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Abstract: This article reports the survey findings of a pilot study on primary students’ views,
attitudes, self-concept, identity, and experiences toward STEM education. This survey was held in
China Shandong Province. Applying a mixed-method approach, we administered the survey to 332
students and interviewed 8 students to learn about their views about STEM education after the
activity. The survey data was analyzed using Rasch on five constructs, namely views, attitudes,
self-concept, identity, and experiences in STEM learning. The transcribed interviews were analyzed
using emergent coding. The findings showed that students generally responded positively to the five
constructs. Students thought that problem-solving was essential, but it was still difficult for them to
solve a real-world problem. They agreed that joining STEM activities could enhance their interest in
STEM jobs, but they still had less confidence in pursuing a STEM job. The findings provide some
insights into a pilot STEM curriculum work in a province and open up possibilities for broadening
and deepening knowledge about STEM teaching and learning in China, which is at its nascent stages.
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1. Introduction

Science, technology, engineering, and mathematics (STEM) have been important drivers of
economic development and global competitiveness at the international and local levels [3]; therefore,
STEM education has gained significant traction in recent years [31,60]. In this paper, we refer to
STEM as the integration of content, practices, and dispositions of the four disciplinary
domains [60,65], while STEM education refers to the teaching and learning of foundational
knowledge and the development of skills in formal and informal education settings [2]. The idea of
STEM education was conceived by the U.S. National Science Foundation to support
student-centered learning through problem-solving real-world issues by applying knowledge and
practices from the respective disciplinary domains, thereby enhancing the authenticity of
learning [48]. Through such a learning process, students develop meta-knowledge in 21st-century
learning comprising critical and creative thinking, communication, and collaboration in school
settings [22]. This type of education prepares students to view issues through an interdisciplinary
lens, as real-world issues are often complex and require knowledge from more than one disciplinary
domain. Ultimately, STEM learning will enable students to be equipped with skills that they need
now and will need in the future [51].

STEM education has gained traction worldwide; its curriculum transcends primary, secondary,
and higher settings [6,8]. STEM level has been argued to be especially important in K-12 education
as it lays the foundation for a nation’s future science and engineering workforce, prosperity, and even
security [4]. While there are diverse views regarding the nature of K-12 STEM education,
stakeholders have paid more attention to integrated forms of STEM teaching and learning. The term
integrated STEM refers to the deliberate combination of core disciplinary content from STEM
disciplines [27,28]. STEM is no longer considered as four isolated disciplines implemented
individually; the domain has been treated as a single unified discipline. For the purpose of this paper,
STEM refers to integrated STEM unless stated otherwise.

While STEM education has gained early traction in the United States and some parts of Asia (e.g.,
Thailand and Singapore; see [66], it is noteworthy that China has only recently begun to explore
STEM education, with discussions starting in the past 10 years. The establishment of the UNESCO
Category 1 Institute of STEM Education in Shanghai serves as a significant milestone, underscoring
China's growing focus on STEM education [45]. In what follows, we provide a broad description of
STEM education in China, followed by an account of how STEM education is interpreted in the
Shandong Province of China—the site where this reported study was conducted.

2. Background of the study

STEM education in China may be traced back to the early 2010s when significant government
and education reform efforts were expended on integrating STEM into the national curriculum. Such
attempts reflect the country’s national strategic priority to develop STEM talents to drive the future
workforce and contribute to China’s global competitiveness. In 2017, the STEM Education White
Paper was issued by the National Institute of Education Sciences (NIES) [49] as a guide for
advancing STEM education across the country. Specifically, the paper underscores the importance of
integrating the four disciplines of STEM rather than treating them as isolated subjects, so that
students will develop a more holistic understanding of STEM concepts, including their applications.
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In the following year, the NIES launched The China STEM Education 2029 Action Plan [49] to
streamline the understanding of STEM education. The plan (a) outlines ways for more organizations
to participate in more STEM-related programs, (b) makes STEM education more accessible to
students from underrepresented and underserved backgrounds, (c) encourages the adjustments of
evaluation methods that better reflect the effectiveness and impact of STEM programs, (d) promotes
ways to help students think like scientists and practice like engineers when solving complex
problems, (e) suggests the establishment of platforms for STEM research and evaluation, and (f)
recommends building STEM schools as part of the infrastructure for supporting STEM education.

In 2014, the Shanghai Education Commission proposed “STEM +” education. The “+” is not
merely the expansion of subject knowledge but an upgraded notion of providing a holistic education
that underscores the importance of having students solve real-world problems. It was only two years
later that the term “STEAM education” first appeared in the official national document, the 13th
Five-Year Plan for Education, which is a segment of the 13th Five-Year Plan for Economic and
Social Development for Economic and Social Development of the People's Republic of China [41].
Specifically, the document reads, “Regions with conditions should actively explore the application of
information technology in new education models such as ‘crowd creation space’, interdisciplinary
learning (STEAM education), and maker education” [41]. The initiative is part of China’s broader
efforts to integrate modern technologies, such as big data, machine learning, and artificial
intelligence, into the Chinese education system. It is inferred that STEAM education will be a
potential driver for fostering 21st-century competencies such as creativity, innovative thinking, and
practical skills that will "future-proof" [41] learners to take on new jobs.

In 2017, there were calls for STEM education to offer a coherent curriculum encompassing
diverse disciplines. The Ministry of Education issued the “Compulsory Education Primary School
Science Curriculum Standards”, advocating an interdisciplinary learning approach and suggesting
that teachers try teaching STEM lessons. The NIES announced the White Paper on STEM Education
in China. The main goal of STEM education is to cultivate students' ability to apply their knowledge
and solve problems creatively [49]. At the same time, the “China Vocational Education 2029
Innovation Action Plan” was released. In addition to formal STEM education in schools, the plan
emphasizes the participation of non-formal educational institutions and encourages the commitment
of additional social resources to STEM education efforts.

In 2021, schools were tasked by the government to introduce a group of outstanding science
popularization talents and relevant science popularization machinery in the way of “invite in” and
effectively carrying out after-school science popularization service activities [43]. The popularization
of science and technology (from now on referred to as “science popularization™) is an activity that is
undertaken by the whole country to popularize scientific and technological knowledge, promote the
scientific spirit, disseminate scientific ideas, and advocate scientific methods. Accordingly, it is an
essential basic work for achieving innovative development [57]. Teachers are encouraged to promote
science education based on inquiry practice, implement interdisciplinary theme learning, and bring
the spirit of scientific practices into school campuses [44]. An example of such efforts is the work of
the team of volunteers from Shandon Normal University that designed and enacted activities in
primary schools in Jinan City during National Science Popularization Day.

STEM education has taken many forms in Shandong Province, and this includes scientific
popularization, STEM clubs, and STEM camps. Science popularization is a common form aimed at
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primary and middle school students. It is short-term and mainly stimulates students' interest in
science. STEM clubs provide after-school service activity in primary schools, usually one to two
classes a week, with a small class teaching system. STEM camps are holiday activities in which
teachers lead students to visit science centers or science museums, usually for half a day or one day.
In our study, the STEM activity was organized in a science popularization program.

3. Context of the study

This study was an initiative of the first and third authors to pilot STEM curricula in the three
primary schools. This was their first attempt at designing and researching students’ learning through
a short activity. The duration was kept short as the teachers and students were unfamiliar with the
activities that required collaboration and engaged knowledge and practices from across disciplines.
This was not a regular curriculum since, like most schools in China, these schools’ curriculum was
typically monodisciplinary and subject-specific.

