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Abstract 
This study aims to develop and examine the validity and reliability of an instrument designed to 

assess students’ self-concept using an exploratory factor analysis (EFA) approach. A quantitative 

survey was conducted with 120 high school students in Pekanbaru, Indonesia, using a 12-item Likert-
scale instrument. Content validity was established using Aiken’s V, with all items exceeding 0.80. 

Construct validity was examined through EFA. The Kaiser-Meyer-Olkin (KMO) value was 0.752, and 

Bartlett’s test was significant (p < 0.001), indicating data suitability. The analysis identified three 
factors: self-appearance, chemical knowledge, and evaluation of chemistry learning experience 

explaining 54.7% of total variance, with loadings above 0.30. The instrument showed good reliability 

(Cronbach’s alpha = 0.806). These findings indicate that the instrument is valid and reliable for 

assessing students’ self-concept in chemistry learning. 
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INTRODUCTION 

Educational processes play an important 

role in shaping students’ development, as 

learning and education are inherently 

interconnected, particularly in science-related 
contexts (Pratama et al., 2026). At the secondary 

school level, learning is closely linked to various 

psychological constructs that reflect both 
positive and negative student attitudes. 

Academic achievement is not determined solely 

by cognitive abilities; rather, it is also influenced 
by affective and motivational factors such as 

self-concept, interest, attitudes, and values. 

Within this framework, self-concept has been 

recognized as a critical factor that influences 
students’ motivation and learning strategies, 

which subsequently affect their academic 

performance (Chacón-cuberos et al., 2025). 
Moreover, affective elements, including 

students’ attitudes and motivation, significantly 

contribute to their level of engagement and 

overall success in learning (Liu, 2024; Ripsam & 
Nerdel, 2024). Self-concept itself is understood 

as a multidimensional construct consisting of 

interconnected components, incorporating both 
cognitive and affective perceptions individuals 

hold about themselves (García-Martínez et al., 

2022). Recent findings further indicate that self-

concept can be conceptualized across multiple 
domains that represent students’ perceived 

competence as well as their emotional 

evaluations of learning experiences (Galán-
arroyo et al., 2024).  

Self-concept is a generic phrase that 

describes an individual's thoughts, assessments, 
or self-perception (Bharathi & Sreedevi, 2016). 

Similarly, a person's domain-specific views 

about their abilities are known as their self-

concept, and this is also how students build their 
appraisals of their talents in a topic like 

chemistry (Nielsen & Yezierski, 2015). 

Individuals will act according to their self-
concept and views of themselves. Academic 

self-concept, in particular, is a crucial issue in 

psychology and education. It is described as the 

self-perception a person has of their academic 
performance (Nja et al., 2022). This behavior is 

strongly influenced by the individual's 

perception of himself as a part of the system as a 
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whole (Lichner et al., 2021). Self-concept is 

shaped by ongoing experience rather than being 
innate (Aufirandra & Khairani, 2020). Reveals 

self-concept as a psychological construct that 

encompasses an individual's positive or negative 

self-perception (Sikhwari, 2014). A person's 
self-concept encompasses their understanding of 

the physical, psychological, social, and other 

components of their self-image, as well as 
aspects derived from their experiences and 

relationships with others. A person who has a 

positive self-concept will know who he is, what 

he is capable of, and how to use his interests and 
skills to further his career. Academic self-

concept and academic achievement indicators 

were found to be favorably correlated with 
general concepts and to be highly correlated with 

success in that curriculum area. In the context of 

chemistry learning, many students still lack 
confidence in their ability to solve chemistry-

related problems (Wilkins, 2004). 

Teachers need to understand students’ 

perspectives and mindsets during the learning 
process, as these factors influence how students 

engage with classroom activities and respond to 

subject matter. Therefore, the development of 
instruments to measure students’ self-concept is 

essential, particularly within specific learning 

contexts. Self-concept has been widely 
recognized as a crucial psychological construct 

contributing to students’ academic performance 

and emotional development, emphasizing the 

importance of valid and reliable measurement 
tools (Hapsari et al., 2023; García-Martínez et 

al., 2022). Recent studies further highlight that 

self-concept is multidimensional and closely 
associated with students’ motivation, resilience, 

and learning outcomes, making its accurate 

assessment increasingly important in 

educational research (Sabando-García et al., 
2024; Sainz et al., 2025; Yu & Bailey, 2025).  

