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Despite the high demand for STEM(science, technology, engineering, andmathematics) professionals, the
STEM talent pipeline continues to leak. A framework of STEM identity could provide insight into
why and towhat extent individuals engage in STEM-related activities. The present study describes the process
of developing andvalidating an instrument for assessing students’STEMidentity. This instrumentwas created
using the conceptual framework of science identity as its foundation. It aims to conceptualize student STEM
identity and extend the STEM identity model. This developmental instrument was examined through expert
review, small-scale pilot tests, student interviews, and large-scale field tests. The present study involved 2100
Chinese adolescents frommiddle and high schools in 10 regions. Factor analysis and Rasch analysis provided
evidence of reliability and validity. The final instrument contained four dimensions: recognition, belonging,
performance and competence, and interest. Our findings provide multiple sets of evidence for reliability and
validity, supporting the appropriate structure of the instrument. It exhibits strong psychometric properties,
which can be used to assess sustainability in students’ STEM fields.
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I. INTRODUCTION

As modern societies become closely integrated into the
development of science and technology, STEM (science,
technology, engineering, and mathematics) education has
an important effect on our daily lives. The STEM work-
force has been globally considered to be the most important
way of sustaining and enhancing national competitiveness
to deal with the opportunities and challenges of the future
[1]. Despite the high demand for STEM professionals, the
pipeline of STEM talents continues to leak. The STEM
identity of students has been identified as a significant
construct that positively influences their learning engage-
ment, career aspirations, and sustainable development in
STEM. It has been determined that a STEM identity is
the most accurate predictor of high school students pursu-
ing a STEM undergraduate major [2–9]. Identity lenses
support individuals in making decisions about learning
behavior and career pursuit through the assessment of

their own discipline fit [10]. Therefore, cultivating stu-
dents’ STEM identity has been a concern in educational
fields [11–15].
Over the past decade, there has been a growing body of

literature on identity development in science and science-
related disciplines [3,10,16,17]. These include studies of
individuals’ perceptions of themselves based on their past
life experiences, context-specific identity, and multiple
identity perspectives (e.g., gender, ethnicity, etc.) [17,18].
Other studies have focused on the impact of identity on
future career choices, and researchers have considered how
individuals describe who they are and the efforts to be made
for future choices [2,4]. Carlone and Johnson posited a
framework for a three-dimensional degree of scientific
identity, including academic performance, competence,
and cognition. These interrelated perspectives constitute
the ways in which individuals narrate features of their
science identity [10]. Hazari et al. suggested interest as a
newly construct of identity [19]. Both Hazari et al. and
Verdín have emphasized that belonging played a key role in
students’ identity [15,20]. Although qualitative and quan-
titative research studies in educational contexts posit that
individuals identify with STEM congruent with how they
identify with other content-based domains [21–25], there is
no existing theory-based quantitative model to evaluate
students’ STEM identity.
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To address these issues, the present study proposed amore
comprehensive quantitative STEM identity development
model that aims to quantitatively describe students’ STEM
identity built on the previous disciplinary identity frame-
work. Conducting this work recognizes the uneven nature of
student identity development at the adolescent level, which
leads to a certain percentage of students leaving STEM
majors; therefore, the present study addresses the STEM
learning experiences of students in grades 7–11 (13–18 years
old) to gain a deeper understanding of their STEM identity.

II. LITERATURE REVIEW

A. Identity research

Identity is a complex sociocultural concept that is deter-
mined by individuals based on their interactions with others
and the environment in which they interact. In the education
literature, identity is defined as “being recognized as a certain
‘kind of person’ in a given context” [3]. Thus, creating a role
identity in STEM is a process of recursive social construc-
tion. STEM identity is not fixed, and its trajectory may
change dynamicallywith the passage of time [26].Moreover,
STEMidentity is socially constructed through students’daily
practices [17]. In a situated learning framework, students’ life
experienceswith school and social interactionswith others in
their family can help them develop and shift their STEM
identity [12]. In terms of subject knowledge content, students
develop their own understanding and shape an identity of the
kind of STEMperson theywant to be through interactionwith
the scientific phenomena and social negotiation of the mean-
ing of STEM concepts [11]. Studies show that how students
think others see them (perceived other appraisals) depends
more strongly on how they see themselves (self-image) rather
than how others actually see them (actual appraisal) [27]. In
other words, how people think of themselves strongly
influences their behaviors as they interact with others.
Identity theory suggests that individuals’ identity shapes

their choices and behaviors. It may be an inclusive identity
that engenders various levels of participation, or it may be a
marginalized identity that shows rejection or exclusion
[28]. The more a teen sees him- or herself as a “STEM
person,” the more likely he or she is to continue studying
STEM and pursue STEM-related careers in the future.
According to expectancy-value theory (EVT) [29], stu-
dents’ achievement-related activities should be explained
by the interaction between their beliefs about how well they
will do on the activity and the extent to which they value the
activity [30]. When students have a strong sense of identity,
they invest more in learning-related content, and the
development process from participating to thinking that
the input is more valuable maintains the sustainability of
STEM learning. Previous studies have explored STEM
identity’s positive relation to outcomes such as persistence
and career goals [31]. In addition, students’ interactions
when building conceptual understanding in the classroom
not only shape STEM identity but also influence the quality

of learning by developing disciplinary relationships as part
of identity [32,33].

