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Abstract

Purpose — This study intended to provide such an opportunity to preservice teachers with a project-based
learning (PBL) approach and an inquiry-based pedagogy to engage them in learning science, technology,
engineering and mathematics (STEM) knowledge and skills of integration with adding an art component to
STEM as science, technology, engineering, arts and mathematics (STEAM) for K-8 children, and developing
their own STEAM tasks. The purpose of this project was to explore how STEAM integration in mathematics
methods courses influenced K-8 preservice teachers’ disposition and knowledge of STEAM integration.
Design/methodology/approach — This project used a mixed-research design in data collection and analysis
to examine the effects of using the STEAM integration on preservice teachers’ knowledge and disposition. The
preservice teachers in two EDEL 462 classes in Spring 2019 participated in STEAM learning and development
in the inquiry process of four steps of STEAM integration. Data collection includes the pre- and
postquestionnaires on teachers’ knowledge and disposition.

Findings — The results in this study show that the STEAM integration in the mathematics methods courses
engaged preservice teachers in four steps of the inquiry process of connection, collaboration, communication
and evaluation for STEAM integration using PBL approach. The preservice teachers not only enhanced their
disposition in attitude and confidence but also enhanced their knowledge of STEAM integration.

Research limitations/implications — The following conclusions can be drawn from the present study that
integrating STEAM components in mathematics methods fosters preservice teachers’ creativity, connection,
communication, application and teamwork skills, and importantly, it enhances K-8 preservice teachers’
productive dispositions and knowledge in STEAM integration.

Practical implications — The results of this study indicate that using math methods courses to engage
preservice teachers in learning STEAM integration and designing authentic STEAM tasks in four steps
enhanced preservice teachers’ attitude and confidence that significantly related to their knowledge of STEAM
integration.

Originality/value — These findings have significant implications for the understanding of how to prepare
future teachers in STEAM integration in higher education.

Keywords STEAM integration, Preservice teachers, Teachers’ disposition, Teachers’ knowledge,
Mathematics education
Paper type Research paper

Introduction

In today’s digital era, rapid development of new technology has a profound impact on the
ways we teach and children learn. The International Society for Technology in Education
(ISTE) (2017) calls for major changes in education by rethinking education, adapting to a
constantly changing technological landscape and preparing students to enter an increasingly
global economy. To make changes, educators need to collaborate with colleagues to improve
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practice, discover and share resources and ideas, and solve problems (ISTE, 2017). However,
teachers’ decisions in using technology in the classroom are often influenced by their own
knowledge and level of confidence (Wu and An, 2015). To equip classroom teachers with solid
knowledge and skills and strong confidence in using technology, it is important for teacher
educators to “empower connected learners in a connected world” (ISTE, 2017). One of the
central approaches to empower teachers is to prepare them to integrate science, technology,
engineering and mathematics (STEM) in their teaching in pre-K-12 education (An, 2017;
Burton, 2019; Bybee, 2010; Carnevale et al., 2011; Tsupros et al., 2009). This integration
develops creativity and innovation, communication and collaboration, research and
information fluency, critical thinking, problem-solving, decision-making, digital citizenship
and technology operators and concept (ISTE, 2007). However, as generalists, elementary
preservice teachers often enter teacher education programs with less confidence and interest
in teaching STEM subjects (Weiss et al., 2001). Research has suggested that preservice
teachers should have an opportunity with earlier and more interdisciplinary teaching
experiences in order to better develop their interdisciplinary pedagogical content knowledge
(PCK) earlier in their careers (An, 2017; An and Tillman, 2018; Doering et al., 2009).

This study intended to provide such an opportunity to preservice teachers with a project-
based learning (PBL) approach and an inquiry-based pedagogy to engage them in learning
STEM knowledge and skills of integration with adding the arts component to STEM as
science, technology, engineering, arts and mathematics (STEAM) for K-8 children, and
developing their own STEAM tasks. Integrating arts into STEM can make lesson outcomes
more successful and interesting, and it can also promote powerful and inspired creative
thinking in the teaching and learning process (Sousa and Pilecki, 2013). However, in current
research, little is known about how STEAM integration in teacher education program
influences preservice teachers’ disposition and knowledge.

