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Abstract:	 This study aimed to understand the influence of formal and informal education on stu-
dents’ sustainable development skills. A sample of 567 students studying Humanities, Agri­
culture, or Engineering at public universities of Iran participated in this study. A survey 
was used to investigate students’ skills for sustainable development according to different 
forms of education. Students’ sustainable development skills were assessed including: em-
pathy, participatory skill, systems-thinking, creative thinking, and anticipatory thinking. 
The results indicated that students had a good level of skills for sustainable development. 
Differences and similarities were found on students’ skills by different forms of education 
and learning. The findings confirmed that education is useful to improve individuals’ skills 
for sustainable development and confirmed the key role of education for sustainable devel-
opment in addressing sustainable future.
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Introduction

The desire to care for the environment and to sustain natural resources has grown 
significantly in the past decades (Alsaati et al., 2020), lead to the emergence of sus-
tainable development concept (Cebrián & Junyent, 2015). The current framework 
for sustainable development has evolved between 1972 and 1992 through a series 
of international conferences and meetings (Amador & Oliveira, 2013). Sustainable 
development can be defined as a development that protects the environment (Klarin, 
2018). It meets the needs of the present without compromising the ability of future 
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generations to meet their own needs (WCED, 1987). The declaration of the UNDESD 
(United Nations Decade on Education for Sustainable Development) 2005–2014 was 
a factor for the integration of sustainability in all levels of education in the world. 
The definition for education for sustainable development provided by the Sustainable 
Development Education Panel of the United Kingdom (September 1998), stated that 
“Education for sustainable development enables people to develop knowledge, values 
and skills to participate in decisions about the way we things individually and col-
lectively, both locally and globally, that will improve the quality of life now without 
damaging the planet for the future” (Abdul Aziz et al., 2012).

Governments and institutions, including institutions of higher education, are in-
creasingly aware of the need for sustainability implementation. So, a growing num-
ber of universities and higher education institutions have adopted more responsible 
behavior towards society and various stakeholders increasingly pursuing sustainable 
development agenda (Waas et al., 2011; Nejati & Nejati, 2013). In other words, in 
the path to sustainable development, formal and informal education is an essential 
element, and educational centers are considered as a key to dissemination of the 
idea of ​​sustainable development and for creating a sustainable future. Education can 
change behavior and lifestyle and can be addressed as the main driver of change for 
sustainable development (Mulder et al., 2013). The role of education and learning 
for improving sustainable development emphasized by different researchers, such as:

Balakrishnan et al. 
(2020)

Sustainable development education in universities cultivated an appropriate sense of 
responsibility towards sustainability among their students

Alsaati et al. (2020) High percentages of participants had heard the term “sustainability” from educational 
sources

Tanguay et al. (2019)
Organizations that value the acquisition of skills in sustainable development in a 
complementary way stand out as the most active in their approach to sustainable 
development

Eizaguirre et al. (2019)
The role of higher education is essential for providing future professionals with the 
necessary profiles to respond to the sustainability challenges in increasingly complex 
and global contexts

Piza et al. (2018)
universities play an essential role in providing future professionals with the necessary 
attributes to respond to the sustainability challenges of the 21st century in increasingly 
complex and global contexts

Biasutti and Frate 
(2017)

Education is essential for developing the necessary awareness, values, and attitudes to 
achieve sustainable development

Brundiers, Wiek and 
Redman (2010)

key competencies such as problem-solving and collaborative skills needed for 
sustainability

Higher education for sustainable development aims at enabling people to not only 
generate and disseminate knowledge, but also to reflect on further effects and the 
complexity of behavior and decisions in a global and future-oriented perspective of 
responsibility (Barth et al., 2007). Dyer and Selby (2004; cited in Sahin et al., 2012) 
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indicated that an individual should possess the knowledge, skills, attitudes, and val-
ues required for living and working in a sustainable manner.

