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Ab s t r Ac t

An effective professional program can enhance the integrated knowledge and skills of Science, Technology, Engineering, and 
Mathematics (STEM) among mathematics teachers. Nevertheless, the strategies for STEM integration in teaching and learning 
taught in many professional programs have proven impractical for many teachers. Thus, a systematic literature review is presented 
to investigate the characteristics of successfully implemented professional programs for STEM education for mathematics 
teachers. Twenty research articles published from 2017 to 2021 were obtained from the Scopus and Web of Science databases. 
The results show that of six interdisciplinary concepts, the integration of mathematics and science content was the one most 
employed in professional programs. In addition, the workshop design type was found to be popular for STEM professional 
programs, and it impacted teachers’ teaching practices in the classroom, student learning outcomes, and knowledge and skills. 
The results suggest that the self-efficacy of mathematics teachers and their commitment to the programs were significant factors 
contributing to the effectiveness of the programs. When planning STEM professional development programs, organizers need 
to think about the needs of teachers and students, the length of the programs, practical activities, STEM concepts, follow-up 
actions, and so on in order to meet the goals of these programs  
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In t r o d u c t I o n

Professional development is widely implemented as part 
of an educational policy agenda in the United States to 
equip teachers with the most recent educational knowledge 
and practices (Gardner et al., 2019). Each year, extensive 
innovations in the fields of Science, Technology, Engineering, 
and Mathematics (STEM) have led to an increased demand 
for teacher professional programs for STEM education. Such 
programs are essential for improving teachers’ knowledge 
of the content, pedagogical knowledge, and understanding 
of changes in the educational system (Brown & Bogiages, 
2017; Nesmith & Cooper, 2019). Currently, the educational 
system’s goal tends to focus on student engagement in 
STEM-related learning and activities, which in turn increases 
their interest in STEM-related career paths (Velasco et al., 
2022), and teachers must understand how to encourage such 
engagement. In addition, teacher professional programs 
can increase the competence of the teachers and further the 
development of the teaching profession (Thomson et al., 2020). 
These programs should be expanded to benefit teachers and 
educational organizations (Brown & Bogiages, 2017; Chai et al., 
2020). The most important thing is that effective professional 
development programs can help students, teachers, and the 
whole educational system do well, which is why they are so 
important.

Educators and policymakers in recent years have begun to 
realize the importance and many benefits of integrating STEM 
subjects into teaching and learning. Effective mathematics 
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teaching, in particular, is crucial for the successful integration 
of STEM education in schools (Siregar et al., 2019). However, 
most teachers still tend to teach mathematics in isolation 
and procedurally (Srikoom et al., 2017). As a result, student 
understanding and mastery of mathematical concepts across 
the curriculum and STEM disciplines cannot be established, 
often thwarting the goals of STEM education (Ng & Park, 2021).  
To prevent this, teachers should have a clear vision and direction 
in assisting students to develop their mastery of mathematics 
and STEM integration, which necessitates a change in the 
traditional curriculum. Al Salami et al. (2015) and Erdogan and 
Stuessy (2022) asserted that transformation in the curriculum 
requires teachers to constantly change their teaching strategies 
and approaches to be in line with global developments. Teachers 
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need effective professional development to equip themselves 
with the latest knowledge and skills in the curriculum, use 
of technology, and teaching practices. There have been many 
studies conducted to figure out which STEM professional 
programs are best for mathematics teachers (e.g., Maass & 
Engeln, 2019; Nesmith & Cooper, 2019), but but this research 
is still ongoing Mathematics is a subject related to numbers, 
measurements, quantities, and shapes. Araya (2021) described 
mathematics as the focal point of all professions, but it is 
considered a difficult subject by many students, thus resulting 
in their not pursuing STEM-related career pathways. Previous 
studies have also shown that mathematics and other subjects 
tend to be taught in isolation (Srikoom et al., 2017). In 
addition, there are inequitable representations of disciplines 
in STEM education, in that the central focus is mostly on 
science (Bybee, 2013; English, 2016, 2017), and mathematics 
is often not emphasized or is only given a supporting role 
(Stohlmann, 2019). These issues may limit the opportunities 
for incorporating mathematical ideas and concepts into STEM.

