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Validating Student’s Green Character Instrument Using

Factor L«&nd Rasch Model /{comment [AL]: lowercase

Abstract. Many researches have developed t[nstruments }to measure one of the environmental /[Comment [A2]: lowercase

characteristics such as attitudes, values and knowledge. However, there has not been any

ﬁnstmment that can be used to measure all these aspects in one comprehensive instrumend._/{ Comment [A3]: check grammar and
meaning

This study is meant to develop and validate a green character instrument which reveals
student behavior and awareness of the environment. The instrument consists of 40 statement
items consisting of 5 aspects, namely private pro-environmental behavior, public pro-
environmental behavior, environmental knowledge, environmental values, and environmental
attitudes. It was implemented on 1,398 students from 15 universities in Indonesia. The

instrument content validation was conducted ’by 3 experts who were then analyzed using the

content validity index (CVI). [The construct validity was analyzed using exploratory factor __—{ comment [A4]: check grammar

analysis, confirmatory factor analysis, and RASCH| The content validity results obtained CVI __—{ comment [AS]: Rasch Analysis

scores ranging between 0.8 and 0.9 with a good category, while item reliability was in a fairly

good category with a high level of separation index. Construct validation resulted in 34 items

(4 items were eliminated from EFA and CFA| and 2 items were eliminated from RASCH) //{ Comment [A6]: after EFA and CFA

anlysis

spread over five constructs, namely environmental behavior, environmental knowledge, Comment [A7]: Avoid using
abbreviation in abstract. Use full term.

environmental values, environmental attitudes, and environmental habits. The resulting

Comment [A8]: after RASCH analysis.

|
|
)

instrument has a good level of item difficulty, with a well understood response set which can
be understood easily by respondents, and without bias. Therefore, it can be used to measure

the students’ green character on both male and female.

Keywords: green character, instrument, ffactor and RASCH‘. //{ Comment [A9]: Rasch Analysis




Introduction

’Character is part of humanity (Pradhan, 2009). Character can be in the form of values,
beliefs, behavior, and morality (Hidayati et al., 2021). Even doing something right can also be
called character (Pradhan, 2009). Character is related to habits, ways to act and is a picture of
actual behavior (Ryan, 2013). Character is defined as a personality which is formed from
virtue and is used to think and act (Maisardi, 2017)(Rahman et al., 2020). Character consists

of good and bad habits (Ryan, 2013), mental and behavior (Rahman et al., 2020). Character

need to be formed as it cannot spontaneously arise (Muharlisiani et al., 2019). [Therefore, | Comment [A10]: Too many “Character
..."” sentences. This may disturb readers.

e . . . . Would you consider reorganizing this
character needs to be familiarized to the younger generation through continuous learning, paragraph and sentences?

examples, and practices (Rahmawati et al., 2020). People with character will have good
morals (Asrial et al., 2021), who consciously controls every action and behavior (Maisardi,
2017).

Good character is needed in all aspects, such as in environment. Example of good
character to the environment is implemented in an attitude of caring for the environment
(Sanjaya, 2021)(Pane & Patriana, 2016). The character of caring for the environment must
also be made accustomed (Arent et al., 2020)(Ridlo, 2020), and it is important to be
developed as the environment will have an impact on human existence (Yunesa, 2019).

Environmental care character will create positive behavior towards the environment (Sukri,

Rizka, et al., 2020)(Asrial et al., 2021), and reduce the negative impact of human behavior on /{Comment [A11]: Merge parentheses. ]

the environment ’(Sukri, Efendi, et al., 2020)(Palupi & Sawitri, 2018). In addition, concerning Comment [A12]: Put multiple citation
in the same parentheses. Check other
multiple citations and fix this error, if any.

for the environment is very important as most of the environmental damage is caused by
human behavior (Sukri et al., 2018)(Faisal et al., 2014).

The term green character in this study refers to a person's behavior and awareness of
the environment. Behavior refers to human activities to protect the environment or what is

called pro-environmental behavior (Stern, 2000), while awareness refers to knowledge

Comment [A13]: This reference has

(Raymond et al., 2010), values ’(Barton, 1994) and attitudes to the environment (Dunlap et al., /{two authors




2000). Therefore, caring for the environment attitude is part of a green character. The term
green character was chosen to describe all positive behaviors and awareness of the

environment. LFrasz (Frasz, 2016)‘ mentions environmental character as feelings, sentiments

and virtues towards the environment. The term green is also used by bhankrajang

(Chankrajang & Muttarak, 2017)\ to describe one aspect of attitude towards the environment

—1

Comment [A14]: Incorrect format. Use
Author (Year) format

which is pro-environmental behavior. By using the term green character, all behaviors,
attitudes, knowledge, values, and all things with a positive impact on the environment can be
covered which makes this term more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of
behavior and environmental awareness. The research conducted by Stern (Stern, 2000) only
developed an instrument to measure pro-environmental behavior, while Raymond et al
(Raymond et al., 2010) focused on the knowledge aspect. In addition, Thompson & Borton

kBarton, 1994) and Dunlap et al (Dunlap et al., 2000) only focused on values and attitudes

Comment [A15]: Incorrect format.
Correct format is: “... used by Chankrajang
and Muttarak (2017) ...”

Check other citation and fix “repeated
surname” errors

aspects. The only similar research has been conducted by Fu et al (Fu et al., 2018), which
unfortunately has some weaknesses, namely (1) limited to the behavior and awareness of the
campus academic community and not generally applicable to the wider community, and (2)
statement items developed in the instruments are mostly not in accordance with the
conditions, context, and socio-cultural prevailing in many countries, such as in Indonesia.
Whereas according to Chwialkowska et al (Chwialkowska et al., 2020) and He & Filimonau
(He & Filimonau, 2020), a person's socio-cultural background influences his behavior
towards the environment. For example, the statement item “I believe I know environmental
issues well' presented by Fu et al (Fu et al., 2018) cannot be reduced to a concrete statement
because it is not in accordance with the conditions of society in several countries with the
same culture and conditions, especially Indonesia. The statement will become understandable

if it is transformed into real environmental issues occuring in the community, for example

/{

Comment [A16]: Delete the author in
the parentheses




“Illegal logging can result in the loss of clean water sources and natural disasters” and
“Throwing garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument
that can accommodate all aspects of environmental behavior and awareness. The resulting

instrument [can used to measure not only the knowledge, values and attitudes towards the

//{ Comment [A17]: can be used

environment, but also to measure behavior reflected in pro-environmental attitudes. The
results of this study can be used as a reference for other researchers in different countries
which have similar or even the same cultural and socioeconomic conditions to Indonesia,
which will make this instrument will be more contextual and precise to measure the "green
character" of students.

bontribution to the literaturd

e Some of the instruments developed by previous researchers were limited to certain aspects
and did not cover all aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been
validated, especially in Indonesia

o Instruments validated of this study can be used to measure students' green character
precisely because it is contextual and in accordance with the conditions experienced by

students.

Methodology

This research is meant to develop and validate the green character instrument. The
development is conducted through three steps; 1) analyzing the supporting literature and
arranging the items, 2) content validation, 3) construct validation through Exploratory Factor

Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al., 2020).

literatur review and item arrangement‘

__—| Comment [A18]: All subtitles should be
left aligned, italic and not bold according to
the journal’s paper template. Edit all.

Comment [A19]: All subtitles should be
written in title case, not bold. Refer
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Literature review is done to determine the representative variables for green character
instrument. Literature analysis is based on studies or research results that have been published

in reputable international journals such as research by Stern (Stern, 2000), Raymond et al

’(Raymond et al., 2010), Thompson & Borton (Barton, 1994), and Dunlap et al (Dunlap et al., //{ Comment [A20]:

delete

\
\[ Comment [A21]:

Delete

2000). Based on the results of the review, a draft of a green character instrument was prepared _——{ Comment [A22]:

which includes 40 items. The green character instrument draft consists of private pro-
environmental behavior aspects (Stern, 2000) covering 11 items; public pro-environmental

behavior aspects (Stern, 2000) which consists of 8 items; environmental knowledge aspects

(Raymond et al., 2010) with 6 items; environmental value aspects }(Barton, 1994) with 8 //{

items; and environmental attitudes aspects (Dunlap et al., 2000) which consists of 7 items.
The student's response consisted of five answer choices; 1 = strongly disagree, 2 = disagree, 3
= indifferent, 4 = agree, and 5 = strongly agree.

’Content validation\

delete

A J

Comment [A23]:

This reference has

/{ Comment [A24]:

Title case, not bold ]

Content validity is evidence of the extent to which the elements of an assessment instrument
are relevant and represent a construct targeted for a particular assessment objective
(Almanasreh et al., 2019). Content validity includes four criteria; relevance, clarity,
simplicity, and ambiguity (Yaghmaei, 2003). The validity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental
field as experts in their respective fields to obtain acceptable assessment. In conducting the
assessment, the validator was asked to fill in four criteria which are, 1 = not relevant, 2 =
somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4 aspects of
content validation. Furthermore, from the four criteria, dichotomous data was made to
measure content validation using the content validity index method (Polit & Beck, 2006) with
the provisions that CVI values > 0.79 were accepted, CVI values 0.70-0.79 were revised, and

CVI < 0.70 were rejected (Devon et al., 2007). The results of CVI analysis on 40 green



character instrument items show that the CVI values range from 0.8-0.9 for all aspects. Based
on these results, all items in the instrument have met the valid criteria which were reviewed
based on relevance, clarity, simplicity, and ambiguity.

EFA, CFA, and RASCH Analysis

Research sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through
random sampling (Endo et al., 2016). Respondents consisted of 972 women (69.53%) and 426
men (30.47%) with the age ranging from 19 to 22 years old. Respondents came from various
regions in Indonesia including western, central and eastern Indonesia from various different
majors such as social science, science, science education, engineering, humanities and
business. The number of samples, 1,398 people, met the ideal limits for factor analysis
(Tabachnick & Fidell, 2014) and RASCH analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis
(Williams et al., 2010). Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and
Bartlett's Test of Sphericity were performed prior to EFA (Chan, L. L., & Idris, 2017).
Furthermore, EFA uses the varimax rotation method (Osborne, 2015) and maximum
likelihood estimation (Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong, A. G,

& Pearce, 2013), and a minimum loading factor of 0.3 ’(Prasetyo, K., Masrukan, M., &

Sunawan, 2019)\. CFA was conducted to confirm the EFA results with model fit criteria based __—{ Comment [A25]: Use “etal.”

on the Root mean square error of approximation (RMSEA 0.06), Goodness of fit index (GFI
0.95), Comparative Fit Index (CFI 0.95), Tucker-Lewis Index (TLI 0.95), and X2/df < 3.00
(Sun, 2005). The RASCH analysis measures the validity of the instrument's construct in terms
of content and consequential aspects (Susongko, 2016). Since the sample used is > 500

(Sumintono & Widhiarso, 2015), the item fit criteria are seen based on the mean-square infit



and outfit values (MNSQs, between 0.6 to 1.5), and the point-measure correlation coefficient
(PTMEA Corr, between 0.3 up to 0.7)(Linacre, 2018). Items that meet one of these criteria are
designated as valid items, while items that do not meet the criteria will be deleted from the
instrument. Furthermore, the reliability value of the items received is between 0.65 and 0.83
(Sumintono & Widhiarso, 2015) with a separation index value of 1 and > 2 (Ismail et al.,
2020). In addition to reliability, Wright map analysis was also performed to determine the
items’ level of difficulty (Scoulas et al., 2021) followed by rating scale analysis to evaluate
the clarity and ease of interpretation of the response set in the instrument (Kim & Kyllonen,
2006). Finally, to avoid bias in the instrument, a Differential Item Functioning (DIF) analysis
was conducted to determine the responses of male and female students (Iseppi et al., 2021).

H{esult and Discussion\

Exploratory Factor Analyis (EFA)

This study will test the green character instrument consisting of 40 items which are coded
from Al to A40. The first step to test the relationship between variables in the instrument is
performing factor analysis. Factor analysis serves to reduce variables that are replaced by
several factors which summarize the relationship between variables (Goldberg & Velicer,
2006). The initial assumption in factor analysis is the adequacy of the sample in the analysis
(Hadia et al., 2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value
which must be greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample,
the assumption that must be met in the EFA is that there should be relationship between
variables in the factors (Mohd Matore et al., 2019) which is indicated by the value of Bartlett's
Test of Sphericity (BTS) which must be less than 0.05 (Chan, L. L., & Idris, 2017). The
results of the KMO and BTS analysis are shown in Table 1 which shows that the KMO value

is 0.917 and is in the very good category (Hadia et al., 2016), while the BTS value is <.001

Comment [A26]: Results and discussion
section should be separated. Reorganize
them as separate titles.




which indicates that both EFA assumptions are met and acceptable for further analysis (Field,

2000).
Table 1. KMO and BTS Analysis Result
Kaiser-Meyer-Olkin Bartlett’s Test of Sphericity
Overall MSA X* df p
0917 18800.609  780.000 <.001

After the EFA assumption test is met, the next step is to perform a factor analysis of 40
instrument items using the varimax rotation method (Osborne, 2015) and maximum
likelihood estimation (Kassim et al., 2013). To determine the number of factors being formed,
the parallel analysis method was used (Cokluk & Kogak, 2016). The results can be seen in
Figure 1 which shows that the implementation point is formed after five factors resulted in 5
constructs which were formed from the results of factor analysis. Each item in the formed

factor has a loading factor of more than 0.3. The minimum factor loading value used in this

I o I
study is 0.3 to indicate that the formed factor has met the fit criteria kPrasetyo, K., Masrukan,

| B — \ -&- Simulated (95th quantile) |

M., & Sunawan, 2019)\. The loading factor and the variance that were formed are shown in /{Comment [A27]: Use “etal.”
=
™ 4
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‘ Comment [A28]: Edit the scattered
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Figure 1. LScree plot Result of factor Analysis‘ Comment [A29]: Figure title should be
written in title case. Check other figure
. . 5 titles and fix errors, if any.
’Table 2. Loading factor and variants formed from factor analys1s\ ;
Comment [A30]: Table title should be
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A3

A4

AS

A6

Al2
Al3
Al4
AlS
Al6
Al7
Al
Al9
A20
A21
A22
A23
A24
A25
A26
A27
A28
A30
A32
A37
A38
A29
A3l
A33
A35
A36
A39
A40
A9

Al0

0.344
0.314
0.509
0.654
0.645
0.730
0.555
0.637
0.593
0.651
0.614
0.507

0.649
0.649
0.755
0.758
0.758
0.655

0.422
0.772
0.755
0.762
0.508
0.464
0.523

0.499
0.390
0.502
0.453
0.464
0.571
0.514

0.537
0.721

Based on Table 2, several items such as items A7, A8, A1l and A34 were eliminated from the

analysis because they had a loading factor of less than 0.3. Based on these results, 40 items

were analyzed resulting in 5 factors. The five formed factors were then grouped and named

according to the similarity of characteristics possessed by each item as follow factor 1,

environmental behavior; factor 2, environmental knowledge; factor 3, environmental value;

factor 4, environmental attitude; and factor 5, environmental habits. The results are

strengthened by the Eigenvalue, variance, interitem correlation and Cronbach's alpha value

which are presented in Table 3.



Table 3. Characteristics of the formed factors

Construct Initial % of Cumula Average Average Alpha N
Eigen wvar. -tive %  interitem interfactor ~ Cronbach
values correlation  correlation

Environmental

Behavior (EnB) 477 1190 11.90 0.31 0.03 0.85 14

Environmental

Knowledge 3.63 9.10 21.00 0.57 0.05 0.89 6

(EnK)

Environmental

Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7

Environmental

Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7

Environmental

Habits (EnH) 1.54 3.80 38.10 0.60 0.06 0.74 2

Table 3 shows that the Eigenvalue is more than 1 (range from 1.54 to 4.77). Eigenvalue is a
measure used to determine the number of factors being formed (Larsen & Warne, 2010).
Based on the Eigenvalue, the 5 formed constructs are fit. This is in accordance with Yong &
Pearce (Yong, A. G., & Pearce, 2013) opinion which say that the Eigenvalue value of more
than 1 indicates that the factor has met the assumption of the fit criteria. Table 3 also shows
the value of the variance formed on each factor (ranging from 3.80 to 11.90) with a
cumulative variance of 38.10%. The cumulative variance value is relatively small as usually
the cumulative variance for humanities research ranges from 50-60% (Pett et al., 2011).
However, the resulting variance value is still acceptable as the other criteria have been met in
the EFA analysis. The low value of this variance is thought to be caused by the maximum
likelihood extraction method used. According to Costello & Osborne (Costello & Osborne,
2005), the principle component analysis (PCA) method in extraction produces a greater
variance than the maximum likelihood (ML) method. This happens because PCA does not
divide the unique variance from communalities so it sets all item communalities at 1.0,
whereas ML estimates the level of shared variance for the items, which ranged from 0.39 to
0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3).

This indicates that there is a strong relationship between each item in the same factor.



According to Tabachnick et al (Tabachnick & Fidell, 2014), the interitem correlation value
that exceeds 0.3 meets good factorability in the EFA. Table 3 also shows that the average
value of interfactor correlation is smaller than the average value of interitem correlation in
factors that range from 0.02 to 0.07. This proves that the instrument has good specificity. The
intended specificity is the instrument's ability to distinguish the specificity of each factor
based on its correlation value (Trumpower et al., 2010). The results of Cronbach's alpha
analysis in Table 3 reveal that the reliability value ranges from 0.74 to 0.85. This shows that
the instrument has good reliability. The reliability value above 0.7 proves that the instrument
is reliable and acceptable (Yu & Richardson, 2015).

Confirmatory Factor Analysis (CFA)

To test the consistency of the formed factors, a confirmatory factor analysis was performed
(Tomé-Fernandez et al., 2020). CFA was conducted on 5 factors and 36 items. They are
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value
(EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors. The fit
model criteria are based on the Root mean square error of approximation (RMSEA),
Goodness of fit index (GFI), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and
X2/df (Sun, 2005). The interpretation of the CFA fit model uses Diagonally Weighted Least
Squares (DWLS), which is considered as the most suitable for not normally distributed data
compared to the maximum likelihood model (Nye & Drasgow, 2011). The results of the CFA
fit model analysis are shown in Table 4.

Table 4. Goodness of fit index confirmatory factor analysis

Index Value Cut off criteria
value

X*/df 2.802 <3.00 Good

Root mean square error of approximation Good

(RMSEA) 0.036 <0.06

Goodness of fit index (GFI) 0.957 >0.95 Good

Comparative Fit Index (CFI) 0.952 >0.95 Good

Tucker-Lewis Index (TLI) 0.948 >0.95 Good




The results of the CFA analysis in Table 3 show that all fit criteria have been met by the
model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI = 0.957, and
x2/df = 2.802. All of these values have met the model fit criteria (Nye & Drasgow,
2011)(Prudon, 2014)(Hidayat et al., 2018). Therefore, the final measurement model which
shows the structure of the green character instrument is shown in Figure 2. The results of this
final measurement are then used for the validity and reliability of items using the RASCH

model (Susongko, 2016).
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lFigure 2. CFA final measurement modeﬂ

To strengthen the results of the EFA and CFA, a RASCH analysis was performed to
determine the validity and reliability of the instrument following the Messick validity which
includes several aspects namely content, substance, structure, external and consequential
(Susongko, 2016). This research is only limited to the content and consequential aspects. The
following describes the results of the RASCH analysis on the green character instrument.
Green Character Instruments Reliability

Reliability analysis was performed on five constructs, namely environmental behavior,
knowledge, values, attitudes, and habits. The reliability analysis results showed that the item

reliability values for each domain ranged from 0.99-1.00 with the item separation values
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ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the instrument's
reliability is in the good category (Saefi et al., 2020), while the separation index value of > 2.0
indicates that the measurement using RASCH can distinguish the instrument into several
different groups or domains (Ismail et al., 2020). In addition, the results of the person
reliability analysis ranged from 0.65 to 0.83 which include in the pretty good category
(Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2.
These results indicate that the instrument has the capability to distinguish respondents'
abilities, respondents with high and low performance (Ismail et al., 2020). The results of the
measurement of reliability and separation of the item and person indices of the instrument are
shown in Table 5.

Table 5. Reliability and Separation Index of Green Character Instrument

Construct ID item - It?l.n Measure - .Per.s.on Measure -
Reliability | Separation | Reliability | Separation

Environmental EnB1-EnB14 1.00 16.88 0.83 2.18
Behavior
Environmental EnK1-EnK6 0.99 9.63 0.78 1.89
Knowledge
Environmental Value | EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental EnAl1-EnA7 1.00 23.52 0.65 1.35
Attitude
Environmental Habits | EnH1-EnH2 1.00 24.44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The fit index value indicates the quality of the items in the instrument which reveals how
accurately the data fits the model (Scoulas et al., 2021). The fit model reference used in this
study is the MNSQ infit/outfit value, and PTMEA, while the ZSTD infit/outfit value is
ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et
al., 2020), while the PTMEA is performed to determine whether the instrument can
distinguish respondents according to their response level (Saefi et al., 2020). The following

describes the results of the item fit analysis for each construct shown in the Table 6.



Table 6. Item Fit Analysis Resultd of Green Character Instruments.