The design of the activity was informed by the works of the second author [60,65], who
suggested adopting solution-centric STEM lesson designs as there were existing solutions to the
problem (tasks) assigned to students for problem-solving. In contrast to a problem-centric STEM
curriculum that focuses on a complex, extended, and persistent [60,65] problem, solution-centric
STEM focuses on improving existing solutions. Hence, students are tasked with developing
iterations of solutions that are better than the previous versions. Further, a solution-centric STEM
curriculum is more manageable for younger children as their worldview may be more limited [60,65],
and hence, they may be unable to tackle the problems from the user's perspective. As such, the
solution-centric STEM curriculum was designed for the students of this pilot study to provide a
baseline understanding of how students respond to the curriculum; the findings can be used to inform
future curriculum design. When validated, the student survey administered in this study could be
used to gather students’ views and experiences in integrated STEM curriculum in future studies.

Considering that the audience was primary school students and the total activity time for this
pilot and exploratory study was only two hours, we had only designed a simple STEM activity that
the young children could do. The theme of the STEM activity was the production of space-related
straw flyers. The activity was intended to cultivate the primary school students’ interest in spaceflight.
Figure 1 shows the STEM curriculum map that provides an overview of the ideas and practices
engaged during the activity. The topical content addressed in the four separate STEM disciplinary
domains is specified in the diagram. The connections between the disciplinary domains are shown in
the linkages to show the explicit connections between the two disciplines. Thicker line borders and
arrow lines show a stronger presence of discipline and connections, respectively. For instance, the
box for science and mathematics has thicker line borders as compared to engineering and technology,
as there were more science and mathematics concepts invoked in the activity. The connections
between science and engineering are strong and hence, the arrow line is thick. On the other hand, the
connection between science and technology is weak and hence represented by the dotted arrow lines.
This diagram provides an overview of the disciplinary ideas and connections involved in this activity.
More details about the STEM activity design can be found in Appendix A.
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Figure 1. STEM activity map of the task. The boxes show the disciplinary domain ideas
addressed in the activity and the connections between the disciplinary domains.

4. Research questions and significance

This research was a pilot study that sought to examine how students viewed and experienced the
STEM lessons. The research question addressed in this study was:

What were the students’ views about participating in STEM, attitudes toward STEM,
self-concept when participating in STEM, STEM identities, and STEM learning experiences?

At the time of this study, few studies have reported STEM activities conducted in schools or
classrooms in Shandong Province. This pilot study was significant in two ways. First, it was the first
attempt to examine how the primary school students in Shandong Province viewed and experienced
an integrated STEM activity for the first time. As such, their views were not affected by previous
experiences that may be likened to integrated STEM with a focus on refining existing solutions. This
baseline understanding from a small-scale pilot study was informative for designing and
implementing pre-service and in-service STEM teacher education programs where the third author
worked as a professor. Second, the survey instruments were adapted from previous studies [62,64]
and revalidated with the current sample. The validation of this instrument in a different curricular
context would contribute to the generalizable use of the instrument for other studies and contexts.
Having a common set of validated instruments, especially those that were analyzed using inference
statistics (e.g., Rasch analysis used in this study), to study a set of constructs across STEM curricula
contexts would help STEM educators, academics, and researchers draw inferences about the
affordances of diverse STEM curricula and students’ views and experiences in engaging with these
different STEM curricula.
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Based on the literature in STEM education research, STEM learning outcomes may be broadly
categorized as students’ views about STEM, attitudes toward STEM lessons, student’s self-concept
while learning STEM, construction of STEM identities, and experiences in STEM lessons [62,64].
These categories form the five constructs in the survey instrument that was developed to measure the
outcomes of the STEM programs implemented in Singapore schools [62,64] and used in this study.
Accordingly, we provide a literature review of the five theoretical constructs reported in the paper.

5. Literature review
5.1. Students’ views toward STEM education

Students’ views about STEM lessons affect their motivation and decision to participate in STEM
activities [40]. For instance, if students think that STEM lessons are too challenging for them, they
may not want to participate in the activities when given a choice [71]. An individual's ability to cope
with difficulties and overcome adversity by becoming stronger each time they encounter an obstacle
may enhance their resilience to hardship and allow them to enjoy their field and pursue a STEM
career [17]. Interest and motivation can help students learn and understand STEM knowledge, being
important factors in motivating students to pursue STEM education [50]. The 2018 PISA results
showed that although Chinese students rank first in math, science, and reading, less than 20% of
students are willing to pursue STEM-related jobs [42]. An informal learning environment can
improve students’ interest in STEM [46] and increase students’ opportunities to pursue STEM
careers [33]. Fadzil et al. [23] provided evidence on how scientist-teacher-student partnership (STSP)
programs enhanced the students’ interest in STEM-related subjects. Students’ positive perceptions of
scientists or engineers have been reported to be positively related to their STEM career
aspirations [12].

5.2. Students’ attitudes toward STEM lessons

Students’ attitudes toward STEM will affect their willingness to participate in STEM lessons,
STEM identities, and interests in pursuing STEM careers. Students’ attitudes toward STEM
influence their willingness to study STEM subjects [26,27,70]. Interest and motivation shape
students’ acquisition and internalization of STEM knowledge and motivate them to pursue STEM
studies [50]. Fadzil et al. [23] revealed how the STSP program enhanced students’ interest in learning
STEM-related subjects. STSP is a platform that uses authentic, inquiry-based learning to give
students and teachers access to the scientific community and allow them to participate in real
scientific research [29]. Attitudes and beliefs are critical for STEM persistence [24]. Several studies
have been conducted to explore students' attitudes toward STEM education and students of different
grades have different attitudes toward STEM education [77]. Students’ attitudes toward STEM, such
as enjoyment of STEM lessons and career interest in engineering and science, can be influenced
significantly by grade levels [68]. Students’ choices of majors in college and their career interests
after graduation are affected by their attitudes toward STEM at the primary school, middle school, or
secondary school levels [38]. Students’ attitudes and views about STEM are influenced by their
motivation, experience, and self-efficacy [7]. Creative teaching strategies contribute to building up
students’ attitudes toward STEM. Problem-based learning, for instance, helps to improve students'
attitudes toward STEM learning and their exploration of future career options [37]. The 6E (engage,
STEM Education \Volume 4, Issue 4, 381-420
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explore, explain, engineer, enrich, evaluate)-based learning strategy is also effective for students to
join STEM activities and enhance their STEM attitudes and career interests [76]. The integrated
STEM program positively affected student attitudes toward STEM [77]. STEM-PBL (Project-Based
Learning) is a student-centered teaching method that helps improve Hong Kong high school girls’
attitudes toward STEM learning and enhance their STEM career aspirations [72].

5.3. Students’ self-concept in STEM learning

Students’ self-concept, comprising confidence and perception of self as a STEM learner and
STEM readiness, will affect their willingness and successful participation in STEM learning.
Self-concept refers to a person’s self-perception [56]. The STEM self-concept is a person’s
perception of themself in STEM education. STEM self-concept is an important aspect for students to
enter in STEM area. Self-concept is formed via comparing with other students in STEM education;
students who have high self-concept may have higher confidence [14]. The key to students'
continued involvement in STEM is the development of a healthy STEM-related self-concept [62].
Career choice behavior is related to domain-specific academic self-concepts [20]. Research shows it
is important to develop students’ STEM self-concept as it positively predicts STEM career
aspirations [12]. Previous research showed that students who have high science self-concept will be
able to choose a science-relevant career [61]. Students have lower mathematics self-concept and less
interest in mathematics careers [25]. Promoting a variety of careers in STEM fields helps students
see the multiple pathways that can emerge from the study of STEM-related subjects [58]. Another
research outcome showed that secondary students had lower self-concept than primary students, and
boys had a higher self-concept than girls [12]. Denissen et al. [15] provided another example of
possible uses of the model. They studied intra-individual coupling between academic achievement,
interest, and self-concept of ability in approximately 1,000 children between grades 1 and 12. They
found that individuals tended to feel competent and interested in areas where they achieved well and
that the strongest coupling was between interest and self-concept of ability. They also observed an
increase in the coupling across time.