The purpose of this project was to explore how STEAM integration in mathematics
methods courses influenced K-8 preservice teachers’ disposition and knowledge of STEAM
integration. This study aimed at investigating the following research questions:

(1) Is there any significant differences in K-8 preservice teachers’ disposition toward
math teaching and STEAM integration between the pre- and postquestionnaires?

(2) What is the relationship between preservice teachers’ disposition and knowledge of
STEAM integration?

(3) What are the characteristics of the experience in learning from STEAM integration
by preservice teachers?

(4) What are the common interesting topics used by preservice teachers for STEAM
integration at K-2, 3-5 and 6-8 levels?

(5) How have the Next Generation Science Standards (NGSS) connected with the
Common Core State Standards for Mathematical (CCSSM) standards through
STEAM tasks by preservice teachers?

(6) How have the NGSS Science and Engineering Practices (SEP) standards connected
with the CCSSMP standards through STEAM tasks by preservice teachers?

Theoretical framework

Importance of STEAM education

In recent years, there has been an increasing interest in multidisciplinary integration in
education. Many organizations and researchers consider multidisciplinary integration as a
promising approach in teaching and teacher education (An, 2017; Burton, 2019). For example,



various professional organizations, such as National Academy of Engineering and National
Research Council (NRC) (2014), National Council of Teachers of Mathematics (2014), NGSS
Lead States (2013), National Research Council (1989, 2011) and National Science Foundation
(2010) have stated their position and support for the integration of STEM in K-12 teaching
and learning. According to the National Academies of Sciences, Engineering, and Medicine
(2016), the future competitiveness of the United States in an increasingly interconnected
global economy depends on the nation fostering a workforce with strong capabilities and
skills in STEM areas. STEM knowledge and skills enable both individual opportunity and
national competitiveness, and the nation needs to develop ways of ensuring access to high-
quality education and training experiences for all students at all levels and for all workers at
all career stages. STEM education also develops students’ interconnected skills of problem-
solving, adaptability, complex communication, self- management and social skills
(NRC, 2011).

In recent decades, various international assessments, such as PISA and TIMMS, show
that US student achievement in mathematics and science still lags considerably behind other
industrialized nations (National Center for Education Statistics, 2015a, b, 2018). At the
National level, math, science and reading achievement levels of California’s public school
students in grades 4 and 8 on the National Assessment of Educational Progress have been
below the national level in recent years (National Center for Education Statistics, 2018).
Locally, according to the 2018 California Assessment of Student Performance and Progress
(CAASPP), statewide in all grades, only about 38% of students met or exceeded the
mathematics standards (California Department of Education, 2019a, b). The results of
students’ low performance in CAASPP show great challenges in teaching and learning
new CCSSM.

To improve students’ mathematics learning, there is an urgent need to develop innovative
teaching approaches to engage them in authentic learning experiences (NCTM, 2014) with
sense making and using appropriate tools in real world application as addressed in the
CCSSM [National Governors Association Center for Best Practices NGACBP), Council of
Chief State School Officers (CCSSO), 2010]. To be successful in implementing state standards
and improve student learning, the STEM Task Force (2017) states that California’s efforts to
improve schools and raise student achievement must include advancing our students’
understanding of STEM. Students learn to become problem solvers, innovators, creators and
collaborators and go on to fill the critical pipeline of engineers, scientists and innovators so
essential to the future of California and the nation through STEM education (California
Department of Education, 2017).

Needs for teacher learning

To support children’s STEAM learning, classroom teachers at K-8 need to be trained with a
set of rich knowledge and skills of STEAM integration so that they can use the integrated
approach in teaching. However, there is a scarcity of research that has examined the STEM
preparation of teachers (Brown, 2012; Scott, 2012).

Currently, the increasing growth of STEAM education poses challenges in teaching and
learning. The main challenge lies in developing teachers’ knowledge and pedagogy in
instruction integration (An, 2017; Koehler and Mishra, 2009). This challenge, in part, is that
elementary teachers lack meaningful STEM experiences and often provide poor instruction
to their students (DiFrancesca et al., 2014). The challenge is also because students are more
technologically advanced than many teachers are today, putting instructors at a decided
disadvantage in the classroom (Chen, 2015). In addition, as indicated by NCTM (2014), too
many teachers have limited access to the instructional materials, tools and technology they
need. Therefore, to support children’'s STEM learning using an integrated approach,
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preservice teachers need to be trained with a different type of knowledge of pedagogy and
understanding the connections across content areas (An, 2017). They also need rich resources
and instructional materials with an opportunity of positive STEM experiences to be success
in STEM integration (Burton, 2019; Nadelson and Seifert, 2013).

