, and future
research are outlined in Section 6.

2. Literature

Previous studies of environmental training have predominantly emphasized how the
environmental education offered by educational institutions can prepare environmental
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experts for professional careers in environmental sustainability. For instance, Macris and
Georgakellos [14] applied a prototype model to design and develop training approaches to
help students understand contemporary global environmental issues. Bogoliubov et al. [15]
investigated teaching materials used in Ukraine for the environmental training for sustain-
able development.

Many studies have discussed environmental training from the viewpoint of industries,
focusing on the effect of training on environmental or financial performances in businesses.
For instance, del Brio and Junquera [29] mentioned that a poor level of environmental
awareness exists in small and medium-sized enterprises because of the shortage of environ-
mental training among their employees. Cole et al. [30] identified environmental training as
a positive influence on environmental performance. Cloquell-Ballester et al. [31] developed
a methodology for designing environmental training programs for enterprise workers.
Teixeira et al. [32] contributed a theoretical framework that presents the evolutionary stages
of green management and the relationship between green management and environmental
training in companies. In a study conducted by Gangadharan [33], environmental training
provided to employees working in a firm had been identified as essential for improving
environmental performance. Chen et al. [34] analyzed environmental training from a cost-
effectiveness perspective and revealed how environmental training for specific teams and
workers can be enhanced to reduce consumption and increase profits. Li [35] investigated
the effects of environmental education and evaluated positive effects of environmental
education on environmental awareness and attitude.

Environmental training is not universally considered effective for environmental per-
formance. Perron et al. [36] suggested that the level of environmental awareness between
companies that offer and those that do not offer environmental training is similar. Un-
nikrishnan and Hegde [37] showed that although universities and research institutes have
well-developed facilities, they had not played an active role in environmental training
because of the practical gap between academia and industry. Jabbour [38] reviewed the
literature on environmental training to determine the characteristics and constraints of
successful environmental training in an organization and concluded that a significant
positive relationship between environmental training and the maturity of environmental
management exists. Jorgenson et al. [39] discovered that environmental education can
promote energy conservation behavior.

A few studies have considered both the influences and effectiveness of environmental
training. Arcury [40] suggested a direct relationship between people’s environmental
attitude and knowledge, indicating that training is closely associated with environmental
attitudes. Jacobson [41] considered that the aim of environmental training is to encour-
age people to have more sustainable lifestyles by developing awareness, participation,
knowledge, and attitudes. Booth et al. [42] indicated that increasing environmental ed-
ucation could help improve the understanding of conservation activities and minimize
the environmental impacts of recreation. Sakurai et al. [43] indicated that environmental
training programs must be designed to help people understand how they can take care
of the environment for future generations. Varela-Candamio et al. [44] mentioned that
environmental education can be used as a powerful tool to generate green behavior among
citizens. Sukma et al. [45] discussed the importance of environmental education integration
in elementary schools. Although the information provided in these studies appears to
be relatively straightforward, it is difficult to translate it into “input factors” underlying
reciprocal causation, even if some of the research findings can be viewed and assessed from
the perspective of training effectiveness.

As a practical contribution, this study will use the DEA model to examine the effec-
tiveness of on-site environmental training.
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3. Materials and Methods

This study involved a two-step process, as presented in Figure 1.
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3.1. DEA Model of Effectiveness Evaluation

In the first step, this study used the DEA model to assess effectiveness. The basic
DEA model, which measures an efficiency index by using multiple inputs and outputs,
was primarily adopted from Charnes et al. [46] and Banker et al. [47]. To identify excessive
input use and an output deficit, Färe and Lovell [48], Charnes et al. [49], and Färe et al. [50]
subsequently modified the DEA model by using the non-radial mathematical planning
technique and developed the slack-based measure DEA (SBM-DEA). Tone [51] introduced
a calculation that confines the performance indicator into the range of 0–1.

The DEA was used to evaluate the performance for production activities without the
request for the assumption to the production possibility set and it was appropriate for
non-manufacturing. Furthermore, the DEA has been applied in various tourism industry
analyses, such as hotel performance [23], tourism supply chain [52], culture tourism [53],
tour operator [54], and tourism eco-efficiency [55]. In the empirical model of this study, we
used the SBM-DEA to measure the environmental training effectiveness for underwater
activity tourism in the first stage.

The empirical model for training effectiveness in our study is described as follows.
Suppose that the data consist of n observations and an N-dimensional set denoted as N ,
where obso represents the observation under evaluation, which is subject to obso ∈ N. The
inputs and outputs are defined as xp ∈ R+

p and yq ∈ R+
q , respectively. For programming

the DEA model, we defined the non-negative intensity variable λn, which is an unknown
variable. Then, the set of the effectiveness index, E, can be formulated as follows:

E{
(

xpn, yqn

)
:

N
∑

n=1
λnxpn ≤ xpo, p = 1, · · · , P,

N
∑

n=1
λnyqn ≥ yqo,

q = 1, · · · , Q,
N
∑

n=1
λn = 1, λn ≥ 0, n = 1, · · · , N }

(1)

Consistent with the definition of the set, a radial mathematical planning program can
be formulated as follows:

θ∗ = Min θ subject to:
N
∑

n=1
λnxpn ≤ θxpo, p = 1, · · · , P;

N
∑

n=1
λnyqn ≥ yqo, q = 1, · · · , Q;

N
∑

n=1
λn = 1, λn ≥ 0, n = 1, · · · , N.