5.4. Students’ STEM identity

STEM identity indicates one’s perception of belonging in the STEM community [9]. Students
identify the different identities in STEM education, such as ‘I see myself as a...”. Problem-solving,
collaboration, creative, etc., are 21st-century skills; if students think of themselves as
problem-solvers, collaborative people, and creative people, they may agree that these abilities are
important to improve in STEM education. STEM identity provides a theoretical lens to understand
better the mechanisms by which experiences might influence career choice and persistence [18].
STEM identity is the key mediator between STEM media exposure and STEM career interest [11].
Dou and Cian [19] tested an expanded STEM identity model that could support studies contributing
to a deeper understanding of factors related to STEM identity. They identified significant effects of
interest and recognition on STEM identity and a significant effect of performance-competence
mediated through interest and recognition. Dou et al. [18] found that having a stronger STEM
identity increases students' likelihood of pursuing STEM careers. Their large-scale study with 15,847
students at 27 U.S. colleges and universities located in 20 different states also found that the odds of
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participants choosing a STEM career in college increased by 85% with every one-point increase on
the STEM identity scale. The findings are coherent with arguments that students’ STEM identities
will shape their learning outcomes, including decisions in STEM careers.

5.5. Students’ STEM learning experiences

Students’ actual experience during the STEM activities provides authentic and first-hand
experiences that will affect their decision to participate in future activities and their attitude and view
toward STEM [7]. Students have difficulty connecting the science experience [59]. Students can gain
STEM experience from formal and informal learning. The informal STEM learning experience can
support students’ study in a formal learning environment [53] and resolve the limitations of formal
school experience, building students' awareness and interest in STEM fields [50]. In China, STEM
education is not a compulsory program or curriculum; hence, the informal STEM learning
experience is essential for students to understand STEM education and STEM-related jobs.
Increasing students’ STEM opportunities and experiences may foster their STEM interest and
engagement and help increase STEM demand [69]. Informal STEM experiences in early childhood
such as storytelling may have a long-term effect on STEM identity measured in young adults [18].
Cohen et al. [13] used a STEM identity theoretical framework to examine the effects of early STEM
experiences; the conclusion was the lasting impact that early experiences can have on future STEM
identity and career intentions. Problem-based learning requires students to collaborate on authentic
problems and find solutions to authentic problems in real-world practice, thereby gaining meaningful
learning experiences [32]. Wan et al. [72] developed and validated a scale of STEM-PBL experience,
which comprises four dimensions: scientific inquiry, technological application, engineering design,
and mathematical processing, with significant correlations between the four dimensions of
STEM-PBL experience with students’ interest in learning STEM, utilitarian motives for learning
STEM, and STEM career aspiration.

In sum, this section discusses the literature related to the five constructs examined in the survey
to provide insights to China primary schools students’ views, experiences, attitudes, self-concept, and
identity in STEM. Accordingly, we report on the research methods in this study.

6. Research methods
6.1. Research participants

A total of 332 students from three elementary schools in Jinan City of the Shandong Province in
China participated in the study. At the elementary school level, there is a lower focus on examination
preparations in comparison to higher grade levels. Students have more time to pursue interests in
authentic inquiries that promote the development of general STEM literacy. Therefore, abundant
STEM popularization activities were offered in elementary schools to develop students’ strong
interest in science and scientific literacy among young learners. The participants were Grade-5 and
Grade-6 students equipped with practical knowledge and cooperative learning ability. They had
strong curiosity and imagination about STEM phenomena. The school teachers assisted in recruiting
the students as voluntary research participants in this study. Before students participated in the
STEM activity, we obtained the students’ and their parents’ consent to participate in the study. All
students participated in the study on a voluntary basis as an extracurricular activity during the school
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hours. The research study was conducted by postgraduate students from the first and third authors’
university who were part of the science popularization team and majored in STEM education. They
had more experience and confidence in designing and enacting STEM activities than the school
teachers who had relatively less experience and knowledge about STEM education. As such, the
STEM activities were organized and enacted by the postgraduate students. Table 1 below shows the
sample sizes of school students who participated in the study and their respective grade levels.

Table 1. Profile of the school students recruited as research participants for the study.

School label Grade Sample size Age
School A 5 66 11
School B 5 99 11
School C 6 167 12

Notably, the research participants were students from the upper primary grade levels who were
similar in age and shared common science and mathematics knowledge covered in the upper primary
syllabuses. As compared to the lower grade levels, the students were more mature and had more
years of primary education that allowed them to participate meaningfully in the activities by applying
relevant ideas or concepts and practices learned in their regular school curriculum in science and
mathematics. Schools A, B, and C were similar in terms of student demographics. As such, the
survey responses from the three schools were aggregated and analyzed collectively.

6.2. Research instruments

The survey instrument was designed by the second author [62,67] and administered in two other
STEM curricula and contexts. Specifically, it examined middle school students participating in two
integrated STEM curricula in Singapore. The survey constructs and items (see Appendix B) were
examined by the first and third authors and deemed appropriate for this study as it offered
comprehensive coverage of constructs about students’ views and experiences in STEM learning that
are reported in the literature (see e.qg., [35,37,40,67,76]). The constructs and items were also relevant
to the context of the study and the interests of the first and third authors. The survey instrument was
translated into Mandarin and the accuracy of translation was checked by the second author, fluent in
both spoken and written English and Mandarin, before it was administered to the research
participants. After the activity, participants had about 10 minutes to complete the printed survey. As
we had little knowledge about the students, a few were randomly selected and interviewed after the
survey to obtain further insights into their thoughts about the STEM activity and their experiences.
The interviews were used to substantiate and complement the survey findings. The interview
questions asked are included in Appendix C.

6.3. Data analysis

Data were analyzed through Rasch analysis [73-75]. Rasch has received wide attention and
in-depth research and is also a relatively mature theoretical model of project response. Rasch model
measures potential variables that cannot be directly observable by the individual's performance on
the topic (usually expressed as raw scores). According to the principle of the Rasch model, the
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probability of a particular individual making a response to a specific problem can be expressed as a
simple function of the individual's ability and the difficulty of the problem. The accuracy of an
individual in answering a question depends entirely on the comparison between the individual's
ability and the difficulty of the item. Rasch analysis considers both students' ability parameters and
survey item parameters in the process of analysis. It can analyze the test volume more
comprehensively. As such, it has been used in scale design, educational testing, and other fields (see
e.g., [36,63,64]). For each survey item, students were asked to respond according to a five-point
Likert-scale rating (Strongly disagree = 1, Disagree = 2, Neutral = 3, Agree = 4, Strongly Agree = 5).
Items with asterisk (*) have been reversed before analysis. The item statistic order measure can be
seen in Appendix D. The MNSQ of all items in the five constructs is equal to or less than 2.0. The
item and person separation reliabilities data are reported in Appendix E. Item separation reliability of
all constructs exceeded 0.90, which indicates that each construct has items with a wide range of
difficulty. On the other hand, the person separation reliability for each construct fell between 0.70
and 0.90, which indicates a heterogeneous sample of students surveyed.

The interviews were transcribed and analyzed qualitatively [55]. Prescriptive coding was used,
and the codes comprised the five constructs measured in the survey. Using these constructs as codes
helped to focus the coding on the specific constructs and address the research questions directly.
Interrater reliability checks were conducted between two of the authors to ensure that the coding was
accurate in terms of interpretation and categorization. Any discrepancies were discussed to ensure
that complete alignment was attained.