Given the features of the fast development of technology, a crucial element of teacher
professional development programs on STEAM is not only developing students “creativity
and innovation; communication and collaboration; research and information fluency; critical
thinking, problem solving, and decision making; digital citizenship; and technology operators
and concept” (ISTE, 2007, p. 12) but also fostering students’ productive disposition (NRC,
2001) to get students excited about learning so teachers will “empower connected learners in a
connected world” (ISTE, 2017). Teacher professional development programs need to support
teachers to develop their competency in technology that equips teachers with the skills
needed to integrate new technology tools into their classrooms and keep up with their student
learning (Koehler and Mishra, 2009; ISTE, 2017). Research studies recommend teachers form
the teacher design team to work in professional groups redesigning educational material for
curriculum design programs (Binkhorst et al, 2015). It is also important to build the
confidence and competency of teachers to put the technology and STEAM-related standards
for students and educators into practice (ISTE, 2018).

Approaches in STEM education

Central to the interdisciplinary approach is how to effectively integrate subject areas of
STEAM. Many STEM programs do not fully integrate STEM subject areas and the results do
not provide substantial science and mathematical learning (An, 2017; Shaughnessy, 2013).
According to An (2017), it is critical for teacher education program to providing experiences
and mentorship for preservice teachers to develop their ability in teaching multiple subject
areas effectively within one lesson in their interdisciplinary teaching. PBL has been an
effective approach in STEM integration (Han et al, 2015). PBL also increases students’
engagement, critical reasoning, collaboration and holistic approach. Essentially, PBL is an
instructional “learner-centered approach that empowers learners to conduct research,
integrate theory and practice, and apply knowledge and skills to develop a viable solution to a
defined problem” (Savery, 2006, p. 12).

Belliveau (2007) indicated that preservice teachers need to try new ideas, engage in
inquiry-based teaching and learning within a collaborative and supportive community in
integration. The collaborative nature of the STEAM integration process allows for enhanced
communication and consideration (Park ef al, 2016). Teachers should work together
collaboratively to analyze their curriculum, design and develop new curriculum, and
implement and evaluate their shared curriculum (Huizinga et al., 2015). Research has also
suggested that preservice teachers need to have experiences to fully visualize their place in
authentic classrooms with strategies and pedagogy learned from coursework (Abell, 2006;
Burton, 2019). The effective strategies and pedagogy to the integration are associated with
positive student learning outcomes including, but not limited to, communication, teamwork
skills, decision-making, critical thinking and deeper learning, content mastery, engagement
and enjoyment of learning, empathy, resilience and the ability to apply knowledge in real-
world settings (National Academy of Science, 2018).

One of key integration processes is engineering design process that provides students a
foundation in engineering design, which allows them to better engage in and aspire to solve
the major societal and environmental challenges they will face in the decades ahead (NGSS
Lead States, 2013). In the engineering design process, teachers need to engage students in
formalizing problem-solving, and then defining a problem using criteria for success and
constraints of possible solutions. Teachers also need to direct students to research and



consider multiple possible solutions to the given problem. Finally, teachers need to support
students to generate and test solutions as the students learn to optimize solutions by revising
those several times to obtain the best possible design (NGSS Lead States, 2013).

Framework of the proposed study
This study engaged preservice teachers in developing STEAM tasks in an inquiry process of
connection; collaboration, communication and application using PBL approach in order to
enhance preservice teachers’ disposition and knowledge of STEAM integration (see Figure 1).
As demonstrated in Figure 1, in Step 1, preservice first learn about STEAM integration,
resources and materials in connected content areas of STEAM. They identify math and
science skills and concepts in STEAM-related topics in CCSSM and NGSS standards, align
these skills and concepts with appropriate grade levels, and understand the connections
across content areas. In Step 2, they collaborate with their peers using the PBL approach to
design various STEAM tasks to engage children in solving real world application problems
at K-8 levels. In Step 3, they share their STEAM tasks with the whole class online, present
their tasks in the classroom, and provide feedback to their peer groups’ STEAM tasks. In
Step 4, they revise their STEAM tasks based on feedback from their peers, and apply the
tasks in their fieldwork. By working with these inquired steps, preservice teachers will
enhance their knowledge of STEAM integration and develop productive disposition.
Importantly, their integration will improve students’ learning outcomes in STEAM areas.