(2)
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To solve slacks, we redefined the set of effectiveness by using the non-radial measure
as follows:

E{
(

xpn, yqn

)
:

N
∑

n=1
λnxpn = xpo − s−p , p = 1, · · · , P,

N
∑

n=1
λnyqn = yqo + s+q ,

q = 1, · · · , Q,
N
∑

n=1
λn = 1, s−p , s+q ≥ 0, λn ≥ 0, n = 1, · · · , N }

(3)

The radial mathematical planning program, which is assumed based on Function (3),
can then be formulated as follows:

ε∗ = Min ε subject to:
N
∑

n=1
λnxpn = xpo − s−p , p = 1, · · · , P

N
∑

n=1
λnyqn = yqo + s+q , q = 1, · · · , Q s−p , s+q ≥ 0,

N
∑

n=1
λn = 1, λn ≥ 0,

n = 1, · · · , N.

(4)

In (3), the slack variables, s−p and s+q , represent excessive input use and a deficit of
output, respectively, which can be solved through the optimization process. The model
uses the frequency of improper environmental behaviors (defined in the next section) as
the output variable and assumes that a lower frequency means a better output. Therefore,
the output variable must be transformed into the undesirable variable and the model can
be reformed as follows:

ε∗ = Min ε

subject to:
N
∑

n=1
λnxpn = xpo − s−p , p = 1, · · · , P

N
∑

n=1
λnyd

q1n = yd
q1o + s+q1

, q1 = 1, · · · , Q1

N
∑

n=1
λnyu

q2n = yu
q2o − s+q2

, q2 = 1, · · · , Q2

s−p , s+q1
, s+q2
≥ 0,

N
∑

n=1
λn = 1, λn ≥ 0, n = 1, · · · , N

(5)

The outputs, yd
q1o and yu

q2o, represent desirable and undesirable outputs, respectively,
and are subject to Q1 + Q2 = Q. The objective value ε is defined as

ε =
Q1
∑

q1=1
s+q1

+
Q2
∑

q2=1
s+q2

+
P
∑

p=1
s−p . The optimal values of slacks are denoted as s−∗p , s+∗q1

,

and s+q2
. By using the solved slack variables, the effectiveness index is defined as

E f f=

[
1− 1

P
·

P

∑
p=1

s−∗p

xp
− 1

Q2
·

Q2

∑
q2=1

s+∗q2

yq2

]
·
[

1 +
1

Q1
·

Q1

∑
q1=1

s+∗q1

yq1

]−1

(6)

To explore the internal influences on training effectiveness, we further defined the
internal influence indices based on the solved slack variables as follows.

Input influence index:

δIn
p =

s−∗p

xp
(7)

Desirable output influence index:

δD−Out
q1

=
s+∗q1

yq1

(8)
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Undesirable output influence index:

δU−Out
q2

=
s+∗q2

yq2

(9)

A higher influence index implies that the input or output causes a higher negative
impact on the training effectiveness index. For example, if the input influence index is
assessed to be higher than anything else, then the low effectiveness index is mainly due to
excessive input use.

3.2. Truncated Regression of External Influences

In the second step, this study used the truncated regression model to estimate the external
influences on the effectiveness index. A general expression of truncated regression is

E f f ∗n ≈ znb + εn, n = 1, · · · , N (10)

where E f f ∗n indicates the effectiveness index measured using the SBM-DEA, zn is the vector
of external factors, and b is the vector of coefficients, which can reveal the relationship
between the influence and effectiveness indexes. The symbol εn epresents the random
error in the regression model and is characterized by εn ∼ N

(
0, δ2

ε

)
such that εn ≥ 1− znb,

n = 1, · · · , N.
The influences on training effectiveness can be classified into three aspects: personal

character, situation, and motivation (Figure 1). The factors that influence the personal
characters of divers include sex (SEX), age (AGE), educational background (EDU), and
diving experience (EXP). We followed the assumptions of Angilella et al. [56] as well
as Fersterer and Winter-Ebmer [57] to use a quantitative indicator for the educational
variable to explore the relation between education level and effectiveness. The second
aspect involves the environmental situation while diving: number of divers (NUM), water
quality (WAT), weather (WEA), and pay place (PAY). The third aspect concerns divers’
motivation, whether business (BUS) or recreational (REC).

We also classified the coefficients of influences into three sets:

E f f ∗n= β0+βP
SEX · SEXn+βP

AGE · AGEn+βP
EDU · EDUn+βP

EXP · EXPn
+βS

NUM · NUMn+βS
WAT ·WATn+βS

WEA ·WEAn+βS
PAY · PAYn

+βM
BUS · BUSn+βM

REC · RECn+εn
(11)

3.3. Empirical Data

Empirical data were collected using questionnaires; 346 diving tourists were selected
at Taiwan’s Bitoujiao and Longdong coasts to participate, and 246 questionnaires were
regarded as valid. Diverse topics relevant to underwater activity tourism have been dis-
cussed in former studies, such as divers damaging coral reefs [58], the management of
pre-dive briefings [59], ocean law and policy concerning coastal recreation [60], conserva-
tion awareness of coral reefs [61], and ocean biodiversity monitoring [62]. The variable
definitions and the descriptive statistics are presented in Tables 1 and 2 below.
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Table 1. Description of input and output variables.