UNESCO (2017) in the document “Education for Sustainable Development Goals, 
Learning Objectives” stated that the key competencies for sustainability were: (1) 
systems thinking competency, (2) anticipatory competency, (3) normative compe-
tency, (4) strategic competency, (5) collaboration competency (6) critical thinking 
competency, and (7) self-awareness competency; and (8) integrated problem-solving 
competency. Different articles have made progress in conceptualizing key competen-
cies and skills in sustainability. No agreement exists about what key skills actually 
are (Barth et al., 2007). Skills suggested by researchers are: systems-thinking (Sleurs, 
2008; Roorda, 2010; Wiek et al., 2011; Lozano et al., 2017; Sipos et al., 2008), empa-
thy (de Haan, 2006; Lozano et al., 2017), participatory skills (de Haan, 2006; Lozano 
et al., 2017), interdisciplinary work (de Haan, 2006), critical thinking (Lozano et al., 
2017), anticipatory thinking (de Haan, 2006), creativity (Sipos et al., 2008), respon-
sibility (Roorda, 2010; Lozano et al., 2017). In the present study five important skills 
were selected and studied, including: empathy, participatory skill, systems-thinking, 
creative thinking, and anticipatory thinking. Systems-thinking: is the ability to an-
alyze complex systems across different fields (environment, society, economy, etc.) 
and scales (local to global) (Wiek et al., 2011). according to Torrance (1965), “Cre-
ativity is a process of sensing difficulties, problems, gaps in information, missing 
elements, something askew; making guesses and formulating hypothesis about these 
deficiencies; evaluating the testing these guesses and hypothesis; possibly revising 
and retesting them; and finally communicating the results” (p.8) (McCracken, 1998). 
Creative thinking defines as the capacity to generate many different kinds of ideas, 
manipulate ideas in unusual ways and make unconventional connections in order to 
outline novel possibilities that have the potential to elegantly meet a given purpose 
(Ramalingam et al., 2020). Empathy can be defined as the action of putting oneself in 
one’s place, to understand his emotions, his thoughts in the right way (Dökmen, 2001, 
p.135). Empathy means to recognize others’ feelings, the causes of these feelings, 
and to be able to participate in the emotional experience of an individual without 
becoming part of it (Keen, 2007). Anticipatory thinking is a critical macrocognitive 
function of individuals (Klein et al., 2007). Humans use anticipatory thinking to 
identify potential future issues and proactively take actions to manage their risks 
(Amos-Binks & Dannenhauer, 2019). 

Totally, the world is more complex and unsustainable and this calls for a change 
in lifestyle (Grecu & Ipina, 2014). According to the aforementioned issues and since 
any proper planning requires the identifying the status quo, it is important to examine 
the level of students’ knowledge and skills in sustainable development. Previous re-
searches conducted about knowledge toward sustainable development. But there is a 
lack of research regarding skills for sustainable development and the effectiveness of 
educations on it. Also, previous existing literature is mainly influenced by researches 
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conducted in developed countries, while existing works from developing countries 
are limited. Accordingly, this study attempted to assess the effectiveness of formal 
and informal education to increase students’ skills for sustainable development. The 
current study fills the gap in the literature on sustainability in Iran. This study was 
guided by two objectives: (a) identifying students’ skills for sustainable development; 
and (b) examining probable difference in skills for sustainable development accord-
ing to forms of education.

Material and methods

In order to assess students’ level of skills, a survey was administered to 567 university 
junior and senior students from selected universities of Iran. Distributional pattern 
of demographic information of the sampled population indicated that more than half 
of the respondents were female (37.2% male and 62.8% female). 36.7 percent of the 
respondents studied Humanities, 29.5 percent studied Agriculture, and 33.9 percent 
studied Engineering. Respondents were on average 21 years old. Most of them did 
not have membership in academic associations (90.7% had membership and 9.3% 
did not). 38.8 percent of respondent participated at courses in the field of sustainable 
development and the rest (61.2%) did not participate at such courses. More than half 
of the respondents (69.1%) participated at conferences regarding sustainable develop-
ment (against 30.9% who did not participate at such conferences).