However, despite extensive research, 

there remains a lack of consensus regarding the 
dimensional structure of self-concept, 

particularly in domain-specific learning 

contexts. Prior studies have proposed various 
dimensions, such as cognitive, affective, and 

behavioral components (Ranny et al., 2017; 

Veiga & Leite, 2016; Ordaz-Villegas et al., 

2013), yet these frameworks are often 
generalized and not tailored to specific subject 

areas. Moreover, previous studies on self-

concept instruments in secondary education have 
generally focused on theoretical aspects, while 

empirical studies examining the validity and 

reliability of the instruments through 

Exploratory Factor Analysis (EFA) remain 
limited. In addition, the dimensional structure of 

students’ self-concept in chemistry learning 

contexts has not been widely explored, limiting 

the understanding of the nuanced and context-
dependent nature of students’ self-concept in 

science learning. Therefore, this study 

contributes to the development and validation of 
a self-concept instrument with empirically tested 

psychometric properties. 

To address this gap, the present study 

develops a context-specific self-concept 
instrument based on three synthesized 

dimensions: self-appearance, chemistry 

knowledge, and learning evaluation, and 
examines its underlying factor structure using 

EFA. This approach offers a novel contribution 

by integrating general psychological constructs 
with subject-specific dimensions, thereby 

providing a more comprehensive and 

empirically validated measurement tool. The 

findings are expected to enhance the 
understanding of students’ self-concept in 

chemistry learning and support the design of 

more effective educational interventions.  

METHOD  

The survey approach was employed in this 

quantitative study to collect numerical data 
related to students’ attitudes, perceptions, and 

learning variables. According to Creswell & 

Creswell (2018), survey research is used to 

obtain quantitative information from a research 
sample. The study was conducted between May 

and June 2023 and involved 120 students from 

two public senior high schools in Pekanbaru, 
Indonesia. A cluster random sampling technique 

was applied. A cluster random sampling 

technique was applied. The respondents 

consisted of Grade 10 and Grade 11 students, 
comprising 40 male and 80 female students.. 

Instrument validity was assessed using EFA, 

while reliability was measured using Cronbach’s 
alpha. The sample size (N = 120) was considered 

adequate for EFA because it met the minimum 

requirement for factor analysis and was 
proportional to the number of research 

indicators, as recommended by (Hair et al., 

2019). 

The variables in this study were measured 
using a self-report questionnaire designed to 

assess students’ self-concept. The questionnaire 

must be appropriately developed for it to be an 
efficient tool for gathering data and to ensure that 
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valid and reliable results are obtained. To gather 

information about the elements that influence 
students' perceptions of themselves when 

learning chemistry, the researcher employed a 

questionnaire. Twelve self-concept statement 

questions with alternative answer options 
(Strongly Agree, Agree, Moderately Agree, 

Disagree, Strongly Disagree) are included in the 

5-point Likert scale. 
Researchers created the data-gathering tool 

to gauge students' perceptions of their abilities in 

the classroom when learning chemistry. Self-

concept consists of three dimensions: physical 

appearance, chemical knowledge, and 

evaluation of chemistry learning experience 
(Ranny et al., 2017; Veiga & Leite, 2016; Ordaz-

Villegas et al., 2013). These are the definitions 

of the three components of self-concept: (1) self-

appearance refers to students’ perceptions of 
their physical appearance and self-image when 

engaging in chemistry learning, and (2) 

chemistry knowledge refers to students’ 
intellectual understanding, including reasoning, 

thinking, and problem-solving abilities in 

chemistry.Additional information is shown in 

Table 1. 
 

Table 1. Self-concept instrument 

Dimensions Items 

Self-
appearance 

If the chemistry teacher assigns me to work on problems in front of the class, 
I'm excited about it. (1) 

I wear a lab coat when working in the lab to keep myself safe from chemical 

splashes. (2) 
I try my best to complete my chemistry tasks with diligence and seriousness. (3) 

I think that chemistry education is very beneficial. (4) 

Chemistry 

knowledge 

When the teacher gave me chemistry questions to complete, I became anxious. 

(5) 
I don't care if I'm running late for chemistry class. (6) 

It was just by chance that I was able to solve chemical issues successfully; if 

not, my incapacity would be the explanation. (7) 
When I have too difficult a chemistry task, I usually give up. (8) 

I'm not very good at chemistry stuff. (9) 

My chemistry exam results left me feeling let down. (10) 

Learning 
evaluation  

I am capable of handling difficult and demanding chemistry tasks. (11)  

I am happy with my chemistry exam results. (12) 

The degree to which the instrument's 

items accurately reflect both the traits of the 

behavior to be measured and the elements that 

make up the object's overall content area is 
known as the instrument's content validity 

(Retnawati, 2016). The degree of content 

validity is determined by expert agreement on 
the topic of study, which is often referred to as 

the measured domain. This is because a 

measuring tool, such as a test or questionnaire, is 

considered legitimate if the expert evaluating it 
deems it to be an accurate indicator of the 

mastery of skills specified in the measurement 

domain or psychological field. For every item, 
the rater assigns a number between 1 (very 

imprecise) and 4 (very appropriate). We asked 

12 items to be rated on aspects of self-concept by 
7 raters. A method for determining content 

validity is to apply the V Aiken formula (Aiken, 

1985). 