Description

Input

Diver’s qualification Skill level of diver: level 7 is the highest and level 1 is the lowest.

On-site education Duration of environmental education delivered to divers by the environmental trainer before the
diving activity, measured in minutes.

Instruction by guide Whether divers observe scuba diving trainers actively stopping any environmental improper
behavior under the water. This was measured using a Likert-type scale.

Output

Environmental improper
behaviors

Frequency of a diver performing actions that are directly harmful to the marine environment,
such as touching or breaking a coral, picking up sea creatures, or stirring seabed gravel.

External influence

Sex Gender distribution of divers. This is a dummy variable in which 1 represents male and 0
represents female.

Age Divers’ age distribution.

Education Divers’ level of education: “graduate” is 5, “undergraduate” is 4, “high school” is 3, “junior high
school” is 2, and lower than that is 1.

Diving experience How many years the diver has participated in the scuba diving activity.

Number of divers Number of people in a scuba diving group.

Water quality Visibility of seawater while diving. This is a dummy variable where 1 is “clear” and 0 is “turbid.”

Weather Sky condition while diving; this is a dummy variable where 1 represents “clear day” and 0
represents “cloudy or rainy day.”

Pay place Whether divers must pay for admission to a scuba diving site; this is a dummy variable where 1
represents “need to pay” and 0 represents “free.”

Business motivation
Scuba diving for practical reasons such as practicing the diving skill, taking photos for business,

or fishing. This is a dummy variable where 1 represents the presence and 0 the absence of
business motivation.

Recreational motivation Scuba diving for recreation; this is a dummy variable where 1 represents the presence and 0 the
absence of recreational motivation.

Table 2. Descriptive statistics for variables.

Mean Standard Deviation Minimum Maximum

Input
Diver’s qualification 3.45 1.67 1.00 7.00

On-site education 14.39 8.96 10.00 50.00
Instruction by guide 4.22 0.97 1.00 6.00

Length of diving time 64.07 32.10 25.00 165.00
Output

Environmental improper
behaviors 2.91 2.20 0.00 5.00

External influence
Sex 0.71 0.45 0.00 1.00
Age 33.86 6.87 16.00 55.00

Education 4.16 0.62 3.00 5.00
Diving experience 4.50 5.63 0.00 30.00
Number of divers 5.36 2.83 2.00 10.00

Water quality 0.24 0.43 0.00 1.00
Weather 0.43 0.50 0.00 1.00

Pay place 0.43 0.50 0.00 1.00
Business motivation 0.38 0.49 0.00 1.00

Recreational motivation 0.64 0.48 0.00 1.00
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4. Results

In the first stage of the evaluation, the SBM-DEA was applied to assess the training
effectiveness indices (E f f ∗n ); the distribution of intervals is listed in Table 3. Of the 246 ob-
servations, 19 have an evaluated index equal to 1; this indicated that the environmental
training was completely effective in preventing improper behavior in these 19 cases. The
index interval of the most assessed observations was between 0.599 and 0.500. The intervals
of 0.499–0.400 and 0.399–0.300 each have 40 observations. Moreover, the index interval of
31 observations was lower than 0.300; environmental training was largely ineffective for
these divers. The average training effectiveness index was 0.549, with 48.4% of observations
being higher than the average. These results suggest that environmental training effectively
reduced the improper environmental behaviors of only half of the observed divers.

Table 3. Training effectiveness index distribution.

Index Interval Number of Observation Percent

1.000 19 7.7%
0.999~0.900 2 0.8%
0.899~0.800 20 8.1%
0.799~0.700 19 7.7%
0.699~0.600 33 13.4%
0.599~0.500 42 17.1%
0.499~0.400 40 16.3%
0.399~0.300 40 16.3%
0.299~0.200 23 9.3%
0.199~0.100 8 3.3%
0.099~0.000 0 0.0%

To determine the internal influences on the effectiveness index, we evaluated the
input influence index (δIn

p ) and the undesirable output influence index (δU−Out
q2

) for the
observation. The averages of the influence index are listed in Table 4 and were examined for
statistical significance by using the Kruskal–Wallis test. The input with the highest influence
was diving duration at 0.469, followed by instruction by guide at 0.397. A longer diving
time was assessed as the main factor resulting in poor environmental training effectiveness.
Results showed that a longer dive time enabled divers with a longer interaction duration
with the reef and might cause more accidental or deliberate coral touches [63,64]. More-
over, scuba diving trainers’ attempt to stop improper underwater behavior did not help
environmental training effectiveness. The average diver’s qualification was 0.319, which
was not much lower when compared with instruction by guide and length of diving time.
Findings revealed that divers who had obtained a high level of scuba diving skill could
also behave improperly towards marine ecology. On-site education had the lowest value at
0.138. This indicated that on-site education was a more effective mode of environmental
training than underwater monitoring by trainers.