Item Infit  Outfit
FACTOR MNSQ MNSQ PTMEA
Environmental [ bring my water bottle from home
. 1.0255 1.1764  0.3397
Behaviors when traveling
I throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short 08825 09661 0.3903
distance traveling. ' ' '
I use public transportation for long 13165 16078 01784
distance traveling. ' ' '
I keep my waste in my pocket or my
bag when there is no trash can nearby ~ 0.8848  0.8299  0.4753
and carry them until I find trash can.
I bring my own bag from home to
reduce plastic waste when I go 0.8234 0.8759 0.4323
shopping.
I encourage my family and my 1.1317  1.0298 047
colleagues to save resources ' ’ '
I encourage my family and my 10375 09918 04587
colleagues to plan trees. ' ’ '
I support family members or
colleagues activities in protecting the 1.275 14922  0.2375
environment.
I discuss environmental issues with 05566 0.6486  0.463
family members and colleagues. ' ’ ’
I often involve in environmental 07253 08411 04334
cleaning activities. ' ' '
I often pick up trash which scatter 07584 07024 05311
around public areas. ' ' '
I remind family or colleagues who 05751 06478 0.4271
litter everywhere. ' ' '
I throw waste from food and drinks in
the right place when gathering with 0.6102 0.6693  0.4193
friends and families.
Environmental  Littering in the river can damage the
0.6313  0.701  0.4039
Knowledge sea ecosystem
Using air conditioner can cause 07125 0.7815 04107
damage to the Ozon layers ' ' '
Waste from motor vehicles can cause 07462 07672  0.4929
air pollution and climate change. ' ' '
The extensive use of detergent can 14783 12842  0.4844
cause death for water creatures. ' ' '
Illegal logging cam cause the
disappearance of clean water sources 0.8591 0.9089  0.4809

and natural disaster.



Too many inhabitants can cause 08618 08013  0.5501
damage many places for housing ' ' '

Environmental [ prefer to see animal in the zoo to
Value seeing them in the wild.

I do not need to worry about the
environment damage as technology 0.856  0.8029  0.5449
can solve that problem.

0.8494 0.7944  0.5503

Human does not always need nature to 1.0492 1.0805 0.4782
survive. ' ’ '

Let the environmental problem happen 10668 1.1274 04061
as it will be solved by itself.
Natural disaster such as flood, land
slide, and drought do not have
anything to do with environmental
damage.

The environmental damage issues
nowadays have been exaggerated.
Human are here to rule the whole

1.1545 13173 0.3169

0.8599 0.9589  0.404

1.2401 1.4703  0.1956

world.
Environmental T feel happy and pleased to be with
Attitude nature 1.3965 1.5706  0.292

The most important reason to protect
the environment if to preserve the 1.554 1.5556 0.4062
human sustainability.

Human are part of the ecosystem just 14713 13966 04581
like animal. ' ' '

Disturbing the nature will resulted in 13273 16123 0316
the damaging consequences.

Plants and animals have the same right

to live as how human does. 19292 22336 0.3304

The balance of the nature is very
sensitive and easily disturbed.

We will experience huge ecological
disaster if everything continues as it is.

1.0766 1.2402  0.3712

0.7641 0.8031  0.4858

Environmental I turn of the electricity when it is not
Habits in use.
I always turn off the tab when it is not
in use.

1.1692 12962  0.3878

1.6487 1.9841 0.0954

The results of the item fit analysis in Table 6 show that there are two items which do not meet
the fit index criteria. One item on the environmental attitude construct is EnAS and on the
environmental habits construct is EnH2. The MNSQ and PTMEA infit/outfit values for each

of these items are outside the predetermined index value (Bond & Fox, 2007)(Linacre, 2018).



In this study, the criteria for item acceptance were determined by three criteria, namely infit
MNSQ, outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index
criteria, then the item in the instrument can be accepted (Sumintono & Widhiarso, 2015). This
result is different from the result of factor analysis and confirmatory factor. Based on these
results, the loading factor values for EnA5 and EnH2 items are 0.464 and 0.721, respectively
(Table 2). The loading factor value is quite large and acceptable ’(Prasetyo, K., Masrukan, M.,

& Sunawan, 2019), ﬂ)ut based on the results of item fit analysis using RASCH, both items do

/{Comment [A32]: Use “etal.”

not meet the criteria and are declared as invalid items. This study found that there was a
discrepancy between the results of the CFA analysis and the RASCH model. According to
Scoulas et al (Scoulas et al., 2021), the RASCH model can detect potential measurement
problems such as item bias or local item dependencies that may arise when measuring using
classical validation methods such as factor analysis. Based on this assumption, researchers
tend to eliminate both items which are considered as invalid items.
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items
(Saefi et al., 2020)(Scoulas et al., 2021) which is shown in Figure 2. The results of the
analysis in Figure 2 show that only 4 items namely EnB9, EnV7, EnV1 and EnH2 are
considered difficult by respondents in understanding green character instruments. There were
no items that were categorized as difficult to be understood by the respondents in the
environmental knowledge component. Overall, the questions on the instrument can be easily
understood by the respondent. This shows that the green character instrument has met the

criteria for a good item difficulty level.
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Figure 2. Wright Map respondent’s perception toward the Green Character instrument

Rating scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is
used to evaluate the clarity and ease of interpretation of the response set in the instrument
(Kim & Kyllonen, 2006). The rating scale visualization shown in Figure 3 shows the
probability of the response category in the green character instrument according to the
recommended pattern. Each category has a distinct peak at some point along the scale as
expected (Scoulas et al., 2021). Thus, it can be concluded that the green character instrument
response series is functioning properly (Saefi et al., 2020).
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Figure 3. Probability Category curve of The green character Instrument
Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender,
responded to items differently (Iseppi et al., 2021). In this study, DIF analysis was specifically
used to reveal the ability to answer between male and female students to find out whether
there was a bias from the items given. Question items that have a bias are indicated by
differences in the ability to answer between male and female students. To overcome the bias
in the items, Isepi et al (Iseppi et al., 2021) suggested to make two separate items, one item

for men and another for women. The results of the DIF analysis of the green character

| 15 n |
instrument shown in Figure 4 show that there is no bias as evidenced by the graph of male and
1
female responses approaching the normal line (green). This proves that the items in the
| 05 |
=
instrument are free from bias and can be used to reveal green character for both male and

|H_DT»¢‘[ Whﬁ«u ’?s:\,w't"-r

female respondents.
=D

Figure 4. Graph of Person DIF of the Green Character Instrument



The result of factor analysis of 40 items of green character instrument resulted in five
constructs with a total of 34 items (4 items were eliminated from EFA and CFA, and 2 items
were eliminated from RASCH). The five formed constructs, namely Environmental Behavior
(EnB), Environmental Knowledge (EnK), Environmental Value (EnV), Environmental
Attitude (EnA), and Environmental Habits (EnH) were confirmed through the CFA and met
the criteria for the Goodness of fit index (Table 4 ). These results indicate that the construct
validity of the instrument has been met. This finding is in line with the theory that underlies
this research such as the theories that have been tested by Stern (Stern, 2000) regarding
Environmental Behavior, environmental knowledge (Raymond et al., 2010), environmental

values (Barton, 1994)

, and attitudes towards the environment (Dunlap et al., 2000). Based on

the results of the content validity analysis, which includes the fit item test, person-item map,
and diagnostic rating scale, and the consequential validity which includes the DIF analysis,
the green character instrument is declared eligible and has met the standard criteria that have
been determined. However, this study revealed that one of the constructs, the Environmental
Habits (EnH), experienced an item reduction to leave only one statement item. Based on these
findings, the researcher believes that there is a lack of research caused by the lack of items
used in this instrument. However, empirically, based on the results of the EFA, CFA and
RASCH this questionnaire has met the standards in instrument development, so it can be used

to measure the students’ green character.

klonclusionl

This study shows that the green character instrument series has met the criteria for item
validity and reliability using the EFA, CFA and RASCH models. The final result of this
measurement produces 34 items which have met the item fit criteria. This questionnaire can
reveal knowledge, behavior, values, attitudes and habits towards the environment. Although it

was found that there were discrepancies in the results of measurements using factors and

—1
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RASCH, these three types of validity measurements should be used simultaneously so that

they can complement one another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been
produced in revealing the students’ green character in various demographic conditions. In

addition, to obtain more comprehensive results, further research can be carried out at lower

levels of education such as elementary, junior high and high school| | Comment [A35]: Please add

|
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lines

<{{ recommendations for practioners.

|

Limitations

The environmental habits construct has too few items. This allows the occurrence of missing
in the data. Therefore, further research can arrange more items so that they can represent

constructs to get more valid and reliable results.
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Validating Student’s Green Character Instrument Using

Factor L«&nd Rasch Model /{comment [AL]: lowercase

Abstract. Many researches have developed t[nstruments }to measure one of the environmental /[Comment [A2]: lowercase

characteristics such as attitudes, values and knowledge. However, there has not been any

ﬁnstmment that can be used to measure all these aspects in one comprehensive instrumend._/{ Comment [A3]: check grammar and
meaning

This study is meant to develop and validate a green character instrument which reveals
student behavior and awareness of the environment. The instrument consists of 40 statement
items consisting of 5 aspects, namely private pro-environmental behavior, public pro-
environmental behavior, environmental knowledge, environmental values, and environmental
attitudes. It was implemented on 1,398 students from 15 universities in Indonesia. The

instrument content validation was conducted ’by 3 experts who were then analyzed using the

content validity index (CVI). [The construct validity was analyzed using exploratory factor __—{ comment [A4]: check grammar

analysis, confirmatory factor analysis, and RASCH| The content validity results obtained CVI __—{ comment [AS]: Rasch Analysis

scores ranging between 0.8 and 0.9 with a good category, while item reliability was in a fairly

good category with a high level of separation index. Construct validation resulted in 34 items

(4 items were eliminated from EFA and CFA| and 2 items were eliminated from RASCH) //{ Comment [A6]: after EFA and CFA

anlysis

spread over five constructs, namely environmental behavior, environmental knowledge, Comment [A7]: Avoid using
abbreviation in abstract. Use full term.

environmental values, environmental attitudes, and environmental habits. The resulting

Comment [A8]: after RASCH analysis.

|
|
)

instrument has a good level of item difficulty, with a well understood response set which can
be understood easily by respondents, and without bias. Therefore, it can be used to measure

the students’ green character on both male and female.

Keywords: green character, instrument, ffactor and RASCH‘. //{ Comment [A9]: Rasch Analysis




Introduction

’Character is part of humanity (Pradhan, 2009). Character can be in the form of values,
beliefs, behavior, and morality (Hidayati et al., 2021). Even doing something right can also be
called character (Pradhan, 2009). Character is related to habits, ways to act and is a picture of
actual behavior (Ryan, 2013). Character is defined as a personality which is formed from
virtue and is used to think and act (Maisardi, 2017)(Rahman et al., 2020). Character consists

of good and bad habits (Ryan, 2013), mental and behavior (Rahman et al., 2020). Character

need to be formed as it cannot spontaneously arise (Muharlisiani et al., 2019). [Therefore, | Comment [A10]: Too many “Character
..."” sentences. This may disturb readers.

e . . . . Would you consider reorganizing this
character needs to be familiarized to the younger generation through continuous learning, paragraph and sentences?

examples, and practices (Rahmawati et al., 2020). People with character will have good
morals (Asrial et al., 2021), who consciously controls every action and behavior (Maisardi,
2017).

Good character is needed in all aspects, such as in environment. Example of good
character to the environment is implemented in an attitude of caring for the environment
(Sanjaya, 2021)(Pane & Patriana, 2016). The character of caring for the environment must
also be made accustomed (Arent et al., 2020)(Ridlo, 2020), and it is important to be
developed as the environment will have an impact on human existence (Yunesa, 2019).

Environmental care character will create positive behavior towards the environment (Sukri,

Rizka, et al., 2020)(Asrial et al., 2021), and reduce the negative impact of human behavior on /{Comment [A11]: Merge parentheses. ]

the environment ’(Sukri, Efendi, et al., 2020)(Palupi & Sawitri, 2018). In addition, concerning Comment [A12]: Put multiple citation
in the same parentheses. Check other
multiple citations and fix this error, if any.

for the environment is very important as most of the environmental damage is caused by
human behavior (Sukri et al., 2018)(Faisal et al., 2014).

The term green character in this study refers to a person's behavior and awareness of
the environment. Behavior refers to human activities to protect the environment or what is

called pro-environmental behavior (Stern, 2000), while awareness refers to knowledge

Comment [A13]: This reference has

(Raymond et al., 2010), values ’(Barton, 1994) and attitudes to the environment (Dunlap et al., /{two authors




2000). Therefore, caring for the environment attitude is part of a green character. The term
green character was chosen to describe all positive behaviors and awareness of the

environment. LFrasz (Frasz, 2016)‘ mentions environmental character as feelings, sentiments

and virtues towards the environment. The term green is also used by bhankrajang

(Chankrajang & Muttarak, 2017)\ to describe one aspect of attitude towards the environment

—1

Comment [A14]: Incorrect format. Use
Author (Year) format

which is pro-environmental behavior. By using the term green character, all behaviors,
attitudes, knowledge, values, and all things with a positive impact on the environment can be
covered which makes this term more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of
behavior and environmental awareness. The research conducted by Stern (Stern, 2000) only
developed an instrument to measure pro-environmental behavior, while Raymond et al
(Raymond et al., 2010) focused on the knowledge aspect. In addition, Thompson & Borton

kBarton, 1994) and Dunlap et al (Dunlap et al., 2000) only focused on values and attitudes

Comment [A15]: Incorrect format.
Correct format is: “... used by Chankrajang
and Muttarak (2017) ...”

Check other citation and fix “repeated
surname” errors

aspects. The only similar research has been conducted by Fu et al (Fu et al., 2018), which
unfortunately has some weaknesses, namely (1) limited to the behavior and awareness of the
campus academic community and not generally applicable to the wider community, and (2)
statement items developed in the instruments are mostly not in accordance with the
conditions, context, and socio-cultural prevailing in many countries, such as in Indonesia.
Whereas according to Chwialkowska et al (Chwialkowska et al., 2020) and He & Filimonau
(He & Filimonau, 2020), a person's socio-cultural background influences his behavior
towards the environment. For example, the statement item “I believe I know environmental
issues well' presented by Fu et al (Fu et al., 2018) cannot be reduced to a concrete statement
because it is not in accordance with the conditions of society in several countries with the
same culture and conditions, especially Indonesia. The statement will become understandable

if it is transformed into real environmental issues occuring in the community, for example

/{

Comment [A16]: Delete the author in
the parentheses




“Illegal logging can result in the loss of clean water sources and natural disasters” and
“Throwing garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument
that can accommodate all aspects of environmental behavior and awareness. The resulting

instrument [can used to measure not only the knowledge, values and attitudes towards the

//{ Comment [A17]: can be used

environment, but also to measure behavior reflected in pro-environmental attitudes. The
results of this study can be used as a reference for other researchers in different countries
which have similar or even the same cultural and socioeconomic conditions to Indonesia,
which will make this instrument will be more contextual and precise to measure the "green
character" of students.

bontribution to the literaturd

e Some of the instruments developed by previous researchers were limited to certain aspects
and did not cover all aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been
validated, especially in Indonesia

o Instruments validated of this study can be used to measure students' green character
precisely because it is contextual and in accordance with the conditions experienced by

students.

Methodology

This research is meant to develop and validate the green character instrument. The
development is conducted through three steps; 1) analyzing the supporting literature and
arranging the items, 2) content validation, 3) construct validation through Exploratory Factor

Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al., 2020).

literatur review and item arrangement‘

__—| Comment [A18]: All subtitles should be
left aligned, italic and not bold according to
the journal’s paper template. Edit all.

Comment [A19]: All subtitles should be
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Literature review is done to determine the representative variables for green character
instrument. Literature analysis is based on studies or research results that have been published

in reputable international journals such as research by Stern (Stern, 2000), Raymond et al

’(Raymond et al., 2010), Thompson & Borton (Barton, 1994), and Dunlap et al (Dunlap et al., //{ Comment [A20]:

delete

\
\[ Comment [A21]:

Delete

2000). Based on the results of the review, a draft of a green character instrument was prepared _——{ Comment [A22]:

which includes 40 items. The green character instrument draft consists of private pro-
environmental behavior aspects (Stern, 2000) covering 11 items; public pro-environmental

behavior aspects (Stern, 2000) which consists of 8 items; environmental knowledge aspects

(Raymond et al., 2010) with 6 items; environmental value aspects }(Barton, 1994) with 8 //{

items; and environmental attitudes aspects (Dunlap et al., 2000) which consists of 7 items.
The student's response consisted of five answer choices; 1 = strongly disagree, 2 = disagree, 3
= indifferent, 4 = agree, and 5 = strongly agree.

’Content validation\

delete

A J

Comment [A23]:
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/{ Comment [A24]:
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Content validity is evidence of the extent to which the elements of an assessment instrument
are relevant and represent a construct targeted for a particular assessment objective
(Almanasreh et al., 2019). Content validity includes four criteria; relevance, clarity,
simplicity, and ambiguity (Yaghmaei, 2003). The validity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental
field as experts in their respective fields to obtain acceptable assessment. In conducting the
assessment, the validator was asked to fill in four criteria which are, 1 = not relevant, 2 =
somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4 aspects of
content validation. Furthermore, from the four criteria, dichotomous data was made to
measure content validation using the content validity index method (Polit & Beck, 2006) with
the provisions that CVI values > 0.79 were accepted, CVI values 0.70-0.79 were revised, and

CVI < 0.70 were rejected (Devon et al., 2007). The results of CVI analysis on 40 green



character instrument items show that the CVI values range from 0.8-0.9 for all aspects. Based
on these results, all items in the instrument have met the valid criteria which were reviewed
based on relevance, clarity, simplicity, and ambiguity.

EFA, CFA, and RASCH Analysis

Research sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through
random sampling (Endo et al., 2016). Respondents consisted of 972 women (69.53%) and 426
men (30.47%) with the age ranging from 19 to 22 years old. Respondents came from various
regions in Indonesia including western, central and eastern Indonesia from various different
majors such as social science, science, science education, engineering, humanities and
business. The number of samples, 1,398 people, met the ideal limits for factor analysis
(Tabachnick & Fidell, 2014) and RASCH analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis
(Williams et al., 2010). Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and
Bartlett's Test of Sphericity were performed prior to EFA (Chan, L. L., & Idris, 2017).
Furthermore, EFA uses the varimax rotation method (Osborne, 2015) and maximum
likelihood estimation (Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong, A. G,

& Pearce, 2013), and a minimum loading factor of 0.3 ’(Prasetyo, K., Masrukan, M., &

Sunawan, 2019)\. CFA was conducted to confirm the EFA results with model fit criteria based __—{ Comment [A25]: Use “etal.”

on the Root mean square error of approximation (RMSEA 0.06), Goodness of fit index (GFI
0.95), Comparative Fit Index (CFI 0.95), Tucker-Lewis Index (TLI 0.95), and X2/df < 3.00
(Sun, 2005). The RASCH analysis measures the validity of the instrument's construct in terms
of content and consequential aspects (Susongko, 2016). Since the sample used is > 500

(Sumintono & Widhiarso, 2015), the item fit criteria are seen based on the mean-square infit



and outfit values (MNSQs, between 0.6 to 1.5), and the point-measure correlation coefficient
(PTMEA Corr, between 0.3 up to 0.7)(Linacre, 2018). Items that meet one of these criteria are
designated as valid items, while items that do not meet the criteria will be deleted from the
instrument. Furthermore, the reliability value of the items received is between 0.65 and 0.83
(Sumintono & Widhiarso, 2015) with a separation index value of 1 and > 2 (Ismail et al.,
2020). In addition to reliability, Wright map analysis was also performed to determine the
items’ level of difficulty (Scoulas et al., 2021) followed by rating scale analysis to evaluate
the clarity and ease of interpretation of the response set in the instrument (Kim & Kyllonen,
2006). Finally, to avoid bias in the instrument, a Differential Item Functioning (DIF) analysis
was conducted to determine the responses of male and female students (Iseppi et al., 2021).

H{esult and Discussion\

Exploratory Factor Analyis (EFA)

This study will test the green character instrument consisting of 40 items which are coded
from Al to A40. The first step to test the relationship between variables in the instrument is
performing factor analysis. Factor analysis serves to reduce variables that are replaced by
several factors which summarize the relationship between variables (Goldberg & Velicer,
2006). The initial assumption in factor analysis is the adequacy of the sample in the analysis
(Hadia et al., 2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value
which must be greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample,
the assumption that must be met in the EFA is that there should be relationship between
variables in the factors (Mohd Matore et al., 2019) which is indicated by the value of Bartlett's
Test of Sphericity (BTS) which must be less than 0.05 (Chan, L. L., & Idris, 2017). The
results of the KMO and BTS analysis are shown in Table 1 which shows that the KMO value

is 0.917 and is in the very good category (Hadia et al., 2016), while the BTS value is <.001

Comment [A26]: Results and discussion
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which indicates that both EFA assumptions are met and acceptable for further analysis (Field,

2000).
Table 1. KMO and BTS Analysis Result
Kaiser-Meyer-Olkin Bartlett’s Test of Sphericity
Overall MSA X* df p
0917 18800.609  780.000 <.001

After the EFA assumption test is met, the next step is to perform a factor analysis of 40
instrument items using the varimax rotation method (Osborne, 2015) and maximum
likelihood estimation (Kassim et al., 2013). To determine the number of factors being formed,
the parallel analysis method was used (Cokluk & Kogak, 2016). The results can be seen in
Figure 1 which shows that the implementation point is formed after five factors resulted in 5
constructs which were formed from the results of factor analysis. Each item in the formed

factor has a loading factor of more than 0.3. The minimum factor loading value used in this

I o I
study is 0.3 to indicate that the formed factor has met the fit criteria kPrasetyo, K., Masrukan,

| B — \ -&- Simulated (95th quantile) |

M., & Sunawan, 2019)\. The loading factor and the variance that were formed are shown in /{Comment [A27]: Use “etal.”
=
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Figure 1. LScree plot Result of factor Analysis‘ Comment [A29]: Figure title should be
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A3

A4

AS

A6

Al2
Al3
Al4
AlS
Al6
Al7
Al
Al9
A20
A21
A22
A23
A24
A25
A26
A27
A28
A30
A32
A37
A38
A29
A3l
A33
A35
A36
A39
A40
A9

Al0

0.344
0.314
0.509
0.654
0.645
0.730
0.555
0.637
0.593
0.651
0.614
0.507

0.649
0.649
0.755
0.758
0.758
0.655

0.422
0.772
0.755
0.762
0.508
0.464
0.523

0.499
0.390
0.502
0.453
0.464
0.571
0.514

0.537
0.721

Based on Table 2, several items such as items A7, A8, A1l and A34 were eliminated from the

analysis because they had a loading factor of less than 0.3. Based on these results, 40 items

were analyzed resulting in 5 factors. The five formed factors were then grouped and named

according to the similarity of characteristics possessed by each item as follow factor 1,

environmental behavior; factor 2, environmental knowledge; factor 3, environmental value;

factor 4, environmental attitude; and factor 5, environmental habits. The results are

strengthened by the Eigenvalue, variance, interitem correlation and Cronbach's alpha value

which are presented in Table 3.



