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ABSTRACT

Physics is a scientific discipline that not only helps students understand physical phenomena but also
underpins many applied fields. In learning physics, students should develop their physics identity—the ability
to see oneself as a “physics person”—in addition to acquiring knowledge, skills, and attitudes. Despite growing
awareness of the importance of physics identity worldwide, there is no instrument that measures Thai students’
physics identities, making it difficult to monitor and support their development. To address this gap, this study
aimed to develop a quantitative scale of physics identity comprising three components: interest, performance,
and recognition. Data were collected from 117 students in three schools from Grades 10-12. Exploratory factor
analysis supported a three-factor structure, with three items for each component. Reliability for the individual
components and the overall scale was acceptable. Gender appeared to be an influential factor, with male students
demonstrating significantly stronger physics identities than their female counterparts, while school and grade
level showed no significant effects. Regardless of their demographic characteristics, students showed significant
differences across components: Interest was reported as the highest, followed by performance and then
recognition. Structural equation modeling indicated that these components significantly predicted a single-item
measure of overall physics identity, with good model fit. These findings highlight the need to strengthen physics
identities more robustly, especially among female students. Additionally, special attention should be paid to
fostering recognition. The scale developed in this study serves as an instrument for assessing students’ physics

identities and monitoring their development.
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Introduction

Science is a subject that helps students understand the natural world and serves as a foundation for the
development of many technologies [1]. Scientific literacy is fundamental for fostering a citizenry capable of
engaging in reasoned discussions and making informed decisions on science-related issues [2]. To participate
meaningfully in such activities, students must also develop a science identity [3], defined as the ability to see
oneself as a “science person” [4]. Research shows that having a strong subject-based identity increases the
likelihood that students will pursue higher education in that subject [5] and aspire to careers related to it [6].
Therefore, in addition to promoting scientific literacy among students, cultivating their science identities is
crucial for expanding the future workforce in science-related fields [7]. This fact is particularly relevant in
Thailand, where science, technology, and innovation are expected to be key drivers of future economic and
social development [8].

Students often perceive physics as more difficult [9] and more masculine than other science
subdisciplines, such as chemistry and biology [10]. These perceptions make the development of physics identity
among students challenging, particularly for girls [11]. Efforts are thus required to develop students’ physics
identities [12]. To support such efforts, a clear conceptualization of physics identity—the ability to see oneself
as a “physics person”—is vital, as it informs teaching [13] and assessment [14]. In this regard, physics identity
comprises four components: interest (i.e., the desire to think about and understand physics), competence (i.e.,
belief in one’s ability to understand physics content), performance (i.e., belief in the ability to perform physics
tasks), and recognition (i.e., recognition by others as being a good physics student) [15]. Later research indicates
that competence and performance can be merged, as performance reflects actions that demonstrate competence
[16].

Although research generally concurs on the three dimensions of physics identity [17], with the
component that combines competence and performance sometimes termed self-efficacy [13], there is no
consensus on the relationships between these components [18]. Most studies suggest a model similar to that
shown in Figure 1 [16, 17, 19, 20]. In this model, interest and recognition have direct effects on physics
identity, whereas performance/competence (hereafter referred to simply as performance) does not have a direct
effect but instead operates indirectly through interest and recognition, which are sometimes assumed to influence
each other. Moreover, research suggests that physics identity is context-dependent [21], as it develops through
experiences within environments [22]. Therefore, findings from one setting may not be directly applicable to
others, and further studies are needed to understand how students in specific contexts develop their physics

identities [18].
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Figure 1 A widely used conceptualization of physics identity.

In Thailand, students’ identities in science-related subjects have received limited attention [23], and no
scale for measuring these identities has yet been developed. The absence of such a scale limits efforts to support
the development of students’ science identity, as teachers lack the information needed to design targeted
instruction. Fortunately, research has begun to develop a scale for measuring Thai students’ overall identities in
STEM (science, technology, engineering, and mathematics) [24]. However, this instrument may not adequately
capture identities specific to individual science disciplines, such as physics, as students’ STEM identities can
vary across subdisciplines [25]. Despite this limitation, the Thai STEM identity scale provides a useful starting
point for developing a physics identity scale, as the STEM identity framework was derived from the physics
identity framework and thus shares its core components illustrated in Figure 1 [26].