Nevertheless, implementing STEM curricula in neither an 
interdisciplinary nor transdisciplinary way in mathematics 
classrooms without profound content understanding and 
effective pedagogical knowledge is another common issue (e.g., 
Beswick & Fraser, 2019; Margot & Kettler, 2019; York, 2018). 
For instance, York (2018) contended that many teachers’ STEM 
content and pedagogy are not integrated. Similarly, scholars 
have argued that many mathematics teachers fail to emphasize 
STEM connections more prominently (English & King, 2019) 
and ignore providing adequate scaffolding in developing 
students’ 21st-century competencies (Beswick & Fraser, 2019).  
Previous studies showed that mathematics teachers lack 
knowledge of the content and pedagogical knowledge in STEM 
integration, which results in low self-confidence in facilitating 
instruction in the classroom (e.g., Gardner et al., 2019). As 
such, the approaches and strategies of mathematics teachers 
need to be improved to be in line with global technological 
advancements and educational requirements (Prodromou & 
Lavicza, 2017). The initiatives of providing continuous STEM 
professional programs need to be appropriately implemented 
to prepare mathematics teachers with sufficient knowledge to 
integrate STEM into their classrooms (Kareemee et al., 2019).

Professional programs are not a “one-size-fits-all” solution, 
however. Gardner et al. (2019) suggested that professional 
programs for mathematics teachers should be designed based 
on teachers’ specific needs and experiences. Professional 
programs for STEM education among mathematics teachers 
should include a range of skills and knowledge involving STEM 
pedagogy to create a purposeful classroom environment. An 
effective professional program needs to consider features 
such as activity format, collaborative teacher participation, 
and the appropriate duration for program implementation 
(Aguirre-Muñoz & Pando, 2021; Baker & Galanti, 2017). 

This statement is also supported by Lynch et al. (2019), who 
argued that an effective professional program could change 
teachers’ instructional approaches and practices, improving 
student achievement. Effective professional programs can 
also increase teacher self-efficacy, discipline, and satisfaction 
in implementing STEM-related teaching and learning (Al 
Salami et al., 2015; Saadati et al., 2021). The effectiveness of 
the professional programs conducted can also be seen by 
how they improve teachers’ knowledge and skills in STEM 
curriculum innovation (Nesmith & Cooper, 2019). In addition, 
Thibaut et al. (2018) described how to implement professional 
development that can change teachers’ views and practices in 
STEM education by focusing on specific teaching topics during 
the program’s implementation.

The impacts that professional programs have on teacher 
disposition and instructional strategies directly affect student 
learning. Baker and Galanti (2017) and Mohammad Hasim 
et al. (2022) claimed that a better designed and practical 
STEM professional program could change teachers’ ways of 
thinking and enhance student learning. Saadati et al. (2021) 
conducted a study related to STEM professional programs and 
emphasized the relationship between quality teaching and 
student learning outcomes. Gardner et al. (2019) and Saadati 
et al. (2021) observed improved student performance after 
teachers attended professional programs to enhance STEM 
integration practices. As a result, knowledge in integrating 
STEM based on 21st-century learning can be developed in 
schools to serve as a model for other teachers. There is evidence 
from previous studies that teachers’ knowledge and skills in 
delivering STEM content have influenced students’ interest 
and achievement in mathematics within STEM (Moh’d et al.,  
2021; Rahman et al., 2021). Thus, teachers should attend 
professional programs to improve their teaching methods in 
the following learning session to impact students positively. 

Factors involving the teacher that influence the effectiveness 
of professional programs for STEM education have been 
discussed in numerous studies (e.g., Mohammad Hasim et al.,  
2022; Owens et al., 2019; Thibaut et al., 2018; Velasco et 
al., 2022). Researchers have noted some of these important 
factors, such as teacher involvement and motivation (Maass 
& Engeln, 2019; Saadati et al., 2021; Velasco et al., 2022), 
teacher commitment during activities (Al Salami et al., 2015; 
Owens et al., 2019; Thomson et al., 2020), teacher attitudes 
during and after professional programs (Aldahmash et al., 
2019; Chai et al., 2020; Gardner et al., 2019), and teachers’ 
self-efficacy regarding their ability to implement teaching 
based on knowledge and skills learned during a professional 
program (Aguirre-Muñoz & Pando, 2021; Al Salami et al., 
2015; Nesmith & Cooper, 2019), but this list is not all-inclusive. 
In addition, the designed activities implemented during 
STEM professional programs must improve self-efficacy and 
teaching practices and support teachers’ ability to integrate 
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STEM education in line with the goals of the curriculum. 
For example, Ng and Park (2021) conducted a study on video 
technology to support the integration of mathematics and 
technology, which assisted teachers in planning further 
learning sessions. Nesmith and Cooper (2019) also noted that 
STEM programs with mathematics and engineering concepts 
proved to have a positive influence on the effectiveness of 
teachers in implementing lessons involving engineering 
activities in their classrooms.