B. Conceptualizing STEM identity

A variety of approaches to making sense of identity in
STEM contexts have arisen and focused on individuals’
perceptions of the kind of person they believe themselves to
be in relation to broad disciplines (e.g., science) or specific
STEM disciplines (e.g., physics) [4,10]. The present study
is to accurately measure the construct of STEM identity
based on a systematic review process of STEM identity
literature. To conceptualize STEM identity in the study, the
relevant literature is evaluated to determine the importance
level of the dimension.
Vincent-Ruz and Schunn proposed that an individual’s

science identity is composed of both the individual’s internal
view of self and the perceptions of external others. They
found that science identity is distinct and separate from other
attitudinal constructs [34]. Another oft-cited concept is that
of Eccles and his colleagues, who use identity formation as
part of an expectation-value model of achievement-related
choices. Various social and psychological factors (such as
personal beliefs, experiences, and abilities) influence indi-
viduals’ expectations for success and the value they place on
available task options. All of the above factors influence
the decisions and choices individualsmake, such as enrolling
in STEM courses or pursuing STEM careers [35–37]. Gee
holds identity to be an analytic lens for research in educa-
tion. Informed byGee’s identity theory, Carlone and Johnson
originally proposed that science identity was a three-
dimensional construct comprising students’ competence
(refers to the ability to understand science content knowl-
edge), recognition (which means one is recognized by
oneself and/or by others as a science person), and perfor-
mance (as the social performances of relevant scientific
practices in the public area and culture of science) [3,10].
Hazari et al. first expanded themodel ofCarlone and Johnson
through supplementing the interest dimension and combin-
ing performance and competence as one dimension [19].
Additionally, the modified model included the construct of
physics “interest,”which alignswithBandura’s adaptation of
social cognitive theory (SCT). The SCT posits a relationship
between constructs related to self-efficacy (such as perfor-
mance competence) and those related to interest [38]. For
students who have not yet committed to a particular major or
career, their interest may be critically important in influenc-
ing the decisions of what kind of person they want to be. The
model has also been validated in different STEMdisciplines,
including biology and chemistry [39], mathematics [40],
engineering [41], and computer science [42]. Verdín exam-
ined how developing an engineering identity through the
interplay between interest, recognition, and performance and
competence beliefs and establishing a sense of belonging
support students’ persistent beliefs in engineering [20]. The
results suggest that when students experience a sense of
belonging, they aremore likely to develop a stronger sense of
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identity. Hazari et al., who used similar identity constructs in
the physics context, found that for women physicists in their
senior year (i.e., the fourth year of college or greater), a sense
of belonging supports their belief in themselves as a physics
person [15]. Therefore, four dimensions were involved in the
framework of students’ STEM identity: (i) recognition,
(ii) competence and performance, (iii) interest, and (iv) sense
of belonging.
(i) Recognition is both an external manifestation and an

internal state required for identity development [10,39]. Gee
noted that individuals develop their identity when they are
recognizedby themselves or others in a particular context [3].
It assesses students’ perceptions of how well they and others
are recognized as STEM people. Moreover, a person’s
recognition of him- or herself and others is based on his
or her ability to see his or her ability and performance in a
specific field [20]. (ii) Performance and competence belief
measure students’ confidence in their ability to understand
STEM content and knowledge, expectations for success in
STEM learning, and belief in performing well in the STEM
learning process [43]. Competence and performance closely
resemble beliefs of self-efficacy, which are students’ assess-
ments of themselves. However, “perceived self-efficacy is an
important contributor to performance accomplishments,
whatever the underlying skills might be.” Because the two
often appear together in previous studies, they are grouped
into subdimensions of identity. (iii) Interest is a crucial part of
identity and shows students’ desire to acquire STEM knowl-
edge and is a psychological state with emotional attributes
and cognitive factors. In terms of identity, STEMinterests are
expressed as persisting in STEM learning, having a positive
attitude toward STEMcareers, or having career aspirations to
a certain extent [12,19,44]. (iv) Finally, a sense of belonging
depends on students’ perceived social support on campus, a
feeling or sensation of connectedness, and experiences of
mattering or feeling cared about, accepted, respected, valued
by, and important to the group (e.g., campus community) or
others (e.g., faculty, peers) on campus [45]. The sense of
belonging in STEM enhances students’ STEM learning
motivations and makes students feel comfortable integrating
into the STEM learning environment, which is conducive to
establishing STEM learning tendencies and maintaining
STEM learning. Thus, belonging is also a crucial component
of identity.

C. Need for developing a new instrument

Although many studies recognized the importance of
STEM identity, it still needs to make a consensus on the
concept and construct. Therefore, this particular identity
domain needs to be defined, which is not only operational-
ized at the middle or high school level but also based on
traditional identity theory [13]. Second, in the research on
students’ STEM identity or science identity, many existing
instruments have equated identity with students’ self-
concepts (e.g., STEM “kind of person”). Certainly, a brief
one- or two-item measure of STEM or science self-concept

could reflect a portion of students’ STEM or science identity
and be useful for researchers who need a quick measure of
identity. Nevertheless, the number of items in a measure is a
function of reliability [46]. Thus, a single item is generally
not the ideal way to measure educational- or psychological-
related constructs. Furthermore, equating STEM self-con-
cept and STEM identity hinders our understanding of the
more extensive nature of the STEM identity construct. Third,
most identity surveys have been developed with a traditional
psychometric approach, such as calculating item-total cor-
relations or exploratory factor analysis. Individuals’ scores
and item difficulty depend on each other, so a change in the
respondent sample will influence the item statistics [47]. To
solve these problems, science education researchers have
called for using the Raschmodel to develop attitudinal scales
[47,48]. However, there is currently no tool developed or
modified by the Rasch model to measure the STEM identity
of young students. Finally, most studies focus on elementary
school students and college students, without paying suffi-
cient attention to middle school and high school students.
However, for STEM identity, young children,who comprised
preschool and elementary school, have difficulty in under-
standing the concept of identity because their cognitive
abilities are insufficient, and it is difficult for students to
have a clear idea of their future careers and identity. On the
other hand, in college, students have already chosen their
majors, and even if they have a low sense of identity, only a
small percentage of students are able to change their majors.
In contrast, adolescent students gradually have a clear under-
standing of identity. The adolescent student population
consists mainly of middle school and high school students.
At the beginning of middle school, students acquire pro-
gressively more knowledge and begin to develop a deeper
understanding of the subject matter. In high school, they can
choose their future majors or careers more autonomously.
Identity is now receiving increasing attention. It is reported
that the middle and high school years are critical times for
students to develop STEM identity [13]. Therefore, there is an
urgent need for a more traditional, theoretically grounded,
psychometrically compliant measure of STEM identity.