Table 4. Results of Kruskal–Wallis test for internal influences.

Mean Standard Deviation Chi-squared Value p-Value

Diver’s qualification 0.319 0.268 123.227 0.000 *
On-site education 0.138 0.253

Instruction by guide 0.397 0.477
Length of diving time 0.469 0.247

Environmental improper
behaviors 0.353 0.534

Note: * denotes significance at the 0.01 level.

For the output, the influence index was 0.353, which suggested that improper behav-
iors should be decreased by 35.3% to improve the effectiveness of environmental training.
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In the second stage of the empirical evaluation, a truncated regression model was
used to estimate the relationship between the effectiveness index and external influences;
the results are presented in Table 5. With regard to divers’ personal character, age was
estimated as a significant positive coefficient at a 99% statistical degree. This implied that
environmental training was more effective for older divers than younger ones. The variable
of diving experience was estimated to have a significant negative coefficient. The estimation
showed that for more experienced divers, training was less effective. Conversely, for divers
with little scuba diving experience, the environmental training effectiveness was higher.
Divers’ gender and education level were not significantly related to the effectiveness index.

Table 5. Results of Tobit’s regression for external influence.

Variables Coefficient Standard Error p-Value

Constant 0.502 0.112 0.000 *
Personal character

Sex −0.030 0.025 0.240
Age 0.007 0.002 0.000 *

Education 0.012 0.019 0.539
Diving experience −0.008 0.002 0.000 *

Situation
Number of divers −0.017 0.004 0.000 *

Water quality −0.008 0.028 0.785
Weather −0.091 0.024 0.000 *

Pay place 0.092 0.024 0.000 *
Motivation

Business motivation 0.020 0.024 0.399
Recreational motivation −0.122 0.024 0.000 *

Sigma value 0.177 0.008 0.000 *
Note: * denotes significance at the 0.01 level.

Regarding the diving situation, the number of divers had a significant negative re-
lationship with training effectiveness; the presence of many people diving at the same
time could have resulted in more inappropriate behaviors that disturb marine ecology.
Weather was also estimated as a significant negative coefficient. Under clear weather condi-
tions, training effectiveness was lower and divers were more likely to engage in improper
underwater behaviors. The variable of pay place was estimated as a significant positive
coefficient, implying that training effectiveness was higher at scuba diving sites that charge
for admission, which had lesser improper diver behaviors displayed.

In terms of diving motivation, the estimation found that the recreational motivation
variable had a negative coefficient with a statistical significance higher than 99%. The
business motivation was identified as having an insignificant influence on the effectiveness
index. This finding suggests that when visitors were diving for recreation, environmental
training was less effective in preventing damage to marine ecology.

5. Discussion

The empirical evaluation used the data of 246 diving tourists to examine the proposed
approach and assess the effectiveness of environmental training, and explored several em-
pirical findings. First, among the 246 observations, the effectiveness index was higher than
0.900 for only 8.5% of the divers and 45.2% of the divers scored lower than 0.500. Although
there is no comparable evaluation in literature to compare the results, the indices reveal
that the environmental training effectiveness does not perform highly in the observations.
This finding implies that the environmental training offered from the public sector had not
been effective to reduce improper behavior in marine activities.

Second, the factor influence indices explored the internal sources causing the ineffec-
tiveness and identified a longer diving time as the most obvious factor resulting in low
training effectiveness. If divers were to stay under the water for a longer time duration



Sustainability 2022, 14, 1639 10 of 13

and became familiar with the underwater environment, they were more likely to display
improper behaviors that disturb the ocean biology. Another finding was that the training
was less effective for divers with higher qualifications. One possibility was that qualified
divers were overconfident in their diving skills and neglected their obligations to prevent
damage to the ocean ecology. Results also showed that while on-site education could be
effective, guide instruction (i.e., trainers actively stopping improper behavior underwater)
might not. This finding suggests that offering education to visitors before activities could be
more effective than monitoring and correcting improper underwater behaviors on the spot.

Third, the investigation of external influence revealed that when the number of divers
was high and the weather conditions were good, the environmental training offered to
tourists would be less effective. When there were many people underwater, divers might
think that their actions were not easily noticeable by instructors and therefore behave
improperly. Furthermore, tourists might be motivated by the high visibility to touch
underwater creatures when the weather conditions were good. We have also found that in
places where tourists had to pay for permission to dive, training was more effective than at
those sites that were free.

Fourth, results of the external influence estimation also showed that the environmental
training was more effective for older tourists than younger ones. Older tourists typically
behaved more maturely than youths in tourist activities. However, divers who had more
experience were associated with lower environmental training effectiveness. Thus, en-
vironmental training for tourists seemed ineffective for young and experienced divers.
One possible explanation could be that young people were less concerned about following
the instructions offered during on-site training and experienced divers were both more
confident in their own experience and more likely to ignore training content. This study
also found a significant negative relationship between recreational motivation and training
effectiveness; in other words, the training effectiveness was lower for recreational divers.

6. Conclusions, Implications, Limitations, and Future Research

In conclusion, this study established the DEA model to assess the effectiveness of
environmental training on tourist activity and explored external influences on effectiveness
by using the regression model. In the empirical evaluation, we applied this model to the
data gathered from the questionnaire to analyze the environmental training effectiveness
in scuba diving activities.

