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Abstract

There has been a recent increase in studies devoted
fo integrated science, technology, and engineering
mathematics (STEM) education. However, as the field
is emerging, there has not been a large amount of
scholarship on how fo best provide teacher professional
development (PD) on integrated STEM education. On the
other hand, well-grounded research is available in the field
of effective teacher professional development. Therefore,
in this study, a systematic review of empirical studies on
fraining elementary/primary school teachers in integrated
STEM educatfion was undertaken. Using an adapted
version of Lawless and Pellegrino's analytical framework
(2007), the emerging commonalities among eleven studies
in conjunction with the literature on effective teacher
professional development were analyzed and discussed.
This study aims at connecting current STEM-integrated PD
activities with the literature on effective PD and laying the
groundwork for future professional development programs
and evaluations in integrating STEM subject areas in
elementary or primary schools.

Keywords:
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Introduction

N recent years, there has been an increase in studies
dedicated to exploring the conceptual, theoretical, and
practical implications of infegrated STEM education which
refers to “the approach to teaching the STEM content of
tfwo or more STEM domains, bound by STEM practices within
an authentic context for the purpose of connecting these
subjects to enhance student learning” (Kelly & Knowles,
2016, p.3). The literature (e.g., English, 2016; Nadelson &
Seifert, 2017; Pearson, 2017) argues that integrated STEM
education increases students' interest in and engagement
with STEM fields and better prepares students for the future
STEM workforce in which disciplines are interrelated and
integrated. This attention fo integrating STEM subject areas
has brought about the development and implementation
of integrated STEM programs in real classrooms. Engineering
design projects or the development of robotics projects in
science and mathematics classrooms are a few examples.
As there is more emphasis on initiating integrated STEM
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education at early ages (e.g., Cunningham, 2018),
programs have been designed and implemented
to frain elementary school teachers to implement
infegrated STEM educatfion in their classrooms.
However, since the field is emerging, there has been
a limited amount of research on teacher professional
development in integrated STEM education. On the
other hand, the literature provides well-grounded
and comprehensive answers on the essential
characteristics of effective teacher professional
development (PD) and their effects on teacher beliefs
and classroom practices.

Therefore, this study begins with an in-depth literature
review on the key characteristics of effective teacher
professional development (PD). The review draws
on highly influential and frequently cited studies,
authored by the leading figures in the field systematic
review is then presented to identify the current
empirical studies on professional development
activities in infegrated STEM education. The discussion
focuses on the connection between the current
STEM-integrated professional development activities
and the literature on effective PD characteristics.
This inquiry is aimed to lay the groundwork for future
professional development programs and evaluations
in STEM integration since, as Desimone and Garet
(2015) argued, specific inquiries in feacher PD research
are necessary fo "translate the broad features into
specific, effective activities in varying contexts"
(o. 260). Furthermore, this study aims to provide a
framework that outlines the effective components of
professional development in the integration of STEM
subjects and presents guidelines for program/project
developers and policymakers in their consideration of
tfeacher professional development in STEM integration.

Overview of Teacher Professional Development
Definition and History

Professional development (PD) is an activity that
aims to improve paid staff members' performance
(Little, 1987). It is broadly defined as feachers'
professional growth resulting from their formal or
informal experiences, such as attending workshops,
professional meetings, mentoring, reading teacher
magazines, and watching documentaries (Villegas-
Reimers, 2003; OECD, 2019). Some scholars prefer using
the term professional learning instead of professional
development to emphasize "the nature and ownership
of teacher learning" and position teachers as "the key
decision makers about what matters for their growth"
(Smith, 2017, p.2). According to Borko (2004), tfeacher
learning can occur in various contexts, such as brief
hallway conversations or counseling a troubled child
after school. his broad definition of PD recognizes
that professional development can occur in multiple
settings and ways."
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It is worth noting that teacher professional
development or learning has not always been defined
and considered in such a broad way or as an ongoing
process. In the first half of the 20th century, research
on feacher professional development began with
large survey studies (Cochran-Smith, 2009). Starting in
the 1970s, a new approach started to govern teacher
education. According to Cochran-Smith and Demers
(2008), this new model was "more constructivist
than transmission-oriented—the recognition that
both prospective and experienced teachers (like all
learners) brought prior knowledge and experience
to all new learning situations, which are social and
contextually specific" (pl1011). Therefore, in this new
model, teacher education was not a one-time
event but an ongoing and complex process which
"was marked by an equally important set of factors"
embedded in teachers' everyday practices and
interactions (Avalos, 2011, p17).