Methods

Research design

This project used a mixed-research design in data collection and analysis to examine the
effects of using the STEAM integration on preservice teachers’ disposition and knowledge.

Subjects and site
The participants were 52 preservice teachers at K-8 in two mathematics methods classes in a
higher education institution in southern California in Spring 2019. The mathematics methods
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course was one of the required courses in the multiple subject credential program for K-8
preservice teachers.

Procedure

The preservice teachers in two mathematics methods classes in Spring 2019 participated in
STEAM learning and development in the inquiry process of four steps of STEAM integration
as addressed in Figure 1. Some preservice teachers also participated and shared their
STEAM tasks at the 2019 Math at the Beach, which is the annual math education event with
series of workshops for local school teachers and preservice teachers. The preservice teachers
were asked to include the following main components in their STEAM task design: (1)
CCSSM and MP Standards, NGSS and SEP Standards and student learning objectives; (2)
Materials needed with the description and pictures; (3) Description of the STEAM task; (4)
Teaching and learning strategies; (5) Directions with step by step procedures in five steps of
the engineering design process: ask, design (art), build (engineering), test (science) and revise
(finish product); (6) Worksheets for student activities in math and science; (7) Examples and
pictures of the process and final product; (8) Description of the integration among math,
science, engineering, technology and arts and (9) Assessment and closure.

Data collection

Pre- and postquestionnaires on teachers’ knowledge and disposition were provided to assess
the changes of the preservice teachers’ knowledge and disposition toward teaching
mathematics and integrating STEAM at the beginning and end of the semester, respectively.
A total of 33 STEAM tasks developed by the preservice teachers were collected in the
PowerPoint forms.

Instrumentation

Eight questions related to attitude, confidence, belief and knowledge of STEAM integration
in teaching were designed by the author in the pre- and postquestionnaires, two questions in
each of the four areas. 5-point Likert scale questions were used for these questions to measure
preservice teachers’ disposition and knowledge of STEAM integration. Cronbach’s alpha
shows reliability statistics as 0.694 for these items. The pre- and postquestions had similar
questions, but one open-ended question about learning from the STEAM integration was
added to the postquestionnaire: Describe your learning from doing STEAM project: (1)
Learning from designing the STEAM Project, (2) Learning from peer group sharing the
STEAM Project and (3) Learning from attending and/or presenting the STEAM tasks at 2019
Math at the Beach.

Data analysis

The data were analyzed using both quantitative and qualitative methods. The #-tests were
used for the eight questions related to attitude, confidence, belief and knowledge of STEAM
integration to find out the differences prior and after the STEAM integration to answer
research question 1. The Pearson correlation tests were used to answer research question 2 to
find out the relationship between preservice teachers’ disposition and knowledge of STEAM
integration. Qualitative data analysis was used for the open-ended question about learning
from the STEAM integration to answer research question 3. A total of 33 STEAM tasks were
analyzed in three aspects at grade levels of K-2, 3-5 and 6-7: (1) Common topics, (2)
Connection between CCSSM and NSGG content standards and (3) Connection between the
CCSSMP and NGSS SEP standards.



Results

The results of data analysis on the responses from the pre- and post-questionnaires, and on
the STEAM tasks show that there was significant differences in pre-service teachers’
attitude, confidence, and STEAM integration. There was also a positive correlation between
attitude and STEAM integration, and between confidence and STEAM integration. The pre-
service teachers were able to design a variety of innovative STEAM tasks in real world
applications. They were also able to smoothly connect the NGSS and CCSSM standards at
different grade levels in their STEAM tasks. As the results, they learned a lot in teaching and
learning with STEAM integration.