A questionnaire, which was derived from different surveys, was administered to 
collect data. The questionnaire consisted of two major parts. Part 1 of the question-
naire contained questions about the respondents’ general information including their 
gender, academic major, membership status in academic associations, participation 
status at courses in the field of sustainable development, and participation status at 
conferences regarding sustainable development. Part 2 of the questionnaire which 
was divided into five sections was created to examine an individual’s level of skills: 
empathy (by 4 items), participatory skill (by 5 items), systems-thinking (by 10 items), 
creative thinking (by 10 items), and anticipatory thinking (by 12 items). The respon-
dents were asked to grade each of the statements on a Likert-type scale of 1 to 5. 
Some statements were negatively phrased and reverse-coded to add validity to the 
research instrument. Face validity of the questionnaire was assessed by judgments 
of some faculty members. Reliability of the scales was tested by applying coefficient 
Cronbach’s alpha. Cronbach’s alpha estimates variance among the items and inter-
relatedness degree of items. As suggested by Netemeyer et al. (2003), the supported 
level of adequacy for Cronbach’s alpha is at least 0.70. Reliability of the scales was 
between 0.84 and 0.95, met this criterion. Descriptive and inferential statistics (in-
cluding student’s t-test, F-test and Post-hoc (Duncan) test) were conducted to analyze 
data, using SPSS/Windows. 
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Results

Sustainable development skills

As stated before, students’ sustainable development skills were assessed in five skills 
including: empathy, participatory skill, systems-thinking, creative thinking, and an-
ticipatory thinking. The respondents’ level of empathy was 14.24 (out of 20), their 
level of participatory skill, systems-thinking, and creative thinking were 17.23 (out 
of 25), 31.75 (out of 50), and 33.95 (out of 50), respectively. Also, their level of antici-
patory thinking was 42.15 (out of 60). Looking at the means, we see the means were 
more than the middle of scale spectrum (Table 1).

Table 1:	 Descriptive statistics of the variables

Skill Mean SD Minimum Maximum middle of scale 
spectrum

Empathy 14.24 3.37 5 20 12

Participatory skill 17.23 4.28 6 23 15

systems-thinking 31.75 6.48 13 47 30

Creative thinking 33.95 5.62 12 48 30

Anticipatory thinking 42.15 6.13 15 58 36

Source: findings of the research

Sustainable development skills by Participation at courses in the field of sustainable 
development

The comparative test showed that there were significant differences between the 
groups (students who had attended to courses and who had not) on the basis of par-
ticipatory skill, creative thinking, and anticipatory thinking; in which students who 
had had prior exposure to sustainability courses had significantly more level of Par-
ticipatory skill (p<.01) and creative thinking and anticipatory thinking (p<.05) than 
the other group (Table 2).
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Table 2:	� Results of t-test (by participation at courses in the field of sustainable 
development)

Participation … Mean SD t-value Sig.

Empathy
yes 14.39 3.21

0.864ns 0.388
no 14.14 3.18

Participatory skill
yes 18.11 4.31

2.704** 0.007
no 16.67 4.27

systems-thinking
yes 32.25 6.24

1.398ns 0.163
no 31.42 6.32

Creative thinking
yes 34.82 5.47

2.553* 0.012
no 33.39 5.38

Anticipatory thinking
yes 42.95 6.01

2.019* 0.047
no 41.64 5.98

ns: Non significant 
**: p<.01
*: p<.05

Source: findings of the research

Sustainable development skills by Participation at conferences regarding sustain-
able development

Students who had attended to conferences regarding sustainable development had 
more skills compared to the other group; with participatory skill and anticipatory 
thinking were significantly different (Table 3).

Table 3:	� Results of t-test (by Participation at conferences regarding sustainable de-
velopment)

Participation … Mean SD t-value Sig.

Empathy
yes 14.30 3.14

1.069ns 0.285
no 14.11 2.97

Participatory skill
yes 17.72 4.18

2.328* 0.020
no 16.13 4.32

systems-thinking
yes 31.83 6.52

1.645ns 0.101
no 31.57 6.34

Creative thinking
yes 33.97 5.68

0.926ns 0.354
no 33.90 5.78

Anticipatory thinking
yes 43.87 6.24

3.012** 0.000
no 38.30 6.18

ns: Non significant 
**: p<.01
*: p<.05

Source: findings of the research
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Sustainable development skills by membership in academic associations

The comparative test showed that there were significant differences in empathy, par-
ticipatory skill, systems-thinking, and anticipatory thinking between students who 
had membership in academic associations and who had not (Table 4).

Table 4: Results of t-test (by membership in academic associations)

Participation … Mean SD t-value Sig.