Today, it is widely accepted that teacher professional
development plays a significant role in enhancing
the quality of school, influencing teachers' beliefs
and practices (Desimone, 2009, 2011, Garet et al,
2001; Villegas-Reimers, 2003), and improving student
achievement (Desimone et al, 2005). Effectively
designed and implemented PD programs can help
teachers in their day-to-day work (Fullan & Miles,
1992). Therefore, PD is not only a government or state-
mandated mass learning practice but is also highly
desired by teachers.

Characteristics of Effective Professional Development

The literature proposes well-grounded
recommendations for designing and delivering
effective feacher PD. One such recommendation is fo
focus on active learning in PD, as research indicates
thar active learning is more likely to result in infended
tfeacher knowledge and skills (Bafes & Morgan,
2018; Garet et al., 2001; Penuel et al.,, 2007). In other
words, PD should offer teachers many opporfunifies
fo observe the modeling of infended changes in
instructional practices, incorporate lesson planning
and enactments, and practice and reflect on them.
(Birman et al., 2000; Darling-Hammond et al,, 2017;
Darling-Hommond & Richardson, 2009; Darling-
Hammond & McLaughlin, 1995; Desimone & Pak, 2017,
Desimone, 2009; Desimone et al., 2013; Knapp, 2003;
Popova et al.,, 2018). Additionally, PD should encourage
teachers to discuss their work and their students' work,
in order fo foster collaboration and shared learning
(Desimone et al., 2002).

Second, PD should focus on student learning-oriented
tfeaching practices and activities (Guskey, 2000;
Darling-Hammond & Richardson, 2009; Desimone
et al, 2013; Knapp, 2003): As widely discussed in the
literature, the main objective behind PD is fo improve
student learning. Guskey (2000) emphasizes that all PD
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efforts should primarily focus on learning and learners,
and that even in planning PD, educators should first
decide on the specific student learning outcomes
they expect to achieve (Guskey, 2014). Knapp (2003)
claimed that professional learning experiences
should concentfrate on classroom feaching and
the evidence of student learning (e.g., Gupta & Lee,
2020). Additionally, analyzing student work can be
incorporated info PD and used to develop a shared
understanding among teachers of what constitutes
good work, common misconceptions students may
have, and which instructional strategies are effective
(Darling-Hammond & Richardson, 2009).

Third, PD should have a specific subject focus
(Desimone et al., 2013; Garet et al, 2001; Villagas-
Reimeners, 2013): Popova et al. (2018) have indicated
that having a specific subject focus is positively
associated with student learning. Villagas-Reimeners
(2013) has indicated that a specific subject matter
is important to choose for PD because the content,
design, and implementation of PD vary according to
the subject matter. For example, Villagas-Reimeners
found that concentrated time for PD is more effective
for mathematics, while distributed time is more
effective for science.

Fourth, PD should be a collaborative and collegial act
(Darling-Hommond & Richardson, 2009; Desimone et
al., 2013; Garet et al., 2001; Knapp, 2003): Collaborative
and  collegial learning environmentfs  creatfe
communities of practice and help improve/increase
the change process beyond individual classrooms.
However, for such collaborative inferactions to
emerge, professional development leaders should
ensure a safe place to nurture tfrust and critical
dialogue (Borko, 2004).

Fifth, tfeacher learning in PD should be a coherent part
of and seamlessly linked to the curriculum, assessment,
and standards in  place (Darling-Hammond &
Richardson, 2009; Desimone, 2009): Desimone and
Garet (2015) emphasized the importance of linking
professional development (PD) explicitly to curriculum
and classroom readlities, as this connection can
improve the success of PD initiatives. Additionally, PD
programs should be designed to ensure that there are
no disparities between what teachers learn and what
they can implement in their classrooms (Desimone,
2009). To achieve this goal, PD should be connected to
other changes that are already in place within schools
(e.g., Garet et al,, 2001). By making these connections,
tfeachers can more easily infegrate new knowledge
and skills into their classroom practices.

Finally, PD should be sustained over time through
on-demand in-site expert support and follow-ups
(Darling-Hommond et al., 2017): While there is no
consensus on the duration of PD required fo lead fo
positive outcomes, some scholars suggest that 80

hours (Darling-Hammond & Richardson, 2009), 20
hours (Desimone, 2009), or even 8 hours (Parsad, 2001)
can yield improvements in teaching in real-world
classrooms. It is worth noting that the effectiveness
of PD is also influenced by the content, format, and
quality of the activities offered to teachers (OECD,
2019). Therefore, PD programs should offer teachers
a variety of activities that allow for active learning,
such as observation of effective teaching practices,
lesson planning, and opportunities for reflection and
collaboration with peers.

