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Abstract: In recent years, STEM (science, technology, engineering, mathematics) education has
received widespread attention from all over the world, and there are not many studies on STEM
attitudes in China. One of the reasons is the lack of measurement tools that have been tested
for reliability and validity. The Chinese version STEM attitudes scale for primary and secondary
schools is a multidimensional scale that measures the STEM attitudes of primary and secondary
school students. It consists of three subscales: STEM interest, 21st-century skills confidence, and
STEM career interest. In order to test the reliability and validity of the scale application, as well as
understand and improve the STEM attitudes of primary and secondary school students, the research
team surveyed and collected 566 responses from primary and secondary school students in Zhejiang,
Shanghai, Shandong, Liaoning, and other places. After exploratory factor analysis, confirmatory
factor analysis, and a reliability and validity test, the scale finally retained 48 items. The scale supports
a hypothetical five-factor model with good reliability and validity and can be used to assess STEM
attitudes in Chinese primary and secondary schools. This research also shows that students’ STEM
interests and STEM career interests showed clear variation among different genders, grades, and
parental education levels.

Keywords: STEM attitude; evaluation scale; reliability; validity; primary and secondary school students

1. Introduction

In recent years, STEM (science, technology, engineering, mathematics) education has
attracted widespread attention all over the world [1]. With the in-depth development
of the knowledge economy, the demand for STEM skills and green jobs has surged in
more and more countries. The Programme for International Student Assessment (PISA)
2018 evaluation results released in December 2019 show that Chinese 15-year-old students
rank first in mathematics and science literacy in the participating countries (regions) [2].
However, similar to many other countries, Chinese primary and secondary school students
also show a decline in STEM interest as grade level increases [3].

This has caused increased attention to STEM education in China, along with research
on STEM education in China. However, normative empirical research is rare, especially
empirical research on the STEM attitudes of primary and secondary school students. STEM
attitude refers to students’ STEM interest, 21st-century skill confidence, and STEM career
interest [4]. Eric Wiebe’s research team holds this view. According to the present study,
these three elements contained in STEM attitude can also be applied to Chinese practice.
Discipline attitude refers to the relatively stable evaluation and behavioural tendencies of a
subject formed in the course of learning [5]. Students’ attitude towards a certain discipline
may be composed of their self-efficacy and expectation value [6].

Self-efficacy is positively associated with interest, and both influence and promote
each other [7]. It can be said that STEM interest affects students’ STEM self-efficacy and
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is an important part of their STEM attitude. Meanwhile, since the PISA assessment re-
leased the 2018 global competency framework, 21st-century skills such as critical thinking,
cross-cultural communication and problem solving have attracted more and more atten-
tion. These skills are the core qualities that STEM education should have for compound
innovative talents cultivated in the 21st century. It can be seen that students’ self-efficacy
(or confidence) in 21st-century skills can also be a part of their STEM attitude.

Students’ STEM professional interest reflects their expectations for their future career
and can also be used as a part of students’ STEM attitude. Studies have shown that high
school students’ career interest will affect their college STEM curriculum choice, and after
that their career choice [8]. In fact, according to the data centre of the Ministry of Education,
only 50.2% of junior high school students in China can enter ordinary high schools every
year, and nearly half of the remaining students enter vocational high schools or take a job.
Their STEM career interests also affect their career and major choices.

It can be seen that the research on STEM attitudes of primary and secondary school
students is particularly important, but the relevant research in China is not common. One
of the main reasons is a lack of measurement tools that have been tested for reliability and
validity. International scholars have developed many STEM education evaluation scales,
which can be roughly divided into three categories: first is the interest in STEM careers
scale, which is used to investigate the possibility of primary and secondary school students
engaging in STEM careers in the future [9]; the second is the STEM project attitude scale,
which is used to investigate high school students’ attitude towards STEM projects [10];
the third category is the STEM attitude scale for primary and secondary school students,
which is used to measure STEM interest, 21st-century skill self-confidence, and the STEM
career orientation of fourth and fifth grade primary and secondary school students [11].
However, the scales related to STEM education developed by domestic scholars started late,
are small in number, and are mostly used to measure STEM project learning, such as the
student STEM project learning ability evaluation scale [12] and the student participation
measurement scale in project-based STEM teaching [13].

The scale focusing on STEM attitudes of primary and secondary school students has
not been found. Some scholars pointed out that there are few tools to measure multidis-
ciplinary attitudes on the same scale, and the evaluation instruments that can accurately
measure learners’ interdisciplinary STEM attitudes towards STEM courses or projects
are very limited [14]. Therefore, the objectives of the current study are as follows: Once
authorization from the scale developer has been received, the research team will introduce
the STEM Attitude Scale to the Chinese context and test its reliability and validity there
so as to help understand the basic STEM attitudes of Chinese primary and secondary
school students.

2. Literature Review

The S-STEM survey invites students to give information about their attitudes toward
science, technology, engineering, and mathematics subjects; post-secondary pathways; and
career interests. Chinese scholars have concentrated their research on STEM learning scales
for primary and secondary school students, and most of the evaluation scales are designed
for evaluating students’ performance in a STEM classroom [13,15,16]. Many scholars
generally believe that the degree and duration of students’ learning participation have an
important impact on students’ learning efficiency [17]. Therefore, Chinese scholars and
teachers have paid great attention to students’ STEM classroom input. STEM learning is a
team learning method in which students are the main actors and teachers have the role of
guide. In teaching practice, results are generally submitted and presented as a group, so that
each student can contribute to the results of his or her own team [18]. Establishing a scale for
students’ STEM learning evaluation, including self-evaluation, teacher evaluation, and peer
evaluation, can promote and stimulate creative and in-depth STEM learning [19]. Studies
of self-efficacy are generally concentrated in secondary school, while self-efficacy scales are
very rare in primary school [20,21]. Many other scholars have used Bian Yufang’s Learning
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Self-Efficacy Scale [22], or other scales from foreign research, in relation to their own
research direction. A few people have begun to focus on STEM learning attitudes of primary
and secondary school students and designed a STEM Learning Attitude Scale [14,23].
However, there are few tools for measuring multidisciplinary attitudes on one scale, and
there are very limited measures of the evaluation of interdisciplinary STEM attitudes for
learners of STEM courses or projects [14].