A scaled construct validity test called 

EFA. To categorize and group numerous 

questionnaire questions from the research 

sample  into components under a particular 
concept, EFA was used (Tabachnick & Fidell, 

2007). Furthermore, EFA was performed using 

data from research samples to identify the best 
new components (Hair et al., 2010). Through the 

use of EFA, correlated original variables are 

reduced to new variables (sometimes referred to 

as factors or dimensions) that are uncorrelated 
with one another, and where the number of 

factors is less than the number of original 

variables (Kusno et al., 2021). Finding the latent 
construct in a set of items in a variable and 

defining a factor or dimension construct are the 

goals EFA. To determine whether the scale items 
can measure the construct and determine how the 

theoretical construct is simultaneous, it is 

important to examine the construct validity of 

the EFA.  
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The EFA analysis was performed using 

JASP 0.16.2.0 for Windows. Before conducting 
EFA, preliminary analyses, including Bartlett’s 

Test of Sphericity and the Kaiser–Meyer–Olkin 

(KMO) test, were conducted to determine data 

suitability (Chan & Idris, 2017). EFA was 
conducted using maximum likelihood estimation 

(Kassim et al., 2013) with varimax rotation 

(Osborne, 2015). Factors were retained based on 
the criterion of eigenvalues greater than 1 (Yong 

& Pearce, 2013). In addition, items with factor 

loadings of 0.30 or higher were considered 

acceptable for retention (Prasetyo et al., 2019).  
An instrument is considered reliable if it 

consistently yields the same results. For this 

reason, when the instrument is utilized at 
different times, it needs to have a consistent 

score (Mohamad et al., 2015). The instrument's 

Cronbach's alpha value is used to gauge its 
reliability. If the Cronbach Alpha (α) value of a 

variable or construct is greater than 0.6, it is 

considered dependable (Ghozali, 2011).  

RESULT AND DISCUSSION 

Every item has a value of V > 0.80, 

according to the validity calculation using 
Aiken's V. When V is more than 0.80, and there 

are seven expert opinions, the items are deemed 

valid (Retnawati, 2016). As a result, based on 

content validity, all items on the self-concept 

dimension are accepted.  
 

Table 2. Result score on self-concept item 

Item V Aiken 

Item 1 0,905 

Item 2 0,905 
Item 3 0,905 

Item 4 0,810 

Item 5 0,905 

Item 6 0,905 
Item 7 0,905 

Item 8 0,905 

Item 9 0,905 
Item 10 0,905 

Item 11 0.905 

Item 12 0,857 

 

The Kaiser–Meyer–Olkin Measure of 

Sampling Adequacy (KMO-MSA) was 
conducted to evaluate the suitability of the data 

for EFA. The results showed an overall KMO 

value of 0.752 (KMO > 0.50), indicating that the 

sample size was adequate for factor analysis 
(Table 3). In addition, all item MSA values 

exceeded 0.50, suggesting that each item was 

sufficiently correlated and appropriate for 
inclusion in the factor analysis procedure. 

 

Table 3. KMO value output in JASP 

Item MSA 

Overall MSA 0.752 

Item1 0.757 

Item2 0.731 

Item3 0.739 
Item4 0.692 

Item5 0.614 

Item6 0.711 
Item7 0.746 

Item8 0.792 

Item9 0.816 
Item10 0.875 

Item11 0.713 

Item12 0.793 

 
The results of Bartlett’s Test of Sphericity 

indicated a significant correlation among the 

variables, suggesting that the data were suitable 
for exploratory factor analysis (p < 0.05; Table 

4). A significance value below 0.05 indicates that 

the correlation matrix is not an identity matrix 

and that the variables are sufficiently correlated 
for factor analysis  

 

Table 4. Bartlett’s test value output  

X
2 

df p 

632.118 66.00 <0.001 

 

The variables are represented by the three 
factors using normal Eigenvalues of 1. 

Eigenvalues > 1 for all three factors indicate that 

there are more components than there are. 

Consequently, the variations of 21.8%, 20.3%, 
and 12.6% may be explained by Factor 1, Factor 

2, and Factor 3. This means that 54.7% of the 

variance can be explained by the three factors.
 

Table 5. Total variance explained output 

Factors Sum Sq Loadings Proporsi var Cumulative 

1 2.621 0.218 0.218 
2 2.441 0.203 0.422 

3 1.507 0.126 0.547 
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EFA results revealed three factors in the 

self-concept construct. Items 1, 2, 3, and 4 loaded 
onto the first factor, namely self-appearance. 

Items 5, 6, 7, 8, 9, and 10 loaded onto the second 

factor, namely chemistry knowledge. Items 11 

and 12 loaded onto the third factor, namely, 
learning evaluation (Table 6). Based on the 

criterion that items with factor loadings below 

0.30 should be excluded, all items in Factors 1, 2, 
and 3 were retained because they met the 

minimum loading requirement. In addition, the 

factor structure of the self-concept instrument is 

presented in the scree plot shown in Figure 2. 