7. Findings and discussion
7.1. Construct A: Views about STEM lessons

Figure 2 shows the Wright map of the students’ views about the STEM lessons on making the
straw flyer. The item mean (i.e., M on the right side of the ruler) was about 2 logits lower than the
person mean (i.e., M on the left side of the ruler). This meant that it was generally easy for the
students to agree with the items in Construct A.
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Figure 2. Wright map on Construct A: students’ views about STEM lessons.

Among the 10 items in Construct A, the following five items were relatively more difficult for
the students to agree with:

A6*: STEM activities are not difficult to understand.

A2: STEM activities improve my confidence in getting a STEM job.
A8: 1 like solving problems in STEM activities.

A5: STEM activities are challenging.

A9: STEM activities are good for my overall learning.

STEM is an interdisciplinary curriculum and hence, connecting concepts across disciplines can
be challenging for students who are more attuned to learning content in discrete subject areas [48]. In
the context of this study, science and mathematics were compulsory subjects for primary students,
but they were less familiar with the aspects of technology and engineering. As the activity required
knowledge and skills from more than one disciplinary domain, the students might think that STEM
was difficult to understand (A6*). However, it was interesting to note that the students did not find
the STEM lessons challenging (AS5). This could be due to the students’ ability to construct the straw
flyers despite having difficulty understanding the theoretical principles underlying flight. This
finding suggested the need to also not neglect content understanding in STEM teaching so that the
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activity was both mind-on and hands-on. For instance, more curriculum time could be allocated to
discuss the relevant theoretical principles guiding the design of the straw flyers before students start
building them.

It was interesting to note that while students looked highly engaged and interested in the STEM
activity, they found it relatively difficult to agree that they liked solving problems in STEM lessons
(A8). This finding could be related to A5 and A6, as studies (see e.g., [67]) have found that students
with a weak grasp of the concepts find it challenging to problem-solve. Hence, this underscored the
earlier point about helping students learn the relevant concepts before participating in the hands-on
activity. This could, in part, explain why students found it difficult to agree that the STEM activity
was good for their overall learning. According to one student,

| think that participating in STEM activities helps me with my science studies. In my opinion,
STEM activities are fun to learn about science. I'm not sure if they help me with other subjects
(Student 300B from School 3, Nov 29, 2023)

The above interview excerpt illuminated the student’s valuing of content learning of direct
relevance to their subjects. As the student was unable to draw a direct connection, s/he was uncertain
about the usefulness of the STEM learning experience. This finding contrasted with Toma et al.’s [68]
study, who argued that STEM education could promote and improve the learning of each of the
disciplines. We argue here that, from the view of students, such learning could take place only if the
content knowledge required to problem-solve the task was related to the school subjects. Such efforts
are possible, as shown by a study by Baran et al. [5], who conducted a study in middle school and
found that STEM education programs could help middle school students make connections between
schoolwork and daily lives.

While students might not like problem-solving, it should be noted that problem-based learning
could improve students’ STEM attitudes [37], and many STEM activities were designed around
solving real problems (B7) [60]. In this process, students often became problem-solvers (D5, E5),
tried their best to complete the tasks assigned by the teacher (C5), and solved the problem (C9).
Problem-solving is arguably one of the abilities that must be mastered in the 21st century, and
Alatas’s study [1] showed a positive effect of STEM learning on students’ problem-solving skills
(B9).

The students did not think the STEM lessons would help them build confidence in finding a job
in STEM (A2). One student said,

STEM courses are really interesting, and I'm very interested in them and want to participate
more, but | don't know much about STEM-related jobs, so far only scientists, mathematicians
and engineers, so I'm not sure | have the confidence to do STEM jobs” (Student 100B from
School 1, Nov 20, 2023).

Notably, the two-hour activity was not enough to support students’ confidence building in this
area. In our early communication with school principals, we learned that a large portion of the STEM
teachers were mathematics and science teachers, and they had relatively little understanding of
STEM work. Increasing students’ awareness and understanding of STEM careers would require
more long-term efforts. The “scientist in the classroom” program was a common outreach model that
sought to bring to schools the content expertise and enthusiasm of practicing professional scientists
to stimulate student learning, interest in science, and consideration of science careers [34]. K-12
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students were engaged in authentic, hands-on activities that generated interest in science and new
views of science and scientists [34]. Such efforts were aligned with the China STEM Education 2029
Action Plan.

Among the 10 items in Construct A, the following five items were relatively easier for the
students to agree with:

Al: STEM activities increase my interest in STEM jobs.

AT: 1 enjoy STEM activities.

A4: | want more STEM activities in school.

A10: What I learned during STEM activities has relevance to my life.
AZ3: | learn interesting things during the STEM activities.

While the students expressed doubts about the overall usefulness of the STEM lessons (A9), they
wanted more STEM lessons (A4) possibly because they enjoyed it (A7). The STEM activity also
increased their interest in STEM jobs, although they did not have the confidence that they would get
one (A2). Students might have wanted more STEM lessons (A4) because they could learn interesting
knowledge that could not be learned in other lessons (A3, E4). Studies showed that students enjoyed
learning when the activity resonated with them [62,67]. In this study, the students thought that the
lessons were relevant to their lives (A10). This probably explained why they enjoyed the STEM
lessons. Mohr-Schroeder’s study showed that after a five-day STEM camp, the middle school
students’ interest in STEM had improved, and the students wanted more STEM activities [46,76].
However, we were also mindful that such interests could be short-term, requiring more long-term
studies to examine the lasting effects of interests in STEM learning due to such efforts.

7.2. Construct B: Attitudes toward STEM

Figure 3 shows the Wright map of the students’ attitudes toward STEM in general. The items
mean (i.e., M on the right side of the ruler) was approximately two logits lower than the person mean
(i.e., M on the left side of the ruler). This meant that it was generally easy for the students to agree
with the items in Construct B.
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Figure 3. Wright map on Construct B: students’ attitudes toward STEM.

Among the 10 items in Construct B, the following five items were relatively more difficult for
the students to agree with:

B4: Everyone should learn about STEM.

B6*: Not only highly trained professionals can understand STEM.

B5: STEM can provide solutions to every problem.

B8*: STEM is not too difficult for me.

B10: My overall learning ability improves after participating in STEM activities.

While there is strong advocacy for STEM education around the world [60] due to diverse reasons
such as STEM literacy for citizens, the students might not think likewise. In this study, the students
did not think that everyone should learn about STEM (B4). They also did not think that STEM could
provide solutions to every problem (B5). Below are some interview excerpts:

| think STEM is good, but it may not suit everyone. STEM is not so easy to learn and it needs
interest to explore. (Student 200B from School 2, Nov 22, 2023)

STEM activity is pretty good, it can provide some great ideas to solve problems in daily life,
but unfortunately it doesn’t solve all the problems. (Student 200C from School 2, Nov 22,
2023)

Student 200B agreed that learning STEM would be beneficial, but s/he thought that it may not be
something that everyone should be required to learn due to different needs and interests. Student
200C was realistic in saying that STEM did not necessarily address all issues. These findings were
coherent with another two studies conducted with middle school students in Singapore [62,67],
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where students expressed similar views.

Many studies reported that STEM activities could improve students’ learning abilities, such as
scientific creativity [21]. However, our research found that the students did not think that their
overall learning ability improved after participating in STEM activities (B10). This could be related
to the earlier views on the lack of relevance of STEM learning to their subject learning (A9). As the
students had limited integrated STEM learning experience, they thought that STEM was difficult (B8)
and only professionals could understand STEM (B6).

Among the 10 items in Construct B, the following five items were relatively easier for the
students to agree with:

B1: I have positive feelings toward STEM.

B3: STEM improves the quality of life.

B7: STEM is useful for solving practical problems.

B9: Participation in STEM activities improves my problem-solving skills.
B2: STEM is important for society.

