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Abstract

The topic of climate change has begun to be referred to as the global climate change cri-
sis. Despite the precautions taken through international accords, the main solution to cli-
mate change will be an increase in individual knowledge and awareness, as well as change
in their behavior as a result. A valid and reliable climate change awareness (CCA) scale
for high school students was developed in this study. As a scale development strategy, an
inductive scale development approach was used. The study enrolled a total of 454 high
school students. In this study, both exploratory and confirmatory factor analyses were used
to provide validity. In this way, the CCA scale was developed and validated using two dif-
ferent randomly separated samples. Sample 1 (274 high school students) was assigned to
the exploratory factor analysis group, while sample 2 (180 high school students) was uti-
lized to confirm the factor structures via confirmative factor analysis. Confirmatory factor
analysis was used to check model-data coherence and test assumptions about variable rela-
tionships. As a result of the study, a valid and reliable Likert-type scale for assessing high
school students’ climate change awareness was developed. The scale consists of 17 items
and a Cronbach alpha value of 0.88. CFI (0.93), NFI (0.82), RFI (0.88) and GFI (0.90)
RMSEA (0.045) have proven to be acceptable fit indexes between the model and the data
for the research model. Thus, the fit indexes produced as a result of the CFA indicated that
the model had good fit.
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1 Introduction
1.1 Background

Due to the rapidly accelerating effects of climate change in recent years, the frequency and
intensity of catastrophic natural phenomena as a result of climate change have increased
significantly, causing physical damage (Leffers et al., 2017; Sezen-Barrie et al., 2020).
Non-governmental organizations, the private sector and governments are all being forced
to make serious efforts to adapt to this situation. According to experts, the last experienced
climate change event is due to anthropological effect.

However, legal regulations and sanctions are influenced by the population’s level of
awareness and differences in climate literacy among countries. At this point, it is necessary
to develop a systematic educational activity to achieve permanent behavioral change in
nature-friendly and climate-friendly qualities all over the world. Education and awareness
concerns to reduce climate change are recognized in the literature as being very limited
(Hess & Maki, 2019; Molthan-Hill et al., 2019).

Due to Turkey’s significant key-position and direct interactions with the EU and Asia,
it has demonstrated its capabilities and efforts in climate change mitigation, precautions,
awareness, and legal infrastructure preparation. Despite making great efforts to prevent cli-
mate change and global warming by creating efficient legal infrastructure and social activ-
ities, Turkey still has to unify the concept and reach the “Zero-carbon society” with all
members of its society. It is apparent that formal education courses in Turkey do not create
awareness towards sustainability, the environment, and global warming (Aziz et al., 2020;
Li et al., 2020).

1.2 Literature review

In terms of raising public awareness, eliminating the lack of information about climate
change and adaptation in education within the framework of mitigation and adaptation to
climate change is very critical. According to Kollmuss and Agyeman (2002), there is still
a significant gap and disparity between individuals who are aware of and knowledgeable
about climate change and those who do not. It was emphasized that this disparity must
be overcome (Kollmuss & Agyeman, 2002). According to a study, establishing an effec-
tive climate change mitigation strategy requires first understanding public perceptions and
awareness of climate change. Findings showed that social variables clearly indicate climate
change mitigation and vulnerability. Furthermore, educational initiatives should empha-
size scientific results in order to improve public communication about climate change
(Ruddell et al., 2012). In addition to public perception and public awareness, promoting
public knowledge of climate mitigation and adaptation among high school students, who
represent the future generations, ensures sustainability in climate adaptation. Oliver and
Adkins (2020) reported that, according to the data obtained in their study, fifteen-year-old
students’ self-reported awareness of greenhouse gases provides a unique insight into how
it differs according to the achievement and socioeconomic status of students. Campaigns
and public service announcements used in schools are an effective method for this (Oliver
& Adkins, 2020). According to Alvi et al. (2020), it has been strongly suggested that rais-
ing climate change awareness through campaigns or training produces better results in the
long term to mitigate climate change (Alvi et al., 2020). Thaller et al (2020) claim that it is
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self-evident that supporting climate-friendly behaviors through increased climate change
awareness is more important than the policy measures (Thaller et al., 2020). There is only
a limited number of research related to climate change awareness scale in the literature.
A scale for awareness in developing cities was established by Iturriza et al. (2020). They
claim that raising awareness among all stakeholders in a city is critical to develop cities
that can withstand against the climate change effects (Iturriza et al., 2020). According to
the Yale Project on Climate Change Communication, compared to 17% of adults, 34% of
teens, are unable to say whether scientists think global warming is happening (Leiserowitz
et al., 2011). After examining all these studies, the goal of this study is aimed at harmo-
nizing the daily habits of the society with information about the environment and global
warming in order to correct the weaknesses in the education system on climate change and
promote sustainable behavior. Furthermore, early childhood education in order to develop
environmental and climate awareness is one of the most effective approaches for climate
mitigation and adaptation.