D. Aim of the research

The aim of this research is to construct the STEM
identity model based on previous studies. According to the
model, an instrument was developed to measure the STEM
identity of adolescent students. The instrument was com-
bined with the robustness of Carlone and Johnson’s, Hazari
et al.’s, and Verdín’s identity models across various
research contexts [4,10,20]. The model of the instrument
provides utility evidence for our guiding personal and
social identity frameworks [49,50].
Specifically, we define the concept and constructs of the

STEM identity measured in the study based on a solid
theoretical framework. Items were selected and revised
througha literature review, expert reviews, student interviews,
small-scale pilot tests, and large-scale field tests. It is to pro-
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vide sufficient reliability and validity evidence using explor-
atory factor analysis (EFA) and Rasch analysis. Construct
validitywill be ensuredby confirmatory factor analysis (CFA)
and Rasch analysis. The present study intends to develop and
evaluate the reliability and the validity of a STEM identity
measurement instrument for adolescent students.

III. METHOD

The instrument was developed through the following
procedures: development of the item pool, expert reviews,
pilot test and student interviews, field test, and validation of
the instrument. With the expert reviews and student inter-
views, the item pool was modified and put into the large-
scale field test to ensure that the instrument satisfied the
criteria of reliability and validity.

A. Development of the item pool

The concept and construction of STEM identity guided
the development of the item pool. According to an
extensive review of the theoretical literature and empirical
studies, the essential components embodying students’
STEM identity were found and adopted to define the four
scales of this instrument: (i) recognition, (ii) performance
and competence, (iii) interest, and (iv) sense of belonging
[10,12,43,51]. The item pool was developed based on
previous literature that developed or modified instruments,
such as the Student Science Identity Questionnaire (SSI)
[12]. The initial item pool was arranged on a five-point
Likert scale to which respondents may respond in one of
five ways: strongly agree, agree, not sure, disagree, strongly
disagree, since most of the teenagers can understand and
answer this type of question more easily. As this instrument

was designed to be applied in the Chinese context, its items
were first written in English and then translated into
Chinese. The items include recognition (7 items), perfor-
mance and competence (10 items), interest (6 items), and
sense of belonging (7 items) (see the Appendix).
The initial items were submitted to three experts who

studied STEM education and three experienced STEM
teachers. To ensure content validity, three experts were
asked to evaluate each item according to the wording and
the definition of the dimensions to which it belonged to. A
summary of their comments and suggestions as well as
corresponding improvements in items are shown in Table I.

B. Small-scale pilot test and interviews

A small-scale pilot test with student interviews was
conducted for the initial item pool. A total of 50
grade 7 students participated in the small-scale interview.
These students were divided into groups of 10 for five
sessions, with the same teacher inviting the same group of
10 people into the classroom at one time for group
interviews to ensure that feedback was provided on each
project. They were allowed to ask any questions if needed.
Considering that students were able to understand the scale
more broadly, efforts were made in the present study to
ensure the minimum age (grade 7) of the first small sample
of interviews. Based on the information obtained, items that
did not work well or might confuse students were modified.
For example, “I have difficulty digesting new knowledge in
STEM” was modified to “It takes me a long time to
understand new knowledge in STEM-related subjects,” and
“I will learn about engineering and technology in a variety
of ways” was revised to “I will learn more about STEM
through various sources of information.” The remaining

TABLE I. Comments, advice on the validity of the survey’s face, and modifications.

Evaluators Comments and feedbacks Modifications

Expert A Regarding the item in the interest scale that reads “I want to engage in STEM-
related work in the future,” Its way of asking questions is too direct.

It was modified to “I’m
interested in a career in
science”

Expert B The item in the performance and competence scale that reads “I am confident to
learn STEM subjects well and get good grades in high school.” refers to students’
recognition rather than their competence beliefs.

This item was moved to the
recognition dimension

Expert C In the item in the recognition scale that reads “My classmates often ask me about
science and technology,” classmates recognize themselves but do not always ask
questions

This item was redundant with
“Classmates think I’m good
at STEM discipline and was
removed.

Teacher A The item in the belonging scale that reads “I will follow news reports related to
STEM fields on TV or online.” is more like a description of a phenomenon.

This item was removed.

Teacher B The item in the interest scale that reads “I like to read STEM-related books”
suggests that using only books restricts their experiences.

It was modified to “I would like
to learn more about STEM
from various sources.”

Teacher C The concept of “a STEM person” in the scale may not be understood by students. It was replaced with “fit for
study STEM”
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items were simply revised for individual words based on
student feedback.