 

Table 6. Factor loading 

Item Factor 1 Factor 2 Factor 3 Uniqueness 

Item1 0.367   0.322 

Item2 0.822   0.294 

Item3 0.928   0.559 
Item4 0.812   0.672 

Item5  0.648  0.413 

Item6  0.532  0.123 

Item7  0.560  0.659 
Item8  0.755  0.401 

Item9  0.562  0.263 

Item10  0.686  0.549 
Item11   0.756 0.677 

Item12   0.432 0.501 

 

 
Figure 2. Self-concept scree plot on EFA model 

 

Table 7. The Cronbach’s alpha for each component and construct 

Component No of Items Cronbach’s Alpha 

Self-appearance 4 0.842 

Chemistry knowledge 6 0.793 

Learning evaluation 2 0.469 
Overall Self-Concept 12 0.806 

 

Table 7 presents the reliability analysis of 

the 12 self-concept questionnaire items, with an 
overall Cronbach’s alpha value of 0.806, 

indicating good reliability. However, the 

“learning evaluation” component showed a low 
reliability value (α = 0.469), possibly due to the 

small number of items in the component. 

Nevertheless, the component was retained 

because the items demonstrated acceptable 
factor loadings and were conceptually relevant. 

Low Cronbach’s alpha values may be influenced 

by a limited number of items and low inter-item 
correlations (Taber, 2018; Tavakol & Dennick, 

2011). Overall, the results indicate that the 
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instrument has adequate reliability for measuring 

students’ self-concept, although the findings for 
this component should be interpreted cautiously. 

The development of a valid and reliable 

instrument to measure students’ self-concept 

requires both expert judgment and empirical 
testing (Kania et al., 2024; Setiawan et al., 2024; 

Yudha & Masrukan, 2014). In this study, expert 

judgment was employed to assess the relevance, 
clarity, and appropriateness of each 

questionnaire item before empirical analysis. 

The results of content validation using Aiken’s 

V ranged from 0.810 to 0.905, exceeding the 
recommended threshold of 0.80, indicating 

acceptable content validity and that the items 

adequately represent the construct of students’ 
self-concept (Prasetyo et al., 2019; Delgado-

Rico, Elena Carretero-Dios & Ruch, 2012). 

EFA confirmed that the data were suitable 
for factor analysis, with a Kaiser-Meyer-Olkin 

(KMO) value of 0.752 and a significant 

Bartlett’s Test of Sphericity (p < 0.001), 

suggesting sufficient sample adequacy and inter-
item correlations (Manzar et al., 2016; Leech et 

al., 2012; Horn, 1965). The analysis identified 

three dimensions of students’ self-concept: self-
appearance, chemistry knowledge, and learning 

evaluation, which together explained 54.7% of 

the total variance (21.8%, 20.3%, and 12.6%, 
respectively). All items demonstrated factor 

loadings ranging from 0.367 to 0.812, exceeding 

the acceptable threshold of 0.30, confirming the 

construct validity of the instrument. 
These findings indicate that self-

appearance reflects students’ self-perception 

within the learning environment, chemistry 
understanding relates to cognitive abilities such 

as problem-solving and critical thinking, and 

learning evaluation reflects students’ self-

reflection on their learning experiences. This 
supports the view that self-concept is a 

multidimensional construct encompassing 

cognitive, affective, and evaluative dimensions 
(Shi et al., 2025; Wang & Yu, 2023; Marsh & 

Martin, 2011). 

Finally, the instrument demonstrated good 
internal consistency (Cronbach’s alpha = 0.806) 

and provides a practical tool for educators and 

researchers to assess students’ self-concept in 

chemistry learning (Chinasa & Adanna, 2021; 
Amadi, 2021; Ahmed & Bruinsma, 2006). This 

instrument can support the identification of 

students’ strengths and weaknesses and inform 
targeted interventions. Future research is 

recommended to apply Confirmatory Factor 

Analysis (CFA) to further validate the 

measurement model in broader educational 
contexts.  

CONCLUSION 

This study developed and validated a 

students’ self-concept instrument using an EFA 
approach. The findings revealed three 

dimensions of self-concept: Self-Appearance, 

Chemistry Knowledge, and Learning Evaluation. 
All items showed factor loadings above 0.30, 

indicating adequate construct validity. The 

instrument also demonstrated good reliability, 

with a Cronbach’s alpha of 0.806. However, this 
study was limited by the relatively small sample 

size and the low reliability of the Learning 

Evaluation dimension. Therefore, the findings 
should be interpreted cautiously. Future studies 

are recommended to involve larger samples and 

apply CFA to further validate the measurement 
model.  
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