To address the absence of a physics identity scale and gaps in the information about students’ physics
identities in Thailand, this study develops such a scale and examines whether the structure of physics identity
aligns with the conceptualization in the international literature. To this end, the study adapted the wording of
the Thai STEM identity scale [27, 28] rather than directly translating existing physics identity scales developed
in other contexts. This approach was chosen because the Thai STEM identity scale had been validated with
Thai students, ensuring its readability and cultural appropriateness. Furthermore, adapting this scale to measure
physics identity was justified because its underlying components correspond directly to the physics identity
framework. The validated Thai physics identity scale was subsequently used to explore how Thai students’
physics identities vary across demographic characteristics. Accordingly, the following research questions were

posed.
® To what extent can the previously developed STEM identity scale be adapted to capture physics
identity in a valid and reliable manner?
® What are the levels of Thai secondary school students’ physics identities, and do they differ by
gender, grade level, and school?
® To what extent does the structure of Thai secondary school students’ physics identities align with

the model shown in Figure 1?
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Materials and Methods

This study adapted a Likert-type scale for measuring Thai students’ STEM identities [27, 28]. The
items in this scale were gathered from questionnaires designed for undergraduate students [, 29]. Because
members of the target population differed in educational level, the term “STEM person” was replaced with
“STEM kid” during the translation to better personalize the items and make them more appropriate for secondary
school students [24]. Exploratory factor analysis was then conducted to assess the construct validity of the
scale, yielding ten items: three for interest, three for performance, four for recognition, and one that directly
measures STEM identity, as in the original questionnaires [5, 29]. To align with the purpose of the present
study, the term “STEM” was replaced with “physics” in each item. In addition to the 11 items measuring
students’ physics identities, the scale contained three items that collected demographic information on students’
gender, grade level, and school.

The scale was transferred to a digital platform (i.e., Google Forms), with the front page describing
the study’s objectives and ethical considerations and the following section requesting students’ consent to
participate. Although the scale was initially transformed into an 11-point scale in prior studies [27, 28] to
increase the likelihood that the data could be treated as interval data for parametric methods [30], the data still
exhibited a non-normal distribution [27, 28]. Therefore, the scale was readjusted to a five-point format. The
scale was administered online through physics teachers at three schools in southern Thailand to students in
Grades 10-12. Consequently, data were obtained from 117 student volunteers. The online nature of the
administration meant that the time spent completing the scale could not be accurately measured. Table 1 shows
the students’ demographic information. While these participants do not represent all Thai students, the data

offer useful insights into their physics identities.

Table 1 Numbers of participants by demographic information.

School Grade level Gender Total
Male Female

A 10 6 16 22
11 8 3 11

12 4 6 10

Total 18 25 43

B 10 8 14 22
11 9 7 16

12 7 4 11

Total 24 25 49

C 10 0 1 1
11 8 9 17

12 0 7 7

Total 8 17 25

Overall total 50 67 117
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Because replacing the term “STEM” with “physics” may weaken the scale’s construct validity,
exploratory factor analysis was repeated to address the first research question. Cronbach’s alpha was then used
to assess the reliability of the overall scale and its subscales. Subsequently, the mean and standard deviation
(SD) for each component were calculated. Shapiro-Wilk tests were used to determine whether the data for each
component were normally distributed and to guide the selection of parametric or non-parametric methods for
further analyses addressing the second research question [31]. Finally, to address the third research question,
structural equation modeling was conducted to estimate model fit indices and evaluate the extent to which the
data aligned with the model shown in Figure 1. The model was also refined to improve its fit with the data.
All statistical analyses were performed using jamovi [32]. The significance level of .05 was set as the threshold

for inferential analyses.

Results and Discussion

This section outlines the study’s findings in relation to the three research questions. First, after adapting
the scale for measuring Thai students’ STEM identities to capture participants’ physics identities, the results of
the exploratory factor analysis and Cronbach’s alpha coefficients are reported to demonstrate the scale’s validity
and reliability and to serve as a foundation for subsequent analyses. Descriptive statistics regarding the levels
of participants’ physics identities are then presented, followed by inferential analyses examining differences
across gender, grade level, and school, as well as across the three components of physics identity. Correlations
among these components are then presented. Finally, the results of the structural equation modeling are described
to demonstrate the extent to which the widely used conceptualization aligns with the data. Within each
subsection, the findings are discussed with reference to theoretical perspectives and relevant studies in the

existing literature.