There were two main theoretical contributions in this study. First, the study assessed
the effectiveness of training by considering both the environmental training resources and
trainees’ behavior by using the DEA approach. Second, our model considered both internal
and external influences by using the DEA and regression model to investigate the inner
sources of ineffectiveness as well as the effect of external factors on the performance indicator.

This study suggests that the public sector was supposed to charge appropriate fees and
limit both the length of diving time and the number of divers in the management of a marine
activity place. The content of on-site training should not only guide activity safety and
publicity of rules but also emphasize the importance of conservation ecology towards ocean
sustainability and biodiversity. For tourists with recreational motivations, they should
be clearly informed during environmental training that they should not damage natural
landscapes and collecting creatures in diving activities. In addition, diving qualifications
should not only focus on diving skills but also highlight the importance of ecological ethics
and responsibility to maintain fragile marine ecosystems.

There were two key limitations in this study. Firstly, this study mainly focused on
selected diving sites where the empirical data collected could be limited. Another limitation
was the lack of references in the selection of variables as there were limited prior studies
conducted. Future research can be extended to other diving sites so that a larger sample
can be gathered for more conclusive findings. Replicating this study in other countries can
also be considered in the future and this provides the opportunity to make cross-country
comparisons to determine if there are any similarities and/or differences.



Sustainability 2022, 14, 1639 11 of 13

Author Contributions: Conceptualization, C.-W.H., E.N., W.-T.F. and L.L.; methodology, C.-W.H.,
E.N., W.-T.F. and L.L.; software, C.-W.H.; validation, C.-W.H., E.N., W.-T.F. and L.L.; formal analysis,
C.-W.H., E.N., W.-T.F. and L.L.; investigation, W.-T.F. and L.L.; resources, C.-W.H., E.N., W.-T.F. and
L.L.; data curation, C.-W.H., E.N., W.-T.F. and L.L.; writing—original draft preparation, C.-W.H., E.N.,
W.-T.F. and L.L.; writing—review and editing, C.-W.H., E.N., W.-T.F. and L.L.; visualization, C.-W.H.,
E.N., W.-T.F. and L.L.; supervision, W.-T.F.; project administration, W.-T.F.; funding acquisition, W.-T.F.
All authors have read and agreed to the published version of the manuscript.

Funding: This research study was funded by the Ministry of Science and Technology, grant number
109-2511-H-003-031 dated from 1 August 2020 to 31 July 2021, and the APC was funded by National
Taiwan Normal University.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee, National Taiwan Normal University
(protocol code 202012HS019, dated 10 May 2021), for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the support given by the administrative and technical assis-
tance from Yi-Te Chiang and Chia-Hsuan Hsu.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations Sustainable Development—United Nations Conference on Environment & Development Rio de Janerio, Brazil,

3 to 14 June 1992: Agenda 21. Available online: https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf
(accessed on 13 January 2022).

2. Boca, G.D.; Saraçli, S. Environmental education and student’s perception, for sustainability. Sustainability 2019, 11, 1553. [CrossRef]
3. Jabbour, C.J.C. Environmental training in organisations: From a literature review to a framework for future research. Resour.

Conserv. Recycl. 2013, 74, 144–155. [CrossRef]
4. Sammalisto, K.; Brorson, T. Training and communication in the implementation of environmental management systems (ISO

14001): A case study at the University of Gävle, Sweden. J. Clean. Prod. 2008, 16, 299–309. [CrossRef]
5. Martin, M.J.; Rigola, M. Incorporating cleaner production and environmental management systems in environmental science

education at the University of Girona. Int. J. Sustain. High. Educ. 2001, 2, 329–338. [CrossRef]
6. Black, R.; Weiler, B. Current themes and issues in ecotour guiding. In International Handbook on Ecotourism; Ballantyne, R., Packer,

J., Eds.; Edward Elgar Publishing Inc.: Northampton, MA, USA, 2013; pp. 336–350. [CrossRef]
7. Packer, J.; Ballantyne, R. Developing ecotourists’ environmentally sustainable behaviour. In International Handbook on Ecotourism;

Ballantyne, R., Packer, J., Eds.; Edward Elgar Publishing Inc.: Northampton, MA, USA, 2013; pp. 192–202. [CrossRef]
8. Staiff, R.; Bushell, R.; Kennedy, P. Interpretation in national parks: Some critical questions. J. Sustain. Tour. 2002, 10, 97–113.

[CrossRef]
9. De Lacy, T.; Whitmore, M. Tourism and recreation. In Managing Protected Areas, 1st ed.; Lockwood, M., Worboys, G.L., Kothari, A.,

Eds.; Earthscan: London, UK, 2006; pp. 497–526.
10. Donmez-Turan, A.; Kiliclar, I.E. The analysis of pro-environmental behaviour based on ecological worldviews, environmental

training/knowledge and goal frames. J. Clean. Prod. 2021, 279, 123518. [CrossRef]
11. Ardoin, N.M.; Bowers, A.W.; Gaillard, E. Environmental education outcomes for conservation: A systematic review. Biol. Conserv.