C. Participants

The participants in the present study were drawn from ten
districts in southern and northeastern China for two large-
scale field tests. Samples 1 and 2 each contain five different
districts and sample 3 includes eight of them. The general
principle for choosing studentswas (i) every sample involved
students fromsouthern andnortheasternChina and (ii)within
one sample, students from southern or northeastern China
were from two districts or more for each. Sample 1 was used
for the first large-scale test and included 360 students from
five districts with varying levels of academic achievement in
STEM areas. From the 360 students, 357 valid question-
naireswere collected. The second roundof large-scale testing
consisted of two sample groups, with the sample 2 data used
for EFA to determine the structure of the instrument and
included reports from 570 students from another five dis-
tricts, with 552 valid questionnaires collected. Data from
sample 3 were used for Rasch analysis and CFA to check the
dimensional structure and reliability of the instrument and
included reports from 1070 students from eight districts,
collecting 1043 valid questionnaires. The gender and age
stratification of students are shown in Table II.
In China, primary school students generally acquire

scientific knowledge through formal learning of science
course at school. From secondary school, science course
begins to split intomultiple disciplines. Students start to learn
biology in the first year, physics in the second, and chemistry
in the third.When students enter the first year of high school,
the science curricula mainly include independent disciplines
of physics, chemistry, and biology, in addition to the three
necessary subjects ofmathematics, Chinese, and English. By
the end of the second year of high school, students are faced
with a choice between science or liberal arts. This choice
largely determines whether they choose STEM-related sub-
jectswhen they enter college. It can also be said that this stage
is the critical process of STEMpipeline leakage. Therefore, it
is of great significance to study the STEM identity of
adolescents from middle school to high school.

D. Large-scale field test and data analysis

For the two large-scale tests, IBM SPSS 24.0, Winsteps
3.81.0, and Conquest 2.0 software were used. Based on
the data obtained, factor analysis and Rasch analysis were

used to provide evidence for reliability and validity. In the
first round of the large-scale field test, an EFA was first
conducted on sample 1 to provide more information on
structural validity. Rasch analysis was then undertaken to
provide information on item-level modifications. Sample 2
from the second round of testing was subjected to EFA and
Rasch analysis to determine the instrument structure. Then,
a CFA was conducted using sample 3 to achieve satisfac-
tory psychometric properties.

IV. RESULTS

A. Results of the first round
of the large-scale field test

Data collected from the pilot study were used to conduct
EFA by SPSS. It is used to explore the dimensionality
of the scale and identify items and factors that did not
fit. First, the multivariate normality and sampling
adequacy of the data were tested. Bartlett’s test of spheri-
city indicated that χ2 ¼ 6630.048, which was statistically
significant (p < 0.001). The Kaiser-Meyer-Olkin (KMO)
measure of adequacy was high (KMO ¼ 0.941). Based on
Pallant’s criteria, when thevalue ofKMO is higher than 0.60,
the recommended value, researchers can continue the further
factor analysis [52]. Principal component analysis followed
by oblique rotation (Promax rotation with Kappa ¼ 4) was
used because the potential factors in the scale were assumed
to correlatewith each other. A loading size of greater than 0.4
was considered acceptable. Cross loading was considered if
the loading size was larger than 0.3 in more than one factor.
Considering the low explained variance and the theo-

retically different definitions of these dimensions, four
factors (according to our theoretical constructs of STEM
identity) were extracted and the results were good. The
explained variance was 57.673%, and the items were
categorized in accordance with the presumptive dimensions
developed from the extensive literature review. The final
results, with loading less than 0.4 not shown, factor loading
scores were above 0.40 for all items except I6 and P8 and
below 0.50 for R5, P4, P7, P10, and I5. Therefore, it was
decided to delete these items. As shown in Table III, after
removing the above inappropriate items, the explained
variance rose to 62.967% (greater than 60%, satisfying
the requirement), and the factor loadings for all dimensions
were above 0.50, which is at a good level [53]. Factor 1 is
recognition, factor 2 is performance and competence, factor
3 is interest, and factor 4 is the sense of belonging.

TABLE II. Participant demographics.

Age Gender

13 14 15 16 17 18 Boy Girl Total

Sample 1 9.5% 23.8% 18.8% 14.8% 26.9% 5.0% 53.5% 45.4% 357
Sample 2 9.1% 13.4% 27.4% 12.0% 29.2% 8.9% 55.7% 44.3% 552
Sample 3 1.4% 24.4% 18.6% 20.1% 27.0% 8.5% 50.0% 49.6% 1043
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Rasch analysis was then conducted on the 23 items
generated by the EFA. Given the multidimensional nature
of the instrument and the fact that all items were rated on a
scale of 5, a multidimensional rating scale model under the
multidimensional random coefficientmultinomial logit model
(MRCMLM) frameworkwas selected and datawere analyzed
using Conquest 2.0. In addition, a one-dimensional rating
scale model was applied to each dimension using Winsteps
3.81.0 to ensure the unidimensionality of each subdimension.
In general, the Rasch model is a single-parameter model and
unidimensionality was a prerequisite for items to meet the
requirement. The first eigenvalues for the unexplained vari-
ance in the four dimensions reported in the principal compo-
nent analysis (PCA) were 1.8, 1.6, 1.5, and 2.1. It showed that
all four dimensions possessed unidimensionality.

TABLE III. Factor loading in the first round of the field test.

Factor loading

Dimension Item 1 2 3 4

Recognition R2 0.884
R7 0.848
R3 0.843
R4 0.807
R1 0.804
R6 0.782
B7 0.699
P9 0.628
P5 0.582

Performance and
competence

P1 0.810
P3 0.729
P2 0.716
P6 0.537

Interest I1 0.777
I3 0.776
I4 0.688
I2 0.658

Belonging B2 0.906
B3 0.886
B4 0.737
B6 0.697
B1 0.688
B5 0.660

TABLE IV. Correlation or correlation matrix among dimen-
sions in the first round of the field test.