Yazici’s [76] study showed that students developed a positive STEM attitude after they
participated in STEM activities. Our study also found that students had positive feelings toward
STEM programs (B1, A7) and wanted more STEM classes (A4). While the students did not think
that everyone should learn STEM, they agreed that STEM was important and beneficial for society
(B2, B3). While students might not be acquainted with the political rhetoric of STEM, they were
exposed to the daily applications of STEM that drove the cashless society. This utilitarian and
pragmatic view seemed aligned with the findings that while students did not like problem-solving
(A8), they recognized the usefulness of STEM to solving practical problems (B7) and that
participating in STEM could improve their problem-solving skills (B9). These findings are also
coherent with previous findings in studies conducted with Singapore middle school students [62,67].

7.3. Construct C: Students’ self-concepts on STEM

Figure 4 shows the Wright map of the students’ self-concepts on STEM learning. The item mean
(i.e., M on the right side of the ruler) was approximately 1.4 logits lower than the person mean (i.e.,
M on the left side of the ruler). This meant that it was generally easy for the students to agree with
the items in Construct C.
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Figure 4. Wright map on Construct C: students’ self-concepts in STEM learning.

Among the 10 items in Construct C, the following six items were relatively more difficult for the
students to agree with:

C6: | am better at STEM subjects than other subjects.
C8: | perform better than others during STEM activities.
C1: I have developed a good understanding of STEM.
C10*: Learning STEM is not difficult for me.

C2: 1 am confident in my STEM knowledge.

C7: 1 can learn new STEM ideas quickly.

The students did not think that they were better in STEM subjects than other subjects (C6). In
comparison to other students, they also did not think that they could perform better in STEM lessons
(C8). The students seemed to express lower confidence in STEM (C2), and this was coherent with
their views that they did not think that they had a good understanding of STEM (C1), and that
learning STEM was difficult (C10) and not quick to learn (C7). The development of STEM
education in China was uneven, with different policies in each province and different exposure
opportunities for everyone [39]. One student expressed the following:
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| participated in some STEM activities and learned some STEM knowledge, but these were far
from enough compared to my math classes. | think some of my classmates can learn better than
me. STEM covers a wide range of topics. | will work harder to learn STEM in the future
(Student 200A from School 2, Nov 22, 2023).

Previous studies have found that having the confidence to learn was important for students to
fully participate in learning [10,30]. The students in this study needed more support in
confidence-building as a precondition for them to learn. Students' STEM confidence may vary by
race and gender. African American and Hispanic men reported higher levels of STEM confidence
than White men, and women continued to report lower average STEM confidence than White
men [35].

Among the 10 items in Construct C, the following four items were relatively easy for the students
to agree with:

C9: I can solve STEM problems.

C3: | have experienced success in STEM activities.
C4: | can do well during the STEM activities.

C5: | can complete the tasks in STEM activities.

Although students do not like solving problems in STEM activities (A8), they thought that they
could solve STEM problems (C9). Even if they were not confident in their STEM knowledge (C2),
they thought that they could complete the tasks (C5) and did well in STEM lessons (C4). This could
be because they had experienced success in STEM lessons (C3) and were able to complete the
STEM tasks (C5). One student commented,

Actually, I don’t have enough STEM knowledge, but I think STEM is essential for children to
learn and | want to try my best to complete the task in STEM lessons. (Student 200A from
School 2, Nov 22, 2023)

7.4. Construct D: STEM identity

Figure 5 shows the Wright map of the students’ STEM identity. The item mean (i.e., M on the
right side of the ruler) was approximately 0.5 logits lower than the person mean (i.e. M on the left
side of the ruler). This meant that it was generally easy for the students to agree with the items in
Construct D.
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Figure 5. Wright map on Construct D: students’ STEM identity.

Among the 10 items in Construct D, students found it relatively more difficult to agree that a
STEM professional was someone who was a/an:

D3: budding STEM professional.

D4: critical thinker.

D8: engineering person.

D9: collaborative person.

D2: member of the STEM community.

Among the 10 items in Construct D, students found it relatively easier to agree that a STEM
professional was someone who was a/an:

D10: designer.
D5: problem-solver.
D7: innovative person.
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D6: creative person.
D1: STEM student.

Students may not be able to identify themselves with STEM professionals due to their lack of
acquaintance with such a person. As a school student, they may not have experience with engineers.
For instance, one student said, “I think engineering is a difficult job that needs plenty of professional
knowledge. I can draw a draft but not be an engineer” (Student 200C from School 2, Nov 22, 2023).
Due to a lack of experience with collaborative STEM learning experience that requires critical
thinking, they may not identify with a STEM professional as a collaborative person or member of the
STEM community. Many studies have shown that STEM activities contributed to students’ ability to
collaborate, but in this study, it was difficult for students to identify as collaborators (D9). One
student commented, “I think that in this STEM activity, I can understand the task and make the straw
flyer by myself without having to cooperate with other students.” (Student 100C from School 1, Nov
20, 2023)

On the other hand, students might be exposed to design work that requires them to create or
innovate and problem-solve. One student said, “STEM activity can improve my creativity! I want to
be a creative person. Because scientists are innovative people, they are so smart and can innovate
meaningful things” (Student 100B from School 1, Nov 20, 2023). Many students knew little about
STEM education and had taken part in STEM activity just once or twice, so most of them had a
self-identity of STEM students (D1) instead of budding STEM professionals (D3). Learning
community is not a new concept, but it is rarely practiced in China, especially in connection with
STEM education [78]. In China, there are some STEM clubs at school, and the STEM community is
less often seen. This could be, in part, why students found it difficult to identify themselves as a
member of the STEM community (D2). Their views on STEM identity illuminated the types of
exposure they had in STEM and the opportunities it provided. An example of this was their exposure
to a larger community of STEM learners so that they understood STEM inquiry was collaborative in
nature.

7.5. Construct E: STEM learning experiences

Figure 6 shows the Wright map of the students’ STEM learning experiences. The item mean (i.e.,
M on the right side of the ruler) was approximately 1.8 logits lower than the person mean (i.e., M on
the left side of the ruler). This meant that it was generally easy for the students to agree with the
items in Construct E.
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Figure 6. Wright map on Construct E: Students” STEM learning experiences.

Among the 10 items in Construct E, the following five items were relatively more difficult for
the students to agree with:

E7: The STEM-SP# helped me think and decide on my future career.

E9: I learned how to apply my knowledge in STEM during the STEM-SP.
E6: | am interested in joining other events that are similar to the STEM-SP.
E10: The STEM-SP made me more interested in STEM.

E8: I have a better understanding of STEM during the STEM-SP.
(#STEM-SP: STEM-Scientific Popularization)

The items in Construct E were related to this STEM activity (STEM-SP) and their previous
STEM experience. The students thought that participating in this STEM activity did not make them
interested in STEM (E10). There are two possible reasons for this: (1) The students were already
interested in STEM and did not think that their interests in STEM were inspired by this activity. (2)
The students thought they had participated in similar activities before and wanted to try new topics.
As such, they did not think that they wanted to participate in similar STEM activities (E6). As
mentioned earlier, students did not feel confident enough to pursue STEM careers (A2); hence,
participating in STEM activities did not make them think too much about their future careers (E7).
STEM is complex and relevant to the real world [60]; as such, it was not surprising that students
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could claim to have a better understanding of STEM after this brief opportunity (E8). It was also
difficult for them to apply what they had learned in the STEM activity, as the concepts might not
have been introduced in the regular lessons (E9). Again, this suggested that more careful planning
considering the theoretical concepts involved in problem-solving had to be underscored.