As Darling-Hammond (2009) claimed, the academic
community is on its way foward reaching a consensus
on the content, design, and implementation of
effective  professional  development.  However,
confextual and background factors should also
be considered when designing and delivering PD
programs (e.g., Alfun et al,, 2021). Research suggests
that teacher motivation plays an important role in
the success of PD initiatives (Guskey, 2002; Shin & Jun,
2019). The content of PD also influences the impact
of PDs on fteacher change. According to Desimone
and Garet (2015), it is easier for teachers to change
procedural classroom behavior than to acquire
inquiry-oriented instructional techniques. Boyd et al.
(2009) claimed that professional development that
focuses on practical aspects of teaching is more
likely to produce positive effects on students than
professional development that primarily emphasizes
tfeacher behaviors. It seems that the existing body of
literature on feacher professional development is still
growing. Still, available literature pinpoints the ways
in which PD evaluations can be undertaken and PD
effectiveness can be defermined.

the Professional

Evaluating Effectiveness  of

Development

Asargued by Knapp (2003), "the mostimmediate target
of professional development is pro-learning” (p112).
Therefore, PD evaluations aim to explore the "changes
in the thinking, knowledge, skills, and application that
form practicing teachers' or administrators' repertoire”
P112). Historically, many early PD evaluations consisted
of self-reported changes in the participating teachers'
behavior and knowledge af the end of a workshop
or series (Desimone, 2011). Some scholars (e.g., Guskey
& Sparks, 1991; Smylie, 1989) subsequently made this
criticism and called for more in-depth studies on the
subject. Today, scholars often suggest that rigorous
evaluations should be done during the process of
planning and during the process of delivery through
formative and summative assessments. For example,
Guskey (2014) listed the following guestions to be
considered in planning a PD: "Is this experience or
activity leading fo the intended results? Is it better than
what was done in the past? Is it better than another,
competing activity? Is it worth the costs?" (01219). He
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also added that "Answers to these [the following]
guestions require more than a statement of findings.
They demand an appraisal of quality and judgments
of value, based on the best evidence available"
(p1219).

Additionally, more rigorous evidence is expected from
researchers or PD practitioners about evaluation. It
is recommended that these evaluations should be
rigorouslyhandled,includingtheuseandadministration
of many tools (Desimone, 2009, 2011; Guskey, 2014).
Depending on the goal of PD, questionnaires,
structured interviews, lesson plans, “oral or written
personal reflections, or examinations of participants’
journals and portfolios..direct olbservations, either
by frained observers or using digital recorders” are
recommended in the literature to be employed in
evaluations (Guskey, 2014, p.1227). Furthermore, more
agents are expected fo be involved, such as teachers,
administrators, parents, and/or students (Guskey, 2014).
Furthermore, student learning is recommended as a
priority in PD evaluations. However, student learning
outcomes are not only confined to increases in ftest
scores or cognitive outcomes, but affective and
behavioral outcomes should also be considered
(Guskey, 2002), such as "their perceptions of teachers,
fellow students, and themselves; their sense of
self-efficacy and their confidence in new learning
situations can be especially informative" (Guskey, 2014,
01228).

Purpose of the Study

After elaborating on the elements of effective
professional development and evaluation, the
author now furns to what is considered effective
in PD planning, implementation, and evaluation in
STEM infegration. For this particular study, a broad
and widely-agreed upon the conceptualization
of integrated STEM education was adopted: STEM
infegration is the infenfional and explicit connection of
STEM disciplines—science, mathematics, engineering,
and technology (English, 2016; Kelly & Knowles, 2016;
National Academy of Sciences, 2014; Pearson, 2017).
Under this concept of integrated STEM education, the
following research questions were posed:

1. What is the current state of teacher PD in
integrated STEM education in elementary
schools?

2.  What connections are present between
the current state of PD in infegrated STEM
education and the literature on effective
teacher PD in ferms of types, design and
evaluation of PD effectiveness?