Dimension

Dimension 1 2 3 4

1 1.520 1.205 1.754
2 0.685 1.042 1.068
3 0.628 0.786 0.985
4 0.700 0.618 0.659

Variance 3.217 1.532 1.146 1.950

TABLE V. Fit statistics in the first round of the field test.

Dimension Item Estimate Model standard error Unweighted MNSQ Weighted MNSQ

Recognition R1 −0.237 0.052 0.69 0.71
R2 0.041 0.052 0.82 0.85
R3 0.204 0.053 0.84 0.84
R4 0.454 0.052 0.92 0.95
R6 −0.730 0.053 1.16 1.22
R7 0.287 0.052 0.87 0.87
P5 0.102 0.052 1.05 0.98
P9* −0.248 0.148 1.63 1.43
B7 0.128 0.053 1.18 1.17

Performance and competence P1 −0.013 0.048 1.08 1.06
P2 −0.028 0.050 0.89 0.89
P3 −0.321 0.050 0.85 0.85
P6* 0.362 0.085 1.16 1.13

Interest I1 0.235 0.048 1.07 1.07
I2 0.025 0.048 0.92 0.91
I3 0.324 0.047 1.01 1.01
I4* −0.584 0.082 1.21 1.18

Belonging B1 −0.154 0.046 1.13 1.13
B2 −0.254 0.046 1.03 1.01
B3 −0.070 0.042 1.36 1.30
B4 0.117 0.044 1.01 1.01
B5 0.166 0.044 0.93 0.92
B6* 0.196 0.099 0.87 0.86

An asterisk next to a parameter estimate indicates that it is constrained. Separation reliability ¼ 0.968, Chi-square
test of parameter equality ¼ 523.84, d.o.f. ¼ 19, significant level <0.001.
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To further test the single dimension, the Rasch model
residual PCA method was used to test the dimension of the
form. The characteristic value of the standardized residual
of the first factor and the variance in the measurement
interpretation are important indicators to measure the
uniformity of the data structure. The range of the character-
istic value of the standardized residual of the first compo-
nent should be between 1.4 and 2.1. The higher the variance
explained by Rasch model scores, the higher the likelihood
that items measure the same dimension [54]. Table IV
shows the intercorrelations among the four subscales for
the multidimensional results. All the correlations between
dimensions were moderate. Thus, the instrument measured
closely related multidimensional constructs.
The model-data fit was assessed using unweighted and

weighted mean square (MNSQ). The unweighted and

weighted mean square MNSQ for all items were within
the acceptable range (i.e., 0.6–1.4), except for P9; thus, item
P9 was removed and 22 items remained (Table V). The
expected a-posteriori/plausible value (EAP=PV) reliabilities
for each dimensionwere all acceptablewith the data of 0.927
(recognition), 0.863 (performance and competence), 0.804
(interest), and 0.847 (sense of belonging). An asterisk next to
a parameter estimate indicates that it is constrained.
Separationreliability ¼ 0.968, Chi-square test of parameter
equality ¼ 523.84, d.o.f. ¼ 19, significant level <0.001.
For the function of the five-point response category, a

minimum of ten observations were made for each category
(N > 10). The results showed that the step estimates
increased monotonically, and the distance satisfied the
0.81–5 logit requirement without peak submergence. At
the same time, the average measurement increases evenly

FIG. 1. Probability curves for subdimension of the instrument in the first round of the field test.
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between adjacent options, indicating that the five-point
scoring method of each subdimension is consistent with
the overall distribution of items and participants. Figure 1
provides the probability curves for each subdimension. This
evidence suggests that the five-point scale is suitable.
The Wright map shows the distribution of items and

students along a one-logits scale with students’ ability
estimates on the left (represented by X) and item difficulties
on the right (shown by the item number; Fig. 2). The
students at the top have more positive STEM identity, while

the items at the bottom are less endorsable. For the five-point
scale, there were four thresholds for each item. For example,
1.1, 1.2, 1.3, and 1.4were the four thresholds for item1. They
indicated the location at which the probability of achieving a
higher category was 0.5. According to theWright map, there
is a discontinuity in the difficulty of the questions, and the
three levels of thresholds are not coherent. There is also a
discontinuity in the difficulty of the dimensions, which are
not evenly distributed. For example, the difficulty of thresh-
old 4 of the recognition dimension is concentrated above,
while the difficulty of threshold 1 is generally lower.

B. Additional insights from EFA and Rasch analysis
for improving the instrument

According to the results of EFA after deleting items, the
instrument (23 items) met the acceptable standards of good
psychometric properties. The results from Rasch analysis
showed that the degree of separation, unidimensionality, and
response category had acceptable indicators. Based on the
results of the MNSQ, inappropriate questions were removed
(P9), leaving 22 items. The Wright map (Fig. 2) suggested
that further improvements are needed. This resulted in more
appropriate difficulty for each dimensional topic. According

FIG. 2. Wright map for the instrument in the first round of the
field test (red fonts, green fonts, black fonts, and blue fonts are
item thresholds for recognition, performance and competence,
interest, and sense of belonging).

TABLE VI. Factor loading in the second round of the field test.