Among the 10 items in Construct E, the following 5 items were relatively easy for the students to
agree with:

E3: I learned to collaborate more effectively during the STEM-SP.
E5: I learned to solve problems more efficiently during the STEM-SP.
E1: I enjoyed the STEM-SP.

E2: | learned useful skills during the STEM-SP.

E4: | gained new knowledge on STEM during the STEM-SP.

21st century competencies include critical thinking (D4), problem-solving (D5), communication,
collaboration (D9), and creativity (D6) [54]. Students acquired useful skills in STEM activity (E2)
and they liked the STEM activity (E1). They learned to collaborate more effectively during the
STEM activity (E3). Raksapoln [52] showed that the increase in students' collaboration skills was
due to the activities involved in STEM learning through engineering design. Effective
communication among team members is very important for creativity, especially in new product
development teams. While the students could not establish direct connections between the activity to
the school subjects, they thought that they had gained new knowledge through the STEM activity
(E4). As such, the STEM activity offered a complementary curriculum to the regular lessons.

8. Implications

Based on the findings, several implications could be drawn for STEM educators. Teachers may
wish to pay attention to a few main points when designing STEM lessons for students. For instance,
they may wish to make explicit connections between the STEM lessons and the regular subject
learning outcomes so that students can better appreciate the former and not view it as extra lessons.
Before the hands-on STEM inquiry, teachers may wish to identify relevant content knowledge that
students would need to apply to their prototyping. Students would be equipped with substantive
content knowledge to design and explain their prototypes more meaningfully. Clarity in the role of
disciplinary knowledge and the related inquiry would allow for more intentional design of STEM
problems for students to learn higher-order knowledge [59]. This study adopted a solution-centric
design in the STEM activity that was accepted by students. Teachers could try to design similar
STEM activities in the future.

The findings of this study contribute to the growing STEM education literature that argues for the
importance of early STEM education [18]. As mentioned earlier, Dou et al. found a strong predictive
power between STEM identity and STEM career. Our study found that the students did not identify
with STEM professionals. This suggests that more opportunities have to be provided for students to
perceive themselves as a member of a larger STEM community and not simply a classroom
learner [62,67]. This broad mindset could help students appreciate the purpose of STEM learning
that transcends beyond content acquisition to membership assimilation. It could provide students
with a head start in thinking about pursuing STEM careers. We need early intervention in the
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educational system if we wish to influence career choices focused on STEM [47]. Dickerson
etal. [16] investigated the STEMBASE program’s impact on students’ attitudes and perceptions
regarding STEM education and careers. The results showed that students had a positive attitude
toward STEM and hoped for more similar STEM activities and an increase in career education
opportunities [16]. Such opportunities may also inadvertently address confidence issues reported in
our study. These are two areas that the teachers in our pilot study could focus on when enacting
STEM lessons.

This study also contributes to the literature in terms of research instrumentation. This instrument
has been adapted from another study that examined two other integrated STEM programs for middle
school students in Singapore [62,67]. The instrument is validated for the context of this study and
shows potential to be used in other research contexts and grade levels. This is a significant
contribution to STEM education research that currently lacks sufficient research instruments for
measuring the comprehensive set of constructs discussed in this paper. Teachers who want to
evaluate the outcomes of STEM learning could use the reported instrument and revalidate it for use.
They could also use it for diverse programs and track changes in students’ responses over time using
the same Rasch analysis and WIinSTEP.

9. Conclusions

In summary, this is a significant study as it reports the situation of STEM education in China
from the student’s perspective. The findings show that primary students had positive views, attitudes,
self-concept, identity, and experiences toward STEM. The primary school students who participated
in STEM activities considered themselves more designers than engineers or critical thinkers.
Students may not have gained a deep understanding of some difficult STEM topics, but they learned
something useful. This study contributed to the first application of solution-centric STEM curriculum
design in China and underscored the importance of STEM education at the primary grade levels.
This survey was validated for the study and a future study can be conducted with more schools to
draw more generalized findings.

10. Limitation

The findings cannot be generalized to other schools in or outside of China, as this was a pilot and
exploratory study in Shandong, China, which was at its nascent stage of STEM curriculum adoption.
The sample size was relatively small compared to the whole student population in the city, province,
and country. For this pilot study, only one activity was designed and trialed at the schools, as the
teachers and students were new to the idea of an integrated STEM curriculum. There were
limitations of this study that could be addressed by additional studies with larger sample sizes drawn
from a larger geographic location and a greater variety of STEM curricula. Additionally, we
acknowledge that the implementation members from the science popularization team that was set up
for about a year at the time of the study may not have sufficient knowledge and experience with
connecting the disciplines, which could have affected the findings.

We also acknowledge that students’ responses to the survey should always be contextualized to
the STEM activities that they participated in. Therefore, these findings could not be generalized to all
STEM activities. In this case, the STEM activity had a stronger focus on science and engineering, so
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students with different interests in the various disciplines may respond differently to the survey items.
Also, students’ STEM learning experiences should be shaped by the resources available to them. In
the reported STEM activity, students had the same and limited amount of resources to work with.
The findings could be different if conducted in another context, where students had different
quantities and types of materials to build the straw flyer.
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Appendix
Appendix A. Details about the activity

Table 2. The details of STEM activity.

and design picture

flyer

provided by the teacher to

understand each structure

Show the setup of

The teacher prepares the materials the

Observe the spare materials

materials students need, such as straws, cardboard, | provided by the teacher and
paper clips, tape, etc think about how to make a
straw flyer according to the
materials provided
First production | The teacher guides the students to make a | Students draw a single straw

of a single straw

flyer

single straw flyer

flyer on a drawing and select
materials to make it

Process Context Teachers’ Activity Students’ Activity Duration
Identity Introduce the Show flying and pictures of wooden planes | Watch the big screen to answer | 10mins
problem topic built by the Wright brothers to introduce the | the teacher's questions

theme of airplanes

Ask a question Reality question: How do airplanes fly?

What principle is applied? Could you use a

piece of paper to simulate the flight of an

airplane?
Specific The single straw | The teacher provided students with a simple | Students carefully look at the | 25mins
solution flying  machine | design drawing and model of a single straw | design drawings and models
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Formulate | Explain force | The teacher explained in detail the force | Watch the blackboard and | 10mins
solution analysis and | analysis of aircraft flight and the Bernoulli | multimedia, listen to the
Bernoulli's principle involved teacher's explanation of related
principle science and  technology
knowledge
Production Lead the students to make the straw plane | Students work in groups to
improvement twice according to the improved design | discuss how to make another
drawing (change straws of different | straw flyer
thickness, increase the number of straws,
and adjust the size of the ring)
Implement | Make a | Teachers guide students to come up with | After discussion, the students | 30mins
new multi-straw flyer | creative solutions drew a design drawing of the
solution new straw flyer and tried to
make it
Review Reflect on the | The teacher selects representative works and | Students present their work | 10mins
solution making of the | asks students to show the design drawings | and explain the reasons for the
product and production steps design
Evaluation Teachers give suggestions based on students' | Fill in the personal evaluation
work and lead students to complete the | scale
mutual assessment
New Leave the | The teacher asks questions: What shape can | Students think outside of class | 5mins
problem question for | acardboard be other than a ring shape?
thought

Figure 7. Photograph of first made by students.
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Figure 8. Photograph of teacher guidance of making process.

Figure 10. Photograph of the straw flyer second made by students.
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Figure 11. Photograph of teacher is showing the production.

Figure 12. Photograph of the prototype.

Appendix B. Survey instrument

(1) General Views About STEM Lessons

Strongly disagree . Neutral
Disagree (2)

1) 3
STEM activities increase my interest
in STEM jobs.

Agree
4

Strongly agree
(%)

STEM  activities improve my
confidence in getting a STEM job.

I learn interesting things during the
STEM activities.

| want more STEM activities in

STEM Education
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school.