3. What implications/recommendations
can be offered to improve the current
state of PD in infegrated STEM education
for elementary teachers based on the
recommendations offered by the literature
on effective teacher PD?
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Methods
Screening and Eligibility Process of the Review

The main databases in educational research (ERIC,
Web of Science, Psychlnfo, Academic Search
Complete) were used to find the empirical articles
published in peer-reviewed journals published
between 1999 fto 2022. Empirical was defined as
having qualitative and quantitative data collection
and analysis. Generalists:  Elementary classroom
teachers (K-5) and primary school teachers (K-6) were
tfargeted. Using the Boolean operators, the following
keywords and a combination of keywords were used:
(STEM integration* OR inferdisciplinary STEM) AND
(professional development OR continuing training)
AND (elementary teachers® OR primary teachers®).
Based on this initial query, 94 articles were retrieved
after removing duplicates. For this study, abstracts
were examined based on the following criteria:

C1.  Integration was aimed extensively and
intentionally in PD, and PD was the reviewed study's
focus.

C2. More than one subject area was explicitly
targeted and was used as infegral to the activities
rather than peripheral. For example, technology or
engineering alone was not considered integrated.

C3. Only in-service elementary or primary school
teachers were targeted.

C4. The PD aimed fo change teacher knowledge,
skills, or behaviors.

At the end of this review process, 11 studies were
included in this current review (see Table 1below).

Figure 1.
Identification of the Reviewed Studies (Page et al.,
2021)

Identification of ies via and regi
s Records identiﬁed from: Records removed before
§ ERIC (n =77) screening:
= Qg)ademlc Search Complete (n = »| Duplicate records removed (n =
§ Web of Science (n = 6) 18)
= Psychinfo (n = 4)
Record d Records excluded**
ecords screene |——| Did notinclude PD (n = 18)
(n=94) Not empirical (n = 6)
2 !
=
5 Reports excluded:
g o Reason 1 (C1) (n = 12)
@ Reports assessed for eligibility —» Reason 2 (C2) (n = 27)
(n=70) Reason 3 (C3) (n = 19)
Reason 4 (C4) (n=1)

Studies included in review
(n=11)

Included
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Analytical Framework and Analysis

Lawless and Pellegrino (2007) suggested a schema to
review fechnology TPD programs. In this schema, they
recommended evaluating PD programs or research
studies based on:

Three critical dimensions ... [which are] [a] type of
professional development, which includes issues of
delivery, duration, and content... [b] the unit (or units)
of analysis that serves as the focus of any research/
evaluation of the oufcomes and efficacy of that
program ... [c] the nature of the research/evaluation
study design and method, above and beyond the

issues of a unit of analysis and measures. (p. 582)

In this study, the schema proposed by Lawless and
Pellegrino was partially adapted. The investigation
focused on (a) the types of professional development,
including duration, content, and delivery, (b) the
unit of analysis or the outcomes evaluated in the

professional development, such as student, program,
or teacher outcomes, and (c) the designs and
methods employed to research the effectiveness
of professional development in infegrated STEM
education. In order to ensure the study's rigor and
repeatability (Xiao & Watson, 2019), the author utilized
the PRISMA framework for finding and selecting the
reviewed studies and strictly followed the schema
by Lawless and Pellegrino. Thematic analysis (Joffe,
2011) was employed to identify the main themes
of the schema in the 11 reviewed studies, and the
similar and different themes for each component
of the schema were then reported. The following
section discusses the similarities and the differences
among the 11 studies in tferms of their type, unit of
analysis, and design of professional development
(PD) programs. Then, the connections between these
STEM-integrated PD programs and the literature on
effective PD characteristics are explored. Finally, the

Table 1

implications are presented.

Lists of Empirical Studies on STEM integrated Professional Development in K-5.

Study

Duration & Delivery

Participants

Design & Methods

Baxter et al., 2014

Boice et al., 2021

Cook et al., 2020

Guzey et al., 2016

Havice et al., 2018

McFadden and Roehrig, 2017

Parker et al., 2015

Rich et al.,, 20179

Rich et al., 2018¢

Sias et al.,, 2017

Wentworth and Monroe, 2011

A two-day workshop in the
summer, a six-day workshop
during the school year, and
two classroom observation
sessions for ten contact days

Five-week summer PD, ongoing
support during the school year,

Two-year PD program that
included approximately 130
hours of PD during the school
year.