1.3 Objectives of the study

The general purpose of this study was to develop a validity and accuracy scale to test cli-
mate change awareness of high school students, which are the target audience.

The scale developed as part of the study can assist educators in determining the climate
change awareness of high school students. The following are the sub-problems related to
the general purpose of the scale: 1- How was the climate change awareness scale’s factor
structure verified using exploratory factor analysis? 2- Does the scale meet the reliability
(Cronbach’s alpha) value? and 3- How was the climate change awareness scale’s factor
structure verified using confirmatory factor analysis? Considering that the scale will pro-
vide hope for sub-problems, it is predicted that it will shed light on the development of
climate change methods.

2 Material and methods

Jebb et al. (2015) recognized two distinct approaches to developing a scale: deductive and
inductive approaches. Deductive approach is based on theory and already-formed concep-
tualizations of constructs to generate items. This approach is appropriate when the defini-
tion of the construct is known whereas inductive approach is used when the definition is
uncertain. In this case, an inductive scale development approach is applied as a scale devel-
opment approach (Jebb et al., 2015).

2.1 Participants and procedure

The climate change awareness (CCA) scale was developed and validated using two differ-
ent randomly separated populations in this study. The original sample size was included
in each sample. The pilot study contained Sample 1, and the data were assigned to the
exploratory factor analysis group (EFA). Sample 2 was utilized to confirm the factor struc-
tures found in EFA using confirmative factor analysis (CFA). To complete the scale items,
299 high school students (male and female) in grades 11 and 12 were enrolled in the first
sample. 25 of these students’ questionnaires were not considered due to missing data. As a
result, 274 questionnaires (147 male, 127 female) were used for the statistical analysis. The
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second sample consisted of 180 (72 male and 108 female) high school students and all the
participants were high school students in grades 11 and 12 from two public high schools
located in Nigde, Turkey.

2.2 Theoretical framework and item development of the scale

The procedures outlined by Slavec and Drnovsek (2012) were used in developing the scale.
According to Slavec and Drnovsek (2012), ten scale development steps are divided into
three phases (Slavec, 2012). The first phase, which concerns the construct’s theoretical
importance and existence, consists of three steps: content domain specification (step 1),
item pool generation (step 2) and content validity evaluation (step 3). The second phase,
which is concerned with the representativeness and appropriateness of data collection, is
divided into four steps: questionnaire development and evaluation (step 4), translation and
back translation (step 5), pilot study (step 6) and sampling and data collection (step 7). The
third phase, which regards the statistical analysis and statistical evidence of the construct,
consists of three steps: dimensionality assessment (step 8) reliability assessment (step 9),
construct validity assessment (step 10).