STEM activities are challenging.

STEM activities are difficult to

understand.

I enjoy STEM activities.

| like solving problems in STEM

activities.

STEM activities are good for my

overall learning.

What | learnt during STEM activities
has relevance to my life.

(2) My Attitudes Toward STEM

I have positive feelings toward STEM.

Strongly
disagree (1)

Disagree (2)

Neutral

®

Strongl
Agree (4) w
agree (5)

STEM is important for the society.

STEM improves the quality of life.

Everyone should learn about STEM.

STEM can provide solutions to every
problem.

Only highly trained professionals can
understand STEM.

STEM is useful for solving practical

problems.

STEM is too difficult for me.

Participation in STEM activities

improves my problem-solving skills.

My overall learning ability improves

after participating in STEM activities.

(3) My Self-concept in Learning STEM
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Strongly Disagree Agree Strongly
) Neutral (3)
disagree (1) (2 4) agree (5)
I have developed a good
understanding of STEM.

I am confident in my STEM

knowledge.

I have experienced success in STEM

activities.

I can do well during the STEM

activities.

I can complete the tasks in STEM

activities.

I am better at STEM subjects than
other subjects.

I can learn new STEM ideas quickly.

I perform better than others during
STEM activities.

I can solve STEM problems.

Learning STEM is difficult for me.

(4) Construction of STEM-identities

Strongly Disagree Neutral Strongly agree
I see myselfasa...... ) Agree (4)
disagree (1) 2) (3) (5)

STEM student.

member of the STEM community.

budding STEM professional.

critical thinker.

problem-solver

creative person.

innovative person.

engineering person.
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collaborative person.

designer.

(5) My Experience in the STEM program

Appendix C. Interview questions

| enjoyed the STEM-SP.

Strongly
disagree (1)

Disagree

O]

Neutral

@)

Agree
4)

Strongly agree (5)

I learned useful skills during the
STEM-SP.

I learned to collaborate more
effectively during the STEM-SP.

I gained new knowledge on STEM
during the STEM-SP.

I learned to solve problems more
efficiently during the STEM-SP.

I am interested in joining other events
that is similar to the STEM-SP.

The STEM-SP helped me think and

decide on my future career.

I have a better understanding in
STEM during the STEM-SP.

I learned how to apply my knowledge
in STEM during the STEM-SP.

The STEM-SP made me more
interested in STEM.

1. What’s the difference between Science class and STEM activity? What is regular class like?

2.
3.

Do you like this activity? Why?

Do you have the opportunity to be exposed to STEM activities in your life? What topics have

you participated in?

4. Do you think STEM activities are helpful to your studies? Why?
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Appendix D. Item statistics measure order

Can you problem-solve in STEM activities?

Do you know some STEM relevant careers? Why?

Do you think STEM activities are difficult? Why?

Table 3. Item statistics measure order for Construct A.

Do you like working with others? What do you think are the benefits of cooperation?

Through this activity, what have you learned and what abilities have been improved?

Input: 225 Person 10 Item Reported: 225 Person 10 Item 5 Cats WINSTEPS 3.66.0

Person: Real sep.: 2.30 Rel.: .84 ... Item: Real sep.: 6.85 Rel.: .98

Item statistics: MEASURE ORDER

ENTRR TOTA MOD INFIT OUFIT PT-MEASU EX MAT
L EL RE AC CH
T
NUMB SCOR COUN MEAS SE. MN ZST MN ZX CcoO EX OB EXP DISPL ITEM
ER E T YRE SQ D SQ TD RR. P. S% % ACE
6 756 225 1.87 11 199 78 199 76 .52 76 362 574 .00 A6
8 881 225 43 A1 .79 24 75 -2.7 .79 71 62.4 56.3 .00 A8
2 882 225 42 A1 91 -9 .89 -1.0 .74 71 605 564 .00 A2
5 906 224 .09 A1 129 28 133 29 .60 .70 536 573 .00 A5
9 913 225 .05 A1 .89 -1.2 .89 -1.0 .73 .70 581 573 .00 A9
7 927 225 12 A1 .80 23 .73 -26 .76 .69 629 575 .00 A7
1 939 225 -.27 A1 .65 -41 .60 -40 .76 .68 719 59.0 .00 Al
4 948 225 -.38 A1 .85 -16 .78 -19 .72 .67 605 589 .00 A4
10 960 225 .54 A1 .86 -15 .86 -1.1 .69 .66 624 605 .00 A10
3 1028 225 -1.56 13 .84 -15 71 -1.7 .62 .58 714  69.3 -.01 A3
MEAN 9140 2249 00 A1 .99 -5 .95 -6 60.0 59.0
S.D. 66.5 3 .83 .01 .37 3.2 .39 3.2 9.5 3.6
Table 4. Item statistics measure order for Construct B.
Input: 297 Person 10 Item Reported: 297 Person 10 Item 5 Cats WINSTEPS 3.66.0
Person: Real sep.: 1.66 Rel.: .73 ... Item: Real sep.: 6.14 Rel.: .97
Item statistics: MEASURE ORDER
ENTRR TOTAL MOD INFIT OUFIT PT-MEASU EXA MATC
EL RE CT H
NUMBE SCORE cou MEAS SE. MN ZST MN ZXT CcO EXP. OBS EXP% ITEM
R NT YRE SQ D SQ D RR. %
4 1010 297 .76 .07 .94 -7 .96 -5 .61 .63 41.2 42.9 B4
6 1011 297 .75 .07 195 94 197 93 .32 .63 313 42.9
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5 1100 297 .34 .07 .97 -4 102 3 .58 .60 454 43.6 B5
1129 297 .20 .07 147 50 142 43 .51 .59 42.3 445 B8
10 1159 297 .04 .07 .79 -27 .83 -2.0 .66 .57 52.2 45.7 B10
1 1193 297 -14 .07 .88 -15 .83 -1.9 .63 .56 50.9 474 B1
9 1232 297 -.36 .08 .60 -54 58 -5.0 .69 .53 59.1 49.1 B9
7 1234 297 -.37 .08 .76 31 .79 -2.3 .62 .53 59.5 49.1 B7
3 1244 297 -43 .08 71 -3.7 67 -3.7 .64 .53 61.5 49.4 B3
2 1296 297 -78 .08 .82 21 .77 -2.1 54 49 57.0 54.4 B2
MEAN 1160.8 297.0 .00 .07 .99 -5 .98 -4 50.0 46.9
S.D. 93.0 .0 49 .01 .39 4.2 .39 4.0 9.3 35
Table 5. Item statistics measure order for Construct C.
Input: 301 Person 10 Item Reported: 301 Person 10 Item 5 Cats WINSTEPS 3.66.0
Person: Real sep.: 2.57 Rel.: .87 ... Item: Real sep.: 5.93 Rel.: .97
Item statistics: MEASURE ORDER
ENTRR TOTA MOD INFIT OUFIT PT-MEASU EXA MATC
L EL RE CT H
NUMB SCOR COU MEAS SE MN ZST MN ZXT CcO EXP. OBS EXP% ITEM
ER E NT YRE SQ D SQ D RR. %
8 973 301 .89 .08 106 8 103 4 72 .75 58.6 53.7 C8
6 977 301 .86 .08 107 9 108 9 .73 .75 56.5 53.7 C6
1 1081 301 .15 .08 .79 -28 .78 -2.7 .78 .73 61.6 524 C1
10 1092 301 .07 .08 199 97 222 99 49 .73 45.2 525 C10
2 1103 301 -.01 .08 .89 -15 .85 -1.7 77 72 60.6 52.7 c2
7 1110 300 -.08 .08 77 -10 .74 -3.1 .78 72 59.8 51.9 c7
9 1116 301 -.10 .08 101 2 100 0 72 72 56.2 51.8 Cc9
3 1146 301 -31 .08 .84 21 81 -2.2 a7 71 57.9 51.8 C3
4 1178 301 -54 .08 .69 44 .65 -3.9 77 .70 62.7 53.2 C4
5 1232 301 -.94 .09 77 -3.0 .72 -2.8 74 .68 65.4 56.5 C5
MEAN 11008 3009 .00 .08 .99 -5 .99 -5 58.4 53.0
S.D. 75.9 3 .53 .00 .36 3.8 43 38 5.2 13
Table 6. Item statistics measure order for Construct D.
Input: 255 Person 10 Item Reported: 255 Person 10 Item 5 Cats WINSTEPS 3.66.0
Person: Real sep.: 2.96 Rel.: .90 ... Item: Real sep.: 7.46 Rel.: .98
Item statistics: MEASURE ORDER
ENTRR TOTA MOD  INFIT OUFIT PT-MEASU EXAC MATC
L EL RE T H
NUMBE SCOR COU MEAS SE. MN ZST MN ZXTD CO EXP. OBS EXP% ITEM
R E NT YRE SQ D SQ RR. %
4 732 255 .86 .09 1.04 5 .99 .0 .81 .80 58.7 51.7 D4
3 743 255 a7 .09 108 9 104 4 80 .80 57.8 511 D3
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8 755 255 .67 .09 .79 =24 .77 -2.6 .84 .80 65.2 51.6 D8
9 804 255 .27 .09 .80 -24 .80 -2.3 .84 .80 61.7 50.8 D9
2 808 255 24 .09 .99 -1 101 2 .80 .80 57.8 50.8 D2
5 850 255 -.09 .09 .66 42 71 -3.4 .84 .79 62.6 50.4 D5
7 857 255 -15 .09 .78 =217 .75 -2.8 .83 .79 54.8 50.2 D7
10 857 255 -15 .09 1.08 9 1.08 .9 .80 .79 57.8 50.2 D10
6 932 255 -75 .09 .98 -2 .99 .0 78 .78 52.6 49.8 D6
1 1037 255 -1.67 .10 198 80 195 55 61 74 39.6 57.4 D1
MEAN 837.5 255.0 .00 .09 1.02 -2 101 -4 56.9 51.4