Viewed from a much larger scale, students’ STEM learning-related scales mostly have
a certain empirical test. Initially, there are some tools to measure students’ attitudes toward
a single STEM subject, but which does not include all disciplines. For example, the Test of
Science-Related Attitudes consists of seven subscales (10 items each) measuring high school
students’ attitudes toward science [24], and the Affective Elements of Science Learning
Questionnaire measures students’ attitudes toward science, which consists of four subscales
(35 items total) [25]. Also, the Attitudes Toward Maths Survey aims to measure students’
attitudes toward mathematics [26]. With scientific and technological developments in
recent years, many scholars have realized the importance of STEM education; hence, ways
to measure students’ STEM attitudes is also particularly important. International scholars
have developed numerous S-STEM scales to measure students’ attitudes towards STEM.
A survey created by Erkut and Marx in 2005 measures attitudes toward multiple STEM
subjects: science, mathematics, and engineering. Erkut and Marx found Cronbach’s alpha
levels to be above 0.85 for the science and mathematics attitudes constructs and above 0.80
for the engineering attitudes construct. The instrument provided a set of items from which
to build a more reliable, valid, and fair survey [27]. Based on the framework of Erkut and
Marx’s S-STEM in 2005, the Student Learning Conditions Survey, and the Bureau of Labor
Statistics’ Occupational Outlook Handbook [1], Wiebe et al. developed an upgraded S-
STEM. Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were used
to ensure the validity of the scale structure. Cronbach’s alpha was used to measure internal
consistency reliability for each of the four constructs [4]. In addition, the Friday Institute
developed an S-STEM based on the following sources: mathematics attitudes, science
attitudes, and engineering and technology attitudes (which were constructs adapted from a
survey developed for an engineering programme at a girls’ middle school) [27]; the Bureau
of Labor Statistics’ Occupational Outlook Handbook, which further developed the careers
section [1]; and the Friday Institute’s Student Learning Conditions Survey from which the
21st-century learning attitudes construct was adapted [28]. Consequently, two versions
have been developed: one for 4th and 5th graders (the “Upper Elementary S-STEM”), and
one for 6th–12th graders (the “Middle/High School S-STEM”) [29], which is more accurate
and scientific. In 2015, Yildirim and Selvi adapted the Sources of Middle School Maths
STEM Attitude Scale developed by Faber et al. [11] for the Turkish context. Exploratory
and confirmatory factor analyses were conducted to investigate the structural validity of
the scale and test the structure’s theoretical basis of the adapted scale, respectively. Also,
some descriptive analyses were conducted, indicating that there is a good model-data
fit [30]. In addition, a study by Benek and Akcay in 2019 was conducted to develop a valid
and reliable attitude scale that could measure secondary school students’ attitudes towards
STEM in Turkey [31]. Exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) were also adopted to test the validity of the scale structure, and the results of the
CFA were used to determine the model fit of the scale. The results showed that all values
were within acceptable limits. Finally, a valid and reliable scale was formed, including 33
items and 6 factors.

To sum up, there is little research that focuses on STEM attitudes of primary and
secondary students in China, and relevant scales are seen more in other countries. Therefore,
our research team took various factors into consideration, such as targets applicability,
universality, and so on, and finally tested the revised S-STEM scale from the Eric Wiebe
research team at North Carolina State University to develop a valid and reliable attitude
scale to learn the attitudes of primary and secondary students in China.



www.manaraa.com

Sustainability 2021, 13, 12661 4 of 20

3. Method

The purpose of this study is to test the reliability and validity of the Chinese version of
the STEM Attitude Scale in Chinese primary and secondary students, to provide the basis
for understanding the basic situation of STEM attitudes of Chinese primary and secondary
students, and to provide an effective measurement tool for China to study STEM attitudes
of primary and secondary students in the future. The research team translated, revised,
and tested the reliability and validity of the Chinese version of the STEM attitude scale for
primary and secondary school students.

3.1. Subjects and Evaluating Process

Judgement sampling was conducted in choosing regions and suitable students. In
China, Liaoning represents the northern province, Shandong can be regarded as the
province in middle areas, and Zhejiang is located in the south. Shanghai and Zhejiang
have participated in PISA as more developed regions, while the less developed areas of
Shandong and Liaoning have not. In each of the above-mentioned regions, the research
team mainly used random sampling to obtain students. In primary schools, we also used
judgement sampling to survey fourth and fifth graders since they are better able to read the
questionnaire and provide answers. In addition, we did not ask the sixth graders to fill in
the questionnaires since some primary schools do not include a sixth grade. We included
all junior middle school students and chose participants randomly from all three grades.
The research team used the questionnaire survey method, using both paper and online
questionnaire survey tools, and randomly surveyed the primary and secondary school
students in Zhejiang, Shanghai, Shandong, Liaoning, and other areas from April to June
2019. Before filling in the questionnaire, the participants were informed of the research
background, purpose, and significance of this study in the form of an oral statement or
an informed consent form. We stated clearly that we promised to use their anonymous
answers only for research purposes. They were told they had the freedom to stop filling
in the forms at any time, and they could go on answering the questions if they agreed to
do so.

A total of 651 questionnaires were received (244 paper questionnaires and 407 online
questionnaires). Participants voluntarily consented to participate in this study and answer
the questions. All informants’ names are anonymous. Missing values were handled with
listwise deletion. After deleting 85 questionnaires that met the characteristics of missing,
over-filled, and regular responses, 566 questionnaires were valid (232 paper questionnaires
and 334 online questionnaires). The recovery rate of paper questionnaires was 95.08% and
that of online questionnaires was 82.06%. In all, there were 566 primary and secondary
school students, including 261 boys and 305 girls: 168 in grade 4, 90 in grade 5, 21 in grade 7,
168 in grade 8, and 119 in grade 9. There were 330 guardians with the highest education
level below bachelor’s degree, 191 guardians with a bachelor’s degree, 29 guardians with a
master’s degree, and 16 with a doctoral degree. This is shown in Table 1.