Factor loading

Dimension Item 1 2 3 4

Recognition R1 0.860
R2 0.856
R4 0.852
R6 0.839
R3 0.830
R7 0.824
R8 0.728
B7 0.720
P5 0.597

Performance and
competence

P1 0.820
P11 0.757
P3 0.722
P2 0.648

Interest I2 0.809
I1 0.801
I3 0.751
I4 0.687
I7 0.574
I8 0.503

Belonging B2 0.905
B3 0.872
B4 0.701
B1 0.669
B5 0.665
B6 0.598

LIU, XU, LI, XIAO, and ZHOU PHYS. REV. PHYS. EDUC. RES. 19, 010138 (2023)

010138-8



to the item difficulties, item P6 was inappropriate with high
difficulty. Therefore, itemP6was removed, leaving 21 items.
Given that it is better to control for scale length based on

the results of data fitting and item estimation, four new
items were developed and added to the second round of
testing. With the item changes, a total of 25 questions were
incorporated into the second round of large-scale testing. The
four new items were also drawn from existing instruments
[12,13,55]. Specifically, item R8 was referenced from ques-
tions 19 and 35 in the STEM identity survey [55]. Item P11
was referenced fromC6 inSSI [12]. Item I7was derived from
itemsV4 and V30 in SciID [13]. Item I8was derived from I8
in SSI [12]. Some expressions of the items were modified so
that the distinctions between the option thresholds were
close. For example, “I would get satisfaction from a course in
a STEM-related specialist subject compared to other
courses” rather than “I like STEM-related subjects.” The
whole instrument with additions and deletions of items has
been described in the Appendix. Specifically, there were 9
items in the recognition dimension, 4 items in the perfor-
mance and competence dimension, 6 items in the interest
dimension after modification, and 6 items in the belonging
dimension (see the Appendix for descriptions).

C. Results of the second round
of the large-scale field test

First, sample 2 was selected for EFA again in the second
roundof testing, and the results showedKMO ¼ 0.941, χ2 ¼
7698.814 (p < 0.001). Continuing with the four factors
consistent with the above, the total explained variance was
61.02%.As shown inTableVI, the factor conformity for each
dimension is above 0.50, which is at a good level.
Rasch analysis was conducted second to determine

whether the problems found previously had been solved.
Item selection was mainly based on the data fit statistics and
the Wright map, with consideration of item context. For the
finalized instrument, the unidimensional Rasch analysis
conducted in each dimension indicated their unidimension-
ality, with the first eigenvalues in the PCA being 1.8
(recognition), 1.7 (performance and competence), 1.7 (inter-
est), and 2.0 (belonging).According to that, the eigenvalue of
the belonging dimension is the critical value of 2.1.Wemade
the unidimensionality of it more certain in the second round.
For model-data fit, the unweighted and weighted MNSQ of
all items fell within the acceptable range (Table VII). In
addition, the EAP=PVof each dimension was 0.883, 0.823,
0.802, and 0.814. The separation and reliability of the student

TABLE VII. Rasch fit statistics in the second round of the field test.

Dimension Item Estimate Model standard error Unweighted MNSQ Weighted MNSQ

Recognition R1 −0.044 0.030 0.74 0.75
R2 0.119 0.030 0.79 0.81
R3 0.172 0.031 0.76 0.78
R4 0.046 0.031 0.84 0.87
R6 0.052 0.030 0.79 0.79
R7 0.113 0.030 0.84 0.85
R8 −0.735 0.030 1.05 1.06
B7 0.106 0.031 1.13 1.10
P5* −0.243 0.086 1.19 1.15

Performance and competence P1 −0.030 0.030 1.19 1.16
P2 0.104 0.031 0.89 0.89
P3 −0.348 0.031 0.95 0.96

P11* 0.274 0.052 1.21 1.19

Interest I1 0.238 0.027 1.04 1.03
I2 0.051 0.027 0.88 0.86
I3 0.315 0.027 0.99 0.99
I4 −0.806 0.028 1.27 1.30
I7 0.143 0.027 1.02 1.01
I8* 0.059 0.061 0.96 0.95

Belonging B1 −0.229 0.026 1.37 1.30
B2 0.044 0.027 0.97 0.95
B3 0.057 0.027 0.86 0.85
B4 0.085 0.027 0.86 0.86
B5 −0.227 0.027 1.21 1.21
B6* 0.270 0.060 0.92 0.92

An asterisk next to a parameter estimate indicates that it is constrained. Separation reliability ¼ 0.991, Chi-square
test of parameter equality ¼ 2258.11, d.o.f. ¼ 21, significant level <0.001.
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sample were also analyzed. The results show that the
reliability of questions and participants is sufficient.
For the category function, each had a minimum of ten

observations for every item (N > 10). The step estimates
showed a monotonic increase, resulting in the distinct
peaks of the probability curves of each category (Fig. 3).
These observations suggest that the five-point response
category was used optimally. Sufficiently modified topics
did not make a difference.
The Wright map (Fig. 4) shows that the item difficulty

was reasonably distributed with the thresholds covering
most of the students’ abilities, which means that the items
target the sample well. There was a threshold break in the
questions in the first large-scale test while the distribution
of questions is more balanced after the modification in the
second round.
Finally, to confirm the structure of the four-factor model

from EFA, we administered this instrument to sample 3.

Confirmatory factor analysis was conducted using Mplus
8.0 to verify the construct and ensure that the finalized
instrument met the criterion. The weighted least squares
mean and variance adjusted estimator option was used to
deal with categorical and non-normal data to achieve a
robust result. The results showed a good fit, with a root
mean square error of approximation (RMSEA) of 0.045, a
comparative fit index (CFI) of 0.901, and a Tucker-Lewis
index (TLI) of 0.913, while the ideal values were as
follows: RMSEA< 0.08, CFI > 0.9, TLI > 0.9 [56,57].
Additionally, the factor loadings of each item per sub-
dimension were all above 0.6 (Fig. 5).