S.D. 88.6 .0 73 .00 .35 3.2 .34 25 6.7 2.1

Table 7. Item statistics measure order for Construct E.

Input: 332 Person 10 Item Reported: 332 Person 10 Item 5 Cats WINSTEPS 3.66.0

Person: Real sep.: 2.49 Rel.: .86 ... Item: Real sep.: 4.59 Rel.: .95

Item statistics: MEASURE ORDER

ENTRR  TOT MOD  INFIT OUFIT PT-MEASU EXA MATC
AL EL RE CT H
NUMBE SCO COU MEAS SE. MN ZST MN ZXT CO EXP. OBS EXP% ITEM

R RE NT YRE SQ D SQ D RR. %
7 1271 332 111 .10 150 47 156 5.0 .81 .85 36.2 53.2 E7
9 1336 332 .50 .10 119 20 125 24 .82 .83 63.4 56.2 E9
6 1355 332 31 .10 112 12 1.08 .8 .82 .83 64.0 57.5 E6
8 1387 332 -.02 .10 .99 -1 103 4 .82 .81 70.2 58.2 E8
10 1387 332 -.02 .10 105 6 1.04 4 .81 .81 60.0 58.2 E10
3 1400 332 -.16 .10 73 -3.0 .69 -3.2 .85 .81 69.4 59.2 E3
5 1401 332 -17 .10 .89 -1.1 .99 -1 .82 .80 68.9 59.3 E5
1 1409 332 -.26 a1 .99 -1 101 2 .81 .80 67.2 60.2 El
2 1430 332 -.50 a1 .69 -3.6 .62 -3.6 .84 .79 715 61.8 E2
4 1452 332 =77 a1 .78 24 71 -2.4 .81 77 78.7 62.9 E4
MEAN 1382 3220 .00 .10 .99 -2 1.00 .0 64.9 58.7

.8
S.D. 488 .0 51 .00 .23 2.4 .27 25 10.8 2.6

Appendix E. Person and item separation reliabilities

Table 8. Person and item separation reliabilities for Construct A.

Construct A.xlsx

225 Input 225 Measure Infit Outfit
Person Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 40.6 10.0 2.72 .67 1.01 .0 .95 .0
SD 6.2 A 1.84 .35 43 11 44 1.0
REAL RMSE .76 True SD 1.68 SEPARATION 2.22 PERSON
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RELIABILITY .83

10 Input 10 Measure Infit Outfit
Item Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 9140 2249 .00 12 .99 -5 .95 -6
SD 66.5 3 .83 .01 37 3.2 .39 3.2
REAL RMSE a2 True SD .82 SEPARATION 6.85 ITEM

RELIABILITY .98

Table 9. Person and item separation reliabilities for Construct B.

Construct B.xlsx

297 Input 297 Measure Infit Outfit
Person Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 39.1 10.0 1.25 .50 1.05 .0 .98 -1
SD 6.0 .0 1.09 .24 .65 14 .59 14
REAL RMSE .55 True SD .94 SEPARATION 1.69 PERSON
RELIABILITY 74
10 Input 10 Measure Infit Outfit
Item Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 1160.8 297.0 .00 .08 .99 -5 .98 -4
SD 93.0 .0 49 .01 .39 4.2 .39 4.0
REAL RMSE .08 True SD 48 SEPARATION 6.14 ITEM

RELIABILITY 97

Table 10. Person and item separation reliabilities for Construct C.

Construct C.xlsx

301 Input 301 Measure Infit Outfit
Person Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 36.6 10.0 1.40 .56 1.00 -2 .99 -2
SD 7.5 A 1.67 .26 .67 15 .67 15
REAL RMSE .62 True SD 1.55 SEPARATION 2.50 PERSON
RELIABILITY .86
10 Input 10 Measure Infit Outfit
Item Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 1100.8 300.9 .00 .09 .99 -5 .99 -5
SD 75.9 3 .53 .01 .36 38 43 3.8
REAL RMSE .09 True SD .53 SEPARATION 5.93 ITEM

RELIABILITY 97

Table 11. Person and item separation reliabilities for Construct D.

Construct D.xlsx

255 Input 255 Measure Infit Outfit
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Person Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD

Mean 32.8 10.0 .70 .63 1.03 -2 1.01 -2

SD 9.9 .0 2.33 41 .66 1.6 .63 15

REAL RMSE .76 True SD 2.20 SEPARATION 291 PERSON

RELIABILITY .89

10 Input 10 Measure Infit Outfit
Item Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 837.5 255.0 .00 .10 1.02 -2 1.01 -4
SD 88.6 .0 73 .01 .35 3.2 .34 25
REAL RMSE .10 True SD 72 SEPARATION 7.46 ITEM

RELIABILITY .98

Table 12. Person and item separation reliabilities for Construct E.

Construct E.xIsx

332 Input 332 Measure Infit Outfit
Person Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 41.7 10.0 3.00 .96 1.04 -3 1.00 -4
SD 8.6 .0 2.67 .59 1.06 2.0 1.07 2.0
REAL RMSE 1.13 True SD 242 SEPARATION 2.14 PERSON
RELIABILITY .82
10 Input 10 Measure Infit Outfit
Item Total Count Measure Realse IMSQ ZSTD  OMNSQ ZSTD
Mean 1382.8 332.0 .00 A1 .99 -2 1.00 .0
SD 48.8 .0 51 .00 .23 24 27 25
REAL RMSE A1 True SD 49 SEPARATION 458 ITEM

RELIABILITY .95
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