Table 1. Demographic Information (n = 566).

Categories Items Frequency Percentage (%)

Gender
Male 261 46.11

Female 305 53.89

Grades

4th (Primary) 168 29.68
5th (Primary) 90 15.90

7th (Junior high) 21 3.71
8th (Junior high) 168 29.68
9th (Junior high) 119 21.02

Parents’ highest
education level

Below bachelor’s degree 330 58.30
Bachelor’s degree
Master’s degree
Doctoral degree

191
29
16

33.57
5.12
2.83
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3.2. Instruments

With the authorization of Professor Eric Weber, the research team translated the origi-
nal STEM attitude scale for primary school students into Chinese. Firstly, the researcher
and a full-time translator jointly translated the English version into Chinese, and then
the other two professional English translators whose mother tongue is Chinese trans-
lated the translated Chinese first draft back into English. For disputed areas, the authors
discussed and revised the first Chinese version with two researchers who hold a PhD
in education to finally form the STEM attitude scale for primary and secondary school
students. The scale consists of three subscales. Of these, the STEM interest scale con-
sists of 26 items in three subdimensions: mathematics interest (8 items), science interest
(9 items), and engineering/technology interest (9 items). A Likert five-point scale was
adopted (1 = strongly disagree, 5 = strongly agree). After the positive treatment of negative
questions, the higher the score, the higher the students’ interest in STEM. The 21st-century
skill confidence scale consists of 11 items, which also adopts Likert five-point scoring
(1 = strongly disagree, 5 = strongly agree). There is no reverse scoring. The higher the
score, the more confident students are about 21st-century skills. The STEM career interest
scale consists of 12 items, such as animal scientist, biomedical engineer, doctor, and surgeon.
Likert four-point scoring is adopted. The higher the score, the higher the student’s STEM
career interest.

From the perspective of career planning, the age and gender of students will affect
their interest in STEM careers. Studies have pointed out that students’ interest in STEM
careers fluctuates with age and shows a declining trend [32]. Other studies have found
that girls’ overall attitudes toward STEM subjects are either less positive than boys’ or
decline more significantly with age [33]. From the social perspective, students’ STEM
learning attitudes and related career choices are closely related to their family environment.
Parents’ educational background, occupation, and education mode will all have an impact
on students’ STEM career choice. Therefore, this study also analyses the influence of gender,
grade, and parents’ highest education level on students’ STEM interest, 21st-century skill
confidence, and STEM career interest.

3.3. Statistical Analysis

Using SPSS 23.0 statistical software, the data were analysed by item analysis, indepen-
dent sample t-test, reliability test, EFA and one-way ANOVA; Amos 24.0 was used for CFA
to determine whether the five-factor structure model is consistent with the Chinese version
of the STEM attitude scale for primary and secondary school students.

4. Results and Analysis
4.1. Project Analysis

The researchers used “critical ration” for project analysis. According to the total score
of the STEM attitude scale for primary and secondary school students, the first 27% of the
scores are high, and the last 27% are low. An independent sample t-test was conducted for
the difference of scores on each item in the high and low groups. The absolute value of the t
values of each item was between 6.907 and 22.287. There was significant difference between
the two groups in all items (p < 0.01), indicating that the 49 items of the questionnaire
had high discrimination, reliability, and effectiveness, as shown in Table 2. Therefore, the
project analysis did not delete any items and continued to the next analysis.
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Table 2. Analysis of items in the STEM attitudes scale for primary and secondary school students.

I xTems
T Test for the Equality of Means

Group n x s
t df p Mean Deviation

M1
−8.932 318 0.00 −1.188 low 162 3.16 1.256

high 158 4.35 1.117

M2
−9.541 318 0.00 −1.175 low 162 2.40 1.059

high 158 3.57 1.142

M3
−8.155 309.909 0.00 −1.106 low 162 2.92 1.126

high 158 4.03 1.292

M4
−14.35 318 0.00 −1.693 low 162 2.61 1.059

high 158 4.30 1.051

M5
−7.300 318 0.00 −0.977 low 162 3.35 1.177

high 158 4.33 1.218

M6
−15.570 318 0.00 −1.784 low 162 2.21 1.024

high 158 3.99 1.025

M7
−16.528 307.347 0.00 −1.764 low 162 2.70 1.052

high 158 4.46 0.849

M8
−15.471 318 0.00 −1.720 low 162 2.45 1.034

high 158 4.17 0.952

S1
−15.233 318 0.00 −1.544 low 162 2.99 0.997

high 158 4.53 0.803

S2
−14.356 318 0.00 −1.531 low 162 2.49 0.947

high 158 4.02 0.961

S3
−17.672 318 0.00 −1.723 low 162 2.80 0.960

high 158 4.52 0.771

S4
−15.384 318 0.00 −1.587 low 162 2.93 1.055

high 158 4.51 0.763

S5
−16.770 318 0.00 −1.708 low 162 2.71 0.989

high 158 4.42 0.823

S6
−14.731 318 0.00 −1.510 low 162 2.64 0.917

high 158 4.15 0.916

S7
−18.068 318 0.00 −1.769 low 162 2.61 0.907

high 158 4.38 0.842

S8
−7.238 298.974 0.00 −0.906 low 162 3.29 0.982

high 158 4.20 1.239

S9
−16.138 318 0.00 −1.747 low 162 2.26 0.943

high 158 4.01 0.994

ET1
−17.430 295.363 0.00 −1.791 low 162 2.76 1.050

High 158 4.55 0.770

ET2
−15.822 318 0.00 −1.654 low 162 2.83 1.029

high 158 4.49 0.827
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Table 2. Cont.