Difference in attitude, confidence, belief and knowledge of STEAM integration
To compare differences in attitude, confidence, belief and knowledge of STEAM integration
between prior and after the STEAM integration, the paired samples f-tests were used to
compare differences in the responses from the pre- and postquestionnaires. Table 1 below
illustrates the results of the #-tests; there were significant differences in attitude (f = —4.991,
p = 0.000), confidence ( = —4.017, p = 0.000), STEAM belief ( = —2.681, p = 0.010) and
STEAM integration (f = —13.714, p = 0.000) between the pre- and postquestionnaires.
The differences in mean scores in attitude, confidence, belief and knowledge of STEAM
integration between the pre- and postquestionnaires are also highlighted in Table 2. As
shown in Figure 1, the preservice teachers’ knowledge in STEAM in the postquestionnaire
reported significantly high than it in the prequestionnaire. The differences in attitude and
confidence between the prequestionnaire and postquestionnaire are also highlighted in
Figure 2.

Preservice teachers’ learning from STEAM integration
The results of analyzing the responses from the preservice teachers on their
postquestionnaires show that the participants overall demonstrated a great deal of
learning from doing the STEAM tasks. A common view among the preservice teachers (55%)
was that there are multiple ways to design a STEAM project that can be easily incorporated
to the curriculum at little costs to teachers. Some (42%) felt that it is a fun and engaging way
for students to work collaboratively, creatively and critically by learning math and science all
at the same time, while others (33%) considered that through STEAM projects students are
able to not only critically apply mathematical concepts, they are also able to apply them
through hands on experiences and to real-life concepts. About 32% said that they learned
how to work together as a team from doing the STEAM task and “It was interesting to learn
from other peers their ideas and share them together as future educators.” Another preservice
teacher who echoed this view, “From peer group sharing I learned that STEAM projects can
be effectively done at all grade levels.” A small number of preservice teachers mentioned the
importance of STEAM integration for special educational students. For example, one
participant indicated, “I enjoyed learning that students with disabilities can also participate
in such extra curricula’s and that is important to allow them to feel a part of something so
unique and exciting.”

The following quotes are examples of the responses from two preservice teachers on their
three aspects of learning from doing the STEAM tasks:

Pre-service teacher 1:1loved not only making the lesson but also presenting my STEAM project. It
allowed me to learn how to effectively engage students in acquiring new skills in multiple subjects at
one time. This is very helpful moving forward considering teachers are short on time in the
classroom. I learned there are many resources from the presenters at Math at the Beach and there are
opportunities to expand these projects beyond the classroom. I enjoyed learning that students with
disabilities can also participate in such extra curricula’s and that is important to allow them to feel a
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part of something so unique and exciting. In class, I found the other groups’ presentations to be cute Impact of
and educational as well. There are numerous activities that I would love to bring to my future STEAM
classroom that could enrich their learning. . .
. o o o , Integration
Pre-service teacher 2: What I learned from designing a STEAM Project is that it will take a lot of time
and organization from the teacher. Next that a teacher should try to do it first, work out all the minor
or major issues before instructing others to do it. 2) I learned that there are plenty of STEAM Projects
that will attract student’s attention for the project. I learned there are multiple components that 35
students can learn from a project. Lastly, I learned that students look forward to working together
during these projects.
Relationship between disposition and knowledge of STEAM integration
As Table 3 shows, there was a positive correlation between attitude and confidence
(r = 0.890), and between belief in learning math and importance of STEAM (» = 0.423) in the
prequestionnaire.
Paired samples statistics
Mean N Std. deviation Std. error mean
Pair 1 AttitudeAve 2913 52 0.9788 0.1357
AttitudeAveP 3577 52 1.1648 0.1615
Pair 2 Confidence 3.00 52 1.103 0.153
ConfidenceP 358 52 1.161 0.161
Pair 3 BeliefAve 4.663 52 0.5022 0.0696
BeliefAveP 4673 52 0.4415 0.0612 Table 2
Pair 4 STEAM1 435 52 0.883 0.122 L. SR
STEAMI_P 467 52 0617 0085 DeSTPtyestatsties
Pair 5 STEAM2 262 52 0.889 0.123 knowledge between the
STEAM2_P 442 52 0.667 0.093 pre- and
Note(s): STEAMI1 = STEAM belief; STEAM2 = STEAM integration postquestionnaires
Pre_ & Post Disposition
Difference in attitude,
) confidence, belief and
rece [ knowledge of STEAM
integration between
0 05 1 15 2 25 3 35 4 45 5 the pre- and
postquestionnaires