A three-week summer institute
and year-long support from

a coach through monthly
meetings

Two-day PD

Three-week intensive summer
PD, developing STEM-integrat-
ed curricular units in teams,
pilot teaching over the univer-
sity-based summer camp and
in their classrooms over the
following academic year
Two-week summer workshop,
application during 4-week
summer school in 22 schools
Year-long series of weekly

PD followed by classroom
practices

(Year 1 of a longitudinal study)

Weekly PD meetings for 45
minutes with a PD researcher
on Friday afternoons over an
academic year

(Year 2 of a longitudinal study)
One-week-long PD

Series of PD over two years
(Details are not specified)

44 K-5 classroom teach-
ers

17 STEM and art teachers
from nine elementary
schools

25 classroom teachers

48 K-8 teachers from
three large school
districts

33 K-5 feachers

Four elementary teach-
ers in one group and
three elementary teach-
ers in the ofther group

Six K-5 teachers from
each of the 22 partici-
pant schools

27 teachers of K-6

17 elementary teachers

39 teachers of the third
o fifth grades

38 in-service elementary
teachers

Field notes of workshops,

an online survey of teacher confi-
dence in integrated mathematics
and science,

self-reporfed responses fo changes
in practice

Surveys focus groups, written reflec-
tions

Lesson plans, reflections

The researchers developed a STEM
infegration assessment tool

Pre-Post Survey

Participant reflections, field notes, re-
cordings of PD dayys, interviews, team
conversations, curriculum develop-
ment artifacts

Focus group inferviews and teacher
surveys over the academic year

Teacher self-efficacy and beliefs
survey for infegrating computing and
engineering,

Interviews and documented obser-
vations

Interviews at the end of the

lesson study/application,

PD practitioners’ fieldnotes

all 39 lesson plans were coded/ana-
lyzed by the researchers developing
rubric.

Ten lesson plans (along with enact-
ments) produced by 38 feachers in
groups of three to four;

coded by two mathematics in-
structors based on the four criteria
outlined at the beginning of the
given PD

Notes. @ = As these two papers report on the same PD, they will be considered together in reporting their findings.
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Findings and Discussion

In this section, the similarities and the differences
among the 11 studies regarding the type, unit of
analysis, and the design features of their teacher
professional development (PD) programs. For example,
under the “type” of PD theme, the reviewed studies
were categorized and presented based on the
delivery medium employed, the duration of the PD
offered, and the content (curriculum). The “unit of
analysis” theme revealed the fools employed in the
reviewed sftudies to evaluate the effectiveness of PD
programs. The connections between these STEM-
integrated PD programs and the literature on effective
PD traits were presented for each theme (type, design,
and unit of analysis).

Type of PD: Delivery, duration, and content
Reviewed Studies

Regarding the delivery and duration, the majority
of the reviewed PD studies were delivered during
the summer months and consisted of workshops
lasting from two days fo five weeks. In addifion, the
majority of PD providers included year-long support
for teachers to ensure ongoing engagement with the
PD content and implementation in their classrooms.
For example, Baxter et al. (2014) provided a two-day
summer PD and workshops for six days during the
school year. In addition, their participants engaged in
tfwo classroom olbservations for ten contact days over
the year. Guzey et al. (2016) offered a three-week-
long summer PD activity and continued to support
teachers through monthly meetings throughout the
year. Rich et al. (2017; 2018) did not hold a summer
academy but provided teachers with weekly
45-minute workshops throughout the school year.
Two reviewed programs (McFadden & Roehrig, 2017;
Parker et al., 2015) employed one- to five-week-long
workshops followed by classroom implementation
during the academic year. Only one of the reviewed
PD programs (Havice et al.,, 2018) offered a two-day
workshop without any follow-up activity, and they
discussed that their two-day-long PD was successful
as there were successful changes in their participants’
understanding of integrated STEM education.

Regarding the content and curriculum, all the reviewed
PD programs aimed to address the existing grade-
level curriculum and standards. This aspect of STEM-
integrated PD literature agrees with the literature (e.g.,
Desimone, 2009), as PDs should be naturally linked to
the curriculum and standards in place. In addition,
as offered by the literature on effective PD, some PD
programs included community-building activities
such as field trips and family STEM activities.

Some studies emphasized particular STEM domains
fo be integrated. For example, McFadden & Roehrig
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(2017) focused on the integration of elementary
engineering into conftent areas and standards in
place (math, science, and technology). Two of the
PD programs were geared ftoward infegrating two
domains, mathematics and science (Baxter et al,
2014), or technology and mathematics (Wentworth
& Monroe, 2011). In the PD workshops by Rich et al.
(2017), teachers were intfroduced to the infegration
of engineering and computing units, and in their
2018's study, their participant teachers worked on
incorporating engineering or computing info their
teaching through lesson study. Parker et al. (2015)
focused on fully infegrating science with reading,
math, and engineering. All studies encouraged
infegration to align with the existing grade-level
curriculum and standards.