I xTems
T Test for the Equality of Means

Group n x s
t df p Mean Deviation

ET3
−15.983 318 0.00 −1.744 low 162 2.38 0.952

high 158 4.12 0.999

ET4
−16.830 318 0.00 −1.859 low 162 2.43 1.039

high 158 4.29 0.933

ET5
−15.642 318 0.00 −1.690 low 162 2.52 0.967

high 158 4.22 0.967

ET6
−16.843 307.774 0.00 −1.758 low 162 2.67 1.027

high 158 4.43 0.832

ET7
−18.461 282.706 0.00 −1.726 low 162 2.91 0.983

high 158 4.63 0.662

ET8
−20.363 294.128 0.00 −1.892 low 162 2.73 0.952

high 158 4.62 0.692

ET9
−16.590 318 0.00 −1.697 low 162 2.53 0.913

high 158 4.23 0.916

C1
−17.758 318 0.00 −1.622 low 162 2.83 0.875

high 158 4.45 0.753

C2
−16.397 262.098 0.00 −1.467 low 162 3.18 0.977

high 158 4.65 0.576

C3
−22.287 291.676 0.00 −1.830 low 162 2.78 0.847

high 158 4.61 0.605

C4
−15.786 231.717 0.00 −1.352 low 162 3.41 0.982

high 158 4.77 0.468

C5
−16.434 233.750 0.00 −1.469 low 162 3.27 1.022

high 158 4.74 0.494

C6
−14.621 245.754 0.00 −1.313 low 162 3.36 1.008

high 158 4.68 0.533

C7
−18.528 253.707 0.00 −1.566 low 162 3.10 0.937

high 158 4.67 0.523

C8
−18.684 266.838 0.00 −1.565 low 162 3.09 0.908

high 158 4.65 0.552

C9
−17.487 318 0.00 −1.576 low 162 3.00 0.919

high 158 4.58 0.671

C10
−15.756 280.261 0.00 −1.405 low 162 3.26 0.943

high 158 4.66 0.624

C11
−18.079 232.235 0.00 −1.531 low 162 3.24 0.970

high 158 4.77 0.464
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Table 2. Cont.

I xTems
T Test for the Equality of Means

Group n x s
t df p Mean Deviation

J1
−16.660 318 0.00 −1.395 low 162 2.09 0.844

high 158 3.48 0.636

J2
−16.970 317.651 0.00 −1.330 low 162 2.04 0.721

high 158 3.37 0.681

J3
−14.142 309.056 0.00 −1.203 low 162 2.27 0.833

high 158 3.47 0.683

J4
−6.907 311.076 0.00 −0.732 low 162 2.17 0.886

high 158 2.90 1.004

J5
−16.042 318 0.00 −1.400 low 162 2.04 0.837

high 158 3.44 0.718

J6
−9.707 318 0.00 −0.939 low 162 2.36 0.889

0.00 high 158 3.30 0.841

J7
−14.010 318 0.00 −1.270 low 162 2.15 0.872

high 158 3.42 0.742

J8
−14.486 297.317 0.00 −1.309 low 162 2.22 0.919

high 158 3.53 0.683

J9
−9.969 318 0.00 −0.987 low 162 2.23 0.865

high 158 3.22 0.905

J10
−16.920 318 0.00 −1.449 low 162 1.98 0.788

high 158 3.42 0.743

J11
−16.033 313.663 0.00 −1.398 low 162 1.96 0.742

high 158 3.35 0.814

J12
−14.787 305.876 0.00 −1.340 low 162 1.93 0.736

high 158 3.27 0.877

Note: M is mathematics interest; S is science interest; ET is engineering/technology interest; C is 21st-century skill confidence; J is STEM
career interest.

4.2. Validity Test
4.2.1. Content Validity

The content validity was assessed by a professional group composed of three STEM
education research experts, three scholars with a PhD in curriculum and teaching theory,
and two scholars holding a PhD in comparative education. Panel members scored the
49 items of the scale on a scale of 1 to 4 (1 for no correlation and 4 for strong correlation).
According to the content validity index (CVI), for each item, the number of experts with a
score of 3 or 4 is divided by the total number of experts. The average number of CVI of all
items of the meter is the CVI of the total meter [34], which evaluates the content validity of
the scale. The CVI of the Chinese STEM attitude scale was 0.928 (>0.7). The results show
that the evaluation of the scale by the members of the expert group is consistent. Therefore,
the content validity of the Chinese version of the STEM attitude scale for primary and
secondary school students is good.

4.2.2. Construct Validity

The research team selected half of the data (283 copies) to conduct EFA on the Chinese
version of the STEM attitude scale for primary and secondary school students. After a kmo



www.manaraa.com

Sustainability 2021, 13, 12661 9 of 20

adaptability test and Bartlett spherical test, the results showed that the kmo coefficient
was 0.954; the Chi-square value was 11,257.066; the DF was 1128 (p < 0.001), which was
statistically significant; and the data was suitable for EFA. Selecting “principal component
analysis” to extract the factor whose characteristic is more than 2, orthogonal rotation
processing was carried out by using the variance maximum method.

According to the entry deletion criteria of factor analysis (factor load less than 0.4
and dimension attribution difficult to interpret) [35], the question “I can easily understand
most subjects, but understanding science is difficult for me” (S8) was deleted. The eighth
question is obviously a subdimension of science interest, but after the EFA, the question
was attributed to the dimension of mathematics interest, which is difficult to interpret, so
the question was removed.

The researchers analysed the second exploratory factor to remove the data from the
eighth question, and finally extracted five factors and retained 48 question items. The
five-factor extraction is consistent with the recommendations of the gravel map test. The
first factor was “21st-century skill confidence”, which contained 11 subjects and had a
factor interpretation rate of 17.267%. The second factor was “STEM career interest”, which
contained 12 subjects with a factor interpretation rate of 12.939%. The third factor was
“engineering/technical interest”, which contained 9 questions and had a factor interpreta-
tion rate of 12.527%. The fourth factor was “science interest”, which contained 8 questions
with a factor interpretation rate of 12.056%. The fifth factor was “mathematics interest”,
containing 8 questions with a factor interpretation rate of 10.389%. The accumulative
interpretation rate of five factors was 65.178%, as shown in Table 3.