Before constructing the scale’s components, a literature review was undertaken to deter-
mine the theoretical importance and presence of the construct phase, as well as what cli-
mate change awareness entails (Biasutti & Frate, 2017). Understanding climate change
awareness, according to Dal et al. (2015), is a complex concept that includes biological,
geological, ecological and geographical concepts as well as their inter-dimensional inter-
actions (Dal et al., 2015). Climate change awareness, according to Oruonye (2011), is the
result of a combination of individuals’ predictions and interpretations that influence their
habits, and reactions to climate change circumstances. Halady and Rao (2011) conducted
a study to develop a scale to determine whether climate change awareness leads to behav-
ioral change and they developed a four construct scale (Halady & Rao, 2010). These con-
structs were, energy conservation, emission free car users, active environmentalists and
climate change friendly funds. A survey to assess households’ knowledge and awareness
of their environment and climate change is being developed in another study. As a result
of that study, three constructs emerged. These constructs were as follows: the environmen-
tal and climate change knowledge, climate change, economy and environmental awareness
and energy decisions awareness.

According to the literature, the theoretical framework of the climate change aware-
ness scale took the following content domain specifications into account: Climate change
awareness and climate change recklessness are two related to each other. The researchers
then examined the objectives of the Turkish Ministry of National Education’s high school
curriculum related to climate change in order to develop scale items.

Following the content domain specification of the climate change awareness concept,
several scientific articles were examined for best practice of data collection tools connected
to climate change awareness in order to compose an item pool for the scale. On the topic of
climate change awareness, 14 high school students were engaged in discussions. Finally, 40
items were produced, including 33 positive and 7 negative elements defining high school
students’ understanding of climate change. Then, for content validity, a specification table
was developed to describe the dimensions to be covered by the climate change awareness
and the number of items which was associated with each. A sample of the specification
table can be found in “Appendix.”
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The Lawshe technique, which is a widely used method for expert judgments, was used
to ensure the content validity of the scale (Ermis-Demirtas, 2018). Two experts from the
education faculty, an expert from the science faculty and two experts from engineering
faculty were measured for what was necessary, useful but should be corrected and what
was not necessary for the 40 items. Each expert had a PhD degree, was an academician in
a university and had conducted scientific research on the climate change and global warm-
ing. For 40 items, the experts were asked to control and comment. Each expert negoti-
ated, and their comments were discussed while reviewing the scale, and additional sugges-
tions were applied to the items. Each items’ Lawshe points were calculated and determined
to be higher than 0.51. Later, 40 items were developed and grouped into five categories:
“strongly disagree” (1), “Disagree” (2), “Neutral” (3), “Agree” (4) and “totally agree” (5),
comparable to the Likert scale. The scale was applied to 30 high school students with these
five categories. During this application, researchers were also asked if any of the items
were difficult to understand. In case any of the items were found to be difficult, those items
were considered for correction. The content validity of all items was tested using a sample
of the specification table. Later, these 40 items were then applied to 10th grade high school
during the 2017-2018 educational years. The original scale was written in Turkish lan-
guage. It also included demographic questions at the beginning, including gender, general
academic average.

3 Results and data analysis

The acquired data were statistically tested by IBM SPSS Statistics version 20 and LISREL
version 8.80 to determine the scale’s validity and reliability. Both exploratory and confirm-
atory factor analysis were integrated for providing validity in this study. Factor analysis is a
statistical terminology that refers to determining and correlating factors which have similar
quality, pattern and construct (Biiyiikoztiirk, 2002). So that, affective behavioristic sciences
can be studied with similar construct outputs utilizing factor analysis (Biiyiikoztiirk, 2002).
Exploratory factor analysis was used to demonstrate the scale’s factor construct. Explana-
tory factor analysis is a technique used for identifying variables’ relationships. Confirma-
tory factor analysis was used in order to verify the model-data cohesion and to test the
hypotheses of variables’ relationships. Additionally, Cronbach’s Alpha was calculated
(ERCAN & KAN, 2004; Fletcher et al., 2000). For confirmatory factor analysis, compara-
tive fit (CFI), goodness of fit (GFI), the chi-squared statistics (X2) and root-mean-square
error (RMSEA) fit indexes were studied. Composite reliability (CR) and average variance
extracted (AVE) values were studied to confirm concurrent validity.