Table 3. Characteristics of the formed factors

Construct Initial % of Cumula Average Average Alpha N
Eigen wvar. -tive %  interitem interfactor ~ Cronbach
values correlation  correlation

Environmental

Behavior (EnB) 477 1190 11.90 0.31 0.03 0.85 14

Environmental

Knowledge 3.63 9.10 21.00 0.57 0.05 0.89 6

(EnK)

Environmental

Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7

Environmental

Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7

Environmental

Habits (EnH) 1.54 3.80 38.10 0.60 0.06 0.74 2

Table 3 shows that the Eigenvalue is more than 1 (range from 1.54 to 4.77). Eigenvalue is a
measure used to determine the number of factors being formed (Larsen & Warne, 2010).
Based on the Eigenvalue, the 5 formed constructs are fit. This is in accordance with Yong &
Pearce (Yong, A. G., & Pearce, 2013) opinion which say that the Eigenvalue value of more
than 1 indicates that the factor has met the assumption of the fit criteria. Table 3 also shows
the value of the variance formed on each factor (ranging from 3.80 to 11.90) with a
cumulative variance of 38.10%. The cumulative variance value is relatively small as usually
the cumulative variance for humanities research ranges from 50-60% (Pett et al., 2011).
However, the resulting variance value is still acceptable as the other criteria have been met in
the EFA analysis. The low value of this variance is thought to be caused by the maximum
likelihood extraction method used. According to Costello & Osborne (Costello & Osborne,
2005), the principle component analysis (PCA) method in extraction produces a greater
variance than the maximum likelihood (ML) method. This happens because PCA does not
divide the unique variance from communalities so it sets all item communalities at 1.0,
whereas ML estimates the level of shared variance for the items, which ranged from 0.39 to
0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3).

This indicates that there is a strong relationship between each item in the same factor.



According to Tabachnick et al (Tabachnick & Fidell, 2014), the interitem correlation value
that exceeds 0.3 meets good factorability in the EFA. Table 3 also shows that the average
value of interfactor correlation is smaller than the average value of interitem correlation in
factors that range from 0.02 to 0.07. This proves that the instrument has good specificity. The
intended specificity is the instrument's ability to distinguish the specificity of each factor
based on its correlation value (Trumpower et al., 2010). The results of Cronbach's alpha
analysis in Table 3 reveal that the reliability value ranges from 0.74 to 0.85. This shows that
the instrument has good reliability. The reliability value above 0.7 proves that the instrument
is reliable and acceptable (Yu & Richardson, 2015).

Confirmatory Factor Analysis (CFA)

To test the consistency of the formed factors, a confirmatory factor analysis was performed
(Tomé-Fernandez et al., 2020). CFA was conducted on 5 factors and 36 items. They are
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value
(EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors. The fit
model criteria are based on the Root mean square error of approximation (RMSEA),
Goodness of fit index (GFI), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and
X2/df (Sun, 2005). The interpretation of the CFA fit model uses Diagonally Weighted Least
Squares (DWLS), which is considered as the most suitable for not normally distributed data
compared to the maximum likelihood model (Nye & Drasgow, 2011). The results of the CFA
fit model analysis are shown in Table 4.

Table 4. Goodness of fit index confirmatory factor analysis

Index Value Cut off criteria
value

X*/df 2.802 <3.00 Good

Root mean square error of approximation Good

(RMSEA) 0.036 <0.06

Goodness of fit index (GFI) 0.957 >0.95 Good

Comparative Fit Index (CFI) 0.952 >0.95 Good

Tucker-Lewis Index (TLI) 0.948 >0.95 Good




The results of the CFA analysis in Table 3 show that all fit criteria have been met by the
model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI = 0.957, and
x2/df = 2.802. All of these values have met the model fit criteria (Nye & Drasgow,
2011)(Prudon, 2014)(Hidayat et al., 2018). Therefore, the final measurement model which
shows the structure of the green character instrument is shown in Figure 2. The results of this
final measurement are then used for the validity and reliability of items using the RASCH

model (Susongko, 2016).

1,00,

| GH

el B LB )
Sa& 28 58 08 28.48 23 33 1033 53 38 38 28 33 38 16 23 28 44 48 43 43 24 36 08 08 75 48 48 58 28 50 58 18 13

lFigure 2. CFA final measurement modeﬂ

To strengthen the results of the EFA and CFA, a RASCH analysis was performed to
determine the validity and reliability of the instrument following the Messick validity which
includes several aspects namely content, substance, structure, external and consequential
(Susongko, 2016). This research is only limited to the content and consequential aspects. The
following describes the results of the RASCH analysis on the green character instrument.
Green Character Instruments Reliability

Reliability analysis was performed on five constructs, namely environmental behavior,
knowledge, values, attitudes, and habits. The reliability analysis results showed that the item

reliability values for each domain ranged from 0.99-1.00 with the item separation values
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ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the instrument's
reliability is in the good category (Saefi et al., 2020), while the separation index value of > 2.0
indicates that the measurement using RASCH can distinguish the instrument into several
different groups or domains (Ismail et al., 2020). In addition, the results of the person
reliability analysis ranged from 0.65 to 0.83 which include in the pretty good category
(Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2.
These results indicate that the instrument has the capability to distinguish respondents'
abilities, respondents with high and low performance (Ismail et al., 2020). The results of the
measurement of reliability and separation of the item and person indices of the instrument are
shown in Table 5.

Table 5. Reliability and Separation Index of Green Character Instrument

Construct ID item - It?l.n Measure - .Per.s.on Measure -
Reliability | Separation | Reliability | Separation

Environmental EnB1-EnB14 1.00 16.88 0.83 2.18
Behavior
Environmental EnK1-EnK6 0.99 9.63 0.78 1.89
Knowledge
Environmental Value | EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental EnAl1-EnA7 1.00 23.52 0.65 1.35
Attitude
Environmental Habits | EnH1-EnH2 1.00 24.44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The fit index value indicates the quality of the items in the instrument which reveals how
accurately the data fits the model (Scoulas et al., 2021). The fit model reference used in this
study is the MNSQ infit/outfit value, and PTMEA, while the ZSTD infit/outfit value is
ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et
al., 2020), while the PTMEA is performed to determine whether the instrument can
distinguish respondents according to their response level (Saefi et al., 2020). The following

describes the results of the item fit analysis for each construct shown in the Table 6.



Table 6. Item Fit Analysis Resultd of Green Character Instruments.

Item Infit  Outfit
FACTOR MNSQ MNSQ PTMEA
Environmental [ bring my water bottle from home
. 1.0255 1.1764  0.3397
Behaviors when traveling
I throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short 08825 09661 0.3903
distance traveling. ' ' '
I use public transportation for long 13165 16078 01784
distance traveling. ' ' '
I keep my waste in my pocket or my
bag when there is no trash can nearby ~ 0.8848  0.8299  0.4753
and carry them until I find trash can.
I bring my own bag from home to
reduce plastic waste when I go 0.8234 0.8759 0.4323
shopping.
I encourage my family and my 1.1317  1.0298 047
colleagues to save resources ' ’ '
I encourage my family and my 10375 09918 04587
colleagues to plan trees. ' ’ '
I support family members or
colleagues activities in protecting the 1.275 14922  0.2375
environment.
I discuss environmental issues with 05566 0.6486  0.463
family members and colleagues. ' ’ ’
I often involve in environmental 07253 08411 04334
cleaning activities. ' ' '
I often pick up trash which scatter 07584 07024 05311
around public areas. ' ' '
I remind family or colleagues who 05751 06478 0.4271
litter everywhere. ' ' '
I throw waste from food and drinks in
the right place when gathering with 0.6102 0.6693  0.4193
friends and families.
Environmental  Littering in the river can damage the
0.6313  0.701  0.4039
Knowledge sea ecosystem
Using air conditioner can cause 07125 0.7815 04107
damage to the Ozon layers ' ' '
Waste from motor vehicles can cause 07462 07672  0.4929
air pollution and climate change. ' ' '
The extensive use of detergent can 14783 12842  0.4844
cause death for water creatures. ' ' '
Illegal logging cam cause the
disappearance of clean water sources 0.8591 0.9089  0.4809

and natural disaster.



Too many inhabitants can cause 08618 08013  0.5501
damage many places for housing ' ' '

Environmental [ prefer to see animal in the zoo to
Value seeing them in the wild.

I do not need to worry about the
environment damage as technology 0.856  0.8029  0.5449
can solve that problem.

0.8494 0.7944  0.5503

Human does not always need nature to 1.0492 1.0805 0.4782
survive. ' ’ '

Let the environmental problem happen 10668 1.1274 04061
as it will be solved by itself.
Natural disaster such as flood, land
slide, and drought do not have
anything to do with environmental
damage.

The environmental damage issues
nowadays have been exaggerated.
Human are here to rule the whole

1.1545 13173 0.3169

0.8599 0.9589  0.404

1.2401 1.4703  0.1956

world.
Environmental T feel happy and pleased to be with
Attitude nature 1.3965 1.5706  0.292

The most important reason to protect
the environment if to preserve the 1.554 1.5556 0.4062
human sustainability.

Human are part of the ecosystem just 14713 13966 04581
like animal. ' ' '

Disturbing the nature will resulted in 13273 16123 0316
the damaging consequences.

Plants and animals have the same right

to live as how human does. 19292 22336 0.3304

The balance of the nature is very
sensitive and easily disturbed.

We will experience huge ecological
disaster if everything continues as it is.

1.0766 1.2402  0.3712

0.7641 0.8031  0.4858

Environmental I turn of the electricity when it is not
Habits in use.
I always turn off the tab when it is not
in use.

1.1692 12962  0.3878

1.6487 1.9841 0.0954

The results of the item fit analysis in Table 6 show that there are two items which do not meet
the fit index criteria. One item on the environmental attitude construct is EnAS and on the
environmental habits construct is EnH2. The MNSQ and PTMEA infit/outfit values for each

of these items are outside the predetermined index value (Bond & Fox, 2007)(Linacre, 2018).



In this study, the criteria for item acceptance were determined by three criteria, namely infit
MNSQ, outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index
criteria, then the item in the instrument can be accepted (Sumintono & Widhiarso, 2015). This
result is different from the result of factor analysis and confirmatory factor. Based on these
results, the loading factor values for EnA5 and EnH2 items are 0.464 and 0.721, respectively
(Table 2). The loading factor value is quite large and acceptable ’(Prasetyo, K., Masrukan, M.,

& Sunawan, 2019), ﬂ)ut based on the results of item fit analysis using RASCH, both items do
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not meet the criteria and are declared as invalid items. This study found that there was a
discrepancy between the results of the CFA analysis and the RASCH model. According to
Scoulas et al (Scoulas et al., 2021), the RASCH model can detect potential measurement
problems such as item bias or local item dependencies that may arise when measuring using
classical validation methods such as factor analysis. Based on this assumption, researchers
tend to eliminate both items which are considered as invalid items.
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items
(Saefi et al., 2020)(Scoulas et al., 2021) which is shown in Figure 2. The results of the
analysis in Figure 2 show that only 4 items namely EnB9, EnV7, EnV1 and EnH2 are
considered difficult by respondents in understanding green character instruments. There were
no items that were categorized as difficult to be understood by the respondents in the
environmental knowledge component. Overall, the questions on the instrument can be easily
understood by the respondent. This shows that the green character instrument has met the

criteria for a good item difficulty level.
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Figure 2. Wright Map respondent’s perception toward the Green Character instrument

Rating scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is
used to evaluate the clarity and ease of interpretation of the response set in the instrument
(Kim & Kyllonen, 2006). The rating scale visualization shown in Figure 3 shows the
probability of the response category in the green character instrument according to the
recommended pattern. Each category has a distinct peak at some point along the scale as
expected (Scoulas et al., 2021). Thus, it can be concluded that the green character instrument
response series is functioning properly (Saefi et al., 2020).
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Figure 3. Probability Category curve of The green character Instrument
Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender,
responded to items differently (Iseppi et al., 2021). In this study, DIF analysis was specifically
used to reveal the ability to answer between male and female students to find out whether
there was a bias from the items given. Question items that have a bias are indicated by
differences in the ability to answer between male and female students. To overcome the bias
in the items, Isepi et al (Iseppi et al., 2021) suggested to make two separate items, one item

for men and another for women. The results of the DIF analysis of the green character

| 15 n |
instrument shown in Figure 4 show that there is no bias as evidenced by the graph of male and
1
female responses approaching the normal line (green). This proves that the items in the
| 05 |
=
instrument are free from bias and can be used to reveal green character for both male and

|H_DT»¢‘[ Whﬁ«u ’?s:\,w't"-r

female respondents.
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Figure 4. Graph of Person DIF of the Green Character Instrument



The result of factor analysis of 40 items of green character instrument resulted in five
constructs with a total of 34 items (4 items were eliminated from EFA and CFA, and 2 items
were eliminated from RASCH). The five formed constructs, namely Environmental Behavior
(EnB), Environmental Knowledge (EnK), Environmental Value (EnV), Environmental
Attitude (EnA), and Environmental Habits (EnH) were confirmed through the CFA and met
the criteria for the Goodness of fit index (Table 4 ). These results indicate that the construct
validity of the instrument has been met. This finding is in line with the theory that underlies
this research such as the theories that have been tested by Stern (Stern, 2000) regarding
Environmental Behavior, environmental knowledge (Raymond et al., 2010), environmental

values (Barton, 1994)

, and attitudes towards the environment (Dunlap et al., 2000). Based on

the results of the content validity analysis, which includes the fit item test, person-item map,
and diagnostic rating scale, and the consequential validity which includes the DIF analysis,
the green character instrument is declared eligible and has met the standard criteria that have
been determined. However, this study revealed that one of the constructs, the Environmental
Habits (EnH), experienced an item reduction to leave only one statement item. Based on these
findings, the researcher believes that there is a lack of research caused by the lack of items
used in this instrument. However, empirically, based on the results of the EFA, CFA and
RASCH this questionnaire has met the standards in instrument development, so it can be used

to measure the students’ green character.

klonclusionl

This study shows that the green character instrument series has met the criteria for item
validity and reliability using the EFA, CFA and RASCH models. The final result of this
measurement produces 34 items which have met the item fit criteria. This questionnaire can
reveal knowledge, behavior, values, attitudes and habits towards the environment. Although it

was found that there were discrepancies in the results of measurements using factors and
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RASCH, these three types of validity measurements should be used simultaneously so that

they can complement one another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been
produced in revealing the students’ green character in various demographic conditions. In

addition, to obtain more comprehensive results, further research can be carried out at lower

levels of education such as elementary, junior high and high school| | Comment [A35]: Please add

|
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|

Limitations

The environmental habits construct has too few items. This allows the occurrence of missing
in the data. Therefore, further research can arrange more items so that they can represent

constructs to get more valid and reliable results.
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Validating Student’s Green Character Instrument Using

Factor and Rasch Model

Abstract. Many researchers have separately developed instruments to measure
environmental characteristics such as attitudes, values, and knowledge. However, there is no
instrument used to measure all these aspects in one comprehensive instrument. This study is
meant to develop and validate a green character instrument which reveals student behavior
and awareness of the environment. The instrument consists of 40 statement items consisting
of 5 aspects, namely private pro-environmental behavior, public pro-environmental behavior,
environmental knowledge, environmental values, and environmental attitudes. It was
implemented on 1,398 students from 15 universities in Indonesia. The instrument content
validation was analyzed by three experts using content validity index (CVI). The construct
validity was analyzed using exploratory factor analysis, confirmatory factor analysis, and
RASCH analysis. The content validity results obtained CVI scores ranging between 0.8 and
0.9 with a good category, while item reliability was in a fairly good category with a high level
of separation index. Construct validation resulted in 34 items (4 items were eliminated after
Exploratory and Confirmatory Factor Analysis, and 2 items were eliminated after RASCH
analysis) spread over five constructs, namely environmental behavior, environmental
knowledge, environmental values, environmental attitudes, and environmental habits. The
resulting instrument has a good level of item difficulty, with a well understood response set
which can be understood easily by respondents, and without bias. Therefore, it can be used to

measure the students’ green character on both male and female.

Keywords: green character, instrument, factor and RASCH Analysis.



Introduction

Character as a part of humanity (Pradhan, 2009) in the form of values, beliefs, good
and bad behavior (Ryan, 2013; Rahman et al., 2020), and morality (Sari et al., 2021) is used
to think and behave (Maisardi, 2017). It needs to be formed as it cannot spontaneously arise
(Mubharlisiani et al., 2019). Therefore, character needs to be familiarized to the younger
generation through continuous learning, examples, and practices (Rahmawati et al., 2020).
People with character will have good morals (Asrial et al., 2021), who consciously controls
every action and behavior (Maisardi, 2017).

Good character is needed in all aspects, such as in environment. Example of good
character to the environment is implemented in an attitude of caring for the environment
(Pane & Patriana, 2016; Sanjaya, 2020). The character of caring for the environment must
also be made accustomed (Arent et al., 2020; Masturoh & Ridlo, 2020), and it is important to
be developed as the environment will have an impact on human existence (Yunesa, 2019).
Environmental care character will create positive behavior towards the environment (Sukri et
al., 2020; Asrial et al., 2021), and reduce the negative impact of human behavior on the
environment (Palupi & Sawitri, 2018; Sukri et al., 2020). In addition, concerning for the
environment is very important as most of the environmental damage is caused by human
behavior (Faisal et al., 2014; Sukri et al., 2018).

The term green character in this study refers to a person's behavior and awareness of
the environment. Behavior refers to human activities to protect the environment or what is
called pro-environmental behavior (Stern, 2000), while awareness refers to knowledge
(Raymond et al., 2010), values (Thompson & Barton, 1994) and attitudes to the environment
(Dunlap et al., 2000). Therefore, caring for the environment attitude is part of a green
character. The term green character was chosen to describe all positive behaviors and
awareness of the environment. Frasz (2016) mentions environmental character as feelings,

sentiments and virtues towards the environment. The term green is also used by Chankrajang



(2017) to describe one aspect of attitude towards the environment which is pro-environmental
behavior. By using the term green character, all behaviors, attitudes, knowledge, values, and
all things with a positive impact on the environment can be covered which makes this term
more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of
behavior and environmental awareness. The research conducted by Stern (2000) only
developed an instrument to measure pro-environmental behavior, while Raymond et al (2010)
focused on the knowledge aspect. In addition, Thompson & Barton (1994) and Dunlap et al
(2000) only focused on values and attitudes aspects. The only similar research has been
conducted by Fu et al (2018), which unfortunately has some weaknesses, namely (1) limited
to the behavior and awareness of the campus academic community and not generally
applicable to the wider community, and (2) statement items developed in the instruments are
mostly not in accordance with the conditions, context, and socio-cultural prevailing in many
countries, such as in Indonesia. Whereas according to Chwialkowska et al (2020) and He &
Filimonau (2020), a person's socio-cultural background influences his behavior towards the
environment. For example, the statement item “I believe I know environmental issues well'
presented by Fu et al (2018) cannot be reduced to a concrete statement because it is not in
accordance with the conditions of society in several countries with the same culture and
conditions, especially Indonesia. The statement will become understandable if it is
transformed into real environmental issues occuring in the community, for example “Illegal
logging can result in the loss of clean water sources and natural disasters” and ‘“Throwing
garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument
that can accommodate all aspects of environmental behavior and awareness. The resulting

instrument can be used to measure not only the knowledge, values and attitudes towards the



environment, but also to measure behavior reflected in pro-environmental attitudes. The

results of this study can be used as a reference for other researchers in different countries

which have similar or even the same cultural and socioeconomic conditions to Indonesia,

which will make this instrument will be more contextual and precise to measure the "green

character" of students.

Contribution to the literature

o Some of the instruments developed by previous researchers were limited to certain aspects
and did not cover all aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been
validated, especially in Indonesia

e Instruments validated of this study can be used to measure students' green character
precisely because it is contextual and in accordance with the conditions experienced by

students.

Methodology

This research is meant to develop and validate the green character instrument. The
development is conducted through three steps; 1) analyzing the supporting literature and
arranging the items, 2) content validation, 3) construct validation through Exploratory Factor

Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al., 2020).