Table 3. Exploratory factor analysis and reliability test of the STEM attitude scale for primary and secondary school students
(n = 283).

Items
Factors

21st-Century Skill
Confidence

STEM Career
Interest

Engineering/Technology
Interest Science Interest Mathematics

Interest

C5 0.817
C6 0.784
C10 0.779
C4 0.777
C7 0.765
C8 0.759
C9 0.756
C2 0.732
C11 0.725
C1 0.650
C3 0.645
J6 0.717
J2 0.707
J9 0.697

J10 0.682
J12 0.678
J11 0.669
J4 0.654
J7 0.650
J3 0.618
J1 0.602
J5 0.541
J8 0.449
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Table 3. Cont.

Items
Factors

21st-Century Skill
Confidence

STEM Career
Interest

Engineering/Technology
Interest Science Interest Mathematics

Interest

ET4 0.769
ET5 0.767
ET3 0.719
ET1 0.708
ET6 0.694
ET2 0.645
ET9 0.641
ET7 0.633
ET8 0.515
S5 0.764
S2 0.763
S3 0.745
S6 0.720
S4 0.701
S7 0.680
S1 0.656
S9 0.506
M3 0.778
M5 0.744
M8 0.741
M1 0.716
M4 0.707
M7 0.677
M2 0.577
M6 0.570

Eigenvalue 8.288 6.211 6.013 5.787 4.986
Factor interpreta-tion

rate 17.267% 12.939% 12.527% 12.056% 10.389%

Note: factor loads less than 0.4 are not displayed.

CFA is a verification of existing theoretical models and the degree of data fitting, which
is achieved by comparing the difference between the covariance matrix of the hypothetical
model and the covariance matrix of the sample data. The research team used the structural
equation model (SEM), the other half of the sample data (283 copies) and Amos 24.0
statistical software for the multivariate normal test. The results showed that the absolute
value of skew was within 2 and the absolute value of kurtosis was within 7, which was in
line with the univariate normal distribution. However, the CR value of the multivariate
was 16.5220, which is greater than 5 but less than 49, which is moderately abnormal and
basically acceptable, as can be seen in Table 4.

Table 4. Skewness and Kurtosis analysis of each dimension of the STEM attitude scale for primary and secondary
school students.

Variables Min Max Skew C.R. Kurtosis C.R.

Mathematics interest 1.000 5.000 −0.343 −2.354 0.085 0.292
Science interest 1.000 5.000 −0.207 −1.424 0.021 0.072

Engineering/technology interest 1.000 5.000 −0.239 −1.641 −0.123 −0.423
21st-century skills self-confidence 1.000 5.000 −0.606 −4.160 0.721 2.475

STEM career interest 1.000 4.000 −0.122 −0.836 0.203 0.698
Multivariate 16.434 16.522

Amos 24.0 statistical software was used for CFA to test the five-factor structure pro-
posed by EFA. This showed that the standardized factor load of each dimension of the
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STEM attitude scale is greater than 0.5, the combined reliability coefficient (CR) is greater
than 0.8, and the average variance extraction value (AVE) is greater than 0.4, indicating
that the scale has good convergent validity.

The maximum likelihood method is used for parameter estimation, and the goodness-
of-fit index (GFI), adjusted goodness-of-fit index (AGFI), comparative adaptation index
(CFI), value-added adaptation index (IFI), and irregular adaptation index (TLI) are used
for model fitting and identification to verify the fitting degree of the model. Based on
the existing theoretical studies, the hypothesis model 1, high-order single factor model, is
proposed, that is, the driving factors are generally explained by primary and secondary
school students’ learning interest in STEM as a driving factor. According to EFA results, the
hypothesis model 2, low-order one-factor and high-order five-factor model, is proposed,
that is, the first-order five factors are mathematics (IOM), science (IOS), engineering (IOET),
21st-century skills (COS), and STEM career interest (SCI), with the five factors freely
correlated. Together, they explain the driving factors of primary and secondary school
students’ learning interest in STEM. Usually x2/df < 3, indicates that the model meets the
adaptation requirements; the root mean square error of approximation (RMSEA) < 0.05 fit
is good, 0.05–0.08 fit is reasonable, 0.08–0.10 fit is acceptable, and other fitting index must
be above 0.09, indicating a good fit, and greater than 0.08 is acceptable [36]. As shown in
Table 5, each fitting index of the study is within the statistically acceptable range. Therefore,
the Chinese version of the STEM attitude scale for primary and secondary school students
has good structural validity.

Table 5. Fitting index of confirmatory factor analysis of the STEM attitude scale for primary and
secondary school students (n = 283).

x2/df RMSEA GFI CFI IFI TLI AGFI

1.351 0.044 0.879 0.965 0.966 0.963 0.866

Note: x2, Chi-square; df, degrees of freedom; RMSEA, root mean-square error of approximation; GFI, mean
goodness-of-fit index; CFI, comparative goodness-of-fit index; IFI, incremental fit index; TLI, Tucker–Lewis index;
AGFI, adjusted goodness-of-fit index.

4.3. Aggregation Validity

The aggregation validity of the scale was tested by investigating the scores of each
dimension of the STEM attitude scale for primary and secondary school students in the
Chinese version and the correlation between the dimension scores and the total score. See
Table 6 for results. The significance probability of each subdimension is less than 0.001, and
the correlation coefficient is between 0.460 and 0.685, indicating that the subdimensions
of the scale are moderately correlated. The square root of AVE of each subdimension is
greater than the correlation coefficient of other factors, and the heterotrait–monotrait ratio
of correlations (HTMT) of each subdimension is less than 0.85, indicating that the scale
has good discriminant validity [37], this is shown in Table 7. The correlation coefficient
between each subdimension and the total score is between 0.718 and 0.860, indicating that
each subdimension of the scale is highly correlated with the total scale.
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Table 6. The extracted square root and correlation coefficient of the mean variance between each dimension and the total
score of the STEM attitude scale for primary and secondary school students.