The majority of the reviewed PD programs consisted
of infroducing example units and lessons to
their participant feachers, such as Elementary is
Engineering units, researchers-developed integrated
STEM lesson plans (McFadden & Roehrig, 2017; Parker
et al., 2015; Rich et al, 2017; Wentworth & Monroe,
20M). In Boice et al's study (2021), teachers felt more
comfortable surrounded by support staff. When they
worked with innovators outside the field of education
and collaborated to develop integrated STEM lessons,
they were inspired to prepare creative integrated
STEM lesson plans. Three of the reviewed PD programs
(Boice et al., 2021; Sias et al,, 2017) ran special events
such as field trips to local companies or engineering
design facilities, engineering panels, STEM-related
conferences, and family science activities.

Overall, the reviewed programs provided some details
about the content of the PD activities. However, the
majority of the reviewed PD programs did not provide
sufficient information about the aspects that could
make critical differences in the implementation and
consequences of PD programs, such as PD insfructors'
background, available resources (material and staff
capacity), presence/types of instruction and activities
during PD.

Connections with the literature on effective PD

The reviewed studies align with the literature on
effective PD that recommends PD tfo be run over the
course of fime with an on-site support (e.g., Darling-
Hammond & Richardson, 2009; Penuel et al., 2007).
However, providing encompassing PD programs is
related to the availability of human, physical and
financial resources, and as observed in Havece et
al’s study (2018), short workshops might still enhance
teachers’ understanding of STEM integration and
support teachers to become comfortable with
integrated STEM curriculum.

All the reviewed PD programs aimed fo address the
existing grade-level curriculum and standards. This
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aspect of STEM-integrated PD literature agrees with
the literature (e.g., Desimone, 2009), as PDs should
be naturally linked to the curriculum and standards
in place. In addition, as offered by the literature on
effective PD, some PD programs included community-
building activities such as field trips and family STEM
activities.

The reviewed studies did not emphasize some design
features of effective PD. For example, the following
concerns were not located in the reviewed studies:
how did the confent present in PD? What types of
inquiry prompts and tasks were presented? What
was the level of modeling provided? What kind of
opportunities were teachers granted for reflection on
their work or their students' work? In partficular, the
reviewed studies do not explicitly discuss whether and
how they employed active learning in their PD setting,
an element frequently acknowledged as crucial for
effective PD (Bergh et al., 2014).

Unit of analysis
Reviewed Studies

Researchers utilized a variety of tools o evaluate the
effectiveness of their PD programs, including analysis
of lesson plans created by participant teachers, pre-
post surveys, field notes, interviews, and teacher
debriefs. However, only one study focused on
evaluating program outcomes (Parker et al., 2015),
while the others evaluated teacher outcomes, such
as changes in beliefs, understandings, self-reported
knowledge, perceptions, confidence, self-efficacy,
and self-reported levels of practice/implementation.

None of the reviewed studies collected student
data tfo assess changes in knowledge, skills, or
attitudes resulting from their teachers' participation
in integrated STEM programs. Only Baxter et al. (2014)
included student work in their PD fo allow participant
tfeachers to reflect on students' understanding of
infegrated science and mathematics concepts,
but it was unclear whether partficipant teachers
evaluated their students' work. Additionally, none of
the studies included external evaluators to assess the
effectiveness of their PD practices.

Connections with the literature on effective PD

The PD literature encourages the use of multiple
tfools and methods to evaluate changes in teachers'
knowledge, skills, attitudes, classroom teaching, and
stfudent learning. The majority of the reviewed PD
studies employed various data collection methods,
such as field notes and tfeacher debriefs.

However, as recommended in the literature on
effective PD, rigorous methods are needed to examine
the direct influence of PD on real-life classroom

instruction and learning (e.g., Guskey, 2014). None of
the reviewed studies examined student learning, and
it is unclear whether the integrated STEM activities
continued to be taught by teachers after support from
the research team was discontinued. Furthermore, the
long-term effects of PD on teacher practice were not
clearly addressed in the studies.

Design
Reviewed Studies

The majority of the studies discussed the importance
of teacher collaboration in STEM-integrated PD. It
was argued that having a supportive communal
learning environment in the PD setfing helped
tfeachers develop confidence and comfort in
implementing the targeted curriculum. Boice et al.
(2021) argued that collaborative lesson planning was
critical fo ensure equal STEM integration and create
a sense of community among feachers. Parker ef al.
(2015) emphasized that teachers benefitted from
falking about fheir successes or challenges with
the implementation of STEM infegratfion with their
colleagues who taught the same grade.