Literatur review and item arrangement

Literature review is done to determine the representative variables for green character
instrument. Literature analysis is based on studies or research results that have been published
in reputable international journals such as research by Stern (2000), Raymond et al (2010),
Thompson & Barton (1994), and Dunlap et al (2000). Based on the results of the review, a
draft of a green character instrument was prepared which includes 40 items. The green

character instrument draft consists of private pro-environmental behavior aspects (Stern,



2000) covering 11 items; public pro-environmental behavior aspects (Stern, 2000) which
consists of 8 items; environmental knowledge aspects (Raymond et al., 2010) with 6 items;
environmental value aspects (Thompson & Barton, 1994) with 8 items; and environmental
attitudes aspects (Dunlap et al., 2000) which consists of 7 items. The student's response
consisted of five answer choices; 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 =
agree, and 5 = strongly agree.

Content validation

Content validity is evidence of the extent to which the elements of an assessment instrument
are relevant and represent a construct targeted for a particular assessment objective
(Almanasreh et al., 2019). Content validity includes four criteria; relevance, clarity,
simplicity, and ambiguity (Yaghmaei, 2003). The wvalidity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental
field as experts in their respective fields to obtain acceptable assessment. In conducting the
assessment, the validator was asked to fill in four criteria which are, 1 = not relevant, 2 =
somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4 aspects of
content validation. Furthermore, from the four criteria, dichotomous data was made to
measure content validation using the content validity index method (Polit & Beck, 2006) with
the provisions that CVI values > 0.79 were accepted, CVI values 0.70-0.79 were revised, and
CVI <0.70 were rejected (Devon et al., 2007).

EFA, CFA, and RASCH Analysis

Research sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through
random sampling (Endo et al., 2016). Respondents consisted of 972 women (69.53%) and 426
men (30.47%) with the age ranging from 19 to 22 years old. Respondents came from various

regions in Indonesia including western, central and eastern Indonesia from various different



majors such as social science, science, science education, engineering, humanities and
business. The number of samples, 1,398 people, met the ideal limits for factor analysis
(Tabachnick & Fidell, 2014) and RASCH analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis
(Williams et al.,, 2010). Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and
Bartlett's Test of Sphericity were performed prior to EFA (Chan & Idris, 2017). Furthermore,
EFA uses the varimax rotation method (Osborne, 2015) and maximum likelihood estimation
(Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong & Pearce, 2013), and a
minimum loading factor of 0.3 (Prasetyo et al., 2019). CFA was conducted to confirm the
EFA results with model fit criteria based on the Root mean square error of approximation
(RMSEA 0.06), Goodness of fit index (GFI 0.95), Comparative Fit Index (CFI 0.95), Tucker-
Lewis Index (TLI 0.95), and X2/df < 3.00 (Sun, 2005). The RASCH analysis measures the
validity of the instrument's construct in terms of content and consequential aspects (Susongko,
2016). Since the sample used is > 500 (Sumintono & Widhiarso, 2015), the item fit criteria
are seen based on the mean-square infit and outfit values (MNSQs, between 0.6 to 1.5), and
the point-measure correlation coefficient (PTMEA Corr, between 0.3 up to 0.7)(Linacre,
2018). Items that meet one of these criteria are designated as valid items, while items that do
not meet the criteria will be deleted from the instrument. Furthermore, the reliability value of
the items received is between 0.65 and 0.83 (Sumintono & Widhiarso, 2015) with a
separation index value of 1 and > 2 (Ismail et al., 2020). In addition to reliability, Wright map
analysis was also performed to determine the items’ level of difficulty (Scoulas et al., 2021)
followed by rating scale analysis to evaluate the clarity and ease of interpretation of the

response set in the instrument (Kim & Kyllonen, 2006). Finally, to avoid bias in the



instrument, a Differential [tem Functioning (DIF) analysis was conducted to determine the
responses of male and female students (Iseppi et al., 2021).

Results
Content validation
The results of CVI analysis on 40 green character instrument items show that the CVI values
range from 0.8-0.9 for all aspects. Based on these results, all items in the instrument have met
the valid criteria which were reviewed based on relevance, clarity, simplicity, and ambiguity.
Exploratory Factor Analysis (EFA)
Factor analysis serves to reduce variables that are replaced by several factors which
summarize the relationship between variables (Goldberg & Velicer, 2006). The initial
assumption in factor analysis is the adequacy of the sample in the analysis (Ul Hadia et al.,
2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value which must be
greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample, the assumption
that must be met in the EFA is that there should be relationship between variables in the
factors (Matore et al., 2019) which is indicated by the value of Bartlett's Test of Sphericity
(BTS) which must be less than 0.05 (Chan & Idris, 2017). The results of the KMO and BTS
analysis are shown in Table 1 which shows that the KMO value is 0.917 and is in the very
good category (Ul Hadia et al., 2016), while the BTS value is <.001 which indicates that both
EFA assumptions are met and acceptable for further analysis (Field, 2000).

Table 1. KMO and BTS analysis result

Kaiser-Meyer-Olkin Bartlett’s Test of Sphericity
Overall MSA X? df p
0.917 18800.609  780.000 <.001

After the EFA assumption test is met, the next step is to perform a factor analysis of 40
instrument items using the varimax rotation method (Osborne, 2015) and maximum

likelihood estimation (Kassim et al., 2013). To determine the number of factors being formed,



the parallel analysis method was conducted (Cokluk & Kocak, 2016). The results can be seen
in Figure 1 which shows that the implementation point is formed after five factors resulted in
5 constructs which were formed from the results of factor analysis. Each item in the formed
factor has a loading factor of more than 0.3. The minimum factor loading value used in this
study is 0.3 to indicate that the formed factor has met the fit criteria (Prasetyo et al., 2019).

The loading factor that were formed are shown in Table 2.

- Data
6 < -+ Simulated (95th quantile)

Eigenvalue

0 10 20 30 40
Factor

Figure 1. Scree plot result of factor analysis

Table 2. Loading factor formed from factor analysis
Items Factor]l Factor2 Factor3 Factor4 Factor 5

Al 0.362
A2 0.344
A3 0.344
A4 0.314
AS 0.509
A6 0.654
Al2 0.645
Al3 0.730
Al4 0.555
AlS 0.637
Al6 0.593
Al7 0.651
Al 0.614
Al19 0.507
A20 0.649
A21 0.649
A22 0.755
A23 0.758
A24 0.758
A25 0.655

A26 0.422



A27
A28
A30
A32
A37
A38
A29
A31
A33
A35
A36
A39
A40
A9

Al0

0.772
0.755
0.762
0.508
0.464
0.523
0.499
0.390
0.502
0.453
0.464
0.571
0.514
0.537
0.721

Based on Table 2, several items such as items A7, A8, A11 and A34 were eliminated from the

analysis because they had a loading factor of less than 0.3. Based on these results, 40 items

were analyzed resulting in 5 factors. The five formed factors were then grouped and named

according to the similarity of characteristics possessed by each item as follow factor 1,

environmental behavior; factor 2, environmental knowledge; factor 3, environmental value;

factor 4, environmental attitude; and factor 5, environmental habits. The results are

strengthened by the Eigenvalue, variance, interitem correlation and Cronbach's alpha value

which are presented in Table 3.

Table 3. Characteristics of the formed factors

Construct Initial % of  Cumula Average Average Alpha N
Eigen var. -tive %  interitem interfactor ~ Cronbach
values correlation  correlation

Environmental

Behavior (EnB) 477 11.90 11.90 0.31 0.03 0.85 14

Environmental

Knowledge 3.63 9.10 21.00 0.57 0.05 0.89 6

(EnK)

Environmental

Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7

Environmental

Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7

Environmental -, 5, 5345 35 0.60 0.06 0.74 2

Habits (EnH)




Confirmatory Factor Analysis (CFA)

The interpretation of the CFA fit model uses Diagonally Weighted Least Squares (DWLS),
which is considered as the most suitable for not normally distributed data compared to the
maximum likelihood model (Nye & Drasgow, 2011). The results of the CFA fit model and
final measurement model are shown in Table 4 and Figure 2.

Table 4. Goodness of fit index confirmatory factor analysis

Index Value Cut off criteria
value

X*/df 2.802 <3.00 Good
Root mean square error of approximation Good
(RMSEA) 0.036 <0.06

Goodness of fit index (GFI) 0.957 >0.95 Good
Comparative Fit Index (CFI) 0.952 >0.95 Good
Tucker-Lewis Index (TLI) 0.948 >0.95 Good

Figure 2. CFA final measurement model

To strengthen the results of the EFA and CFA, a RASCH analysis was performed to
determine the validity and reliability of the instrument following the Messick validity which
includes several aspects namely content, substance, structure, external and consequential
(Susongko, 2016). This research is only limited to the content and consequential aspects. The

following describes the results of the RASCH analysis on the green character instrument.



Green Character Instruments Reliability
The results of the measurement of reliability and separation of the item and person indices of
the instrument are shown in Table 5.

Table 5. Reliability and separation index of green character instrument

Construct Ditem |-l Measure __[__Porson Measure_
Reliability | Separation | Reliability | Separation

Environmental EnB1-EnB14 1.00 16.88 0.83 2.18
Behavior
Environmental EnK1-EnK6 0.99 9.63 0.78 1.89
Knowledge
Environmental Value | EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental EnA1-EnA7 1.00 23.52 0.65 1.35
Attitude
Environmental Habits | EnH1-EnH?2 1.00 24 .44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The results of the item fit analysis of the green character instrument are shown in Table 6.

Table 6. Item fit analysis result of green character instruments

Item Infit  Outfit
FACTOR MNSQ MNSQ PTMEA
Environmental [ bring my water bottle from home
. 1.0255 1.1764  0.3397
Behaviors when traveling
I throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short 08825 09661 0.3903

distance traveling.

I use public transportation for long 13165 16078  0.1784
distance traveling. : . .

I keep my waste in my pocket or my

bag when there is no trash can nearby ~ 0.8848  0.8299  0.4753
and carry them until I find trash can.

I bring my own bag from home to

reduce plastic waste when I go 0.8234 0.8759 0.4323
shopping.

I encourage my family and my 11317 1.0298 0.47
colleagues to save resources

I encourage my family and my 1.0375 0.9918 04587

colleagues to plan trees.

I support family members or

colleagues activities in protecting the 1.275 1.4922  0.2375
environment.

I dispuss environmental issues with 05566 0.6486  0.463
family members and colleagues.




I often involve in environmental

. o 0.7253 0.8411 0.4334
cleaning activities.
I often pick up trash which scatter 07584 07024 0.5311
around public areas. ’ ' '
I remind family or colleagues who 05751 06478 0.4271
litter everywhere. ' ' '
I throw waste from food and drinks in
the right place when gathering with 0.6102  0.6693  0.4198
friends and families.
Environmental [ jttering in the river can damage the
0.6313  0.701  0.4039
Knowledge sea ecosystem
Using air conditioner can cause 07125 07815 0.4107
damage to the Ozon layers ’ ' '
Waste frqm motor yehicles cancause 3460 07672  0.4929
air pollution and climate change.
The extensive use of detergent can 14783 12842  0.4844
cause death for water creatures. ’ ) '
Illegal logging cam cause the
disappearance of clean water sources 0.8591 0.9089  0.4809
and natural disaster.
Too many inhabitants can cause 08618 08013 0.5501
damage many places for housing
Environmental [ prefer to see animal in the zoo to
.8494  0.7944 .
Value seeing them in the wild. 08494 0.7 05503
I do not need to worry about the
environment damage as technology 0.856  0.8029  0.5449
can solve that problem.
Human does not always need nature to 1.0492  1.0805 04782
survive. ’ ) ’
Let the environmental problem happen 10668 1.1274  0.4061
as it will be solved by itself. ’ ' '
Natural disaster such as flood, land
slide, and drought do not have
anything to do with environmental L1545 13173 0.3169
damage.
The environmental damage issues 0.8599 09589 0404
nowadays have been exaggerated.
Human are here to rule the whole 12401 14703  0.1956
world. ) ) )
Environmental [ feel happy and pleased to be with
Attitude nature 1.3965 1.5706  0.292
The most important reason to protect
the environment if to preserve the 1.554 1.5556  0.4062
human sustainability.
Human are part of the ecosystem just 14713 13966 04581

like animal.



Disturbing. the nature will resulted in 13273 16123 0316
the damaging consequences.

Plapts and animals have the same right 1.9292 22336  0.3304
to live as how human does.

The balance of the nature is very 1.0766 12402 03712

sensitive and easily disturbed.

We will experience huge ecological

disaster if everything continues as it is.
Environmental I turn of the electricity when it is not

0.7641 0.8031 0.4858

1.1692 1.2962 0.3878

Habits in use.
1 always turn off the tab when it is not 16487 1.9841  0.0954
in use.
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items

(Saefi et al., 2020; Scoulas et al., 2021). Wright map analysis is shown in Figure 3.
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Figure 3. Wright map respondent’s perception toward the green character instrument



Rating Scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is
used to evaluate the clarity and ease of interpretation of the response set in the instrument
(Kim & Kyllonen, 2006). The results of the diagnostic scale rating are shown in Figure 4.
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Figure 4. Probability category curve of the green character instrument

Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender,
responded to items differently (Iseppi et al., 2021). The results of the DIF analysis are shown

in Figure 5.
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Figure 5. Graph of person DIF of the green character instrument

Discussion
This study will test the green character instrument consisting of 40 items which are coded
from Al to A40. The first step to test the relationship between variables in the instrument is
performing factor analysis. EFA analysis results on Table 3 shows that the Eigenvalue is more
than 1 (range from 1.54 to 4.77). Eigenvalue is a measure used to determine the number of
factors being formed (Larsen & Warne, 2010). Based on the Eigenvalue, the 5 formed
constructs are fit. This is in accordance with Yong & Pearce (2013) opinion which say that the
Eigenvalue value of more than 1 indicates that the factor has met the assumption of the fit
criteria. Table 3 also shows the value of the variance formed on each factor (ranging from
3.80 to 11.90) with a cumulative variance of 38.10%. The cumulative variance value is
relatively small as usually the cumulative variance for humanities research ranges from 50-
60% (Pett et al., 2011). However, the resulting variance value is still acceptable as the other
criteria have been met in the EFA analysis. The low value of this variance is thought to be
caused by the maximum likelihood extraction method used. According to Costello & Osborne
(2005), the principle component analysis (PCA) method in extraction produces a greater

variance than the maximum likelihood (ML) method. This happens because PCA does not



divide the unique variance from communalities so it sets all item communalities at 1.0,
whereas ML estimates the level of shared variance for the items, which ranged from 0.39 to
0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3).
This indicates that there is a strong relationship between each item in the same factor.
According to Tabachnick et al (2014), the interitem correlation value that exceeds 0.3 meets
good factorability in the EFA. Table 3 also shows that the average value of interfactor
correlation is smaller than the average value of interitem correlation in factors that range from
0.02 to 0.07. This proves that the instrument has good specificity. The intended specificity is
the instrument's ability to distinguish the specificity of each factor based on its correlation
value (Trumpower et al., 2010). The results of Cronbach's alpha analysis in Table 3 reveal
that the reliability value ranges from 0.74 to 0.85. This shows that the instrument has good
reliability. The reliability value above 0.7 proves that the instrument is reliable and acceptable

(Yu & Richardson, 2015).

To test the consistency of the formed factors, a confirmatory factor analysis was performed
(Tomé-Fernandez et al., 2020). CFA was conducted on 5 factors and 36 items. They are
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value
(EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors. The fit
model criteria are based on the Root mean square error of approximation (RMSEA),
Goodness of fit index (GFI), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and
X2/df (Sun, 2005). The results of the CFA analysis in Table 4 show that all fit criteria have
been met by the model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI
= 0.957, and x2/df = 2.802. All of these values have met the model fit criteria (Nye &
Drasgow, 2011; Prudon, 2014; Hidayat et al., 2018). The results of this final measurement are

then used for the validity and reliability of items using the RASCH model (Susongko, 2016).



The analysis using the RASCH model includes (1) instrument reliability, (2) instrument item

quality, (3) level of difficulty of the items, (4) evaluate the clarity of items, and (5) items bias.

Instrument reliability was performed on five constructs, namely environmental behavior,
knowledge, values, attitudes, and habits. The reliability analysis results showed that the item
reliability values for each domain ranged from 0.99-1.00 with the item separation values
ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the instrument's
reliability is in the good category (Saefi et al., 2020), while the separation index value of > 2.0
indicates that the measurement using RASCH can distinguish the instrument into several
different groups or domains (Ismail et al., 2020). In addition, the results of the person
reliability analysis ranged from 0.65 to 0.83 which include in the pretty good category
(Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2.
These results indicate that the instrument has the capability to distinguish respondents'

abilities, respondents with high and low performance (Ismail et al., 2020).

The fit index value indicates the quality of the items in the instrument which reveals how
accurately the data fits the model (Scoulas et al., 2021). The fit model reference used in this
study is the MNSQ infit/outfit value, and PTMEA, while the ZSTD infit/outfit value is
ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et
al., 2020), while the PTMEA 1is performed to determine whether the instrument can

distinguish respondents according to their response level (Saefi et al., 2020).

The results of the item fit analysis in Table 6 show that there are two items which do not meet
the fit index criteria. One item on the environmental attitude construct is EnAS and on the
environmental habits construct is EnH2. The MNSQ and PTMEA infit/outfit values for each

of these items are outside the predetermined index value (Bond & Fox, 2007; Linacre, 2018).



In this study, the criteria for item acceptance were determined by three criteria, namely infit
MNSQ, outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index
criteria, then the item in the instrument can be accepted (Sumintono & Widhiarso, 2015). This
result is different from the result of factor analysis and confirmatory factor. Based on these
results, the loading factor values for EnAS5 and EnH2 items are 0.464 and 0.721, respectively
(Table 2). The loading factor value is quite large and acceptable (Prasetyo et al., 2019), but
based on the results of item fit analysis using RASCH, both items do not meet the criteria and
are declared as invalid items. This study found that there was a discrepancy between the
results of the CFA analysis and the RASCH model. According to Scoulas et al (Scoulas et al.,
2021), the RASCH model can detect potential measurement problems such as item bias or
local item dependencies that may arise when measuring using classical validation methods
such as factor analysis. Based on this assumption, researchers tend to eliminate both items
which are considered as invalid items.

The analysis of the items difficulty level through the wright map in Figure 3 showed that only
4 items namely EnB9, EnV7, EnV1 and EnH2 are considered difficult by respondents in
understanding green character instruments. There were no items that were categorized as
difficult to be understood by the respondents in the environmental knowledge component.
Overall, the questions on the instrument can be easily understood by the respondent. This
shows that the green character instrument has met the criteria for a good item difficulty level.
The rating scale visualization shown in Figure 4 shows the probability of the response
category in the green character instrument according to the recommended pattern. Each
category has a distinct peak at some point along the scale as expected (Scoulas et al., 2021).
Thus, it can be concluded that the green character instrument response series is functioning
properly (Saefi et al., 2020). The final stage of testing items used the DIF test to determine the

instrument items bias. DIF analysis was specifically used to reveal the ability to answer



between male and female students to find out whether there was a bias from the items given.
Question items that have a bias are indicated by differences in the ability to answer between
male and female students. To overcome the bias in the items, Isepi et al (2021) suggested to
make two separate items, one item for men and another for women. The results of the DIF
analysis of the green character instrument shown in Figure 5 show that there is no bias as
evidenced by the graph of male and female responses approaching the normal line (green).
This proves that the items in the instrument are free from bias and can be used to reveal green

character for both male and female respondents.

The final result of the green character instrument found in five constructs with a total of 34
items (4 items were eliminated after EFA and CFA, and 2 items were eliminated after
RASCH). The five formed constructs, namely Environmental Behavior (EnB), Environmental
Knowledge (EnK), Environmental Value (EnV), Environmental Attitude (EnA), and
Environmental Habits (EnH) were confirmed through the CFA and met the criteria for the
Goodness of fit index (Table 4 ). These results indicate that the construct validity of the
instrument has been met. This finding is in line with the theory that underlies this research
such as the theories that have been tested by Stern (2000) regarding Environmental Behavior,
environmental knowledge (Raymond et al.,, 2010), environmental values (Thompson &
Barton, 1994), and attitudes towards the environment (Dunlap et al., 2000). Based on the
results of the content validity analysis, which includes the fit item test, person-item map, and
diagnostic rating scale, and the consequential validity which includes the DIF analysis, the
green character instrument is declared eligible and has met the standard criteria that have been
determined. However, this study revealed that one of the constructs, the Environmental Habits
(EnH), experienced an item reduction to leave only one statement item. Based on these
findings, the researcher believes that there is a lack of research caused by the lack of items

used in this instrument. However, empirically, based on the results of the EFA, CFA and



RASCH this questionnaire has met the standards in instrument development, so it can be used

to measure the students’ green character.

Conclusion

This study showed that the green character instrument series had met the criteria for item
validity and reliability using the EFA, CFA and RASCH models. The EFA showed the
loading factor was approximately on 0.314-0.772 with the initial eigenvalues in the interval of
1.54-4.77. 1t had a good goodness of fit index with X?*/df, RMSEA, GFI, CFI and TLI in the
category of good after confirmed through CFA. The EFA and CFA analysis resulted 36 items
after eliminating 4 unstandardised items. A further analysis using RASCH on 36 items
remained 34, 2 out of 36 was deleted due to not reach the standard value of MNSQ and
PTMEA infit/outfit. The final result of this measurement found that the 34 items reached a fit
model of EFA, CFA, and RASCH. This instrument can reveal knowledge, behavior, values,
attitudes and habits towards the environment. Although it was found that there were
discrepancies in the results of measurements using factors and RASCH, these three types of
validity measurements should be used simultaneously so that they can complement one

another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been
produced in revealing the students’ green character in various demographic conditions.
In addition, to obtain more comprehensive results, further research can be carried out at lower
levels of education such as elementary, junior high and high school. For teachers, the green
character instrument can be applied through a modified instrument for suitable materials and

topics.