3.1 Results related the research question one

The first research question focused on the climate change awareness scale’s factor struc-
ture. To begin, data from 274 10th grade high school students were entered into the SPSS
(Statistical Package for the Social Sciences) software package. The data were excluded
prior to EFA based on the analysis of normality of each variable (skewness and kurtosis);
outliers; and missing cases. The normality of each variable (item) was collected using the
skewness and kurtosis values’ accepted level (+3.29) (Hair et al., 2006). In the study, Mar-
dia’s Multivariate Normality Test was examined as well and it was found to be 0.000. Mul-
tiple normality was accepted for the presented data since the Mardia kurtosis test value of
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0.05 was less than the critical value for the significance test. In line with the result obtained
(p.05), it was determined that the data exhibited normal distribution. Exploratory factor
analysis and an un-rotated principle component analysis were used, as previously indi-
cated. The Kaiser-Meyer—Olkin (KMO) and Barlett’s (BTS) tests were used to assess the
sampling adequacy. The main component analysis produced factor analysis results; with
the KMO value of the scale being 0.92 and the BTS test result being y*=160.71, df=118;
p=p<0.01. Because the acquired KMO and BTS values were higher than 0.50 and highly
significant in the BTS test (99% confidence interval), they were approved to be used in this
study for applying factor analysis (Biiyiikoztiirk, 2002). Un-rotated principle component
analysis revealed nine factors with eigenvalues greater than 1.0 (Hair et al., 2006). The
scree plot, on the other hand, experienced four sharp falls before leveling off. Explana-
tory factor analysis was done again for the rotation using principle component analysis,
as shown below. Explanatory factor analysis was refreshed by excluding items with factor
load points lower than 0.45 and a difference between item load points of the two factored
scale under 0.10 (Biiyiikoztiirk et al., 2010). According to the analysis results, the eigen-
value line chart could only be drawn by one factor (Fig. 1).

The initial change in eigenvalue-component numbers came at the first factor. The full
items of the CCA scale are provided both in Turkish and in English, in Table 1.

The scale is made up of 17 items and two factors according to the analysis results. Since
there is at least one item for each explanation given in the table of specification (“Appen-
dix”) after comparing the remainder of the items to the table of specification, the scale was

Scree Plot

4

Eigenvalue

Component Number

Fig. 1 The first change in eigenvalue-component numbers
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both effective in terms of content and construct. The scale loads, which consisted of 17
items with two factors, were varied between 0.557 and 0.802.

The second question of the research asked about the factor structure reliability (Cron-
bach’s alpha) value and the stability of the scale. The reliability of the scale refers to the
internal consistency among responses to items. Cronbach’s alpha reliability coefficient was
used to determine the CCA scale reliability and was measured as 0.88 based on item analy-
sis for two factors, 17 items and 51.75% total variance(Biiyiikoztiirk, 2002). It is widely
assumed that alpha values of greater than 0.70 are required for acceptable reliability. The
results indicated that the Cronbach’s alpha of value for the CCA scale was considered
acceptable for this research and the scale possesses favorable internal consistency. Table 2
shows arithmetic average, standard deviation, total variance and Eugen value.

The average mean of the scale (consisting of 17 items) was 40.0 and the standard devia-
tion of the scale was 14.33, as shown in Table 2. The three elements resulted in mini-
mum and the maximum scores of 17 and 85, respectively. Because of the responses of the
10th grade pupils, the total variance increased to 51.75% due to the 10th grade students’
responses. The eigenvalue of the factor was 8.79 (accounted for 51.75%).