m Series2 mSeriesl
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Table 3.
Correlation between
disposition and

knowledge of STEAM

integration in

AttitudeAve  BeliefAve  Confidence = STEAM1  STEAM2
AttitudeAve  Pearson correlation 1 0.099 0.890" —0.180 0.062
Sig. (2-tailed) 484 000 0.201 0.660
N 52 52 52 52 52
BeliefAve Pearson correlation 0.099 1 0.142 0423 0.034
Sig. (2-tailed) 0484 0.316 0.002 0.812
N 52 52 52 52 52
Confidence Pearson correlation 0.890™ 0.142 1 —0.040 0.040
Sig. (2-tailed) 0.000 0.316 0.777 0.778
N 52 52 52 52 52
STEAM1 Pearson correlation —0.180 0.423™ —0.040 1 0.073
Sig. (2-tailed) 0.201 0.002 0.777 0.607
N 52 52 52 52 52
STEAM2 Pearson correlation 0.062 0.034 0.040 0.073 1
Sig. (2-tailed) 0.660 0.812 0.778 0.607

N 52 52 52 52 52

prequestionnaire Note(s): **Correlation is significant at the 0.01 level (2-tailed)
Interestingly, the most striking result to emerge from the postquestionnaire data is that there
were not only a positive correlation between belief in learning math and importance of
STEAM (» = 0.391) but also a positive correlation between attitude and knowledge of
STEAM (» = 0.336), a positive correlation between confidence and knowledge of STEAM
integration (» = 0.337), and a positive correlation between belief in importance of STEAM and
knowledge of STEAM integration (» = 0.485) in the postquestionnaire (see Table 4).
Common topics in STEAM tasks
The results of analyzing the topics of STEAM tasks, as shown in Table 5, indicate that the
preservice teachers focused on more visual representations for K-2 graders; they did more
building tasks for grades 3—4; and they designed more STEAM tasks related to environment
science for grades 5-7.
AttitudeAve  BeliefAve  Confidence = STEAM1 STEAM2
AttitudeAveP  Pearson correlation 1 0.996™ 0.202 —0.005 0.336"
Sig. (2-tailed) 0.000 0.150 0971 0.015
N 52 ” 52 52 52 52 .
ConfidenceP Pearson correlation 0.996 1 0.203 —0.005 0.337
Sig. (2-tailed) 0.000 0.149 0.970 0.015
N 52 52 52 52 ” 52
BeliefAveP Pearson correlation 0.202 0.203 1 0.391 0.246
Sig. (2-tailed) 0.150 0.149 0.004 0.079
N 52 52 52 52 52
STEAM1_A  Pearson correlation —0.005 —0.005 0391 1 0485
Sig. (2-tailed) 0971 0970 0.004 0.000
Table 4. STEAMZA B lati 035" 07 0246 o™ 1
: earson correlation . . .. .
e ion beryreen Sig. (2-tailed) 0015 0015 0.079 0.000
N 52 52 52 52 52

knowledge of STEAM

integration in
postquestionnaire

Note(s): **Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)




Grade Project name Grade Project name Grade Project name
K Roller Coasters 3 Spaghetti-Marshmallow 5 3 Little Pigs
Tower
1 Geometric Shapes 3 What!!! It's a Water Slide 5 It is all in the STEAM!
1 SHAPES First 3 Homemade Pan Flutes 5 Ball Launcher Challenge!
Grade
2 Marshmallow 3 Air Resistance Egg Drop 5 The Catapult Project
Catapult
2 Spiral Stick Art 3 Scribble Bot 5 What is Energy?
2 STEAM 3 Hopper Popper 5 Biodegradation
Integration Task
2 Build a Boat 3 Rubber Band Car 5 Sweet and Salty
Challenge
3 Bottle Biome 6 Building a Balloon Car
3 What is the Wind Speed 6 Building Earthquake-
Today? Resistant Structures
Wind Power! Designing a 6 Water Bottle Rockets
Wind Turbine
4 Thermometer 7 Thermometer
4 Cup Towers
4 Building Boats
4 Build On!
4 The Three Little Pigs
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Table 5.
Topics of STEAM