First research question

As prerequisites for conducting exploratory factor analysis, Bartlett’s test of sphericity and the Kaiser—

Meyer—Olkin (KMO) measure indicated that the correlation matrix (% = 964, p <.001) and sample size (MSA
= 0.893) were adequate [33]. Using minimum residual extraction with oblimin rotation (loading cutoff = 0.30),
all items loaded onto the original factors except for one item that loaded onto both performance and recognition,
as shown in Table 2. The cross-loading of this item may reflect the original questionnaires, in which the item
loaded onto performance in one study [28] and recognition in the other [5]. This item was thus excluded.
Results indicated that the data fit the model (X* = 21.0, p = .050). Model fit indices were acceptable (RMSEA
= 0.080, TLI = 0.970), with 79.4% of the total variance explained. Cronbach’s alpha demonstrated good
reliability for the overall scale (0.951) and for the subscales: interest (0.898), performance (0.909), and
recognition (0.938) [34].
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Table 2 Items in the questionnaire measuring physics identity.

Item Component
1. I see myself as a physics kid. overall
2. I enjoy learning about physics. interest
3. Topics in physics excite my curiosity.
4. I am interested in learning more about physics
5. My teachers see me as a physics kid. recognition
6. My friends see me as a physics kid.
7. My family sees me as a physics kid.
8. *Others ask me for help in physics.
9. I can do well on tests and exams in physics. performance

10. I understand concepts I have studied in physics.
11. I can overcome setbacks in learning physics.

* This item was excluded due to the cross loading.

Second research question

281

Factor loading

0.968
0.838
0.874
0.563

0.346
0.872
0.792
0.783

Once the scale’s validity and reliability were confirmed, scores for each component were averaged by

gender, grade level, and school. As Figure 2 shows, male participants exhibited higher levels than female

participants across all components, whereas differences across grade levels and schools did not show clear

patterns. Regardless of these demographic characteristics, the data revealed that interest was reported as the

highest, followed by performance and then recognition. Because Shapiro-Wilk tests indicated that the data for

all components departed from normality (W = 0.975, p = .031 for interest; W = 0.975, p = .027 for performance;

and W = 0.968, p = .007 for recognition), Mann-Whitney U tests were employed to examine gender differences,

with rank biserial correlation (r) calculated as the effect size, while Kruskal-Wallis tests were conducted to

assess differences across grade levels and schools, with epsilon squared (€?) used to represent the effect size

[31].
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Figure 2 Descriptive results of participants’ physics identities.

IR

School A School B School C

W Recognition



Sci Ess J Vol. 42 No. 2 (2026) 282

As Table 3 shows, Mann-Whitney U tests indicated significant differences in physics identities between
male and female participants, consistent with prior research [13, 15, 17-19]. In contrast, Kruskal-Wallis tests
revealed no significant differences across grade levels and schools. Although identities are expected to develop
through experience [22], participants in higher grades, who had more experience in learning physics, did not
differ from their younger cohorts. Because research involving secondary school students is scarce [20], there
are no directly comparable results available in Thailand or elsewhere. Nonetheless, these findings support the
notion that physics instruction in its current form may not effectively foster students’ physics identities. While
research suggests that physics identity is context-dependent [21], participants across all schools exhibited similar
patterns. This finding indicates that the schools provided comparable support for the development of students’

physics identities.

Table 3 Inferential analyses of participants’ physics identities.

Demographic characteristic Component Statistic P Effect size
Gender single item U = 960 p <.001 r= 043
interest U = 1059 p < .001 r=0.37
performance U = 1037 p <.001 r=0.38
recognition U=1164 p =.002 r=0.31
Grade level single item X2 = 0.049 p = .976 S
interest X2 = 0.8357 p = .836 S
performance X* = 3.304 p=.192 -
recognition X2 = 0401 p = .818 =
School single item X2 = 3.940 p =.198 S
interest X2 = 9.620 p = .836 -
performance X2 =3410 p =.182 =
recognition X2 = 1.240 p = .538 S