The assessment was considered o be a challenging
aspect of integrated STEM education. Guzey et
al. (2016) recommended fo support feachers in
assessing student learning in integrated STEM lessons.
Cook et al. (2021) claimed that in implementing
integrated STEM lessons, their participant teachers
used assessments that depended on one STEM
subject. They recommended performance-based
assessment types (in PD and classroom) that “include
stfudent choice on the product they produce or the
process through which they showcase their content
understanding” (p. 206).

Studies focused on the elements of PD that help
participants establish links between PD and their
teaching and student learning. For example, noticing
positive student reactions/responses to integrated
STEM materials and lessons increased teacher
willingness to dive deeper into STEM integration (Boice
et al, 2021, Cook et al, 2020; Rich et al., 2017, 2018).
Boice et al. (2021) proposed to present teachers with
many hands-on activities to first-hand experience
integrated STEM learning and even use these activities
in their tfeaching of integrated STEM lessons. Upon
their assessment of the lesson plans, Wentworth and
Monroe also (2011) recommended that teachers can
develop more complex integrated lesson plans if PD
addresses how and where feachers can find and
examine integrated STEM lesson examples.

The reviewed studies included PD features that
supported their participants’ learning and teaching
of infegrated STEM education. Modeling the STEM-
infegrated curriculum was discussed in the reviewed
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articles as necessary for feachers to become familiar
with the new confent and pedagogy of infegrated
STEM education (Parker et al., 2015; Sias et al., 2016;
Wentworth &Monroe, 2011). The authorsrecommended
that the PD practitioners need to model the skills and
practices that teachers are expected to demonstrate
in PD, and teachers should be clear about what skills
and knowledge teachers will gain at the end of PD.
Sias et al. (2017) even claimed, “without experience
or models of the implementation of the educational
innovations, tfeachers are less likely to conceive of how
they might infegrate the innovations in their lessons”
(p. 235).

Studies discussed the imporfance of examining and
presenting reflexive connections across STEM subject
areas in PD settings (e.g., Baxter et al, 2014; Cook et
al,, 2020). They also suggested that PD that focuses
on the natural relationship between mathematics
and science will enhance feacher confidence and
practice. Guzey et al. (2016) indicated that science
tfeachers need more subject-matter knowledge
to teach mathematics effectively, and teachers
might mainly focus on engineering and science
integration. Therefore, it is necessary for PD providers
tfo provide opportunities for teachers to have the
chance fo increase their understanding of all the
subject areas that will be infegrated. Wentworth
and Monroe (2011) similarly emphasized that PD that
infegrates mathematics and technology should
focus on the use of technology in an integral way
that “acllows candidates to think more deeply about
the mathematics in ways they could not without the
fechnology” (p. 271).

Some contextual factors were proposed to consider
in organizing and implementing PDs. The provision of
necessary physical resources (i.e., supplies, materials
for engineering lessons, printouts, and teacher and
student workbooks) enabled teachers to incorporate
computing and engineering in their classes (e.g., Rich
et al, 2017, 2018). Boice et al. (2021) indicated that
"ongoing financial and material support allowed
teachers to engage students in new and otherwise
impossible ways" (p. 17).

Being provided with support staff (researchers, PD
practitioners, or coaches) or having administration/
peer support at school also assisted feachers in
teaching infegrated STEM (Boice et al., 2021; Rich et
al., 2018). Time constraints in developing integrated
lessons, unanticipated changes during trainings
(participant  turnovers, changing expectations),
and lack of shared vision among the actors of PD
implementation inhibited teachers’ efforts to infegrate
STEM in implementation (Guzey et al., 2016; Rich et al,,
2018).
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Parker et al. (2015) discussed that their participant
tfeachers expected coaches to have a strong confent
area and district-level contfexftual knowledge. In
implementing an integrated STEM lesson, tfeachers
surely needed to believe that integration of STEM
lessons would help them reach their instructional
goals and state standards and that the provided/
presented materials would align well with their
classroom realities.

Two studies concluded that teachers were not ready
to think in nonfraditional ways as infegrated curriculum
and feaching just started o be included in elementary
schools (McFadden & Roehrig, 2017; Sias et al., 2017).
In addition, working in large schools was correlated
with increased engineering infegratfion activity per
teacher. Only one study (Baxter et al., 2014) included
information about the nature of integrafion for a
successful PD: opportunities of infusion and transfer in
connecting mathematics and science.