Categories Mathematics
Interest

Science
Interest

Engineering/
Technology

Interest

21st-Century
Skills

Self-Confidence

STEM Career
Interest Total Score

Mathematics
interest 0.720

Science interest 0.490 * 0.779
Engineering/
technology

interest
0.504 * 0.625 * 0.793

21st-century skills
self-confidence 0.495 * 0.651 * 0.685 * 0.681

STEM career
interest 0.460 * 0.573 * 0.630 * 0.514 * 0.695

Total score 0.718 * 0.821 * 0.860 * 0.843 * 0.788 * 0.738

Note: * p < 0.01. The data at the bottom left of the diagonal are the correlation coefficient between the variables; the data on the diagonal are
the square root of the mean variance extraction value (AVE) of the variable.

Table 7. HTMT analysis of various dimensions of the STEM attitude scale for primary and secondary school students.

Categories Mathematics
Interest Science Interest

Engineering/
Technology

Interest

21st-Century
Skills

Self-Confidence

STEM Career
Interest

Mathematics interest 1
Science interest 0.543 1

Engineering/technology
interest 0.556 0.674 1

21st-century skills
self-confidence 0.537 0.690 0.726 1

STEM career
interest 0.513 0.623 0.679 0.547 1

4.4. Reliability Test

The internal consistency analysis and split-half reliability test of the total table and
each factor were carried out with the help of the tested samples. The results show that
the Cronbach’s α of the Chinese version of STEM is 0.967, and the internal consistency
reliability of each factor is between 0.892 and 0.959. The split-half reliability of each factor
is between 0.927 and 0.957. See Table 8 for details. It can be seen that the reliability of the
Chinese version of the STEM attitude scale for primary and secondary school students
is high.

Table 8. Confirmatory factor analysis of the STEM attitude scale for primary and secondary school students.

Factors Items Factor Loading Cronbach’s α CR AVE

Mathematics
interest

M1 0.581

0.892 0.893 0.518

M2 0.641
M3 0.586
M4 0.784
M5 0.540
M6 0.759
M7 0.863
M8 0.908
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Table 8. Cont.

Factors Items Factor Loading Cronbach’s α CR AVE

Science interest

S1 0.733

0.924 0.925 0.607

S2 0.790
S3 0.825
S4 0.772
S5 0.848
S6 0.778
S7 0.800
S9 0.671

Engineering/technology
interest

ET1 0.798

0.938 0.938 0.629

ET2 0.721
ET3 0.793
ET4 0.813
ET5 0.841
ET6 0.805
ET7 0.807
ET8 0.800
ET9 0.754

21st-century skills
self-confidence

C1 0.787

0.959 0.959 0.681

C2 0.812
C3 0.831
C4 0.806
C5 0.862
C6 0.806
C7 0.876
C8 0.827
C9 0.856

C10 0.818
C11 0.792

STEM career
interest

J1 0.775

0.917 0.910 0.483

J2 0.786
J3 0.691
J4 0.504
J5 0.676
J6 0.600
J7 0.770
J8 0.591
J9 0.594
J10 0.815
J11 0.764
J12 0.736

4.5. Differences in STEM Attitudes of Primary and Secondary School Students in Different Groups
4.5.1. Gender

The researchers conducted statistical analysis on the survey samples to preliminarily
understand the differences in STEM attitudes of primary and secondary school students of
different genders and grades, as well as differences among students whose parents have
reached various levels of academic qualifications in China. Independent sample t-test
showed that except for 21st-century skill confidence (p = 0.739), there were significant
gender differences in the areas measured: mathematics interest (p = 0.003), science interest
(p = 0.012), engineering/technology interest (p = 0.000), and STEM career interest (p = 0.001),
as shown in Table 9. Thus, the gender imbalance in STEM education still exists.
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Table 9. Independent sample t-test of gender impact on the STEM Attitude in Primary and Secondary Schools.

Gender Mathematics
Interest

Science
Interest

Engineering/Technology
Interest

21st Century Skills Self-
Confidence

STEM Career
Interest

Female M 3.363 3.404 3.356 3.855 2.616
(n = 305) SD 0.871 0.806 0.844 0.780 0.640

Male M 3.580 3.578 3.664 3.878 2.794
(n = 261) SD 0.848 0.920 0.948 0.833 0.671

t −3.001 −2.380 −4.053 −0.333 −3.218

P 0.003 0.018 0.000 0.739 0.001

Eccles has pointed out that “cultural milieu” plays an important role in all aspects of
personal attitudes towards learning and career choices [38]. Some studies have pointed
out that in real life, girls’ STEM attitude is deeply affected by gender stereotypes, and they
rarely choose STEM-related courses or careers [39]. Therefore, how to improve the gender
difference of STEM attitudes of primary and secondary school students from the “cultural
environment” needs to be further investigated.

4.5.2. Grades

Due to the heterogeneity of variance test, the researcher conducted an independent
sample Kruskal–Wallis test on STEM attitudes of primary and secondary school students
in different grades. Details are in Table 10. The results show that there was no significant
difference in stem attitude between grade four and grade five students. In addition to
STEM professional interest (p = 0.119), grade seven students’ mathematics interest (p = 0.000),
science interest (p = 0.001), engineering/technology interest (p = 0.034) and 21st century skill
confidence (p = 0.003) were significantly higher than grade eight students. In addition, STEM
vocational interest in primary school is generally higher than that in junior middle school.
When students reach the ninth grade, their STEM interest, 21st-century skill self-confidence,
and STEM career interest have decreased, for they face the pressure of either entering a senior
high school, a secondary vocational school, or taking a job. In addition, with the increase
in grade level, the complexity and difficulty of the content affects students’ STEM attitude.
Special attention should be paid to cultivate the STEM attitude of junior high school students.