The Friedman test indicated significant differences across the components of participants’ physics

identities (X* = 107, p < .001). Durbin-Conover pairwise comparisons revealed significant differences between
all pairs: z = 3.14, p = .002 for interest versus performance; z = 13.37, p < .001 for interest versus recognition;
and z = 10.24, p < .001 for performance versus recognition These findings suggest that although students may
be interested in physics, they are less confident in their physics ability and do not feel recognized as “physics
kids” by others. This pattern, in which interest was highest, followed by performance and recognition, has been
reported in prior studies on students’ STEM identities [6, 27, 28]. Despite these differences, Spearman’s rho
showed that the components were positively correlated: P = 0.659, p < .001 for interest and performance,
P = 0.674, p < .001 for interest and recognition, and P = 0.697, p < .001 for performance and recognition.
Spearman’s rho was also calculated to examine the correlations between each component and identity,
the latter measured using a single item (“I see myself as a physics kid”). The results showed that interest and

recognition were positively correlated with identity to similar degrees (P = 0.780, p < .001 and P = 0.779,
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p < .001, respectively). Performance was positively correlated with identity (P = 0.658, p < .001), but this
relationship was weaker than the relationships with interest and recognition. This pattern of correlations supports
the model shown in Figure 1 [16, 17, 19, 20], which posits that interest and recognition have direct effects on
identity and are therefore more strongly associated with it. In contrast, the model proposes that performance
influences identity indirectly by shaping interest and recognition. This indirect relationship is consistent with
the weaker association between performance and identity. Nonetheless, the model still needs to be tested using

structural equation modeling.

Third research question

Structural equation modeling was used to assess whether a particular model, such as the one shown in
Figure 1, fits the data [18]. For models with 12 or fewer observed variables (i.e., items) and a sample size
below 250, as in this study, it is recommended that the chi-square test be non-significant, the Comparative Fit
Index (CFI) exceed 0.99, the Tucker-Lewis Index (TLI) exceed 0.99, and the Root Mean Square Error of
Approximation (RMSEA) be below 0.08; however, the Relative Noncentrality Index (RNI) may not adequately
detect misspecification, and the Standardized Root Mean Square Residual (SRMR) may be biased upward [35].
Accordingly, only the recommended indices (i.e., chi-square test, CFI, TLI, and RMSEA) were used as criteria
to evaluate model fit. Consistent with prior findings from a study of secondary school students [20], the initial
test utilized a model structure that excluded covariance between interest and recognition.

Maximum likelihood estimation was used to assess the relationships among interest, performance,

recognition, and identity in the initial model specified without covariance between interest and recognition.

Overall, the model showed a good fit to the data. Specifically, the chi-square test was non-significant (X* =
43.0, p = .092), and the fit indices indicated good fit (CFI = 0.990, TLI = 0.986, RMSEA = 0.054). However,
because TLI was slightly below the 0.99 threshold, model refinement was considered. Previous research on

undergraduate students’ physics and STEM identities suggests a covariance between interest and recognition

[16, 26]. This parameter was thus added to the model, resulting in an improved fit (X2 = 37.3, p = .203, CFI
= 0.994, TLI = 0.992, and RMSEA = 0.042). This finding is consistent with prior research suggesting that
students’ interest in STEM can be recognized by others through conversations [36], a process that in turn
strengthens their STEM identities [5, 29].

Because some studies suggest that performance may also directly affect identity [13, 37], determining

whether this relationship could further improve the model was a logical next step [16, 18]. After adding the

direct path from performance to identity into the model, the results indicated a poorer fit (X* = 37.2, p = .170,
CFI = 0.994, TLI = 0.990, and RMSEA = 0.045). Moreover, the estimate of the relationship between
performance and identity was negative and non-significant (B =-0.018, p = 0.871). The results fail to support
a direct relationship between performance and identity, suggesting that this influence occurs exclusively through
an indirect pathway. The negative, non-significant estimate between performance and identity can be explained
by prior research reporting that some students, particularly females, may feel insufficiently recognized by others
despite their performance [38]. This situation was found in the present study, where gender differences favoring

males were evident across all components of physics identity. Figure 3 shows the final model.
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interest
B =0.794, p < .001 B =0.443, p < 001
A
performance p=0.292,p=.027 physics identity
Y
B =0.781, p <.001 § = 0.501, p <.001
recognition

Figure 3 The final model of participants’ physics identities.