V. DISCUSSION

This research aimed to develop an instrument to measure
STEM identity among adolescent students through
pilot and field tests. The results indicated that the instru-
ment was generally of high quality. To accomplish these

FIG. 3. Probability curves for subdimension of the instrument in the second round of the field test.
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goals, we carefully reviewed the relevant structures for
assessing the STEM identity of students, developed some
items, and revised items according to opinions from
experts and STEM teachers. The construct validity and
reliability of items from the instrument were deter-
mined through EFA and Rasch analysis with sample 1.
The results of EFA showed that the 23 items could
be extracted into four salient factors. According to
Rasch analysis, logit scores can also show students’
STEM identity in various dimensions. We identified four

significant factors: recognition, performance and compe-
tence, interest, and sense of belonging.
To confirm the fit of the four-factor model, EFA and

Rasch analysis were reperformed on the final 25 items
using the data from sample 2 to confirm the dimensional fit.
The Rasch analysis verified the reasonable distribution of
difficulty of the revised items and the optimal use of the
five-point response category. CFA was conducted using
sample 3 with factor loading values greater than 0.6. These
results supported the idea that the development of STEM
identity is a complex and multidimensional process that
requires all dimensions to be adequately nurtured and
developed [58].
The four aspects of STEM identity were consistent with

prior work on identity development [10,15,19,41]. The
structure of this research inherited the results of Carlone
and Johnson and accepted the “interest” structure men-
tioned by Hazari et al. and the results of belonging obtained
in Verdín [4,10,20]. This result echoed the research results
of Hazari et al. and expanded the research group of
adolescent students. It supported the suitability of the
identity framework as a critical analysis lens for students
interested in STEM. Studies have shown that one of the key
areas found to influence persistence in the STEM discipline
is the role of recognition. How others see a student is vitally
important to how the student sees her- or himself and to her
or his subsequent choices. Adolescent students are easily
influenced by the perceptions of significant others in their
lives regarding STEM, which can determine their sub-
sequent academic choices. Many studies have shown
that parents’ perceptions and expectations regarding their
children’s STEM abilities influence the children’s self-
perceptions and expectations in the STEM disciplines and
even have a non-negligible influence on the subsequent
decision to pursue a STEM career [59,60].
Another factor that repeatedly arises in the literature

addressing STEM identity is performance and competence.
Marsh et al. found a reciprocal effect between performance
and self-concept; that is, earlier performance affects aca-
demic self-concept and prior self-concept affects future
performance [61]. In addition, studies show that performance
and ability affect students’ self-efficacy and individuals’
judgments of their abilities to perform tasks success-
fully [62].
In addition to recognition and performance and compe-

tence, affect (e.g., interest) is a strong predictor of STEM
identity [63]. Social cognitive career theory (SCCT) also
supports this finding [64]. Some researchers have proven that
in college students, there is an interaction between interest
and performance and competence, which jointly affects
identity [38,41,65]. Students’ performance and competence
are necessary but not sufficient for their construction of
STEM identity. Students who feel able to perform and are
competent need to be recognized or become interested to see
themselves as “STEM persons” [15,40,41].

FIG. 4. Wright map for the instrument in the second round of
the field test (red fonts, green fonts, black fonts, and blue fonts are
item thresholds for recognition, performance and competence,
interest, and belonging).
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Previous work has demonstrated that identity con-
struction is fluid in that it can change from moment
to moment and from context to context [17,66–69].
When students interact with others or are influenced
by the environment, they generate self-construction of
STEM identity. Given the fluidity of disciplinary identity,
it is also likely that how different constructs (e.g.,
performance and competence, interest, and recognition)
influence identity will change with different contexts.
Therefore, new constructs, such as a sense of belonging,
will emerge as necessary for disciplinary identity con-
struction. Although the sense of belonging is related to
recognition, it is theoretically distinguishable from it.

Others may recognize students as STEM persons (teach-
ers, parents, or peers), but they still believe that they are
unsuitable for STEM discipline. Other stereotypes of
other identity attributes usually affect the sense of
belonging, such as gender. To accommodate these dis-
ruptions, some women have been found to suppress parts
of their discipline identity [70]. Regardless of acts of
suppression, previous research has found that college
students with identity as members of underrepresented
groups still experience a lower sense of belonging
than their peers. This lower sense of belonging has been
found to have negative consequences for academic self-
efficacy, valuing of academic tasks, and performance in

FIG. 5. Confirmatory factor analysis in the second round of the field test. Note: rec: Recognition, pc: performance and competence,
int: interest, bel: belonging.
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disciplinary coursework, which likewise can affect stu-
dents’ disciplinary identity construction.
The major contribution of the present study lies in

developing and validating an instrument that can be used
to assess adolescent students’ STEM identity. We consid-
ered this to be more relevant in the Chinese context.
The final version of the instrument has high construct
validity and reliability when used among students in grades
7–11 from ten regions of northern and southern China.
Theoretically, with the development of the instrument, our
work has provided a more complete structure of STEM
identity, with multiple pieces of evidence to reveal the
dimensionality. With the data obtained for the final version
of the instrument, as well as considering the students and
their cultural background, it is reasonable to divide identity
into four potential dimensions, including recognition,
performance and competence, interest, and sense of
belonging. The multidimensionality of the data was estab-
lished by both factor analysis and Rasch analysis, which
reinforced the notion that students’ identity towardSTEMis
multidimensional. The four dimensions in the instrument are
correlated, but distinct parts, taken together, constituted a
multidimensional measure of STEM identity. In practical
applications, students can be helped to self-identify them-
selves as STEM persons. Meanwhile, teachers can
strengthen teaching practices through students’ STEM iden-
tity information, enhancing students’ STEM participation
and retention to a certain extent, and reducingSTEMpipeline
leakage. For researchers, amore comprehensive and in-depth
understanding of STEM identity can be obtained, which is
conducive to further empirical research. Meanwhile, the
instrument can be used to explore influential factors of
STEM identity for adolescent students, such as gender,
grade, family background, and school context [71].
On the other hand, the present study expanded the age