projects for grades K-7

Conmection between science, engineering and math content standards in STEAM tasks
From Table 6, it can be seen that every grade level of the STEAM tasks in this study were
related to the standards of Engineering, Technology and Applications of Science (ETS). In the
engineering content areas, the preservice teachers linked their STEAM tasks to matter and its
interaction at K-2 levels, to Motion and Stability, Earth System, Energy and Ecosystems at
grades 3-5 levels, and to Energy, Earth’s System Earth and Human Activity at grades 6-7
levels. About 58% of the STEAM tasks were at the grades 3-5 levels; grades K-2 levels had
only 15% and grades 67 levels had 27% of the STEAM tasks.

Conmection between CCSSMP and NGSS SEP practice standards in STEAM tasks

As Table 7 shows, the CCSSMP standards used by the preservice teachers were varied:
CCSSMP5 using appropriate tool strategically (22 %), CCSSMP1 make sense of problems and
persevere in solving them (14%) and CCSSMP6 attend to precision (13%). The NGSS SEP
standards used by the preservice teachers were diverse too: SEP3 Planning and carrying out
investigations (24 %), SEP2 Developing and using models (19%) and SEP1 Asking questions
(for science) and defining problems (for engineering) (17%).

Discussion and conclusion

The results in this study show that the STEAM integration in the mathematics methods
courses engaged preservice teachers in the four steps of the inquiry process of connection,
collaboration, communication and application for the STEAM integration using the PBL
approach. The preservice teachers not only enhanced their disposition in attitude and
confidence but also enhanced their belief and knowledge of STEAM integration.

Effects on productive dispositions of STEAM integration
The results of this study indicated that when providing an opportunity to engage preservice
teachers in a fun and meaningful learning of STEAM integration, their disposition will be



JRIT changed. Interestingly, prior to the integration, there was only a positive correlation between
13.1 attitude and confidence and between belief in learning math and importance of STEAM.
’ After their learning and developing STEAM tasks, the more surprising positive correlation
was with the attitude and knowledge of STEAM, and with confidence and knowledge of
STEAM. These findings are supported by research studies that preservice teachers are more
38
Grade ETS Science CCSSM content
level %  standards Engineering content standards standards
K-2 15 K-2-ETS1-1  Matter and its interactions K-PS2-2 K.CCB4;
K-2-ETS1-2 1-PS4-4 KCCB4.A
1-PS4-2 1.GA1 1GA2
K-PS2-2 3GA12
2-PS1-3 2NBT.A.la
2-PS1-3 2MD.A.1;2MD.9
3-5 58 3-5-ETS1-1 (1) Motion and stability forcesand ~ 3-PS-2-1 3GA13GA2
3-5-ETS1-2 interactions 3-PS-2-2 3MD.D.S;
3-5-ETS1-3 (2) From molecules to organism: 3PS2.A 3MD.B4;
structures and process 3-LS1-1 3MD.B.3
(3) Earth system 4-ESS2-1 3MD.A1,
(4) Energy ecosystems: interactions, 4-ESS2-2 3MD.A2;
energy, and dynamics 4-PS3-4 3.0AA2
4-PS3-2 4NBTBS5,
5-LS2 4NBT.B5
4GA3;4MD.A.1
4G.A1,4GA2;
4Gl1,
4G3
4MD.A1,
4MD.A2
5G.A1-2,5GB1-2
5MD.A1;5.G.3,
Table 6. 5G4
Connection between 6.G4
NGSS, ETS and 6-7 27 MSETS14 (1) Energy MS-PS3-5 6.SP.B.5
CCSSM standards in MS-ETS1-4 (2) Earth’s system MS-ESS2-6
the STEAM tasks (3) Earth and human activity MS-ESS3-2
Standards CCSSMP standards %  NGSS SEP standards %
1 Make sense of problems and 14 Asking questions (for science) and 17 17
persevere in solving them defining problems (for engineering)
2 Reason abstractly and quantitatively 12  Developing and using models 19
3 Construct viable arguments and 5 Planning and carrying out investigations 24
critique the reasoning of others
4 Model with mathematics 11  Analyzing and interpreting data 9
5 Use appropriate tools strategically 22 Using mathematics and computational 12
thinking
Table 7. 6 Attend to precision 13 Constructing explanations (for science) and 10
Connection between designing solutions(for engineering)
CCSSMP and NGSS 7 Look for and make use of structure 11  Engaging in argument from evidence 2
SEP practice standards 8 Look for and express regularity in 3 Obtaining, evaluating, and communicating 2
in STEAM tasks repeated reasoning information