Conclusions

Research in physics education has largely focused on undergraduate students’ physics identities [13,
15-19, 37-38], with less attention given to secondary school students [12, 20] and no studies conducted in
Thailand. Given that physics identity is context-dependent [21], the present study examines the validity and
reliability of a Thai-adapted scale [24, 27-28] derived from STEM identity measures [5, 29] to assess physics
identity. Based on data from 117 students, the scale demonstrated acceptable validity. It comprised nine items
measuring three components (interest, performance, and recognition), with three items per component, plus a
single item directly measuring physics identity. Correlations between the single item and the items in each
component ranged from 0.658 to 0.780, while inter-component correlations ranged from 0.659 to 0.674; all
were significant. Moreover, the reliability of each component and the overall scale (including the single item)
was acceptable, with coefficients ranging from 0.898 to 0.951.

Using this scale, the study revealed that male participants exhibited higher levels of physics identity
than female participants, as measured by the single item and all components. As in other contexts [13, 15, 17-
19, 37], these findings suggest that gender differences in physics identity favoring male students also exist in
Thailand. However, no differences in physics identity were found across grade levels and schools. Furthermore,
an analysis of the three components indicated that interest was the most prominent factor, followed by
performance, while recognition received the lowest ratings. While the findings lack broad generalizability due
to the sample being drawn from only three schools in a southern province of Thailand, the results underscore
the necessity of fostering physics identities within secondary education. There is a particular need to enhance
the sense of recognition among female students in this field.

This study also examined the structure of physics identity as proposed in previous research within the
discipline [16, 19, 20] and beyond [19, 26, 39]. The results indicated that physics identity develops directly
through interest and recognition. In contrast, performance does not directly influence physics identity; rather,
its effect is mediated by interest and recognition. Moreover, interest and recognition are mutually associated.
This structure suggests that to see themselves as “physics kids,” students must be recognized by others. Prior

research indicates that such recognition comes from people who are closely connected to the students and who
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are meaningful forces in their lives, such as family members, teachers, and friends [4, 40]. This recognition
may be facilitated through students’ interest and performance. As students gain confidence in their physics
abilities, their interest in the subject is likely to increase. These processes may serve as mechanisms for fostering
physics identity.

Based on the mechanisms identified in this study, physics teachers can better support the development
of students’ physics identities by recognizing their interests and abilities inside and outside the classroom [12,
20, 41]. Recognition within the classroom can manifest explicitly, such as through the formal acknowledgment
of achievement, or implicitly, by providing students with intellectually demanding tasks [12]. Moreover, teachers
can provide social cues—for example, by walking around the classroom to engage with all students—to reduce
social distance and foster a sense of connection [42]. Outside the classroom, teachers can organize activities
that allow students to demonstrate their interests and abilities, thereby gaining recognition from others [20].
The “Young Physicists’ Tournament” is an example of such an activity, in which students work in teams to
solve open-ended physics problems, present their findings, and engage in debates moderated by a jury [43].

In presenting these implications, several limitations must be noted. First, the participants in this study
were not representative of all students in Thailand; therefore, caution is needed when generalizing the findings
to other contexts. Second, although the structure of physics identity presented in this study aligns with prior
research [16, 19, 20, 26, 39] and fits the data, alternative models might also explain the data [13, 18, 37],
potentially leading to alternative strategies for developing students’ physics identities. Given the contextual
dependence of physics identity [21], further research is needed to verify the findings of this study with a more
diverse sample of Thai students and to compare the proposed structure with alternatives. Nonetheless, this study
provides valuable insights into Thai secondary school students’ physics identities. This period of their education

is critical in determining whether they will pursue higher education and professions related to physics [44].

Acknowledgements

This work received no funding. Ethical approval for the research was obtained from the University of
Phayao’s Human Ethics Committee (Code Number UP-HEC 2.1/043/64). During the preparation of this
manuscript, ChatGPT-5.3 was used to support language refinement and editing. This tool was not used to
generate original research findings, analyses, or interpretations. All intellectual content and conclusions were

developed and verified by the authors. The scale is available upon direct request from the corresponding author.