Table 10. Independent sample nonparametric test for the influence of grade on STEM attitudes in primary and
secondary schools.

Categories Grade N M SD T P
Combination of

Significant Differences
between Groups

Mathematics interest

4 168 3.632 0.824

61.701 0.00 * 1 > 5, 2 > 5, 4 > 5

5 90 3.647 0.791

7 21 3.363 0.833

8 168 3.595 0.832

9 119 2.916 0.821

Total 566 3.463 0.867

Science interest

4 168 3.642 0.849

44.291 0.00 * 1 > 5, 2 > 4, 4 > 5

5 90 3.753 0.652

7 21 3.500 0.589

8 168 3.470 0.930

9 119 3.075 0.830

Total 566 3.484 0.864
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Table 10. Cont.

Categories Grade N M SD T P
Combination of

Significant Differences
between Groups

Engineering/Technology
interest

4 168 3.768 0.852

60.931 0.00 *
1 > 3, 1 > 4, 1 > 5, 2 > 3, 2

> 4,2 > 5, 4 > 5

5 90 3.806 0.722

7 21 3.190 0.557

8 168 3.399 0.930

9 119 3.076 0.919

Total 566 3.498 0.906

21st century skills
self-confidence

4 168 3.942 0.813

30.183 0.00 * 1 > 5, 2 > 5, 4 > 5

5 90 4.103 0.686

7 21 3.662 0.662

8 168 3.901 0.817

9 119 3.565 0.796

Total 566 3.866 0.804

STEM career
interest

4 168 2.892 0.611

54.132 0.00 *
1 > 3, 1 > 4, 1 > 5, 2 > 3, 2

> 4, 2 > 5

5 90 2.893 0.573

7 21 2.516 0.429

8 168 2.614 0.721

9 119 2.429 0.610

Total 566 2.698 0.660

Note: * p < 0.01, in the comparison between groups, 1: Grade 4, 2: Grade 5, 3: Grade 1, 4: Grade 2, 5: Grade 3.

4.5.3. Parents with Different Education Levels

The researchers conducted an independent sample t-test on the STEM attitude of
primary and secondary school students whose parents’ have different educational back-
grounds. Details are in Table 11. The results show that there were significant differences in
STEM attitude between students with parents holding a bachelor’s degree or above and
students with parents’ educational level below bachelor’s degree. Students whose parents
have a bachelor’s degree or higher have significantly higher interest in mathematics (p =
0.000), science (p = 0.000), engineering/technology (p = 0.000), 21st-century skill confidence
(p = 0.000), and STEM career interest (p = 0.000) than students whose parents’ educational
level is below bachelor’s degree.

Table 11. Independent sample t-test of the influence of parents’ different levels of education on STEM attitudes in primary
and secondary schools.

Highest Education Level Mathematics
Interest

Science
Interest

Engineering/
Technology

Interest

21st Century
Skills Self-
Confidence

STEM
Career

Interest

Below bachelor’s degree M 3.307 3.366 3.347 3.761 2.610
(n = 330) SD 0.812 0.805 0.827 0.743 0.620

Bachelor’s degree or above M 3.681 3.649 3.708 4.012 2.822
(n = 236) SD 0.895 0.917 0.969 0.863 0.695

t −3.001 −5.094 −3.801 −4.629 −3.694

P 0.003 0.000 0.000 0.000 0.000
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It can be seen that the more education parents have, the more positive students’
STEM attitude is, and parents can affect their children’s STEM learning interest to a
certain extent. Studies have shown that parents’ education level can predict children’s
future achievements and can significantly predict children’s academic achievements and
behavioural performance. Parents’ education level has a direct impact on children’s
achievements [40]. Therefore, the improvement of STEM attitudes of students with low
parental education level should be paid attention to.

5. Discussion and Conclusions

Petousi and Sifaki (2020) argue that any research misconduct may cause a loss of
trust in the science, and in turn may lead to some socio-scientific issues [41]. Therefore, it
is meaningful to discuss the validity and reliability of the STEM interest scale, and how
students’ STEM interests and skill confidence were affected significantly by their gender,
grades, and parental educational levels.

5.1. STEM Interest Scale Validity and Reliability

The analysis of the project shows that the difference between the high and low scores
of each item of the scale is significant, which indicates that each item of the scale has good
discrimination. Item analysis shows that there are significant differences in the scores
of each item of the scale, indicating that each item of the scale has good discrimination.
At the same time, the content validity and aggregation validity of the scale were tested.
The test of content validity shows that the evaluation of the scale by the members of the
expert group is consistent, and the content validity of the Chinese version of the STEM
attitude scale is better. The test of aggregate validity also shows that the Chinese version
of the STEM attitude scale had high correlation subdimensions with the total scale, and
the aggregate validity of the scale was good. The first EFA deleted the question “I can
easily understand most subjects, but understanding science is difficult for me” in the
dimension of science interest. This is in line with the item deletion standard of factor
analysis in statistical analysis and is also related to the nature of science disciplines in
primary and secondary schools in China. In February 2017, the Ministry of Education
issued the primary school science curriculum standard for compulsory education. Primary
school science is divided into four fields: material science, life science, earth and universe
science, technology, and engineering [42]. Similarly, according to the current junior middle
school science curriculum standard (2011 edition), junior middle school science is divided
into seven parts: scientific inquiry, life science, material science, earth and universe, science,
technology, society, and environment. Because the content of science subjects in primary
and secondary schools is relatively extensive, students cannot make consistent judgements
on the difficulty of understanding science subjects. Therefore, this question does not have
statistical and practical significance in the process of Sinicization, so it was deleted.