The third question of the research was about the factor structure of the CCA scale, which
was supported using confirmatory factor analysis. Confirmatory factor analyses were used
to see if the scale could accurately assess a theoretical structure that was unknown (Erkus,
2003). Confirmatory factor analyses using a structural equation model (SEM) were used
to assess the relevance of a one-dimensional structure. A CFA was done using data from
Sample 2 to approve the factor structure that was derived from the EFA using data from
Sample 1. the values of the various fit indexes were assessed for the adequacy of CFA
models initially using the LISREL software to evaluate the adequate fit of the model to the
data.

The goodness of fit index (GFI), the adjusted goodness of fit index (AGFI), the nor-
malized fit index (NFI), the relative fit index (RFI), the incremental index (IFI) and the
comparative fit index (CFI) are the most commonly used fit indexes in SEM evaluation
(Adelodun et al., 2013). As a result, the chi-square, normed fit index (NFI); comparative fit
index (CFI); and root-mean-square error approximation (RMSEA) were all used to confirm
the factor structure of the CCA scale in CFA. When the fit indices of the drawn model as a
result of confirmatory factor analysis for the total samples are examined after the modifica-
tions, y>=160.75 (df=118; p<0.00) is found. If the value for the chi-square to degrees of
freedom ratio is < 2, this indicates an excellent fit. Since the XZ/df value was below two, the
CCA scale had an excellent fit (BUYUKOZTURK et al., 2010; Joreskog & Sorbom, 1989).

Table 2 Descriptive values of the ‘Awareness towards the Climate Change Scale’

Factor Items N X Total variance %  Eugen value  sd Cronbach’s alpha

Reasons of 12 274 31.27  38.24 6.50 13.48 092
climate
change

Reckless- 5 8.27 13.51 2.29 396 0.70
ness act
to climate
change

Total 17 40 51.75 8.79 1433 0.88
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If the fit indices for the GFI (0.90), CFI (0.96), IFI (0.96) and are>0.90, it is deemed a
satisfactory model fit (Joreskog & Sorbom, 1989). In all these indexes, the value obtained
for the model is closer to 1, indicating a very high degree of harmony between the data
(Joreskog & Sorbom, 1989; Kelloway, 1998). CFI (0.93), NFI (0.82), RFI (0.88) and GFI
(0.90) have proved to be acceptable fit indexes between the model and the data for the
research model. An RMSEA value of <0.06 indicates a good fit and 0.06-0.08 indicates
a reasonable fit. For the research model, RMSEA value is 0.045. Thus, those results indi-
cated that the fit indexes obtained as a result of the CFA showed that the model had a good
fit. The standardized coefficients between the latent variables and observed variables are
shown below. The average variance AVE (Average Variance Extracted) value explained
was investigated in addition to the item factor loads established in the factor analysis to
indicate the convergent validity. Within the purview of scale reliability analysis, Cronbach
alpha coefficients for internal consistency reliability and CR (Composite Reliability) coeffi-
cients for composite reliability were evaluated. Because the CR value (for reason sub facto
is 0.92, for recklessness is 0.83) is greater than 0.70 and the AVE value (for reason sub
facto is 0.56, for recklessness is 0.53) is greater than 0.50 in each sub-factor of the aware-
ness scale for climate change, internal consistency reliability and convergent validity are
provided (Claes Fornell & Larcker, 1981).

Standardized values belonging for the CCA scale are shown in Fig. 2. Standardized
analysis values provide feedback on how well each item’s own hidden variable was rep-
resented. The final model indicated that the CCA of the 10th grade high school students

@

o
©
o

o

i

™
(5
o

*i
\

™
"
o

o

o -
L -
=3 o
o'o_o%\o

=
o
o

=)
©
-

RALN

™
©
«

Chi-Square=160.71, df=118, P-value=0.00549, RMSE2=0.04S

Fig.2 Path diagram regarding confirmatory factor analysis
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can be explained in 17 different reliable ways. The correlation coefficient between the
factors was found to be 0.075. Also, standardized load values, ¢ values, correlation
between each observed variable and the set of variables are presented in Table 3.