Empathy
yes 15.25 2.99

2.167* 0.031
no 14.13 3.01

Participatory skill
yes 18.12 4.01

2.638** 0.009
no 17.13 4.11

systems-thinking
yes 34.07 6.23

2.066* 0.043
no 31.51 6.27

Creative thinking
yes 35.92 5.47

1.961ns 0.055
no 33.74 5.55

Anticipatory thinking
yes 43.98 6.13

2.248* 0.025
no 41.96 6.18

ns: Non significant 
**: p<.01
*: p<.05

Source: findings of the research

Sustainable development skills by academic major

F-test of respondents’ skills by academic major are demonstrated in Table 5. The re-
sults of analysis of variance revealed that there were significant differences in partic-
ipatory skill and anticipatory thinking among students with different academic ma-
jors. In order to determine which means differ, Post-hoc (Duncan) test was conduct-
ed. The findings indicated that on participatory skill, there was significant difference 
between Humanities students and the two other groups. On anticipatory thinking, the 
significant difference among all the three groups was observed.
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Table 5: Results of F-test (a) and Duncan test (b)

(a) F-test (b) Duncan test

Variable F Sig. Academic major
Subset for alpha = 0.05

1 2 3

Empathy 2.927ns 0.061

Engineering 13.817

Agriculture 14.233

Humanities 14.639

Participatory skill 3.57* 0.022

Humanities 16.89

Engineering 17.24

Agriculture 17.63

systems-thinking 2.977ns 0.052

Humanities 30.287

Agriculture 32.218

Engineering 32.927

Creative thinking 1.239ns 0.290

Agriculture 33.485

Engineering 33.838

Humanities 34.432

Anticipatory thinking 6.820** 0.004

Agriculture 40.503

Engineering 42.114

Humanities 43.51
ns: Non significant 
**: p<.01
*: p<.05

Source: findings of the research

Discussion

Education is used as a tool to achieve sustainability and the important role of ed-
ucation and learning as tools for achieving change and sustainable development 
emphasized by researchers such as Glover and Peters (2013) and Mochizuki and 
Fadeeva (2010). In Iran, formal and informal education offered to students regarding 
sustainable development. But there is a lack of research regarding the effectiveness 
of these educations. Accordingly, this study attempted to assess the effectiveness of 
education to increase students’ skills for sustainable development. One objective of 
our study was to examine level of students’ skills for sustainable development. The 
findings revealed that respondents’ level for all the studied skills (empathy, partic-
ipatory skill, systems-thinking, creative thinking, and anticipatory thinking) were 
favorable and more than the middle of scale spectrum. The findings of comparative 
analyses showed differences and similarities on students’ skills. The study confirmed 
that courses in the field of sustainable development and conferences regarding sus-
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tainable development had positive influence on their participants and there were sig-
nificant differences between skills for sustainable development of students who had 
participated in these activities and those who had not participated. Therefore, it is 
recommended that universities as a motor for change offer sustainable development 
courses for all students. Education is the key to change behavior and lifestyle and is 
addressed as the main driver of change for sustainable development (Mulder et al., 
2013). Higher education institutions can make a significant impact in the advance-
ment of sustainable development. Hence, in order to have lasting future, higher edu-
cation institutions must equip students with knowledge and skills toward sustainable 
development, so that they can set their life goals in a way that provides sustainable 
prosperity for present generation and a better planet for future generations. 

Our study showed that academic major had significant effect on skills for sustain-
able development. Therefore, it is recommended that universities revise the content 
of general and specialized courses to promote the integration of socio-economic and 
environmental categories of sustainable development. It is recommended that aca-
demic education be transformed from a traditional one and move towards interdis-
ciplinary approaches. It is recommended that more scientific conferences in topics 
related to sustainable development be held and experts be invited to give a lecture. It 
is recommended that Universities take the lead in the development of new forms of 
interdisciplinary curriculum and education that is proposing solutions for challenges 
related to sustainable development. According to the results, membership in aca-
demic associations has positive effect on skills for sustainable development. So, it is 
recommended that universities support from academic and scientific associations in 
the field of sustainable development. In addition, students be encouraged for member-
ship and actively participation in this associations. It is recommended that effective 
communication between the university and the industry for pursuing sustainable ac-
tivities be established. 

The results can be beneficial for universities plan activities and offer proper ser-
vices that enhance students’ skills for sustainable development and creating a better 
future for all. Also, Universities consider the impacts of their decisions and activities 
which are long-term and beyond the current time. Finally, it is recommended that in 
future studies additional researches in other countries and with a broader range of 
respondents be done for generalization of the results. 
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