References

1. Bureau of Academic Affairs and Educational Standards. Indicators and core learning content in science
according to the Basic Education Core Curriculum B.E. 2551 (revised version B.E. 25660). Bangkok: Press
of the Agricultural Co-operative Federation of Thailand; 2017. (in Thai)

2. Organisation for Economic Co-operation and Development. PISA 2025 science framework. Paris: OECD
Publishing; 2023.

3. Reveles JM, Cordova R, Kelly GJ. Science literacy and academic identity formulation. J Res Sci Teach.
2004;41(10):1111-44.



Sci Ess J Vol. 42 No. 2 (2026) 286

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Carlone HB, Johnson A. Understanding the science experiences of successful women of color: science
identity as an analytic lens. J Res Sci Teach. 2007;44(8):1187-218.

Dou R, Hazari, Z, Dabney K, Sonnert G, Sadler P. Early informal STEM experiences and STEM identity:
the importance of talking science. Sci Educ. 2019;103(3):623-37.

Ladachart L, Kaekai T, Khammeetha P, Hipthong N, Ladachart L. Thai students’ STEM identities after
compulsory education by gender, educational programme, and career aspiration. Res Post-Compuls Educ.
2024;29(3):472-501.

Vincent-Ruz P, Schunn CD. The nature of science identity and its role as the driver of student choices. Int
J STEM Educ. 2018;5:48.

Office of the National Economic and Social Development Council. National strategy 2018-2037 (summary).
Bangkok: National Strategy Secretariat Office; n.d.

Barmby P, Defty N. Secondary school pupils’ perceptions of physics. Res Sci Technol Educ.
2006;24(2):199-215.

Chen C, Sonnert G, Sadler PM. The effect of first high school science teacher’s gender and gender matching
on students’ science identity in college. Sci Educ. 2020;104(1):75-99.

Kalender 2Y, Marshman E, Schunn CD. Gendered patterns in the construction of physics identity from
motivational factors. Phys Rev Phys Educ Res. 2019;15:020119.

Wang J, Hazari Z. Promoting high school students’ physics identity through explicit and implicit recognition.
Phys Rev Phys Educ Res. 2018;14:020111.

Li Y, Singh C. Considering statistically equivalent models when using structural equation modelling: an
example from physics identity. Int J Innov Sci Math Educ. 2023;31(4):2-15.

Potvin G, Hazari Z. The development and measurement of identity across the physical sciences. In: Physics
Education Research Conference; 2013 July 17-18. Portland, OR: American Association of Physics Teachers;
2013.

Hazari Z, Sonnert G, Sadler PM, Shanahan M. Connecting high school physics experiments, outcome
expectations, physics identity, and physics career choice: a gender study. J Res Sci Teach. 2010;47(8):978-
1003.

Lock RM, Hazari Z, Potvin G. Impact of out-of-class science and engineering activities on physics identity
and career intentions. Phys Rev Phys Educ Res. 2019;15:020137.

Lock RM, Hazari, Z, Potvin G. Physics career intentions: the effect of physics identity, math identity, and
gender. AIP Conf Proc. 2013;1513(1):262-5.

Li Y, Singh C. Statistically equivalent models with different causal structures: an example from physics
identity. Phys Rev Phys Educ Res. 2024;20:010101.

Godwin A, Potvin G, Hazari Z, Lock R. Identity, critical agency, and engineering: an affective model for
predicting engineering as a career choice. J Eng Educ. 2016;105(2):312-40.

Cheng H, Potvin G, Khatri R, Kramer, L, Lock RM, Hazari Z. Examining physics identity development
through two high school interventions. In: Physics Education Research Conference; 2018 August 1-2.

Washington, DC: American Association of Physics Teachers; 2018.



Sci Ess J Vol. 42 No. 2 (2026) 287

21.

22.

23.

24.

2b.

26.

27.

28.

20.

30.

31

32.

33.

34.

35.

36.

37.

Hazari Z, Chari D, Potvin G, Brewe E. The context dependence of physics identity: examining the role of
performance/competence, recognition, interest, and sense of belonging for lower and upper female physics
undergraduates. J Res Sci Teach. 2020;57(10):1583-607.

Wenger E. Communities of practice: learning, meaning, and identity. Cambridge: Cambridge University
Press; 1998.