Limitations

The environmental habits construct has too few items. This allows the occurrence of missing
in the data. Therefore, further research can arrange more items so that they can represent

constructs to get more valid and reliable results.
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Validating Student’s Green Character Instrument Using

Factor and Rasch Model

Abstract. Many researchers have separately developed instruments to measure
environmental characteristics such as attitudes, values, and knowledge. However, there is no
instrument used to measure all these aspects in one comprehensive instrument. This study is
meant to develop and validate a green character instrument which reveals student behavior
and awareness of the environment. The instrument consists of 40 statement items consisting
of 5 aspects, namely private pro-environmental behavior, public pro-environmental behavior,
environmental knowledge, environmental values, and environmental attitudes. It was
implemented on 1,398 students from 15 universities in Indonesia. The instrument content
validation was analyzed by three experts using content validity index (CVI). The construct
validity was analyzed using exploratory factor analysis, confirmatory factor analysis, and
RASCH analysis. The content validity results obtained CVI scores ranging between 0.8 and
0.9 with a good category, while item reliability was in a fairly good category with a high level
of separation index. Construct validation resulted in 34 items (4 items were eliminated after
Exploratory and Confirmatory Factor Analysis, and 2 items were eliminated after RASCH
analysis) spread over five constructs, namely environmental behavior, environmental
knowledge, environmental values, environmental attitudes, and environmental habits. The
resulting instrument has a good level of item difficulty, with a well understood response set
which can be understood easily by respondents, and without bias. Therefore, it can be used to

measure the students’ green character on both male and female.

Keywords: green character, instrument, factor and RASCH Analysis.



Introduction

Character as a part of humanity (Pradhan, 2009) in the form of values, beliefs, good
and bad behavior (Ryan, 2013; Rahman et al., 2020), and morality (Sari et al., 2021) is used
to think and behave (Maisardi, 2017). It needs to be formed as it cannot spontaneously arise
(Mubharlisiani et al., 2019). Therefore, character needs to be familiarized to the younger
generation through continuous learning, examples, and practices (Rahmawati et al., 2020).
People with character will have good morals (Asrial et al., 2021), who consciously controls
every action and behavior (Maisardi, 2017).

Good character is needed in all aspects, such as in environment. Example of good
character to the environment is implemented in an attitude of caring for the environment
(Pane & Patriana, 2016; Sanjaya, 2020). The character of caring for the environment must
also be made accustomed (Arent et al., 2020; Masturoh & Ridlo, 2020), and it is important to
be developed as the environment will have an impact on human existence (Yunesa, 2019).
Environmental care character will create positive behavior towards the environment (Sukri et
al., 2020; Asrial et al., 2021), and reduce the negative impact of human behavior on the
environment (Palupi & Sawitri, 2018; Sukri et al., 2020). In addition, concerning for the
environment is very important as most of the environmental damage is caused by human
behavior (Faisal et al., 2014; Sukri et al., 2018).

The term green character in this study refers to a person's behavior and awareness of
the environment. Behavior refers to human activities to protect the environment or what is
called pro-environmental behavior (Stern, 2000), while awareness refers to knowledge
(Raymond et al., 2010), values (Thompson & Barton, 1994) and attitudes to the environment
(Dunlap et al., 2000). Therefore, caring for the environment attitude is part of a green
character. The term green character was chosen to describe all positive behaviors and
awareness of the environment. Frasz (2016) mentions environmental character as feelings,

sentiments and virtues towards the environment. The term green is also used by Chankrajang



(2017) to describe one aspect of attitude towards the environment which is pro-environmental
behavior. By using the term green character, all behaviors, attitudes, knowledge, values, and
all things with a positive impact on the environment can be covered which makes this term
more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of
behavior and environmental awareness. The research conducted by Stern (2000) only
developed an instrument to measure pro-environmental behavior, while Raymond et al (2010)
focused on the knowledge aspect. In addition, Thompson & Barton (1994) and Dunlap et al
(2000) only focused on values and attitudes aspects. The only similar research has been
conducted by Fu et al (2018), which unfortunately has some weaknesses, namely (1) limited
to the behavior and awareness of the campus academic community and not generally
applicable to the wider community, and (2) statement items developed in the instruments are
mostly not in accordance with the conditions, context, and socio-cultural prevailing in many
countries, such as in Indonesia. Whereas according to Chwialkowska et al (2020) and He &
Filimonau (2020), a person's socio-cultural background influences his behavior towards the
environment. For example, the statement item “I believe I know environmental issues well'
presented by Fu et al (2018) cannot be reduced to a concrete statement because it is not in
accordance with the conditions of society in several countries with the same culture and
conditions, especially Indonesia. The statement will become understandable if it is
transformed into real environmental issues occuring in the community, for example “Illegal
logging can result in the loss of clean water sources and natural disasters” and ‘“Throwing
garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument
that can accommodate all aspects of environmental behavior and awareness. The resulting

instrument can be used to measure not only the knowledge, values and attitudes towards the



environment, but also to measure behavior reflected in pro-environmental attitudes. The

results of this study can be used as a reference for other researchers in different countries

which have similar or even the same cultural and socioeconomic conditions to Indonesia,

which will make this instrument will be more contextual and precise to measure the "green

character" of students.

Contribution to the literature

o Some of the instruments developed by previous researchers were limited to certain aspects
and did not cover all aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been
validated, especially in Indonesia

e Instruments validated of this study can be used to measure students' green character
precisely because it is contextual and in accordance with the conditions experienced by

students.

Methodology

This research is meant to develop and validate the green character instrument. The
development is conducted through three steps; 1) analyzing the supporting literature and
arranging the items, 2) content validation, 3) construct validation through Exploratory Factor

Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al., 2020).

Literatur review and item arrangement

Literature review is done to determine the representative variables for green character
instrument. Literature analysis is based on studies or research results that have been published
in reputable international journals such as research by Stern (2000), Raymond et al (2010),
Thompson & Barton (1994), and Dunlap et al (2000). Based on the results of the review, a
draft of a green character instrument was prepared which includes 40 items. The green

character instrument draft consists of private pro-environmental behavior aspects (Stern,



2000) covering 11 items; public pro-environmental behavior aspects (Stern, 2000) which
consists of 8 items; environmental knowledge aspects (Raymond et al., 2010) with 6 items;
environmental value aspects (Thompson & Barton, 1994) with 8 items; and environmental
attitudes aspects (Dunlap et al., 2000) which consists of 7 items. The student's response
consisted of five answer choices; 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 =
agree, and 5 = strongly agree.

Content validation

Content validity is evidence of the extent to which the elements of an assessment instrument
are relevant and represent a construct targeted for a particular assessment objective
(Almanasreh et al., 2019). Content validity includes four criteria; relevance, clarity,
simplicity, and ambiguity (Yaghmaei, 2003). The wvalidity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental
field as experts in their respective fields to obtain acceptable assessment. In conducting the
assessment, the validator was asked to fill in four criteria which are, 1 = not relevant, 2 =
somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4 aspects of
content validation. Furthermore, from the four criteria, dichotomous data was made to
measure content validation using the content validity index method (Polit & Beck, 2006) with
the provisions that CVI values > 0.79 were accepted, CVI values 0.70-0.79 were revised, and
CVI <0.70 were rejected (Devon et al., 2007).

EFA, CFA, and RASCH Analysis

Research sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through
random sampling (Endo et al., 2016). Respondents consisted of 972 women (69.53%) and 426
men (30.47%) with the age ranging from 19 to 22 years old. Respondents came from various

regions in Indonesia including western, central and eastern Indonesia from various different



majors such as social science, science, science education, engineering, humanities and
business. The number of samples, 1,398 people, met the ideal limits for factor analysis
(Tabachnick & Fidell, 2014) and RASCH analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis
(Williams et al.,, 2010). Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and
Bartlett's Test of Sphericity were performed prior to EFA (Chan & Idris, 2017). Furthermore,
EFA uses the varimax rotation method (Osborne, 2015) and maximum likelihood estimation
(Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong & Pearce, 2013), and a
minimum loading factor of 0.3 (Prasetyo et al., 2019). CFA was conducted to confirm the
EFA results with model fit criteria based on the Root mean square error of approximation
(RMSEA 0.06), Goodness of fit index (GFI 0.95), Comparative Fit Index (CFI 0.95), Tucker-
Lewis Index (TLI 0.95), and X2/df < 3.00 (Sun, 2005). The RASCH analysis measures the
validity of the instrument's construct in terms of content and consequential aspects (Susongko,
2016). Since the sample used is > 500 (Sumintono & Widhiarso, 2015), the item fit criteria
are seen based on the mean-square infit and outfit values (MNSQs, between 0.6 to 1.5), and
the point-measure correlation coefficient (PTMEA Corr, between 0.3 up to 0.7)(Linacre,
2018). Items that meet one of these criteria are designated as valid items, while items that do
not meet the criteria will be deleted from the instrument. Furthermore, the reliability value of
the items received is between 0.65 and 0.83 (Sumintono & Widhiarso, 2015) with a
separation index value of 1 and > 2 (Ismail et al., 2020). In addition to reliability, Wright map
analysis was also performed to determine the items’ level of difficulty (Scoulas et al., 2021)
followed by rating scale analysis to evaluate the clarity and ease of interpretation of the

response set in the instrument (Kim & Kyllonen, 2006). Finally, to avoid bias in the



instrument, a Differential [tem Functioning (DIF) analysis was conducted to determine the

responses of male and female students (Iseppi et al., 2021).

The results of CVI analysis on 40 green character instrument items show that the CVI values
range from 0.8-0.9 for all aspects. Based on these results, all items in the instrument have met
the valid criteria which were reviewed based on relevance, clarity, simplicity, and ambiguity.
Exploratory Factor Analysis (EFA)

Factor analysis serves to reduce variables that are replaced by several factors which
summarize the relationship between variables (Goldberg & Velicer, 2006). The initial
assumption in factor analysis is the adequacy of the sample in the analysis (Ul Hadia et al.,
2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value which must be
greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample, the assumption
that must be met in the EFA is that there should be relationship between variables in the
factors (Matore et al., 2019) which is indicated by the value of Bartlett's Test of Sphericity
(BTS) which must be less than 0.05 (Chan & Idris, 2017). The results of the KMO and BTS
analysis are shown in Table 1 which shows that the KMO value is 0.917 and is in the very
good category (Ul Hadia et al., 2016), while the BTS value is <.001 which indicates that both
EFA assumptions are met and acceptable for further analysis (Field, 2000).

Table 1. KMO and BTS analysis result

Kaiser-Meyer-Olkin Bartlett’s Test of Sphericity
Overall MSA X? df p
0.917 18800.609  780.000 <.001

After the EFA assumption test is met, the next step is to perform a factor analysis of 40
instrument items using the varimax rotation method (Osborne, 2015) and maximum

likelihood estimation (Kassim et al., 2013). To determine the number of factors being formed,



the parallel analysis method was conducted (Cokluk & Kocak, 2016). The results can be seen
in Figure 1 which shows that the implementation point is formed after five factors resulted in
5 constructs which were formed from the results of factor analysis. Each item in the formed
factor has a loading factor of more than 0.3. The minimum factor loading value used in this
study is 0.3 to indicate that the formed factor has met the fit criteria (Prasetyo et al., 2019).

The loading factor that were formed are shown in Table 2.

- Data
6 < -+ Simulated (95th quantile)

Eigenvalue

0 10 20 30 40
Factor

Figure 1. Scree plot result of factor analysis

Table 2. Loading factor formed from factor analysis
Items Factor]l Factor2 Factor3 Factor4 Factor 5

Al 0.362
A2 0.344
A3 0.344
A4 0.314
AS 0.509
A6 0.654
Al2 0.645
Al3 0.730
Al4 0.555
AlS 0.637
Al6 0.593
Al7 0.651
Al 0.614
Al19 0.507
A20 0.649
A21 0.649
A22 0.755
A23 0.758
A24 0.758
A25 0.655

A26 0.422



A27
A28
A30
A32
A37
A38
A29
A31
A33
A35
A36
A39
A40
A9

Al0

0.772
0.755
0.762
0.508
0.464
0.523
0.499
0.390
0.502
0.453
0.464
0.571
0.514
0.537
0.721

Based on Table 2, several items such as items A7, A8, A11 and A34 were eliminated from the

analysis because they had a loading factor of less than 0.3. Based on these results, 40 items

were analyzed resulting in 5 factors. The five formed factors were then grouped and named

according to the similarity of characteristics possessed by each item as follow factor 1,

environmental behavior; factor 2, environmental knowledge; factor 3, environmental value;

factor 4, environmental attitude; and factor 5, environmental habits. The results are

strengthened by the Eigenvalue, variance, interitem correlation and Cronbach's alpha value

which are presented in Table 3.

Table 3. Characteristics of the formed factors

Construct Initial % of  Cumula Average Average Alpha N
Eigen var. -tive %  interitem interfactor ~ Cronbach
values correlation  correlation

Environmental

Behavior (EnB) 477 11.90 11.90 0.31 0.03 0.85 14

Environmental

Knowledge 3.63 9.10 21.00 0.57 0.05 0.89 6

(EnK)

Environmental

Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7

Environmental

Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7

Environmental -, 5, 5345 35 0.60 0.06 0.74 2

Habits (EnH)




Confirmatory Factor Analysis (CFA)

The interpretation of the CFA fit model uses Diagonally Weighted Least Squares (DWLS),
which is considered as the most suitable for not normally distributed data compared to the
maximum likelihood model (Nye & Drasgow, 2011). The results of the CFA fit model and
final measurement model are shown in Table 4 and Figure 2.

Table 4. Goodness of fit index confirmatory factor analysis

Index Value Cut off criteria
value

X*/df 2.802 <3.00 Good
Root mean square error of approximation Good
(RMSEA) 0.036 <0.06

Goodness of fit index (GFI) 0.957 >0.95 Good
Comparative Fit Index (CFI) 0.952 >0.95 Good
Tucker-Lewis Index (TLI) 0.948 >0.95 Good

Figure 2. CFA final measurement model

To strengthen the results of the EFA and CFA, a RASCH analysis was performed to
determine the validity and reliability of the instrument following the Messick validity which
includes several aspects namely content, substance, structure, external and consequential
(Susongko, 2016). This research is only limited to the content and consequential aspects. The

following describes the results of the RASCH analysis on the green character instrument.



Green Character Instruments Reliability
The results of the measurement of reliability and separation of the item and person indices of
the instrument are shown in Table 5.

Table 5. Reliability and separation index of green character instrument

Construct Ditem |-l Measure __[__Porson Measure_
Reliability | Separation | Reliability | Separation

Environmental EnB1-EnB14 1.00 16.88 0.83 2.18
Behavior
Environmental EnK1-EnK6 0.99 9.63 0.78 1.89
Knowledge
Environmental Value | EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental EnA1-EnA7 1.00 23.52 0.65 1.35
Attitude
Environmental Habits | EnH1-EnH?2 1.00 24 .44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The results of the item fit analysis of the green character instrument are shown in Table 6.

Table 6. Item fit analysis result of green character instruments

Item Infit  Outfit
FACTOR MNSQ MNSQ PTMEA
Environmental [ bring my water bottle from home
. 1.0255 1.1764  0.3397
Behaviors when traveling
I throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short 08825 09661 0.3903

distance traveling.

I use public transportation for long 13165 16078  0.1784
distance traveling. : . .

I keep my waste in my pocket or my

bag when there is no trash can nearby ~ 0.8848  0.8299  0.4753
and carry them until I find trash can.

I bring my own bag from home to

reduce plastic waste when I go 0.8234 0.8759 0.4323
shopping.

I encourage my family and my 11317 1.0298 0.47
colleagues to save resources

I encourage my family and my 1.0375 0.9918 04587

colleagues to plan trees.

I support family members or

colleagues activities in protecting the 1.275 1.4922  0.2375
environment.

I dispuss environmental issues with 05566 0.6486  0.463
family members and colleagues.




I often involve in environmental

. o 0.7253 0.8411 0.4334
cleaning activities.
I often pick up trash which scatter 07584 07024 0.5311
around public areas. ’ ' '
I remind family or colleagues who 05751 06478 0.4271
litter everywhere. ' ' '
I throw waste from food and drinks in
the right place when gathering with 0.6102  0.6693  0.4198
friends and families.
Environmental [ jttering in the river can damage the
0.6313  0.701  0.4039
Knowledge sea ecosystem
Using air conditioner can cause 07125 07815 0.4107
damage to the Ozon layers ’ ' '
Waste frqm motor yehicles cancause 3460 07672  0.4929
air pollution and climate change.
The extensive use of detergent can 14783 12842  0.4844
cause death for water creatures. ’ ) '
Illegal logging cam cause the
disappearance of clean water sources 0.8591 0.9089  0.4809
and natural disaster.
Too many inhabitants can cause 08618 08013 0.5501
damage many places for housing
Environmental [ prefer to see animal in the zoo to
.8494  0.7944 .
Value seeing them in the wild. 08494 0.7 05503
I do not need to worry about the
environment damage as technology 0.856  0.8029  0.5449
can solve that problem.
Human does not always need nature to 1.0492  1.0805 04782
survive. ’ ) ’
Let the environmental problem happen 10668 1.1274  0.4061
as it will be solved by itself. ’ ' '
Natural disaster such as flood, land
slide, and drought do not have
anything to do with environmental L1545 13173 0.3169
damage.
The environmental damage issues 0.8599 09589 0404
nowadays have been exaggerated.
Human are here to rule the whole 12401 14703  0.1956
world. ) ) )
Environmental [ feel happy and pleased to be with
Attitude nature 1.3965 1.5706  0.292
The most important reason to protect
the environment if to preserve the 1.554 1.5556  0.4062
human sustainability.
Human are part of the ecosystem just 14713 13966 04581

like animal.



Disturbing. the nature will resulted in 13273 16123 0316
the damaging consequences.

Plapts and animals have the same right 1.9292 22336  0.3304
to live as how human does.

The balance of the nature is very 1.0766 12402 03712

sensitive and easily disturbed.

We will experience huge ecological

disaster if everything continues as it is.
Environmental I turn of the electricity when it is not

0.7641 0.8031 0.4858

1.1692 1.2962 0.3878

Habits in use.
1 always turn off the tab when it is not 16487 1.9841  0.0954
in use.
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items

(Saefi et al., 2020; Scoulas et al., 2021). Wright map analysis is shown in Figure 3.
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Figure 3. Wright map respondent’s perception toward the green character instrument



Rating Scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is
used to evaluate the clarity and ease of interpretation of the response set in the instrument
(Kim & Kyllonen, 2006). The results of the diagnostic scale rating are shown in Figure 4.
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Figure 4. Probability category curve of the green character instrument

Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender,
responded to items differently (Iseppi et al., 2021). The results of the DIF analysis are shown

in Figure 5.



DIF MEASURE
o

Figure 5. Graph of person DIF of the green character instrument

This study will test the green character instrument consisting of 40 items which are coded
from Al to A40. The first step to test the relationship between variables in the instrument is
performing factor analysis. EFA analysis results on Table 3 shows that the Eigenvalue is more
than 1 (range from 1.54 to 4.77). Eigenvalue is a measure used to determine the number of
factors being formed (Larsen & Warne, 2010). Based on the Eigenvalue, the 5 formed
constructs are fit. This is in accordance with Yong & Pearce (2013) opinion which say that the
Eigenvalue value of more than 1 indicates that the factor has met the assumption of the fit
criteria. Table 3 also shows the value of the variance formed on each factor (ranging from
3.80 to 11.90) with a cumulative variance of 38.10%. The cumulative variance value is
relatively small as usually the cumulative variance for humanities research ranges from 50-
60% (Pett et al., 2011). However, the resulting variance value is still acceptable as the other
criteria have been met in the EFA analysis. The low value of this variance is thought to be
caused by the maximum likelihood extraction method used. According to Costello & Osborne
(2005), the principle component analysis (PCA) method in extraction produces a greater

variance than the maximum likelihood (ML) method. This happens because PCA does not



divide the unique variance from communalities so it sets all item communalities at 1.0,
whereas ML estimates the level of shared variance for the items, which ranged from 0.39 to
0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3).
This indicates that there is a strong relationship between each item in the same factor.
According to Tabachnick et al (2014), the interitem correlation value that exceeds 0.3 meets
good factorability in the EFA. Table 3 also shows that the average value of interfactor
correlation is smaller than the average value of interitem correlation in factors that range from
0.02 to 0.07. This proves that the instrument has good specificity. The intended specificity is
the instrument's ability to distinguish the specificity of each factor based on its correlation
value (Trumpower et al., 2010). The results of Cronbach's alpha analysis in Table 3 reveal
that the reliability value ranges from 0.74 to 0.85. This shows that the instrument has good
reliability. The reliability value above 0.7 proves that the instrument is reliable and acceptable

(Yu & Richardson, 2015).