2020, 241, 108224. [CrossRef]
12. Fu, H.; Liu, X. A study on the impact of environmental education on individuals’ behaviors concerning recycled water reuse.

Eurasia J. Math. Sci. Technol. Educ. 2017, 13, 6715–6724. [CrossRef]
13. Singh, S.K.; Chen, J.; Del Giudice, M.; El-Kassar, A.N. Environmental ethics, environmental performance, and competitive

advantage: Role of environmental training. Technol. Forecast. Soc. Change 2019, 146, 203–211. [CrossRef]
14. Macris, A.M.; Georgakellos, D.A. A new teaching tool in education for sustainable development: Ontology-based knowledge

networks for environmental training. J. Clean. Prod. 2006, 14, 855–867. [CrossRef]
15. Bogoliubov, V.M.; Nagorniuk, O.M.; Sobczyk, W. Providing environmental training in the context of Ukraine’s transition to

sustainable development. Ann. Agrar. Sci. 2016, 14, 292–294. [CrossRef]
16. da Silva, M.A.B.; da Costa, P.R.; Kniess, C.T. Environmental training and developing individual environmental sustainability

competences in Brazilian chemical sector companies. Ind. Commer. Train. 2019, 51, 40–51. [CrossRef]
17. Stefanelli, N.O.; Teixeira, A.A.; De Oliveira, J.H.C.; Ferreira, M.A.; Sehnem, S. Environmental training: A systematic review of the

state of the art of the theme. Benchmarking Int. J. 2019, 27, 2048–2076. [CrossRef]

https://sustainabledevelopment.un.org/content/documents/Agenda21.pdf
http://doi.org/10.3390/su11061553
http://doi.org/10.1016/j.resconrec.2012.12.017
http://doi.org/10.1016/j.jclepro.2006.07.029
http://doi.org/10.1108/EUM0000000006028
http://doi.org/10.4337/9780857939975
http://doi.org/10.4337/9780857939975
http://doi.org/10.1080/09669580208667156
http://doi.org/10.1016/j.jclepro.2020.123518
http://doi.org/10.1016/j.biocon.2019.108224
http://doi.org/10.12973/ejmste/78192
http://doi.org/10.1016/j.techfore.2019.05.032
http://doi.org/10.1016/j.jclepro.2005.12.009
http://doi.org/10.1016/j.aasci.2016.09.003
http://doi.org/10.1108/ICT-12-2017-0105
http://doi.org/10.1108/BIJ-12-2018-0449


Sustainability 2022, 14, 1639 12 of 13

18. Erdogan, N.; Tosun, C. Environmental performance of tourism accommodations in the protected areas: Case of Goreme Historical
National Park. Int. J. Hosp. Manag. 2009, 28, 406–414. [CrossRef]

19. Walker, K.; Weiler, B. A new model for guide training and transformative outcomes: A case study in sustainable marine-wildlife
ecotourism. J. Ecotourism 2017, 16, 269–290. [CrossRef]

20. Gronroos, C.; Ojasalo, K. Service productivity: Towards a conceptualization of the transformation of inputs into economic results
in services. J. Bus. Res. 2004, 57, 414–423. [CrossRef]

21. Keh, H.T.; Chu, S.; Xu, J. Efficiency, effectiveness and productivity of marketing in services. Eur. J. Oper. Res. 2006, 170, 265–276.
[CrossRef]

22. Yu, M.M.; Lin, E.T. Efficiency and effectiveness in railway performance using a multi-activity network DEA model. Omega 2008,
36, 1005–1017. [CrossRef]

23. Hsieh, L.F.; Lin, L.H. A performance evaluation model for international tourist hotels in Taiwan: An application of the relational
network DEA. Int. J. Hosp. Manag. 2010, 29, 14–24. [CrossRef]

24. Huang, C.W.; Ho, F.N.; Chiu, Y.H. Measurement of tourist hotels’ productive efficiency, occupancy, and catering service
effectiveness using a modified two-stage DEA model in Taiwan. Omega 2014, 48, 49–59. [CrossRef]

25. Noe, R.A.; Schmitt, N. The influence of trainee attitudes on training effectiveness: Test of a model. Pers. Psychol. 1986, 39, 497–523.
[CrossRef]

26. Mathieu, J.E.; Tannenbaum, S.I.; Salas, E. Influences of individual and situational characteristics on measures of training
effectiveness. Acad. Manag. J. 1992, 35, 828–847.