Ladachart L, Ladachart L. STEM identity: another factor that will promote achievement of STEM education
in Thailand. Journal of Science and Science Education. 2022:5(1):148-57. (in Thai)

Ladachart L, Phothong W, Phornprasert W, Ladachart L. Developing a scale measuring Thai students’
STEM identity. Journal for Research and Innovation, Institute of Vocational Education Bangkok.
2022;5(1):148-62. (in Thai)

Grimalt-Alvaro C, Couso D, Boixadera-Planas E, Godec S. “I see myself as a STEM person”: exploring
high school students’ self-identification with STEM. J Res Sci Teach. 2022;59(5):720-54.

Dou R, Cian H. Constructing STEM identity: an expanded structural model for STEM identity research. J
Res Sci Teach. 2022;59(3):458-90.

Ladachart L, Radchanet V, Phornprasert W, Phothong W. Eighth-grade students’ content learning and STEM
identity as a result of design-based learning. Int J Educ Reform. 2025;34(3):559-78.

Ladachart L, Radchanet V, Phornprasert W, Phothong W. Influence of different approaches to design-based
learning on eighth grade students’ science content learning and STEM identity. Pedagogies. 2024;19(2):300-
25.

Dou R, Cain H. The relevance of childhood science talk as a proxy for college students’ STEM identity as
a Hispanic serving institution. Res Sci Educ. 2021;51(4):1093-105.

Wu H, Leung S. Can Likert scale be treated as interval scales?—a simulation study. J Soc Serv Res.
2017;43(4):527-32.

Grech V, Calleja N. WASP (write a scientific paper): parametric vs. non-parametric tests. Early Hum Dev.
2018;123:48-9.

Navarro DJ, Foxcroft DR. Learning statistics with jamovi: a tutorial for beginners in statistical analysis.
Cambridge: Open Book Publishers; 2025.

Howard MC. A review of exploratory factor analysis decisions and overview of current practices: what we
are doing and how can we improve? Int J Hum-Comput Interact. 2016;32(1):51-62.

Taber KS. The use of Cronbach’s alpha when developing and reporting research instruments in science
education. Res Sci Educ. 2018;48(6):1273-96.

Hair JF Jr, Black WC, Babin BJ, Anderson RE. Multivariate data analysis. Hampshire: Cengage Learning
EMEA; 2019.

Jackson MC, Leal CC, Zambrano J, Thoman DB. Talking about science interests: the importance of social
recognition when students talk about their interests in STEM. Soc Psychol Educ. 2019;22(1):149-67.
Kalendar ZY, Marshman E, Schunn CD. Why female science, technology, engineering, and mathematics
majors do not identify with physics: they do not think others see them that way. Phys Rev Phys Educ Res.
2019;15:020148.



Sci Ess J Vol. 42 No. 2 (2026) 288

38. Li Y, Whitcomb K, Singh C. How perception of being recognized or not recognized by instructors as a

39.

40.

41.

42.

43.

44.

“physics person” impacts male and female students’ self-efficacy and performance. Phys Teach.
2020;58(7):484-7.

Cribbs JD, Hazari Z, Sonnert G. Sadler PM. Establishing an explanatory model for mathematics identity.
Child Dev. 2015;86(4):1048-62.

Ladachart L, Sriboonruang O, Ladachart L. Whose recognition is meaningful in developing a STEM
identity? a preliminary exploration with Thai secondary school students. Res Sci Educ. 2024;54(5):809-25.
Lock RM, Castillo J, Hazari Z, Potvin G. Determining strategies that predict physics identity: emphasizing
recognition and interest. In: Physics Education Research Conference; 2015 July 29-30. Hyattsville, MD:
American Association of Physics Teachers; 2015.

Hazari Z, Cass C, Beattie C. Obscuring power structures in the physics classroom: linking teacher
positioning, student engagement, and physics identity development. J Res Sci Teach. 2015;52(6):735-62.
Plesch M, Badin M, RuZiCkovad N. The international young physicists’ tournament 2017. Eur J Phys.
2018;39(6):064003.

Hazari Z, Brewe E, Goertzen RM, Hodapp T. The importance of high school physics teachers for female
students’ physics identity and persistence. Phys Teach. 2017;55(2):96-9.