The correlation between each “observed variable” and “the group of variables” to
which it relates to is shown by standardized loads. In Table 3, it was determined that the
standardized factor loads of the model were sufficient and the t values were significant.

4 Discussion

Starting with second-grade high school pupils in Nigde’s city center, the sustainable
training model is highly promising for increasing the low-awareness and low-knowledge
capacity. This scale can be used to compare students’ level of awareness level before
and after the application of the sustainable training model for climate change and miti-
gation activities, in order for the scale to be helpful to educators.

To assess the validity and reliability of the scale, all collected data from 454 students
from 10th grade of high schools were processed t. All 17 scale items were investigated
and it was determined that there are statistically significant items for the scale develop-
ment, with scores ranging from 0.557 to 0.802.

Table 3 Correlation analysis

Factor/Item Standardized ¢ R?
results between factors

load values

Reasons of climate change

REI 0.79 1250  0.62
RE 2 0.78 1220  0.60
RE3 0.74 11.39 054
RE4 0.67 9.80 045
RES 0.77 11.85 059
RE6 0.67 9.9 0.44
RE7 0.70 1042 049
RES8 0.70 1036 0.49
RE9 0.70 10.50  0.49
RE10 0.64 9.27 041
REI11 0.65 9.52 042
RE12 0.64 9.28 041
Recklessness act to climate change

RAI13 0.69 8.44 047
RA14 0.59 7.19 035
RAIS 0.58 7.05 034
RA16 0.52 6.26 027
RA17 0.42 494  0.18
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Appendix: specification table

Scale structures Items

Awareness towards the reasons of climate change 1,2,3,4,5,6,
7,8,9,10, 11,
12,13

Recklessness Act to climate change 14,15, 16, 17

Acknowledgements This study has been conducted and supported by European Union and Turkish Repub-
lic co-funded project of Capacity Building in the Field of Climate Change in Turkey Grant Scheme (CCGS),
Reference: CFCU/TR2013/0327.05.01-02, EuropeAid/138406/ID/ACT/TR. The data presented in this arti-
cle were produced under the project number of TR2013/0327.05.01-02/006, name of Enhancement of High
School Students’ Knowledge Capacity and Awareness for Climate Change Mitigation by Sustainable Train-
ing in Nigde.

References

Adelodun, O. A., Olakunjo, T., Olushina, O., & Awe, O. (2013). Large type fit indices of mathematics adult
learners: A covariance structure model. Mathematical Theory and Modeling, 3, 80-84.

Alvi, S., Nawaz, S. M. N., & Khayyam, U. (2020). How does one motivate climate mitigation? Examining
energy conservation, climate change, and personal perceptions in Bangladesh and Pakistan. Energy
Research & Social Science. https://doi.org/10.1016/j.erss.2020.101645

Aziz, R., Yucel, 1., & Yozgatligil, C. (2020). Nonstationarity impacts on frequency analysis of yearly and
seasonal extreme temperature in Turkey. Atmospheric Research. https://doi.org/10.1016/j.atmosres.
2020.104875

Biasutti, M., & Frate, S. (2017). A validity and reliability study of the Attitudes toward Sustainable Devel-
opment scale. Environmental Education Research, 23, 214-230. https://doi.org/10.1080/13504622.
2016.1146660

Biiyiikoztiirk, S. (2002). Data analysis handbook for social sciences statistics. Pegem Akademi.

Biiyiikoztiirk, §, Cokluk, 0., & Sekercioglu, G. (2010). Multivariate statistics SPSS and LISREL applica-
tions for social sciences. Pegem Akademi.

Dal, B., Ozturk, N., Alper, U., Sonmez, D., & Cokelez, A. (2015). An analysis of the teachers’ climate
change awareness. Athens Journal of Education., 2, 111-122. https://doi.org/10.30958/aje.2-2-2

Ercan, 1, & Kan, 1. (2004). Olgeklerde Giivenirlik ve Gegerlik. Uludag Universitesi Tip Fakiiltesi Derg, 30,
211-216.