27. Santos, A.; Stuart, M. Employee perceptions and their influence on training effectiveness. Hum. Resour. Manag. J. 2003, 13, 27–45.
[CrossRef]

28. Shapiro, J.R.; King, E.B.; Quinones, M.A. Expectations of obese trainees: How stigmatized trainee characteristics influence training
effectiveness. J. Appl. Psychol. 2007, 92, 239. [CrossRef]

29. del Brio, J.A.; Junquera, B. A review of the literature on environmental innovation management in SMEs: Implications for public
policies. Technovation 2003, 23, 939–948. [CrossRef]

30. Cole, M.A.; Elliott, R.J.; Strobl, E. The environmental performance of firms: The role of foreign ownership, training, and experience.
Ecol. Econ. 2008, 65, 538–546. [CrossRef]

31. Cloquell-Ballester, V.A.; Monterde-Díaz, R.; Cloquell-Ballester, V.A.; del Carmen Torres-Sibille, A. Environmental education for
small-and medium-sized enterprises: Methodology and e-learning experience in the Valencian region. J. Environ. Manag. 2008, 87,
507–520. [CrossRef]

32. Teixeira, A.A.; Jabbour, C.J.C.; de Sousa Jabbour, A.B.L. Relationship between green management and environmental training in
companies located in Brazil: A theoretical framework and case studies. Int. J. Prod. Econ. 2012, 140, 318–329. [CrossRef]

33. Gangadharan, L. Environmental compliance by firms in the manufacturing sector in Mexico. Ecol. Econ. 2006, 59, 477–486.
[CrossRef]

34. Chen, L.; Shen, B.; Wu, X.; Ding, X. Development of a cost-effective energy and water management system for small and
medium-sized manufacturers. J. Clean. Prod. 2017, 153, 264–274. [CrossRef]

35. Li, Y. Study of the effect of environmental education on environmental awareness and environmental attitude based on environ-
mental protection law of the People’s Republic of China. Eurasia J. Math. Sci. Technol. Educ. 2018, 14, 2277–2285. [CrossRef]

36. Perron, G.M.; Côté, R.P.; Duffy, J.F. Improving environmental awareness training in business. J. Clean. Prod. 2006, 14, 551–562.
[CrossRef]

37. Unnikrishnan, S.; Hegde, D.S. Environmental training and cleaner production in Indian industry—A micro-level study. Resour.
Conserv. Recycl. 2007, 50, 427–441. [CrossRef]

38. Jabbour, C.J.C. Environmental training and environmental management maturity of Brazilian companies with ISO14001: Empirical
evidence. J. Clean. Prod. 2015, 96, 331–338. [CrossRef]

39. Jorgenson, S.N.; Stephens, J.C.; White, B. Environmental education in transition: A critical review of recent research on climate
change and energy education. J. Environ. Educ. 2019, 50, 160–171. [CrossRef]

40. Arcury, T. Environmental attitude and environmental knowledge. Hum. Organ. 1990, 49, 300–304. [CrossRef]
41. Jacobson, S.K. Communication Skills for Conservation Professionals; Island Press: Covelo, CA, USA, 2009.
42. Booth, J.E.; Gaston, K.J.; Armsworth, P.R. Public understanding of protected area designation. Biol. Conserv. 2009, 142, 3196–3200.

[CrossRef]
43. Sakurai, R.; Ota, T.; Uehara, T. Sense of place and attitudes towards future generations for conservation of coastal areas in the

Satoumi of Japan. Biol. Conserv. 2017, 209, 332–340. [CrossRef]
44. Varela-Candamio, L.; Novo-Corti, I.; García-Álvarez, M.T. The importance of environmental education in the determinants of

green behavior: A meta-analysis approach. J. Clean. Prod. 2018, 170, 1565–1578. [CrossRef]
45. Sukma, E.; Ramadhan, S.; Indriyani, V. Integration of environmental education in elementary schools. J. Phys. Conf. Ser. 2020,

1481, 12136. [CrossRef]
46. Charnes, A.; Cooper, W.W.; Rhodes, E. Measuring the efficiency of decision making units. Eur. J. Oper. Res. 1978, 2, 429–444.

[CrossRef]
47. Banker, R.D.; Charnes, A.; Cooper, W.W. Some models for estimating technical and scale inefficiencies in data envelopment

analysis. Manag. Sci. 1984, 30, 1078–1092. [CrossRef]

http://doi.org/10.1016/j.ijhm.2009.01.005
http://doi.org/10.1080/14724049.2016.1245736
http://doi.org/10.1016/S0148-2963(02)00275-8
http://doi.org/10.1016/j.ejor.2004.04.050
http://doi.org/10.1016/j.omega.2007.06.003
http://doi.org/10.1016/j.ijhm.2009.04.004
http://doi.org/10.1016/j.omega.2014.02.005
http://doi.org/10.1111/j.1744-6570.1986.tb00950.x
http://doi.org/10.1111/j.1748-8583.2003.tb00082.x
http://doi.org/10.1037/0021-9010.92.1.239
http://doi.org/10.1016/S0166-4972(02)00036-6
http://doi.org/10.1016/j.ecolecon.2007.07.025
http://doi.org/10.1016/j.jenvman.2007.01.041
http://doi.org/10.1016/j.ijpe.2012.01.009
http://doi.org/10.1016/j.ecolecon.2005.10.023
http://doi.org/10.1016/j.jclepro.2017.03.165
http://doi.org/10.29333/ejmste/86214
http://doi.org/10.1016/j.jclepro.2005.07.006
http://doi.org/10.1016/j.resconrec.2006.07.003
http://doi.org/10.1016/j.jclepro.2013.10.039
http://doi.org/10.1080/00958964.2019.1604478
http://doi.org/10.17730/humo.49.4.y6135676n433r880
http://doi.org/10.1016/j.biocon.2009.07.024
http://doi.org/10.1016/j.biocon.2017.02.041
http://doi.org/10.1016/j.jclepro.2017.09.214
http://doi.org/10.1088/1742-6596/1481/1/012136
http://doi.org/10.1016/0377-2217(78)90138-8
http://doi.org/10.1287/mnsc.30.9.1078