confident in their knowledge and competent in their ability in integrating STEM in their
future classrooms when they are given the opportunity to experience STEM content both as a
student and a teacher (Berlin and White, 2012; Murphy and Mancini-Samuelson, 2012). An
et al (2014) indicated that interdisciplinary learning approach can improve students’
motivation and engagement in learning. ISTE (2018) also calls for building the confidence and
competency of educators to put technology standards for students and educators into
practice.

Effects on knowledge of design STEAM curriculum

The current study found that preservice teachers were able to develop different topics of
STEAM tasks in diverse content standards of CCSSM and NGSS. It is interesting to note that
in all STEAM tasks, the preservice teachers were able to use the standards of ETS and
engineering content standards. They were also able to connect these NGSS standards to the
CCSSM content standards. As indicated in the theoretical framework, the engineering design
process is the key step in STEAM integration (NGSS Lead States, 2013). It develops problem-
solving skills and engage students in an authentic learning process (NCTM, 2014). Another
important finding was that some preservice teachers were able to develop children’s
capacities in planning and carrying out investigations (NGSS SEP3), using appropriate tools
strategically (CCSSMP5), and developing and using models (NGSS SEP2) in their STEAM
tasks. The most interesting finding was that some preservice teachers used CCSSMP1 make
sense of problems and persevere in solving them, and CCSSMP6 attend to precision in their
STEAM tasks, which are the new focuses in CCSSMP standards (NGACBP & CCSSO, 2010).

New learning from STEAM integration

The most obvious learning from the STEAM integration in this study is that more preservice
teachers now realized that there are multiple ways to design STEAM projects and they can be
easily incorporated to the curriculum. They also recognized that STEAM task is a fun and
engaging way for students to work collaboratively, creatively and critically by learning math
and science all at the same time. In addition, they learned more ideas and strategies of
STEAM from teamwork, sharing, presenting and applying (National Academy of Science,
2018). The teamwork allowed them to collaborate, analyze, design, develop, implement and
evaluate their shared curriculum (Huizinga et al., 2015). The four steps of engaging preservice
teachers in designing interdisciplinary curriculum provide opportunities for their
professional growth and challenge them to alter their current perspectives of curriculum
and subject matter (Trinter and Hope, 2016).

In conclusion, this study set out to investigate the effects of STEAM integration on
preservice teachers’ disposition and knowledge. The results of this study indicate that using
math methods courses to engage preservice teachers in learning STEAM integration and
designing authentic STEAM tasks in four steps enhanced preservice teachers’ attitude,
confidence and belief that significantly related to their knowledge of STEAM integration.
The results of this research support the idea that the STEAM education not only allow
students to explore, create, analyze, discover and draw conclusions related to important
application in everyday lives (Tran, 2018) but also allows preservice teachers to have earlier
and more robust interdisciplinary teaching experiences that will help develop their PCK in
integration (An, 2017; Doering et al., 2009). As supported by research studies, preservice
teachers need to experience and visualize the integration in authentic classrooms with
strategies and pedagogy learned from coursework (Abell, 2006; Burton, 2019). A further
study could investigate the effects of engaging preservice teachers in learning, designing and
applying STEAM integration in their fieldwork on children’s learning outcomes as indicated
in the conceptual framework in this study.

Impact of
STEAM
integration

39
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The following conclusions can be drawn from the present study that integrating STEAM
components in mathematics methods fosters preservice teachers’ creativity, connection,
communication, application and teamwork skills. Importantly, it enhances K-8 pre-service
teachers’ productive dispositions and knowledge in STEAM integration. These findings have
significant implications for the understanding of how to prepare future teachers in STEAM
integration in higher education.
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