Connections with the literature on effective PD

Some implications and recommendations offered
in the reviewed studies agreed with the literature
on effective PD. For example, modeling the STEM-
integrated curriculum was discussed as crucial in the
reviewed studies. Collaborative practices and peer/
administration support were also discussed as crifical
enablers of STEM-integrated curriculum and lesson
implementation in most of the reviewed sftudies.
The PD literature also discusses the importance of
collaborative and collegial learning environments as
conducive to creating communities of practice and
increasing the change process beyond individual
classrooms (e.g., Bates & Morgan, 2018).

The literature on effective PD recommends that PD
should have a specific subject focus (e.g., Desimone
et al,, 2013). Some studies focused on the integration of
cerfain STEM subject areas, such as mathematics and
science, and those studies suggested that it would
be important to focus on the natural connections
across STEM subject areas so that elementary/primary
tfeachers increase their cross-curricular subject matter
knowledge. Some studies focused on STEM without
any concerns fo increase teachers' knowledge of
particular subjects (e.g., Boice et al, 2020). From
the reviewed studies, it is not possible to conclude
whether focusing on individual subject areas or STEM
overall leads to different results in feacher knowledge
and skills in infegrated STEM education.

Cochran-Smith and Demers (2018) also underline the
importance of "the recognition that both prospective
and experienced teachers (like all learners) brought
prior knowledge and experience to all new learning
sifuations, which are social and contextually specific"
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(p1011). Therefore, context plays animportant role in PD
practitioners/researchers' successes and challenges
in the field. However, only a few sftudies reviewed
(i.e., Parker et al., 2015) included detailed information
regarding teacher, school, and district backgrounds.

In alignment with the literature on effective PD, the
reviewed studies showed that examining infended
change in student work in PD and positive student
reactions/responses to integrated STEM materials and
lessons increased teacher willingness and motivation
to engage with STEM integration in classrooms (e.g.,
Rich et al,, 2017, 2018).

Some practicesthat wereraised in the reviewed studies
were interesting. The assessment was one area that
was discussed as important fo focus on in infegrated
STEM PD. The reviewed studies recommended that
tfeachers are challenged with developing assessment
practices that will equally assess student learning
in more than one subject area in integrated STEM
lessons, and they should be supported in ferms of how
to assess student learning in infegrated STEM classes.

Human and material resources made the difference
in the way feachers employed integrated STEM
education in their practice. The provision of materials,
supplies and support from the school community
(i.e., administrators) enabled teachers fo incorporate
infended PD knowledge and skills in their practice. In
particular, it requires more time for teachers fo plan
and develop integrated STEM lessons; therefore, time
constfraints can significantly influence teachers' efforts
fo teach infegrated STEM lessons.

Implications and Conclusion

This systematic review identified several key
implications for improving professional development
(PD) practices and advancing research on integrated
STEM education. First, it is important to recognize that
some feachers may lack confidence or expertise in
certain subject areas, which can hinder their ability
to create balanced and effective integrated STEM
lessons. To address this issue, PD providers can offer
tfargeted workshops to enhance subject matter
knowledge and encourage collaborative planning
with content experts. Additionally, PD developers
should model active learning strategies and provide
tfeachers with a variety of examples of effective
integrated STEM curriculum for primary/elementary
classrooms, including lessons, videos, and student
artifacts. It is also crucial to ensure ongoing support
and highlight successful practices for feachers
implementing integrated STEM activities.

Furthermore, PD programs should align with school
or district-level knowledge and provide opporfunities
for teachers fo receive continuous support from
administrators and parents. Field frips to local

businesses and community-wide seminars and
workshops can also be organized to establish a shared
vision and sense of community around integrated
STEM education. PD providers should also emphasize
assessment practices that equally assess student
learning and understanding across each subject area
integrated into STEM lessons.

Finally, it is important to support teachers in planning
and implementing infegrated STEM lessons. One
way to achieve this is by involving support staff from
integrated disciplines such as engineering, who can
assist teachers in developing creative ideas for lesson
planning and delivery. To further advance research
on effective STEM-integrated PD, future studies should
explicitly describe the PD process, including details
about teacher, instructor, school, and community
backgrounds, available resources, and types of
instruction and fasks.

Despite the insights gained from fthis systemafic
review, there are several limitations o consider. The
review was based on a relatively small sample of
1 studies; therefore, more research is needed to
establish consensus on effective components of STEM-
integrated PD. Nevertheless, this review provides a solid
foundation for future PD development and evaluation
in STEM integration and can inform the development
of more comprehensive research designs to explore
the important characteristics of effective teacher
professional development in integrated STEM
education.
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