CFA verified the five factors obtained from EFA, and each fitting index was within
the acceptable range of measurement, indicating that the structural validity of the Chinese
version of the STEM attitude scale was good. Thus, the Chinese version of this scale has
been preliminarily formed. The reliability and validity of the scale are reasonable and in
line with the actual situation in China. It can be used for empirical research to evaluate
the STEM attitude of Chinese primary and secondary school students. At the same time,
the preliminary use of this scale also shows that the STEM attitude of Chinese primary
and secondary school students is affected by gender, grade, and the highest educational
background of their parents.

5.2. Students’ STEM Interest and Skill Confidence Significantly Decreased with Increasing
Grade Levels

This phenomenon may be related to two characteristics of the STEM discipline. Firstly,
primary school knowledge is relatively simple, and easy to understand. Pupils become
highly interested in science and technology when they are exposed to exploring resources
within the environment in the course of learning [43]. The decline of interest with increasing
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grade levels in all disciplines is inevitable [44]. With higher grade levels, the learning
content with strong structure and hierarchy is more complex and abstract, as a result,
the more difficulties students encounter in learning, the less success they have, which
is more likely to lead to a low level of learning attitude and a decline of 21st-century
skills confidence. The grade differences in learning confidence gradually increase with the
improvement of the developmental level [45]. Secondly, study at the primary and middle
stage is highly cumulative. The previous stage of learning directly affects the latter stage
of learning. In addition, as grade levels increase, more students don’t think knowledge is
directly useful in life, which can have a negative impact on students’ learning activities
and self-confidence in skills [44]. Duan also finds that the higher the grade is, the lower the
proportion of students is in a good learning mood, and the proportion of students with a
positive learning attitude decreases significantly [46].

In view of the above situation, the authors believe that lower grade students spend
relatively less time on study and have comparatively more time on developing their pure
interests and motivation in STEM, while higher grade students are more utilitarian by
associating study greatly with short-term learning goals such as entering a higher school,
resulting in greater psychological pressure and less STEM interests.

5.3. Boys’ STEM Interests and STEM Career Interest Are Significantly Higher Than Those of Girls

The results of this study show that boys scored significantly higher than girls in
terms of STEM interests and STEM career interest except in 21st century skills confidence.
A variety of factors can cause gender differences in STEM interest. Gunderson et al.
found that parents and teachers often have gender biases in their children’s math ability
expectations, which affects children’s mathematics attitudes [47]. Shapiro et al. have shown
that stereotypes can undermine mathematics attitudes, which in turn undermine girls’
interest and performance in the STEM field [48].

Zhou et al. found that the difference in STEM interests among elementary school
students are not significant, but after a comprehensive STEM project, there are gender
differences in the effect of improving STEM interest [39]. The difference between the results
of this study and the results of Zhou may be due to the inconsistency of the study area.
Zhou conducted research in Guangdong Province in southern China, while this research
was conducted in eastern and northern China. However, gender differences in STEM
interests do exist. A comparison of the two studies reveals that, on the one hand, the
gender gap in STEM attitudes may be improved by the “cultural environment” [49], on the
other hand, only a suitably comprehensive STEM project can improve the STEM interest of
girls; this requires further development and study.

5.4. More Educated Parents, More Positive Students’ STEM Interests

The research results of Xiao Wei et al. indicate that there is no significant correlation
between a guardian’s highest education level and a students’ interest in science [50]. The
reason that the results of this study are inconsistent with those of Xiao Wei et al. may
be that the respondents selected by Xiao Wei et al. were 15-year-old students in four
middle schools in Shanghai, while the respondents in this study were mainly junior middle
school students in Jiangsu and Shandong, and there may be differences among students in
different grades.

Zhang Yinghua et al. conducted a study in Taiwan in the early 1990s which found that
parents’ educational background has a great influence on their children’s junior high school
graduation, but it has little influence on their children’s senior high school graduation [51].
This also explains to some extent the discrepancy between the results of this study and
those of Xiao Wei. This may be because the highest education of guardians has a significant
influence on junior high school students, while the influence on senior high school students
is small.

Based on the above test and analysis, the conclusions of this study are as follows: (1)
One item is deleted and 48 items are retained in the Chinese version of the STEM attitude
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scale. (2) The Chinese version of the STEM attitude scale presents a five-dimensional
structure among Chinese primary and secondary school students, which are mathematics
interest, science interest, engineering/technology interest, 21st-century skill confidence,
and STEM career interest. The research conforms to both the EFA and CFA inspection
models. (3) The Chinese version of the STEM attitude scale has good content validity,
structural validity, aggregation validity. (4) The Chinese version of the STEM attitude
scale has good reliability. (5) It can further explore the relationship between the STEM
interest, 21st-century skill confidence, and STEM career interest of primary and secondary
school students. This research also shows that students’ STEM interests and STEM career
interest clearly varied along gender, grade, and parental education levels, students can be
encouraged to improve their interests if those elements are carefully examined.

6. Limitations and Further Research Suggestions

Due to the limited resources, the survey samples only come from Zhejiang, Shanghai,
Shandong, and Liaoning, and there is no larger-scale survey. In validity analysis, the factor
load of J8 is not 0.60 and above. With limited samples, it is very difficult to make better
improvements. The follow-up research can expand the sample size, adopt diversified
research methods, conduct more in-depth tests on the scale, investigate the conditions
and mechanism of the impact of STEM learning attitudes of Chinese primary and middle
school students, and compare and discuss results with the research of other countries. In
addition, the reasons that boys scored significantly higher than girls in almost all of the
STEM interests except 21st century skills confidence also deserve to be studied.

7. Ethics Approval and Consent to Participate

Petousi and Sifaki (2020) state that “scientists have a moral obligation towards society”,
and “public trust in science is grounded on scientists’ moral obligation to society” [49]. As
social science researchers, we also have the obligation to report research protocols. In this
manuscript, they were approved by the ethical committee of the Institute of Psychology
and Brain Science, Zhejiang Normal University (IRB Number: ZJNUPSY2021039), and
informed consent was obtained from all student participants.
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