Sustainability 2022, 14, 1639 13 of 13

48. Färe, R.; Lovell, C.K. Measuring the technical efficiency of production. J. Econ. Theory 1978, 19, 150–162. [CrossRef]
49. Charnes, A.; Cooper, W.W.; Golany, B.; Seiford, L.; Stutz, J. Foundations of data envelopment analysis for Pareto-Koopmans

efficient empirical production functions. J. Econom. 1985, 30, 91–107. [CrossRef]
50. Färe, R.; Grosskopf, S.; Lovell, C.K. The Measurement of Efficiency of Production; Springer: Dordrecht, The Netherlands, 2014.
51. Tone, K. A slacks-based measure of efficiency in data envelopment analysis. Eur. J. Oper. Res. 2001, 130, 498–509. [CrossRef]
52. Huang, C.W. Assessing the performance of tourism supply chains by using the hybrid network data envelopment analysis model.

Tour. Manag. 2018, 65, 303–316. [CrossRef]
53. Huang, C.W.; Chen, H.Y.; Ting, C.T. Using a network data envelopment analysis model to assess the efficiency and effectiveness

of cultural tourism promotion in Taiwan. J. Travel Tour. Mark. 2017, 34, 1274–1284. [CrossRef]
54. Assaf, A.G. Benchmarking the Asia Pacific tourism industry: A Bayesian combination of DEA and stochastic frontier. Tour. Manag.

2012, 33, 1122–1127. [CrossRef]
55. Liu, J.; Zhang, J.; Fu, Z. Tourism eco-efficiency of Chinese coastal cities-Analysis based on the DEA-Tobit model. Ocean. Coast.

Manag. 2017, 148, 164–170. [CrossRef]
56. Angilella, S.; Greco, S.; Matarazzo, B. Non-additive robust ordinal regression: A multiple criteria decision model based on the

Choquet integral. Eur. J. Oper. Res. 2010, 201, 277–288. [CrossRef]
57. Fersterer, J.; Winter-Ebmer, R. Are Austrian returns to education falling over time? Labour Econ. 2003, 10, 73–89. [CrossRef]
58. Poonian, C.; Davis, P.Z.; McNaughton, C.K. Impacts of Recreational Divers on Palauan Coral Reefs and Options for Management.

Pac. Sci. 2010, 64, 557–565. [CrossRef]
59. Krieger, J.R.; Chadwick, N.E. Recreational diving impacts and the use of pre-dive briefings as a management strategy on Florida

coral reefs. J. Coast. Conserv. 2013, 17, 179–189. [CrossRef]
60. Kundis, C.R. Coral Reefs, Fishing, and Tourism: Tensions in US Ocean Law Policy Reform. Stanf. Environ. Law J. 2008, 27, 3–41.
61. Diedrich, A. The impacts of tourism on coral reef conservation awareness and support in coastal communities in Belize. Coral

Reefs 2007, 26, 985–996. [CrossRef]
62. Branchini, S.; Pensa, F.; Neri, P.; Tonucci, B.M.; Mattielli, L.; Collavo, A.; Sillingardi, M.E.; Piccinetti, C.; Zaccanti, F.; Goffredo, S.

Using a citizen science program to monitor coral reef biodiversity through space and time. Biodivers. Conserv. 2015, 24, 319–336.
[CrossRef]

63. Camp, E.; Fraser, D. Influence of conservation education dive briefings as a management tool on the timing and nature of
recreational SCUBA diving impacts on coral reefs. Ocean. Coast. Manag. 2012, 61, 30–37. [CrossRef]

64. Talge, H. Impact of recreational divers on scleractinian corals at Looe Key, Florida. In Proceedings of the Seventh International
Coral Reef Symposium, Guam, Guam, Micronesia, 22–27 June 1992; University of Guam Press: Guam, Micronesia, 1992.

http://doi.org/10.1016/0022-0531(78)90060-1
http://doi.org/10.1016/0304-4076(85)90133-2
http://doi.org/10.1016/S0377-2217(99)00407-5
http://doi.org/10.1016/j.tourman.2017.10.013
http://doi.org/10.1080/10548408.2017.1345342
http://doi.org/10.1016/j.tourman.2011.11.021
http://doi.org/10.1016/j.ocecoaman.2017.08.003
http://doi.org/10.1016/j.ejor.2009.02.023
http://doi.org/10.1016/S0927-5371(02)00105-7
http://doi.org/10.2984/64.4.557
http://doi.org/10.1007/s11852-012-0229-9
http://doi.org/10.1007/s00338-007-0224-z
http://doi.org/10.1007/s10531-014-0810-7
http://doi.org/10.1016/j.ocecoaman.2012.02.002

	Introduction 
	Literature 
	Materials and Methods 
	DEA Model of Effectiveness Evaluation 
	Truncated Regression of External Influences 
	Empirical Data 

	Results 
	Discussion 
	Conclusions, Implications, Limitations, and Future Research 
	References