To test the consistency of the formed factors, a confirmatory factor analysis was performed
(Tomé-Fernandez et al., 2020). CFA was conducted on 5 factors and 36 items. They are
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value
(EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors. The fit
model criteria are based on the Root mean square error of approximation (RMSEA),
Goodness of fit index (GFI), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and
X2/df (Sun, 2005). The results of the CFA analysis in Table 4 show that all fit criteria have
been met by the model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI
= 0.957, and x2/df = 2.802. All of these values have met the model fit criteria (Nye &
Drasgow, 2011; Prudon, 2014; Hidayat et al., 2018). The results of this final measurement are

then used for the validity and reliability of items using the RASCH model (Susongko, 2016).



The analysis using the RASCH model includes (1) instrument reliability, (2) instrument item

quality, (3) level of difficulty of the items, (4) evaluate the clarity of items, and (5) items bias.

Instrument reliability was performed on five constructs, namely environmental behavior,
knowledge, values, attitudes, and habits. The reliability analysis results showed that the item
reliability values for each domain ranged from 0.99-1.00 with the item separation values
ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the instrument's
reliability is in the good category (Saefi et al., 2020), while the separation index value of > 2.0
indicates that the measurement using RASCH can distinguish the instrument into several
different groups or domains (Ismail et al., 2020). In addition, the results of the person
reliability analysis ranged from 0.65 to 0.83 which include in the pretty good category
(Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2.
These results indicate that the instrument has the capability to distinguish respondents'

abilities, respondents with high and low performance (Ismail et al., 2020).

The fit index value indicates the quality of the items in the instrument which reveals how
accurately the data fits the model (Scoulas et al., 2021). The fit model reference used in this
study is the MNSQ infit/outfit value, and PTMEA, while the ZSTD infit/outfit value is
ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et
al., 2020), while the PTMEA 1is performed to determine whether the instrument can

distinguish respondents according to their response level (Saefi et al., 2020).

The results of the item fit analysis in Table 6 show that there are two items which do not meet
the fit index criteria. One item on the environmental attitude construct is EnAS and on the
environmental habits construct is EnH2. The MNSQ and PTMEA infit/outfit values for each

of these items are outside the predetermined index value (Bond & Fox, 2007; Linacre, 2018).



In this study, the criteria for item acceptance were determined by three criteria, namely infit
MNSQ, outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index
criteria, then the item in the instrument can be accepted (Sumintono & Widhiarso, 2015). This
result is different from the result of factor analysis and confirmatory factor. Based on these
results, the loading factor values for EnAS5 and EnH2 items are 0.464 and 0.721, respectively
(Table 2). The loading factor value is quite large and acceptable (Prasetyo et al., 2019), but
based on the results of item fit analysis using RASCH, both items do not meet the criteria and
are declared as invalid items. This study found that there was a discrepancy between the
results of the CFA analysis and the RASCH model. According to Scoulas et al (Scoulas et al.,
2021), the RASCH model can detect potential measurement problems such as item bias or
local item dependencies that may arise when measuring using classical validation methods
such as factor analysis. Based on this assumption, researchers tend to eliminate both items
which are considered as invalid items.

The analysis of the items difficulty level through the wright map in Figure 3 showed that only
4 items namely EnB9, EnV7, EnV1 and EnH2 are considered difficult by respondents in
understanding green character instruments. There were no items that were categorized as
difficult to be understood by the respondents in the environmental knowledge component.
Overall, the questions on the instrument can be easily understood by the respondent. This
shows that the green character instrument has met the criteria for a good item difficulty level.
The rating scale visualization shown in Figure 4 shows the probability of the response
category in the green character instrument according to the recommended pattern. Each
category has a distinct peak at some point along the scale as expected (Scoulas et al., 2021).
Thus, it can be concluded that the green character instrument response series is functioning
properly (Saefi et al., 2020). The final stage of testing items used the DIF test to determine the

instrument items bias. DIF analysis was specifically used to reveal the ability to answer



between male and female students to find out whether there was a bias from the items given.
Question items that have a bias are indicated by differences in the ability to answer between
male and female students. To overcome the bias in the items, Isepi et al (2021) suggested to
make two separate items, one item for men and another for women. The results of the DIF
analysis of the green character instrument shown in Figure 5 show that there is no bias as
evidenced by the graph of male and female responses approaching the normal line (green).
This proves that the items in the instrument are free from bias and can be used to reveal green

character for both male and female respondents.

The final result of the green character instrument found in five constructs with a total of 34
items (4 items were eliminated after EFA and CFA, and 2 items were eliminated after
RASCH). The five formed constructs, namely Environmental Behavior (EnB), Environmental
Knowledge (EnK), Environmental Value (EnV), Environmental Attitude (EnA), and
Environmental Habits (EnH) were confirmed through the CFA and met the criteria for the
Goodness of fit index (Table 4 ). These results indicate that the construct validity of the
instrument has been met. This finding is in line with the theory that underlies this research
such as the theories that have been tested by Stern (2000) regarding Environmental Behavior,
environmental knowledge (Raymond et al.,, 2010), environmental values (Thompson &
Barton, 1994), and attitudes towards the environment (Dunlap et al., 2000). Based on the
results of the content validity analysis, which includes the fit item test, person-item map, and
diagnostic rating scale, and the consequential validity which includes the DIF analysis, the
green character instrument is declared eligible and has met the standard criteria that have been
determined. However, this study revealed that one of the constructs, the Environmental Habits
(EnH), experienced an item reduction to leave only one statement item. Based on these
findings, the researcher believes that there is a lack of research caused by the lack of items

used in this instrument. However, empirically, based on the results of the EFA, CFA and



RASCH this questionnaire has met the standards in instrument development, so it can be used

to measure the students’ green character.

Conclusion

This study showed that the green character instrument series had met the criteria for item
validity and reliability using the EFA, CFA and RASCH models. The EFA showed the
loading factor was approximately on 0.314-0.772 with the initial eigenvalues in the interval of
1.54-4.77. 1t had a good goodness of fit index with X?*/df, RMSEA, GFI, CFI and TLI in the
category of good after confirmed through CFA. The EFA and CFA analysis resulted 36 items
after eliminating 4 unstandardised items. A further analysis using RASCH on 36 items
remained 34, 2 out of 36 was deleted due to not reach the standard value of MNSQ and
PTMEA infit/outfit. The final result of this measurement found that the 34 items reached a fit
model of EFA, CFA, and RASCH. This instrument can reveal knowledge, behavior, values,
attitudes and habits towards the environment. Although it was found that there were
discrepancies in the results of measurements using factors and RASCH, these three types of
validity measurements should be used simultaneously so that they can complement one

another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been
produced in revealing the students’ green character in various demographic conditions.
In addition, to obtain more comprehensive results, further research can be carried out at lower
levels of education such as elementary, junior high and high school. For teachers, the green
character instrument can be applied through a modified instrument for suitable materials and

topics.



Limitations

The environmental habits construct has too few items. This allows the occurrence of missing
in the data. Therefore, further research can arrange more items so that they can represent

constructs to get more valid and reliable results.
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Abstract: Many researchers have separately developed instruments to measure environmental characteristics such as attitudes,
values, and knowledge. However, there is no instrument used to measure all these aspects in one comprehensive instrument. This
study is meant to develop and validate a green character instrument which reveals student behavior and awareness of the
environment. The instrument consists of 40 statement items consisting of 5 aspects, namely private pro-environmental behavior,
public pro-environmental behavior, environmental knowledge, environmental values, and environmental attitudes. It was
implemented on 1,398 students from 15 universities in Indonesia. The instrument content validation was analyzed by three experts
using content validity index (CVI). The construct validity was analyzed using exploratory factor analysis, confirmatory factor
analysis, and RASCH analysis. The content validity results obtained CVI scores ranging between 0.8 and 0.9 with a good category,
while item reliability was in a fairly good category with a high level of separation index. Construct validation resulted in 34 items (4
items were eliminated after Exploratory and Confirmatory Factor Analysis, and 2 items were eliminated after RASCH analysis)
spread over five constructs, namely environmental behavior, environmental knowledge, environmental values, environmental
attitudes, and environmental habits. The resulting instrument has a good level of item difficulty, with a well understood response set
which can be understood easily by respondents, and without bias. Therefore, it can be used to measure the students’ green character
on both male and female.
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Introduction

Character as a part of humanity (Pradhan, 2009) in the form of values, beliefs, good and bad behavior (Rahman et al,,
2020; Ryan, 2013), and morality (Sari et al.,, 2021) is used to think and behave (Maisardi, 2017). It needs to be formed
as it cannot spontaneously arise (Muharlisiani et al., 2019). Therefore, character needs to be familiarized to the younger
generation through continuous learning, examples, and practices (Rahmawati et al., 2020). People with character will
have good morals (Asrial et al,, 2021), who consciously controls every action and behavior (Maisardi, 2017).

Good character is needed in all aspects, such as in environment. Example of good character to the environment is
implemented in an attitude of caring for the environment (Pane & Patriana, 2016; Sanjaya, 2021). The character of
caring for the environment must also be made accustomed (Arent et al., 2020; Masturoh & Ridlo, 2020), and it is
important to be developed as the environment will have an impact on human existence (Yunesa, 2019). Environmental
care character will create positive behavior towards the environment (Asrial et al,, 2021; Sukri et al,, 2020a), and
reduce the negative impact of human behavior on the environment (Palupi & Sawitri, 2018; Sukri et al,, 2020b). In
addition, concerning for the environment is very important as most of the environmental damage is caused by human
behavior (El Faisal et al., 2018; Sukri et al., 2018).
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The term green character in this study refers to a person's behavior and awareness of the environment. Behavior refers
to human activities to protect the environment or what is called pro-environmental behavior (Stern, 2000), while
awareness refers to knowledge (Raymond et al., 2010), values (Thompson & Barton, 1994) and attitudes to the
environment (Dunlap et al,, 2000). Therefore, caring for the environment attitude is part of a green character. The term
green character was chosen to describe all positive behaviors and awareness of the environment. Frasz (2016)
mentions environmental character as feelings, sentiments and virtues towards the environment. The term green is also
used by Chankrajang and Muttarak (2017) to describe one aspect of attitude towards the environment which is pro-
environmental behavior. By using the term green character, all behaviors, attitudes, knowledge, values, and all things
with a positive impact on the environment can be covered which makes this term more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of behavior and environmental
awareness. The research conducted by Stern (2000) only developed an instrument to measure pro-environmental
behavior, while Raymond et al. (2010) focused on the knowledge aspect. In addition, Thompson and Barton (1994) and
Dunlap et al. (2000) only focused on values and attitudes aspects. The only similar research has been conducted by Fu
et al. (2018), which unfortunately has some weaknesses, namely (1) limited to the behavior and awareness of the
campus academic community and not generally applicable to the wider community, and (2) statement items developed
in the instruments are mostly not in accordance with the conditions, context, and socio-cultural prevailing in many
countries, such as in Indonesia. Whereas according to He and Filimonau (2020) and Chwialkowska et al. (2020), a
person's socio-cultural background influences his behavior towards the environment. For example, the statement item
“I believe I know environmental issues well' presented by Fu et al. (2018) cannot be reduced to a concrete statement
because it is not in accordance with the conditions of society in several countries with the same culture and conditions,
especially Indonesia. The statement will become understandable if it is transformed into real environmental issues
occuring in the community, for example “Illegal logging can result in the loss of clean water sources and natural
disasters” and “Throwing garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument that can accommodate all aspects
of environmental behavior and awareness. The resulting instrument can be used to measure not only the knowledge,
values and attitudes towards the environment, but also to measure behavior reflected in pro-environmental attitudes.
The results of this study can be used as a reference for other researchers in different countries which have similar or
even the same cultural and socioeconomic conditions to Indonesia, which will make this instrument will be more
contextual and precise to measure the "green character” of students.

Contribution to the Literature

e Some of the instruments developed by previous researchers were limited to certain aspects and did not cover all
aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been validated, especially in
Indonesia

e Instruments validated of this study can be used to measure students' green character precisely because it is
contextual and in accordance with the conditions experienced by students.

Methodology

This research is meant to develop and validate the green character instrument. The development is conducted through
three steps; 1) analyzing the supporting literature and arranging the items, 2) content validation, 3) construct
validation through Exploratory Factor Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al,
2020).

Literatur Review and Item Arrangement

Literature review is done to determine the representative variables for green character instrument. Literature analysis
is based on studies or research results that have been published in reputable international journals such as research by
Stern (2000), Raymond et al. (2010), Thompson and Barton (1994), and Dunlap et al. (2000). Based on the results of
the review, a draft of a green character instrument was prepared which includes 40 items. The green character
instrument draft consists of private pro-environmental behavior aspects (Stern, 2000) covering 11 items; public pro-
environmental behavior aspects (Stern, 2000) which consists of 8 items; environmental knowledge aspects (Raymond
et al,, 2010) with 6 items; environmental value aspects (Thompson & Barton, 1994) with 8 items; and environmental
attitudes aspects (Dunlap et al, 2000) which consists of 7 items. The student's response consisted of five answer
choices; 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, and 5 = strongly agree.

Content Validation

Content validity is evidence of the extent to which the elements of an assessment instrument are relevant and represent
a construct targeted for a particular assessment objective (Almanasreh et al., 2019). Content validity includes four
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criteria; relevance, clarity, simplicity, and ambiguity (Yaghmaei, 2003). The validity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental field as experts in their
respective fields to obtain acceptable assessment. In conducting the assessment, the validator was asked to fill in four
criteria which are, 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4
aspects of content validation. Furthermore, from the four criteria, dichotomous data was made to measure content
validation using the content validity index method (Polit & Beck, 2006) with the provisions that CVI values > 0.79 were
accepted, CVI values 0.70-0.79 were revised, and CVI < 0.70 were rejected (Devon et al., 2007).

EFA, CFA, and RASCH Analysis

Research Sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through random sampling (Endo
et al,, 2016). Respondents consisted of 972 women (69.53%) and 426 men (30.47%) with the age ranging from 19 to
22 years old. Respondents came from various regions in Indonesia including western, central and eastern Indonesia
from various different majors such as social science, science, science education, engineering, humanities and business.
The number of samples, 1,398 people, met the ideal limits for factor analysis (Tabachnick & Fidell, 2014) and RASCH
analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis (Williams et al., 2010).
Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and Bartlett's Test of Sphericity were performed prior to EFA
(Chan & Idris, 2017). Furthermore, EFA uses the varimax rotation method (Osborne, 2015) and maximum likelihood
estimation (Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong & Pearce, 2013), and a minimum loading
factor of 0.3 (Prasetyo et al., 2019). CFA was conducted to confirm the EFA results with model fit criteria based on the
Root mean square error of approximation (RMSEA 0.06), Goodness of fit index (GFI 0.95), Comparative Fit Index (CFI
0.95), Tucker-Lewis Index (TLI 0.95), and X2/df < 3.00 (Sun, 2005). The RASCH analysis measures the validity of the
instrument's construct in terms of content and consequential aspects (Susongko, 2016). Since the sample used is > 500
(Sumintono & Widhiarso, 2015), the item fit criteria are seen based on the mean-square infit and outfit values (MNSQs,
between 0.6 to 1.5), and the point-measure correlation coefficient (PTMEA Corr, between 0.3 up to 0.7) (Linacre, 2018).
Items that meet one of these criteria are designated as valid items, while items that do not meet the criteria will be
deleted from the instrument. Furthermore, the reliability value of the items received is between 0.65 and 0.83
(Sumintono & Widhiarso, 2015) with a separation index value of 1 and > 2 (Ismail et al., 2020). In addition to reliability,
Wright map analysis was also performed to determine the items’ level of difficulty (Scoulas et al.,, 2021) followed by
rating scale analysis to evaluate the clarity and ease of interpretation of the response set in the instrument (Kim &
Kyllonen, 2006). Finally, to avoid bias in the instrument, a Differential ltem Functioning (DIF) analysis was conducted
to determine the responses of male and female students (Iseppi et al,, 2021).

Results
Content Validation

The results of CVI analysis on 40 green character instrument items show that the CVI values range from 0.8-0.9 for all
aspects. Based on these results, all items in the instrument have met the valid criteria which were reviewed based on
relevance, clarity, simplicity, and ambiguity.

Exploratory Factor Analysis (EFA)

Factor analysis serves to reduce variables that are replaced by several factors which summarize the relationship
between variables (Goldberg & Velicer, 2006). The initial assumption in factor analysis is the adequacy of the sample in
the analysis (Ul Hadia et al,, 2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value which must
be greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample, the assumption that must be met in the
EFA is that there should be relationship between variables in the factors (Matore et al., 2019) which is indicated by the
value of Bartlett's Test of Sphericity (BTS) which must be less than 0.05 (Chan & Idris, 2017). The results of the KMO
and BTS analysis are shown in Table 1 which shows that the KMO value is 0.917 and is in the very good category (Ul
Hadia et al,, 2016), while the BTS value is <.001 which indicates that both EFA assumptions are met and acceptable for
further analysis (Field, 2000).

Table 1. KMO and BTS Analysis Result

Kaiser-Meyer-Olkin Bartlett's Test of Sphericity
Overall MSA X2 df p
0.917 18800.609 780.000 <.001
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After the EFA assumption test is met, the next step is to perform a factor analysis of 40 instrument items using the
varimax rotation method (Osborne, 2015) and maximum likelihood estimation (Kassim et al.,, 2013). To determine the
number of factors being formed, the parallel analysis method was conducted (Cokluk & Kogak, 2016). The results can
be seen in Figure 1 which shows that the implementation point is formed after five factors resulted in 5 constructs
which were formed from the results of factor analysis. Each item in the formed factor has a loading factor of more than
0.3. The minimum factor loading value used in this study is 0.3 to indicate that the formed factor has met the fit criteria
(Prasetyo et al., 2019). The loading factor that were formed are shown in Table 2.
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Figure 1. Scree Plot Result of Factor Analysis
Table 2. Loading Factor Formed from Factor Analysis
Items Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Al 0.362
A2 0.344
A3 0.344
A4 0.314
A5 0.509
A6 0.654
A12 0.645
A13 0.730
Al4 0.555
A15 0.637
Al6 0.593
A17 0.651
A18 0.614
A19 0.507
A20 0.649
A21 0.649
A22 0.755
A23 0.758
A24 0.758
A25 0.655
A26 0.422
A27 0.772
A28 0.755
A30 0.762
A32 0.508
A37 0.464
A38 0.523
A29 0.499
A31 0.390
A33 0.502
A35 0.453
A36 0.464
A39 0.571
A40 0.514
A9 0.537

A10 0.721
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Based on Table 2, several items such as items A7, A8, A11 and A34 were eliminated from the analysis because they had
a loading factor of less than 0.3. Based on these results, 40 items were analyzed resulting in 5 factors. The five formed
factors were then grouped and named according to the similarity of characteristics possessed by each item as follow
factor 1, environmental behavior; factor 2, environmental knowledge; factor 3, environmental value; factor 4,
environmental attitude; and factor 5, environmental habits. The results are strengthened by the Eigenvalue, variance,
interitem correlation and Cronbach's alpha value which are presented in Table 3.

Table 3. Characteristics of the Formed Factors

Construct Initial Eigen % ofvar. Cumulative Average Average Cronbach’s N
values % interitem interfactor Alpha
correlation correlation
Environmental
Behavior (EnB) 4.77 11.90 11.90 0.31 0.03 0.85 14
Environmental
Knowledge (EnK) 3.63 9.10 21.00 0.57 0.05 0.89 6
Environmental
Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7
Environmental
Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7
Environmental

Habits (EnH) 1.54 3.80 38.10 0.60 0.06 0.74 2

Confirmatory Factor Analysis (CFA)

The interpretation of the CFA fit model uses Diagonally Weighted Least Squares (DWLS), which is considered as the
most suitable for not normally distributed data compared to the maximum likelihood model (Nye & Drasgow, 2011).
The results of the CFA fit model and final measurement model are shown in Table 4 and Figure 2.

Table 4. Goodness of Fit Index Confirmatory Factor Analysis

Index Value Cut off value  criteria

X2/df 2.802 <3.00 Good

Root mean square error of approximation (RMSEA) 0.036 <0.06 Good

Goodness of fit index (GFI) 0.957 >0.95 Good

Comparative Fit Index (CFI) 0.952 >20.95 Good

Tucker-Lewis Index (TLI) 0.948 =0.95 Good
1.00

]
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Figure 2. CFA Final Measurement Model
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To strengthen the results of the EFA and CFA, a RASCH analysis was performed to determine the validity and reliability
of the instrument following the Messick validity which includes several aspects namely content, substance, structure,
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external and consequential (Susongko, 2016). This research is only limited to the content and consequential aspects.
The following describes the results of the RASCH analysis on the green character instrument.
Green Character Instruments Reliability

The results of the measurement of reliability and separation of the item and person indices of the instrument are
shown in Table 5.

Table 5. Reliability and Separation Index of Green Character Instrument

Construct ID item Item Measure Person Measure
Reliability Separation Reliability Separation
Environmental Behavior EnB1-EnB14 1.00 16.88 0.83 2.18
Environmental Knowledge EnK1-EnK6 0.99 9.63 0.78 1.89
Environmental Value EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental Attitude EnA1-EnA7 1.00 23.52 0.65 1.35
Environmental Habits EnH1-EnH2 1.00 24.44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The results of the item fit analysis of the green character instrument are shown in Table 6.