range of the participants. Most researchers have looked at
the two extremes of the student population for STEM
identity: college students and elementary school students
[15,72]. However, in the process of dynamic development
and self-construction of STEM identity, adolescent stu-
dents are more likely to be influenced by the environment
and others, so more attention should be given to students
at this age. In addition, the majority of students had some
basic understanding of STEM as a mix of two or more
of its component disciplinary fields. In China, students
begin to learn STEM concepts from mathematics in the
seventh grade, physics in the eighth grade, chemistry in
the ninth grade, and general technology in high school.
Students’ STEM concepts begin to become richer, and
the main concepts gradually shift to physics or science
and technology. Due to the complexity of course content
at this stage, the dynamic change in student identity is
obvious. The present study takes junior and senior high

school students as the research object, which has sig-
nificance and value for research on STEM identity.

VI. CONCLUSIONS

The present study describes the process of developing
and validating an instrument for assessing students’
STEM identity. The content of the instrument was
determined using expert reviews, students’ interviews,
and factor and Rasch analyses. The present study provides
multiple sets of evidence for reliability and validity,
supporting the appropriate structure of the instrument.
The final instrument is a five-point Likert scale in which
students can answer using the responses. The instrument
includes four subscales, including recognition, perfor-
mance and competence, interest, and belonging
(Appendix). As the results indicated, the instrument
can be used to evaluate the identity of young students
and the sustainability of STEM fields. At the same time,
the construction of the STEM Identity tool formed in the
present study shows that the four-factor model is
reasonable.
The limitations of the present study should be men-

tioned. First, the correlation of each dimension is highly
significant, and their discriminant validity needs to be
improved, such as by increasing the number of items or
modifying the expression method of items with large
residual correlation. Second, the study population did
not include elementary school students by considering
reading and comprehensive abilities. However, research
suggests that children begin to identify their interests
related to STEM as early as elementary school. Primary
students begin to shape their personal identity and start
making decisions about who they are and could be in the
future [72–77]. Therefore, future studies should be applied
to and modified for elementary school students to provide
more evidence for psychometric properties. Finally, the
sample we used for the pilot and field tests was from the
southern and northern parts of China and did not include
students from the many other regions of China. Since China
is a multiethnic country and there were no ethnic minority
students in the sample, we do not know whether ethnic
minority identity affects STEM identity. In the future, it
would make sense to measure STEM identity among
students from more diverse ethnic groups.
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APPENDIX: STEM-ID SCALE ORIGINAL 30 ITEMS AND NEWLY ADDED ITEM

The appendix is about a developmental survey of STEM identity aimed at middle and high school education groups. It is
to provide support for the research by collecting accurate and reliable data. The items in the scale have no right or wrong
answers and do not reveal personal information, so students could answer the items according to their real thoughts.

Dimension Item No. Item

Recognition R1* I think I’m good at STEM-related subjects.
R2* My classmates think I’m good at STEM-related subjects.
R3* Teachers of STEM-related subjects think I am good at STEM-related subjects.
R4* My family and friends think I am a master of STEM-related subjects.
R5 Before I started a new STEM-related course, I was confident in it
R6* I think I am gifted in STEM-related subjects.
R7* My classmates would ask me for STEM-related knowledge or exercises.
P5* I can achieve high levels of success in STEM-related subjects.
P9- It takes me a long time to understand new knowledge in STEM-related subjects.
B7-* I think I am completely unsuitable for STEM-related subjects.
R8+* I am confident that I will be able to learn STEM-related subjects at the high school.

Performance and
Competence

P1* I can use tools and equipment proficiently in lab classes.
P2* I can understand the laws and principles of STEM-related subjects well.
P3* I can use science to explain natural phenomena in everyday life.
P4 I am good at designing and fixing things.
P6 I am able to complete homework assignments in STEM-related subjects well.
P7 I believe I can learn a lot in STEM-related subject classes.
P8 I believe I can solve complex STEM-related problems.
P10 I can apply my knowledge of mathematics flexibly in science subjects.
P11+* I believe that I can learn even the most difficult science subjects if I work hard.

Interest I1* I would like to learn more about STEM-related knowledge through various sources of
information.

I2* I am interested in STEM-related careers.
I3* I like to participate in various STEM-related activities.
I4* I think the STEM knowledge I learn in the classroom is important in the daily life.
I5 I like to actively think about STEM issues.
I6 STEM issues excite me.
I7+* I plan to pursue a STEM-related major in college.
I8+* I intend to be more satisfied from STEM-related major courses than other courses.

Belonging B1* I would be proud to excel in STEM-related subjects.
B2* I would like to be seen as a person in the field of mathematics or science and technology.
B3* I am willing to show competence in math or engineering in front of others.
B4* I feel pleasure when talking to others about content related to math or science subjects.
B5* I intend to follow the example of STEM-related scientists and engineers.
B6* I would feel comfortable when talking to people who work in STEM-related fields.

(+) indicates that the item was added in the second round; (*) indicates that the item was retained for the final project instrument;
(-) indicates that the item was reverse-coded during analysis.
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