Erkus, A. (2003). Psikometri Uzerine Yazilar: ¢lgme ve psikometrinin tarihsel kokenleri, giivenirlik, gecer-
lik, madde analizi, tutumlar. Turk psikologlar Dernegi.

Ermis-Demirtas, H. (2018). Establishing content-related validity evidence for assessments in counseling:
Application of a sequential mixed-method approach. International Journal for the Advancement of
Counselling, 40, 387-397. https://doi.org/10.1007/s10447-018-9332-4

Fletcher, G. J. O., Simpson, J. A., & Thomas, G. (2000). The measurement of perceived relationship quality
components: A confirmatory factor analytic approach. Personality and Social Psychology Bulletin, 26,
340-354. https://doi.org/10.1177/0146167200265007

Fornell, C., & Larcker, D. F. (1981). Evaluating Structural Equation Models with Unobservable Variables
and Measurement Error. Journal of Marketing Research, 18(1), 39-50. https://doi.org/10.1177/00222
4378101800104

Hair, J., Black, W., Babin, B., Anderson, R., & Tatham, R. (2006). Multivariate Data Analysis, 6th Ed.
Upper Saddle River: Pearson Prentice Hall.

Halady, I. R., & Rao, P. H. (2010). Does awareness to climate change lead to behavioral change? Interna-
tional Journal of Climate Change Strategies and Management, 2, 6-22. https://doi.org/10.1108/17568
691011020229

@ Springer


https://doi.org/10.1016/j.erss.2020.101645
https://doi.org/10.1016/j.atmosres.2020.104875
https://doi.org/10.1016/j.atmosres.2020.104875
https://doi.org/10.1080/13504622.2016.1146660
https://doi.org/10.1080/13504622.2016.1146660
https://doi.org/10.30958/aje.2-2-2
https://doi.org/10.1007/s10447-018-9332-4
https://doi.org/10.1177/0146167200265007
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1108/17568691011020229
https://doi.org/10.1108/17568691011020229

Development and validation of climate change awareness scale... 4537

Halady, I. R., & Rao, P. H. (2011). Does awareness to climate change lead to behavioral change? Inter-
national Journal of Climate Change Strategies and Management, 2(1), 6-22. https://doi.org/10.1108/
17568691011020229

Hess, D. J., & Maki, A. (2019). Climate change belief, sustainability education, and political values: Assess-
ing the need for higher-education curriculum reform. Journal of Cleaner Production, 228, 1157-1166.
https://doi.org/10.1016/j.jclepro.2019.04.291

Iturriza, M., Hernantes, J., Abdelgawad, A. A., & Labaka, L. (2020). Are cities aware enough? A framework
for developing city awareness to climate change. Sustainability, 12, 1-22. https://doi.org/10.3390/
sul2062168

Jebb, A. T., Tay, L., Wang, W., & Huang, Q. (2015). Time series analysis for psychological research: Exam-
ining and forecasting change. Frontiers in Psychology. https://doi.org/10.3389/fpsyg.2015.00727

Joreskog, K. G., & Sorbom, D. (1989). LISREL 7: A guide to the program and applications SPSS Statistical
Data Analysis. SPSS Inc.

Kelloway, E. K. (1998). Using LISREL for structural equation modeling: A researcher’s guide. Cham: Sage
Publications Inc.

Kollmuss, A., & Agyeman, J. (2002). Mind the Gap: Why do people act environmentally and what are the
barriers to pro-environmental behavior? Environmental Education Research, 8, 239-260. https://doi.
org/10.1080/13504620220145401

Leffers, J., Levy, R. M., Nicholas, P. K., & Sweeney, C. F. (2017). Mandate for the Nursing Profession to
Address Climate Change Through Nursing Education. Journal of Nursing Scholarship, 49(6), 679—
687. https://doi.org/10.1111/jnu.12331

Leiserowitz, A., Maibach, E., Roser-Renouf, C., & Smith, N. (2011). Climate change in the American Mind:
Americans’ global warming beliefs and attitudes in May 2011. Yale University and George Mason
University. New Haven, CT: Yale Project on Climate Change Communication.