Table 6. Item Fit Analysis Result of Green Character Instruments

Infit Outfit

FACTOR Item MNSQ MNSQ PTMEA
Environmental [bring my water bottle from home when traveling 1.0255 1.1764 0.3397
Behaviors [ throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short distance traveling. 0.8825  0.9661 0.3903
[ use public transportation for long distance traveling. 1.3165 1.6078 0.1784

I keep my waste in my pocket or my bag when there is no trash
can nearby and carry them until I find trash can.
[ bring my own bag from home to reduce plastic waste when I

0.8848  0.8299 0.4753

0.8234  0.8759 0.4323

go shopping.
I encourage my family and my colleagues to save resources 1.1317  1.0298 0.47
I encourage my family and my colleagues to plan trees. 1.0375 09918 0.4587

I support family members or colleagues activities in protecting
the environment.
[ discuss environmental issues with family members and

1.275 1.4922 0.2375

0.5566  0.6486 0.463

colleagues.

I often involve in environmental cleaning activities. 0.7253  0.8411 0.4334
[ often pick up trash which scatter around public areas. 0.7584  0.7024 0.5311
I remind family or colleagues who litter everywhere. 0.5751  0.6478 0.4271

I throw waste from food and drinks in the right place when

gathering with friends and families. 0.6102 06693 0.4198

Environmental  Littering in the river can damage the sea ecosystem 0.6313 0.701 0.4039
Knowledge Using air conditioner can cause damage to the Ozon layers 0.7125  0.7815 0.4107
Waste from motor vehicles can cause air pollution and climate 07462  0.7672 0.4929
change.
The extensive use of detergent can cause death for water 14783  1.2842 0.4844
creatures.

Illegal logging cam cause the disappearance of clean water
sources and natural disaster.

Too many inhabitants can cause damage many places for
housing

0.8591  0.9089 0.4809

0.8618  0.8013 0.5501
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Table 6. Continued

Infit Outfit

FACTOR Item MNSQ MNSQ PTMEA
Environmental [ prefer to see animal in the zoo to seeing them in the wild. 0.8494  0.7944 0.5503
Value I do not need to worry about the environment damage as 0.856 0.8029 0.5449
technology can solve that problem.
Human does not always need nature to survive. 1.0492 1.0805 0.4782
il:czteicf}le environmental problem happen as it will be solved by 10668 11274 0.4061

Natural disaster such as flood, land slide, and drought do not
have anything to do with environmental damage.
The environmental damage issues nowadays have been

1.1545 1.3173 0.3169

0.8599  0.9589 0.404

exaggerated.

Human are here to rule the whole world. 1.2401 1.4703 0.1956
Environmental [ feel happy and pleased to be with nature 1.3965 1.5706 0.292
Attitude The most important reason to .p.rotect the environment if to 1554 15556 0.4062

preserve the human sustainability.

Human are part of the ecosystem just like animal. 1.4713 1.3966 0.4581

Disturbing the nature will resulted in the damaging 13273 16123 0316

consequences.

gloaensts and animals have the same right to live as how human 1.9292 22336 0.3304

The balance of the nature is very sensitive and easily disturbed. 1.0766  1.2402 0.3712
We V.v'lll experience huge ecological disaster if everything 07641  0.8031 0.4858
continues as it is.

Environmental I turn of the electricity when it is not in use. 1.1692 1.2962 0.3878
Habits I always turn off the tab when it is not in use. 1.6487 1.9841 0.0954
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items (Saefi et al.,, 2020; Scoulas et al.,
2021). Wright map analysis is shown in Figure 3.
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Figure 3. Wright Map Respondent’s Perception Toward the Green Character Instrument
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Rating Scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is used to evaluate the
clarity and ease of interpretation of the response set in the instrument (Kim & Kyllonen, 2006). The results of the
diagnostic scale rating are shown in Figure 4.
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Figure 4. Probability Category Curve of The Green Character Instrument

Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender, responded to items
differently (Iseppi et al., 2021). The results of the DIF analysis are shown in Figure 5.
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Figure 5. Graph of Person DIF of The Green Character Instrument

Discussion

This study will test the green character instrument consisting of 40 items which are coded from Al to A40. The first
step to test the relationship between variables in the instrument is performing factor analysis. EFA analysis results on
Table 3 shows that the Eigenvalue is more than 1 (range from 1.54 to 4.77). Eigenvalue is a measure used to determine
the number of factors being formed (Larsen & Warne, 2010). Based on the Eigenvalue, the 5 formed constructs are fit.
This is in accordance with Yong and Pearce (2013) opinion which say that the Eigenvalue value of more than 1
indicates that the factor has met the assumption of the fit criteria. Table 3 also shows the value of the variance formed
on each factor (ranging from 3.80 to 11.90) with a cumulative variance of 38.10%. The cumulative variance value is
relatively small as usually the cumulative variance for humanities research ranges from 50-60% (Pett et al., 2011).
However, the resulting variance value is still acceptable as the other criteria have been met in the EFA analysis. The low
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value of this variance is thought to be caused by the maximum likelihood extraction method used. According to Costello
and Osborne (2005), the principal component analysis (PCA) method in extraction produces a greater variance than the
maximum likelihood (ML) method. This happens because PCA does not divide the unique variance from communalities
so it sets all item communalities at 1.0, whereas ML estimates the level of shared variance for the items, which ranged
from 0.39 to 0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3). This indicates that there is a
strong relationship between each item in the same factor. According to Tabachnick and Fidell (2014), the interitem
correlation value that exceeds 0.3 meets good factorability in the EFA. Table 3 also shows that the average value of
interfactor correlation is smaller than the average value of interitem correlation in factors that range from 0.02 to 0.07.
This proves that the instrument has good specificity. The intended specificity is the instrument's ability to distinguish
the specificity of each factor based on its correlation value (Trumpower et al., 2010). The results of Cronbach's alpha
analysis in Table 3 reveal that the reliability value ranges from 0.74 to 0.85. This shows that the instrument has good
reliability. The reliability value above 0.7 proves that the instrument is reliable and acceptable (Yu & Richardson,
2015).

To test the consistency of the formed factors, a confirmatory factor analysis was performed (Tomé-Fernandez et al.,
2020). CFA was conducted on 5 factors and 36 items. They are Environmental Behavior (EnB), Environmental
Knowledge (EnK), Environmental Value (EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors.
The fit model criteria are based on the Root mean square error of approximation (RMSEA), Goodness of fit index (GFI),
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and X2 /df (Sun, 2005). The results of the CFA analysis in Table
4 show that all fit criteria have been met by the model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI
= 0.957, and x2/df = 2.802. All of these values have met the model fit criteria (Hidayat et al., 2018; Nye & Drasgow,
2011; Prudon, 2014). The results of this final measurement are then used for the validity and reliability of items using
the RASCH model (Susongko, 2016). The analysis using the RASCH model includes (1) instrument reliability, (2)
instrument item quality, (3) level of difficulty of the items, (4) evaluate the clarity of items, and (5) items bias.

Instrument reliability was performed on five constructs, namely environmental behavior, knowledge, values, attitudes,
and habits. The reliability analysis results showed that the item reliability values for each domain ranged from 0.99-
1.00 with the item separation values ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the
instrument's reliability is in the good category (Saefi et al.,, 2020), while the separation index value of > 2.0 indicates
that the measurement using RASCH can distinguish the instrument into several different groups or domains (Ismail et
al,, 2020). In addition, the results of the person reliability analysis ranged from 0.65 to 0.83 which include in the pretty
good category (Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2. These results
indicate that the instrument has the capability to distinguish respondents' abilities, respondents with high and low
performance (Ismail et al., 2020).

The fit index value indicates the quality of the items in the instrument which reveals how accurately the data fits the
model (Scoulas et al., 2021). The fit model reference used in this study is the MNSQ infit/outfit value, and PTMEA, while
the ZSTD infit/outfit value is ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et al., 2020), while the PTMEA
is performed to determine whether the instrument can distinguish respondents according to their response level (Saefi
etal, 2020).

The results of the item fit analysis in Table 6 show that there are two items which do not meet the fit index criteria. One
item on the environmental attitude construct is EnA5 and on the environmental habits construct is EnH2. The MNSQ
and PTMEA infit/outfit values for each of these items are outside the predetermined index value (Bond & Fox, 2007;
Linacre, 2018). In this study, the criteria for item acceptance were determined by three criteria, namely infit MNSQ,
outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index criteria, then the item in the instrument
can be accepted (Sumintono & Widhiarso, 2015). This result is different from the result of factor analysis and
confirmatory factor. Based on these results, the loading factor values for EnA5 and EnH2 items are 0.464 and 0.721,
respectively (Table 2). The loading factor value is quite large and acceptable (Prasetyo et al,, 2019), but based on the
results of item fit analysis using RASCH, both items do not meet the criteria and are declared as invalid items. This
study found that there was a discrepancy between the results of the CFA analysis and the RASCH model. According to
Scoulas et al. (2021), the RASCH model can detect potential measurement problems such as item bias or local item
dependencies that may arise when measuring using classical validation methods such as factor analysis. Based on this
assumption, researchers tend to eliminate both items which are considered as invalid items.

The analysis of the items difficulty level through the wright map in Figure 3 showed that only 4 items namely EnB9,
EnV7, EnV1 and EnH2 are considered difficult by respondents in understanding green character instruments. There
were no items that were categorized as difficult to be understood by the respondents in the environmental knowledge
component. Overall, the questions on the instrument can be easily understood by the respondent. This shows that the
green character instrument has met the criteria for a good item difficulty level.
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The rating scale visualization shown in Figure 4 shows the probability of the response category in the green character
instrument according to the recommended pattern. Each category has a distinct peak at some point along the scale as
expected (Scoulas et al., 2021). Thus, it can be concluded that the green character instrument response series is
functioning properly (Saefi et al., 2020). The final stage of testing items used the DIF test to determine the instrument
items bias. DIF analysis was specifically used to reveal the ability to answer between male and female students to find
out whether there was a bias from the items given. Question items that have a bias are indicated by differences in the
ability to answer between male and female students. To overcome the bias in the items, Iseppi et al. (2021) suggested
to make two separate items, one item for men and another for women. The results of the DIF analysis of the green
character instrument shown in Figure 5 show that there is no bias as evidenced by the graph of male and female
responses approaching the normal line (green). This proves that the items in the instrument are free from bias and can
be used to reveal green character for both male and female respondents.

The final result of the green character instrument found in five constructs with a total of 34 items (4 items were
eliminated after EFA and CFA, and 2 items were eliminated after RASCH). The five formed constructs, namely
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value (EnV), Environmental Attitude
(EnA), and Environmental Habits (EnH) were confirmed through the CFA and met the criteria for the Goodness of fit
index (Table 4). These results indicate that the construct validity of the instrument has been met. This finding is in line
with the theory that underlies this research such as the theories that have been tested by Stern (2000) regarding
Environmental Behavior, environmental knowledge (Raymond et al, 2010), environmental values (Thompson &
Barton, 1994), and attitudes towards the environment (Dunlap et al., 2000). Based on the results of the content validity
analysis, which includes the fit item test, person-item map, and diagnostic rating scale, and the consequential validity
which includes the DIF analysis, the green character instrument is declared eligible and has met the standard criteria
that have been determined. However, this study revealed that one of the constructs, the Environmental Habits (EnH),
experienced an item reduction to leave only one statement item. Based on these findings, the researcher believes that
there is a lack of research caused by the lack of items used in this instrument. However, empirically, based on the
results of the EFA, CFA and RASCH this questionnaire has met the standards in instrument development, so it can be
used to measure the students’ green character.

Conclusion

This study showed that the green character instrument series had met the criteria for item validity and reliability using
the EFA, CFA and RASCH models. The EFA showed the loading factor was approximately on 0.314-0.772 with the initial
eigenvalues in the interval of 1.54-4.77. It had a good goodness of fit index with X2/df, RMSEA, GFI, CFI and TLI in the
category of good after confirmed through CFA. The EFA and CFA analysis resulted 36 items after eliminating 4
unstandardised items. A further analysis using RASCH on 36 items remained 34, 2 out of 36 was deleted due to not
reach the standard value of MNSQ and PTMEA infit/outfit. The final result of this measurement found that the 34 items
reached a fit model of EFA, CFA, and RASCH. This instrument can reveal knowledge, behavior, values, attitudes and
habits towards the environment. Although it was found that there were discrepancies in the results of measurements
using factors and RASCH, these three types of validity measurements should be used simultaneously so that they can
complement one another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been produced in revealing the
students’ green character in various demographic conditions. In addition, to obtain more comprehensive results,
further research can be carried out at lower levels of education such as elementary, junior high and high school. For
teachers, the green character instrument can be applied through a modified instrument for suitable materials and
topics.

Limitations
The environmental habits construct has too few items. This allows the occurrence of missing in the data. Therefore,
further research can arrange more items so that they can represent constructs to get more valid and reliable results.
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Abstract: Many researchers have separately developed instruments to measure environmental characteristics such as attitudes,
values, and knowledge. However, there is no instrument used to measure all these aspects in one comprehensive instrument. This
study is meant to develop and validate a green character instrument which reveals student behavior and awareness of the
environment. The instrument consists of 40 statement items consisting of 5 aspects, namely private pro-environmental behavior,
public pro-environmental behavior, environmental knowledge, environmental values, and environmental attitudes. It was
implemented on 1,398 students from 15 universities in Indonesia. The instrument content validation was analyzed by three experts
using content validity index (CVI). The construct validity was analyzed using exploratory factor analysis, confirmatory factor
analysis, and RASCH analysis. The content validity results obtained CVI scores ranging between 0.8 and 0.9 with a good category,
while item reliability was in a fairly good category with a high level of separation index. Construct validation resulted in 34 items (4
items were eliminated after Exploratory and Confirmatory Factor Analysis, and 2 items were eliminated after RASCH analysis)
spread over five constructs, namely environmental behavior, environmental knowledge, environmental values, environmental
attitudes, and environmental habits. The resulting instrument has a good level of item difficulty, with a well understood response set
which can be understood easily by respondents, and without bias. Therefore, it can be used to measure the students’ green character
on both male and female.

Keywords: Green character, instrument, factor and Rasch Analysis.
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Introduction

Character as a part of humanity (Pradhan, 2009) in the form of values, beliefs, good and bad behavior (Rahman et al,,
2020; Ryan, 2013), and morality (Sari et al.,, 2021) is used to think and behave (Maisardi, 2017). It needs to be formed
as it cannot spontaneously arise (Muharlisiani et al., 2019). Therefore, character needs to be familiarized to the younger
generation through continuous learning, examples, and practices (Rahmawati et al., 2020). People with character will
have good morals (Asrial et al,, 2021), who consciously controls every action and behavior (Maisardi, 2017).

Good character is needed in all aspects, such as in environment. Example of good character to the environment is
implemented in an attitude of caring for the environment (Pane & Patriana, 2016; Sanjaya, 2021). The character of
caring for the environment must also be made accustomed (Arent et al., 2020; Masturoh & Ridlo, 2020), and it is
important to be developed as the environment will have an impact on human existence (Yunesa, 2019). Environmental
care character will create positive behavior towards the environment (Asrial et al,, 2021; Sukri et al,, 2020a), and
reduce the negative impact of human behavior on the environment (Palupi & Sawitri, 2018; Sukri et al,, 2020b). In
addition, concerning for the environment is very important as most of the environmental damage is caused by human
behavior (El Faisal et al., 2018; Sukri et al., 2018).
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The term green character in this study refers to a person's behavior and awareness of the environment. Behavior refers
to human activities to protect the environment or what is called pro-environmental behavior (Stern, 2000), while
awareness refers to knowledge (Raymond et al., 2010), values (Thompson & Barton, 1994) and attitudes to the
environment (Dunlap et al,, 2000). Therefore, caring for the environment attitude is part of a green character. The term
green character was chosen to describe all positive behaviors and awareness of the environment. Frasz (2016)
mentions environmental character as feelings, sentiments and virtues towards the environment. The term green is also
used by Chankrajang and Muttarak (2017) to describe one aspect of attitude towards the environment which is pro-
environmental behavior. By using the term green character, all behaviors, attitudes, knowledge, values, and all things
with a positive impact on the environment can be covered which makes this term more universal.

Currently, it is difficult to find an instrument that can fully accommodate all aspects of behavior and environmental
awareness. The research conducted by Stern (2000) only developed an instrument to measure pro-environmental
behavior, while Raymond et al. (2010) focused on the knowledge aspect. In addition, Thompson and Barton (1994) and
Dunlap et al. (2000) only focused on values and attitudes aspects. The only similar research has been conducted by Fu
et al. (2018), which unfortunately has some weaknesses, namely (1) limited to the behavior and awareness of the
campus academic community and not generally applicable to the wider community, and (2) statement items developed
in the instruments are mostly not in accordance with the conditions, context, and socio-cultural prevailing in many
countries, such as in Indonesia. Whereas according to He and Filimonau (2020) and Chwialkowska et al. (2020), a
person's socio-cultural background influences his behavior towards the environment. For example, the statement item
“I believe I know environmental issues well' presented by Fu et al. (2018) cannot be reduced to a concrete statement
because it is not in accordance with the conditions of society in several countries with the same culture and conditions,
especially Indonesia. The statement will become understandable if it is transformed into real environmental issues
occuring in the community, for example “Illegal logging can result in the loss of clean water sources and natural
disasters” and “Throwing garbage in rivers can cause damage to marine ecosystems”.

Therefore, this research is very important to be conducted to produce an instrument that can accommodate all aspects
of environmental behavior and awareness. The resulting instrument can be used to measure not only the knowledge,
values and attitudes towards the environment, but also to measure behavior reflected in pro-environmental attitudes.
The results of this study can be used as a reference for other researchers in different countries which have similar or
even the same cultural and socioeconomic conditions to Indonesia, which will make this instrument will be more
contextual and precise to measure the "green character” of students.

Contribution to the Literature

e Some of the instruments developed by previous researchers were limited to certain aspects and did not cover all
aspects of environmental behavior and awareness

e Instruments to measure green character have not been disclosed and have not been validated, especially in
Indonesia

e Instruments validated of this study can be used to measure students' green character precisely because it is
contextual and in accordance with the conditions experienced by students.

Methodology

This research is meant to develop and validate the green character instrument. The development is conducted through
three steps; 1) analyzing the supporting literature and arranging the items, 2) content validation, 3) construct
validation through Exploratory Factor Analyis (EFA), Confirmatory Factor Analysis (CFA), and RASCH (Saefi et al,
2020).

Literatur Review and Item Arrangement

Literature review is done to determine the representative variables for green character instrument. Literature analysis
is based on studies or research results that have been published in reputable international journals such as research by
Stern (2000), Raymond et al. (2010), Thompson and Barton (1994), and Dunlap et al. (2000). Based on the results of
the review, a draft of a green character instrument was prepared which includes 40 items. The green character
instrument draft consists of private pro-environmental behavior aspects (Stern, 2000) covering 11 items; public pro-
environmental behavior aspects (Stern, 2000) which consists of 8 items; environmental knowledge aspects (Raymond
et al,, 2010) with 6 items; environmental value aspects (Thompson & Barton, 1994) with 8 items; and environmental
attitudes aspects (Dunlap et al, 2000) which consists of 7 items. The student's response consisted of five answer
choices; 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, and 5 = strongly agree.

Content Validation

Content validity is evidence of the extent to which the elements of an assessment instrument are relevant and represent
a construct targeted for a particular assessment objective (Almanasreh et al., 2019). Content validity includes four
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criteria; relevance, clarity, simplicity, and ambiguity (Yaghmaei, 2003). The validity of the green character
questionnaire content is done by lecturers, practitioners and researchers in the environmental field as experts in their
respective fields to obtain acceptable assessment. In conducting the assessment, the validator was asked to fill in four
criteria which are, 1 = not relevant, 2 = somewhat relevant, 3 = quite relevant, 4 = very relevant which was adjusted to 4
aspects of content validation. Furthermore, from the four criteria, dichotomous data was made to measure content
validation using the content validity index method (Polit & Beck, 2006) with the provisions that CVI values > 0.79 were
accepted, CVI values 0.70-0.79 were revised, and CVI < 0.70 were rejected (Devon et al., 2007).

EFA, CFA, and RASCH Analysis

Research Sample

This study involved 1,398 students as respondents from 15 universities in Indonesia through random sampling (Endo
et al,, 2016). Respondents consisted of 972 women (69.53%) and 426 men (30.47%) with the age ranging from 19 to
22 years old. Respondents came from various regions in Indonesia including western, central and eastern Indonesia
from various different majors such as social science, science, science education, engineering, humanities and business.
The number of samples, 1,398 people, met the ideal limits for factor analysis (Tabachnick & Fidell, 2014) and RASCH
analysis (Hagell & Westergren, 2016).

Data Analysis

The initial stage of the analysis was performed through an exploratory factor analysis (Williams et al., 2010).
Prerequisite analyzes such as Kaiser-Meyer-Olkin (KMO) and Bartlett's Test of Sphericity were performed prior to EFA
(Chan & Idris, 2017). Furthermore, EFA uses the varimax rotation method (Osborne, 2015) and maximum likelihood
estimation (Kassim et al., 2013) with the criteria of Eigenvalue > 1 (Yong & Pearce, 2013), and a minimum loading
factor of 0.3 (Prasetyo et al., 2019). CFA was conducted to confirm the EFA results with model fit criteria based on the
Root mean square error of approximation (RMSEA 0.06), Goodness of fit index (GFI 0.95), Comparative Fit Index (CFI
0.95), Tucker-Lewis Index (TLI 0.95), and X2/df < 3.00 (Sun, 2005). The RASCH analysis measures the validity of the
instrument's construct in terms of content and consequential aspects (Susongko, 2016). Since the sample used is > 500
(Sumintono & Widhiarso, 2015), the item fit criteria are seen based on the mean-square infit and outfit values (MNSQs,
between 0.6 to 1.5), and the point-measure correlation coefficient (PTMEA Corr, between 0.3 up to 0.7) (Linacre, 2018).
Items that meet one of these criteria are designated as valid items, while items that do not meet the criteria will be
deleted from the instrument. Furthermore, the reliability value of the items received is between 0.65 and 0.83
(Sumintono & Widhiarso, 2015) with a separation index value of 1 and > 2 (Ismail et al., 2020). In addition to reliability,
Wright map analysis was also performed to determine the items’ level of difficulty (Scoulas et al.,, 2021) followed by
rating scale analysis to evaluate the clarity and ease of interpretation of the response set in the instrument (Kim &
Kyllonen, 2006). Finally, to avoid bias in the instrument, a Differential ltem Functioning (DIF) analysis was conducted
to determine the responses of male and female students (Iseppi et al,, 2021).

Results
Content Validation

The results of CVI analysis on 40 green character instrument items show that the CVI values range from 0.8-0.9 for all
aspects. Based on these results, all items in the instrument have met the valid criteria which were reviewed based on
relevance, clarity, simplicity, and ambiguity.

Exploratory Factor Analysis (EFA)

Factor analysis serves to reduce variables that are replaced by several factors which summarize the relationship
between variables (Goldberg & Velicer, 2006). The initial assumption in factor analysis is the adequacy of the sample in
the analysis (Ul Hadia et al,, 2016). Sample adequacy is measured by the Kaiser-Meyer-Olkin (KMO) value which must
be greater than 0.5 (Hair et al., 2010). In addition to the adequacy of the sample, the assumption that must be met in the
EFA is that there should be relationship between variables in the factors (Matore et al., 2019) which is indicated by the
value of Bartlett's Test of Sphericity (BTS) which must be less than 0.05 (Chan & Idris, 2017). The results of the KMO
and BTS analysis are shown in Table 1 which shows that the KMO value is 0.917 and is in the very good category (Ul
Hadia et al,, 2016), while the BTS value is <.001 which indicates that both EFA assumptions are met and acceptable for
further analysis (Field, 2000).

Table 1. KMO and BTS Analysis Result

Kaiser-Meyer-Olkin Bartlett's Test of Sphericity
Overall MSA X2 df p
0.917 18800.609 780.000 <.001
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After the EFA assumption test is met, the next step is to perform a factor analysis of 40 instrument items using the
varimax rotation method (Osborne, 2015) and maximum likelihood estimation (Kassim et al.,, 2013). To determine the
number of factors being formed, the parallel analysis method was conducted (Cokluk & Kogak, 2016). The results can
be seen in Figure 1 which shows that the implementation point is formed after five factors resulted in 5 constructs
which were formed from the results of factor analysis. Each item in the formed factor has a loading factor of more than
0.3. The minimum factor loading value used in this study is 0.3 to indicate that the formed factor has met the fit criteria
(Prasetyo et al., 2019). The loading factor that were formed are shown in Table 2.
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Figure 1. Scree Plot Result of Factor Analysis
Table 2. Loading Factor Formed from Factor Analysis
Items Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Al 0.362
A2 0.344
A3 0.344
A4 0.314
A5 0.509
A6 0.654
A12 0.645
A13 0.730
Al4 0.555
A15 0.637
Al6 0.593
A17 0.651
A18 0.614
A19 0.507
A20 0.649
A21 0.649
A22 0.755
A23 0.758
A24 0.758
A25 0.655
A26 0.422
A27 0.772
A28 0.755
A30 0.762
A32 0.508
A37 0.464
A38 0.523
A29 0.499
A31 0.390
A33 0.502
A35 0.453
A36 0.464
A39 0.571
A40 0.514
A9 0.537

A10 0.721
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Based on Table 2, several items such as items A7, A8, A11 and A34 were eliminated from the analysis because they had
a loading factor of less than 0.3. Based on these results, 40 items were analyzed resulting in 5 factors. The five formed
factors were then grouped and named according to the similarity of characteristics possessed by each item as follow
factor 1, environmental behavior; factor 2, environmental knowledge; factor 3, environmental value; factor 4,
environmental attitude; and factor 5, environmental habits. The results are strengthened by the Eigenvalue, variance,
interitem correlation and Cronbach's alpha value which are presented in Table 3.

Table 3. Characteristics of the Formed Factors

Construct Initial Eigen % ofvar. Cumulative Average Average Cronbach’s N
values % interitem interfactor Alpha
correlation correlation
Environmental
Behavior (EnB) 4.77 11.90 11.90 0.31 0.03 0.85 14
Environmental
Knowledge (EnK) 3.63 9.10 21.00 0.57 0.05 0.89 6
Environmental
Value (EnV) 3.04 7.60 28.60 0.36 0.02 0.79 7
Environmental
Attitude (EnA) 2.27 5.70 34.30 0.30 0.07 0.75 7
Environmental

Habits (EnH) 1.54 3.80 38.10 0.60 0.06 0.74 2

Confirmatory Factor Analysis (CFA)

The interpretation of the CFA fit model uses Diagonally Weighted Least Squares (DWLS), which is considered as the
most suitable for not normally distributed data compared to the maximum likelihood model (Nye & Drasgow, 2011).
The results of the CFA fit model and final measurement model are shown in Table 4 and Figure 2.

Table 4. Goodness of Fit Index Confirmatory Factor Analysis

Index Value Cut off value  criteria

X2/df 2.802 <3.00 Good

Root mean square error of approximation (RMSEA) 0.036 <0.06 Good

Goodness of fit index (GFI) 0.957 >0.95 Good

Comparative Fit Index (CFI) 0.952 >20.95 Good

Tucker-Lewis Index (TLI) 0.948 =0.95 Good
1.00
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Figure 2. CFA Final Measurement Model
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To strengthen the results of the EFA and CFA, a RASCH analysis was performed to determine the validity and reliability
of the instrument following the Messick validity which includes several aspects namely content, substance, structure,
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external and consequential (Susongko, 2016). This research is only limited to the content and consequential aspects.
The following describes the results of the RASCH analysis on the green character instrument.
Green Character Instruments Reliability

The results of the measurement of reliability and separation of the item and person indices of the instrument are
shown in Table 5.

Table 5. Reliability and Separation Index of Green Character Instrument

Construct ID item Item Measure Person Measure
Reliability Separation Reliability Separation
Environmental Behavior EnB1-EnB14 1.00 16.88 0.83 2.18
Environmental Knowledge EnK1-EnK6 0.99 9.63 0.78 1.89
Environmental Value EnV1-EnV7 1.00 16.56 0.72 1.62
Environmental Attitude EnA1-EnA7 1.00 23.52 0.65 1.35
Environmental Habits EnH1-EnH2 1.00 24.44 0.66 1.40

Fit Analysis of Green Character Statistic Instrument

The results of the item fit analysis of the green character instrument are shown in Table 6.

Table 6. Item Fit Analysis Result of Green Character Instruments

Infit Outfit

FACTOR Item MNSQ MNSQ PTMEA
Environmental [bring my water bottle from home when traveling 1.0255 1.1764 0.3397
Behaviors [ throw rubbish in the right place. 1.4535 1.2149 0.3775
I ride bicycle or walk for short distance traveling. 0.8825  0.9661 0.3903
[ use public transportation for long distance traveling. 1.3165 1.6078 0.1784

I keep my waste in my pocket or my bag when there is no trash
can nearby and carry them until I find trash can.
[ bring my own bag from home to reduce plastic waste when I

0.8848  0.8299 0.4753

0.8234  0.8759 0.4323

go shopping.
I encourage my family and my colleagues to save resources 1.1317  1.0298 0.47
I encourage my family and my colleagues to plan trees. 1.0375 09918 0.4587

I support family members or colleagues activities in protecting
the environment.
[ discuss environmental issues with family members and

1.275 1.4922 0.2375

0.5566  0.6486 0.463

colleagues.

I often involve in environmental cleaning activities. 0.7253  0.8411 0.4334
[ often pick up trash which scatter around public areas. 0.7584  0.7024 0.5311
I remind family or colleagues who litter everywhere. 0.5751  0.6478 0.4271

I throw waste from food and drinks in the right place when

gathering with friends and families. 0.6102 06693 0.4198

Environmental  Littering in the river can damage the sea ecosystem 0.6313 0.701 0.4039
Knowledge Using air conditioner can cause damage to the Ozon layers 0.7125  0.7815 0.4107
Waste from motor vehicles can cause air pollution and climate 07462  0.7672 0.4929
change.
The extensive use of detergent can cause death for water 14783  1.2842 0.4844
creatures.

Illegal logging cam cause the disappearance of clean water
sources and natural disaster.

Too many inhabitants can cause damage many places for
housing

0.8591  0.9089 0.4809

0.8618  0.8013 0.5501




European Journal of Educational Research | 865

Table 6. Continued

Infit Outfit

FACTOR Item MNSQ MNSQ PTMEA
Environmental [ prefer to see animal in the zoo to seeing them in the wild. 0.8494  0.7944 0.5503
Value I do not need to worry about the environment damage as 0.856 0.8029 0.5449
technology can solve that problem.
Human does not always need nature to survive. 1.0492 1.0805 0.4782
il:czteicf}le environmental problem happen as it will be solved by 10668 11274 0.4061

Natural disaster such as flood, land slide, and drought do not
have anything to do with environmental damage.
The environmental damage issues nowadays have been

1.1545 1.3173 0.3169

0.8599  0.9589 0.404

exaggerated.

Human are here to rule the whole world. 1.2401 1.4703 0.1956
Environmental [ feel happy and pleased to be with nature 1.3965 1.5706 0.292
Attitude The most important reason to .p.rotect the environment if to 1554 15556 0.4062

preserve the human sustainability.

Human are part of the ecosystem just like animal. 1.4713 1.3966 0.4581

Disturbing the nature will resulted in the damaging 13273 16123 0316

consequences.

gloaensts and animals have the same right to live as how human 1.9292 22336 0.3304

The balance of the nature is very sensitive and easily disturbed. 1.0766  1.2402 0.3712
We V.v'lll experience huge ecological disaster if everything 07641  0.8031 0.4858
continues as it is.

Environmental I turn of the electricity when it is not in use. 1.1692 1.2962 0.3878
Habits I always turn off the tab when it is not in use. 1.6487 1.9841 0.0954
Wright Map

Wright map analysis was performed to determine the level of difficulty of the items (Saefi et al.,, 2020; Scoulas et al.,
2021). Wright map analysis is shown in Figure 3.

Ferson - MAP - Item
<morex|<rare»
4 . F

#T
.#
e Environmental Environmental Environmental
2 .#  + Behaviors value Habits
SEREE S Environmental
L ===== EnV7 attitude
SRR EnES EnHZ
N T Enal
SEERREEE M
B
1 B s A
| ===s====== Environmental
LEEggpEEn 5 Knowledge
SRR S Eng4
B EnAS EnK1 Env4
S EnNB1l3 EnBe
EnEl EnB14 EnKS EnVS
e . T+M ENB11 EnB32 Env3 ENVE EnAZ EnAg
EneElg EnK2 Envl Env2 EnA3

EnKe EnH1
Enas EnA7
5 EnBS Enk3 Enka
EnB12  ENBY

T EnB2
EnB2

-2 +
<less»|<frequ»
EACH "#" IS 14, EACH "." IS 1 TO 13

Figure 3. Wright Map Respondent’s Perception Toward the Green Character Instrument
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Rating Scale Diagnostic

The next stage in instrument testing is done through rating scale diagnostics. This measure is used to evaluate the
clarity and ease of interpretation of the response set in the instrument (Kim & Kyllonen, 2006). The results of the
diagnostic scale rating are shown in Figure 4.
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Figure 4. Probability Category Curve of The Green Character Instrument

Differential Item Functioning (DIF) Analysis

DIF analysis was conducted to determine whether different subgroups, in this case gender, responded to items
differently (Iseppi et al., 2021). The results of the DIF analysis are shown in Figure 5.
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Figure 5. Graph of Person DIF of The Green Character Instrument

Discussion

This study will test the green character instrument consisting of 40 items which are coded from Al to A40. The first
step to test the relationship between variables in the instrument is performing factor analysis. EFA analysis results on
Table 3 shows that the Eigenvalue is more than 1 (range from 1.54 to 4.77). Eigenvalue is a measure used to determine
the number of factors being formed (Larsen & Warne, 2010). Based on the Eigenvalue, the 5 formed constructs are fit.
This is in accordance with Yong and Pearce (2013) opinion which say that the Eigenvalue value of more than 1
indicates that the factor has met the assumption of the fit criteria. Table 3 also shows the value of the variance formed
on each factor (ranging from 3.80 to 11.90) with a cumulative variance of 38.10%. The cumulative variance value is
relatively small as usually the cumulative variance for humanities research ranges from 50-60% (Pett et al., 2011).
However, the resulting variance value is still acceptable as the other criteria have been met in the EFA analysis. The low
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value of this variance is thought to be caused by the maximum likelihood extraction method used. According to Costello
and Osborne (2005), the principal component analysis (PCA) method in extraction produces a greater variance than the
maximum likelihood (ML) method. This happens because PCA does not divide the unique variance from communalities
so it sets all item communalities at 1.0, whereas ML estimates the level of shared variance for the items, which ranged
from 0.39 to 0.70.

The range of the average interitem correlation values in the factors is 0.31 to 0.6 (Table 3). This indicates that there is a
strong relationship between each item in the same factor. According to Tabachnick and Fidell (2014), the interitem
correlation value that exceeds 0.3 meets good factorability in the EFA. Table 3 also shows that the average value of
interfactor correlation is smaller than the average value of interitem correlation in factors that range from 0.02 to 0.07.
This proves that the instrument has good specificity. The intended specificity is the instrument's ability to distinguish
the specificity of each factor based on its correlation value (Trumpower et al., 2010). The results of Cronbach's alpha
analysis in Table 3 reveal that the reliability value ranges from 0.74 to 0.85. This shows that the instrument has good
reliability. The reliability value above 0.7 proves that the instrument is reliable and acceptable (Yu & Richardson,
2015).

To test the consistency of the formed factors, a confirmatory factor analysis was performed (Tomé-Fernandez et al.,
2020). CFA was conducted on 5 factors and 36 items. They are Environmental Behavior (EnB), Environmental
Knowledge (EnK), Environmental Value (EnV), Environmental Attitude (EnA), and Environmental Habits (EnH) factors.
The fit model criteria are based on the Root mean square error of approximation (RMSEA), Goodness of fit index (GFI),
Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and X2 /df (Sun, 2005). The results of the CFA analysis in Table
4 show that all fit criteria have been met by the model. The obtained RMSEA value is 0.036, CFI = 0.952, TLI = 0.948, GFI
= 0.957, and x2/df = 2.802. All of these values have met the model fit criteria (Hidayat et al., 2018; Nye & Drasgow,
2011; Prudon, 2014). The results of this final measurement are then used for the validity and reliability of items using
the RASCH model (Susongko, 2016). The analysis using the RASCH model includes (1) instrument reliability, (2)
instrument item quality, (3) level of difficulty of the items, (4) evaluate the clarity of items, and (5) items bias.

Instrument reliability was performed on five constructs, namely environmental behavior, knowledge, values, attitudes,
and habits. The reliability analysis results showed that the item reliability values for each domain ranged from 0.99-
1.00 with the item separation values ranging from 9.63 to 24.44. A reliability value above 0.9 indicates that the
instrument's reliability is in the good category (Saefi et al.,, 2020), while the separation index value of > 2.0 indicates
that the measurement using RASCH can distinguish the instrument into several different groups or domains (Ismail et
al,, 2020). In addition, the results of the person reliability analysis ranged from 0.65 to 0.83 which include in the pretty
good category (Sumintono & Widhiarso, 2015) with a separation index value ranging from 1 and above 2. These results
indicate that the instrument has the capability to distinguish respondents' abilities, respondents with high and low
performance (Ismail et al., 2020).

The fit index value indicates the quality of the items in the instrument which reveals how accurately the data fits the
model (Scoulas et al., 2021). The fit model reference used in this study is the MNSQ infit/outfit value, and PTMEA, while
the ZSTD infit/outfit value is ignored because the sample used in this research is > 500 (Sumintono & Widhiarso, 2015).
The MNSQ value is used as an indicator of item discrepancy in the RASCH model (Ismail et al., 2020), while the PTMEA
is performed to determine whether the instrument can distinguish respondents according to their response level (Saefi
etal, 2020).

The results of the item fit analysis in Table 6 show that there are two items which do not meet the fit index criteria. One
item on the environmental attitude construct is EnA5 and on the environmental habits construct is EnH2. The MNSQ
and PTMEA infit/outfit values for each of these items are outside the predetermined index value (Bond & Fox, 2007;
Linacre, 2018). In this study, the criteria for item acceptance were determined by three criteria, namely infit MNSQ,
outfit, MNSQ, and PTMEA. If the item meets one of the predetermined fit index criteria, then the item in the instrument
can be accepted (Sumintono & Widhiarso, 2015). This result is different from the result of factor analysis and
confirmatory factor. Based on these results, the loading factor values for EnA5 and EnH2 items are 0.464 and 0.721,
respectively (Table 2). The loading factor value is quite large and acceptable (Prasetyo et al,, 2019), but based on the
results of item fit analysis using RASCH, both items do not meet the criteria and are declared as invalid items. This
study found that there was a discrepancy between the results of the CFA analysis and the RASCH model. According to
Scoulas et al. (2021), the RASCH model can detect potential measurement problems such as item bias or local item
dependencies that may arise when measuring using classical validation methods such as factor analysis. Based on this
assumption, researchers tend to eliminate both items which are considered as invalid items.

The analysis of the items difficulty level through the wright map in Figure 3 showed that only 4 items namely EnB9,
EnV7, EnV1 and EnH2 are considered difficult by respondents in understanding green character instruments. There
were no items that were categorized as difficult to be understood by the respondents in the environmental knowledge
component. Overall, the questions on the instrument can be easily understood by the respondent. This shows that the
green character instrument has met the criteria for a good item difficulty level.
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The rating scale visualization shown in Figure 4 shows the probability of the response category in the green character
instrument according to the recommended pattern. Each category has a distinct peak at some point along the scale as
expected (Scoulas et al., 2021). Thus, it can be concluded that the green character instrument response series is
functioning properly (Saefi et al., 2020). The final stage of testing items used the DIF test to determine the instrument
items bias. DIF analysis was specifically used to reveal the ability to answer between male and female students to find
out whether there was a bias from the items given. Question items that have a bias are indicated by differences in the
ability to answer between male and female students. To overcome the bias in the items, Iseppi et al. (2021) suggested
to make two separate items, one item for men and another for women. The results of the DIF analysis of the green
character instrument shown in Figure 5 show that there is no bias as evidenced by the graph of male and female
responses approaching the normal line (green). This proves that the items in the instrument are free from bias and can
be used to reveal green character for both male and female respondents.

The final result of the green character instrument found in five constructs with a total of 34 items (4 items were
eliminated after EFA and CFA, and 2 items were eliminated after RASCH). The five formed constructs, namely
Environmental Behavior (EnB), Environmental Knowledge (EnK), Environmental Value (EnV), Environmental Attitude
(EnA), and Environmental Habits (EnH) were confirmed through the CFA and met the criteria for the Goodness of fit
index (Table 4). These results indicate that the construct validity of the instrument has been met. This finding is in line
with the theory that underlies this research such as the theories that have been tested by Stern (2000) regarding
Environmental Behavior, environmental knowledge (Raymond et al, 2010), environmental values (Thompson &
Barton, 1994), and attitudes towards the environment (Dunlap et al., 2000). Based on the results of the content validity
analysis, which includes the fit item test, person-item map, and diagnostic rating scale, and the consequential validity
which includes the DIF analysis, the green character instrument is declared eligible and has met the standard criteria
that have been determined. However, this study revealed that one of the constructs, the Environmental Habits (EnH),
experienced an item reduction to leave only one statement item. Based on these findings, the researcher believes that
there is a lack of research caused by the lack of items used in this instrument. However, empirically, based on the
results of the EFA, CFA and RASCH this questionnaire has met the standards in instrument development, so it can be
used to measure the students’ green character.

Conclusion

This study showed that the green character instrument series had met the criteria for item validity and reliability using
the EFA, CFA and RASCH models. The EFA showed the loading factor was approximately on 0.314-0.772 with the initial
eigenvalues in the interval of 1.54-4.77. It had a good goodness of fit index with X2/df, RMSEA, GFI, CFI and TLI in the
category of good after confirmed through CFA. The EFA and CFA analysis resulted 36 items after eliminating 4
unstandardised items. A further analysis using RASCH on 36 items remained 34, 2 out of 36 was deleted due to not
reach the standard value of MNSQ and PTMEA infit/outfit. The final result of this measurement found that the 34 items
reached a fit model of EFA, CFA, and RASCH. This instrument can reveal knowledge, behavior, values, attitudes and
habits towards the environment. Although it was found that there were discrepancies in the results of measurements
using factors and RASCH, these three types of validity measurements should be used simultaneously so that they can
complement one another.

Recommendations

Further research can be conducted to test the precision of the instruments that have been produced in revealing the
students’ green character in various demographic conditions. In addition, to obtain more comprehensive results,
further research can be carried out at lower levels of education such as elementary, junior high and high school. For
teachers, the green character instrument can be applied through a modified instrument for suitable materials and
topics.

Limitations
The environmental habits construct has too few items. This allows the occurrence of missing in the data. Therefore,
further research can arrange more items so that they can represent constructs to get more valid and reliable results.
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