Li, G., Zakari, A., & Tawiah, V. (2020). Does environmental diplomacy reduce CO, emissions? A panel
group means analysis. Science of the Total Environment. https://doi.org/10.1016/j.scitotenv.2020.
137790

Molthan-Hill, P., Worsfold, N., Nagy, G. J., Leal Filho, W., & Mifsud, M. (2019). Climate change education
for universities: A conceptual framework from an international study. Journal of Cleaner Production,
226, 1092-1101. https://doi.org/10.1016/j.jclepro.2019.04.053

Oliver, M. C., & Adkins, M. J. (2020). “Hot-headed” students? Scientific literacy, perceptions and aware-
ness of climate change in 15-year olds across 54 countries. Energy Research & Social Science, 70,
101641. https://doi.org/10.1016/j.erss.2020.101641

Oruonye, E. D. (2011). An assessment of the level of awareness of the effects of climate change among
students of tertiary institutions in Jalingo Metropolis, Taraba State Nigeria. Journal of Geography and
Regional Planning, 4, 513-517. https://doi.org/10.1103/PhysRevB.75.172505

Ruddell, D., Harlan, S. L., Grossman-Clarke, S., & Chowell, G. (2012). Scales of perception: Public aware-
ness of regional and neighborhood climates. Climate Change, 111, 581-607. https://doi.org/10.1007/
$10584-011-0165-y

Sezen-Barrie, A., Miller-Rushing, A., & Hufnagel, E. (2020). ‘It’s a gassy world’: starting with students’
wondering questions to inform climate change education. Environmental Education Research, 26(4),
555-576. https://doi.org/10.1080/13504622.2019.1610158

Slavec, A. (2012). A perspective on scale development in entrepreneurship research. Economic and Busi-
ness Review, 14, 39-62.

Slavec, A., & ve Drnovsek, M. (2012). A perspective on scale development in entrepreneurship research.
Economic and Business Review, 14(1), 39-62.

Thaller, A., FleiB, E., & Brudermann, T. (2020). No glory without sacrifice—Drivers of climate (in)action
in the general population. Environmental Science & Policy, 114, 7-13. https://doi.org/10.1016/j.envsci.
2020.07.014

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1108/17568691011020229
https://doi.org/10.1108/17568691011020229
https://doi.org/10.1016/j.jclepro.2019.04.291
https://doi.org/10.3390/su12062168
https://doi.org/10.3390/su12062168
https://doi.org/10.3389/fpsyg.2015.00727
https://doi.org/10.1080/13504620220145401
https://doi.org/10.1080/13504620220145401
https://doi.org/10.1111/jnu.12331
https://doi.org/10.1016/j.scitotenv.2020.137790
https://doi.org/10.1016/j.scitotenv.2020.137790
https://doi.org/10.1016/j.jclepro.2019.04.053
https://doi.org/10.1016/j.erss.2020.101641
https://doi.org/10.1103/PhysRevB.75.172505
https://doi.org/10.1007/s10584-011-0165-y
https://doi.org/10.1007/s10584-011-0165-y
https://doi.org/10.1080/13504622.2019.1610158
https://doi.org/10.1016/j.envsci.2020.07.014
https://doi.org/10.1016/j.envsci.2020.07.014

	Development and validation of climate change awareness scale for high school students
	Abstract
	1 Introduction
	1.1 Background
	1.2 Literature review
	1.3 Objectives of the study

	2 Material and methods
	2.1 Participants and procedure
	2.2 Theoretical framework and item development of the scale

	3 Results and data analysis
	3.1 Results related the research question one

	4 Discussion
	Appendix: specification table
	Acknowledgements 
	References