Method

Based on the issues presented, the current study intends to 
produce a critical review and analysis of previous studies about 
STEM professional programs for mathematics teachers at the 
primary and secondary school levels. In general, all types of 
research need clearly stated goals to determine the direction 
of a study. Thus, the research questions that guided this study 
are as follows:

a)  What are the interdisciplinary concepts used in STEM 
professional programs?

b)  What are the different design types of STEM professional 
programs?

c)  What are the impacts of the STEM professional programs?
d)  What teacher factors influence the effectiveness of STEM 

professional programs in the classroom?

Research Design

A survey study was conducted to critically synthesize the 
findings of empirical studies related to STEM professional 
programs involving mathematics teachers. The results of 
this study are reported based on guidelines for conducting 
systematic surveys in the social sciences as proposed by 
Petticrew and Roberts (2006). The guidelines cover four 
primary steps, including keyword searching, selecting the 
studies, extracting the data, and analyzing the data.

Population and Sample 
Step 1: Keyword search

Some specific aspects need to be considered when selecting 
an article. Only studies that met the criteria were selected as 
articles to be included in the sample. Two databases, namely 
Scopus and Web of Science (WoS), were used to obtain 
empirical studies published in mathematics education (Table 
1). The databases were selected due to their collection of articles 

with high-impact reputations. The search parameters were 
based on the research questions and involved multiple terms 
and keywords. In the search process, Boolean operators were 
used to search for the appropriate study.

Data Collection Tools 
Step 2: Selection process 

Several criteria were selected as specific conditions for the 
inclusion or exclusion of each empirical journal article. The 
inclusion criteria were as follows: (a) the article is in English, 
(b) published between 2017 and 2021, (c) related to professional 
programs for STEM education covering the primary and 
secondary school levels, (d) available in full text as well as 
indexed in Scopus and WoS, and (e) the study participants were 
mathematics teachers. As for the exclusion criteria, journal 
articles that were not empirical studies, namely chapters in 
books, reviews, dissertations, theses, and proceedings, were 
not selected for analysis. In the study, the selection process 
from Scopus (n = 518) and WoS (n = 342) utilized the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
procedure developed by Moher et al. (2015).

Data Collection
Step 3: Data extraction

Relevant data were identified and extracted using a structured 
coding form to evaluate the quality of the articles. The article 
evaluation process was conducted using a rubric adapted from 
Margot and Kettler (2019), covering seven evaluation criteria: 
(1) objectives and purposes, (2) literature review, (3) theoretical 
or conceptual framework, (4) participants, (5) methods, (6) 
results and conclusions, and (7) interests. Each criterion was 
rated on a 4-point scale: 1 = not achieving quality, 2 = nearly 
achieving quality, 3 = achieving quality, and 4 = highly achieving 
quality. Articles receiving a total score of 14 points or less were 
excluded from this study for not achieving the minimum level 
of quality, and only 20 were identified to have met the quality 
requirements. Then, data for each article were extracted using 
the coding scheme proposed by Gast et al. (2017): 

a) General information (title, author, year of publication, 
research context, and type of publication);

b)  Research design (research questions or objectives, 
background information, and layout); and

c)  Overall research findings (findings relevant to the research 
question).

Table 1: Keywords for literature search

Database Keyword 

Scopus TITLE-ABS-KEY ((“professional development” OR “professional development for mathematics teacher*” OR “mathematics teacher 
programme*”) AND (STEM OR “STEM education”) AND (“mathematics” OR “mathematics teacher*”))

Web of Science TS= ((“professional development” OR “professional development for mathematics teacher*” OR “mathematics teacher programme*”) 
AND (STEM OR “STEM education”) AND (“mathematics” OR “mathematics teacher*”))
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Data Analysis
Step 4: Data analysis

In this study, thematic analysis was used to examine selected 
articles, as this can assist in exploring data more broadly by 
categorizing them into specific themes (Miles et al., 2019). 
Data extracted from the studies was collected and synthesized 
to answer the research questions. Each article’s results and 
discussion sections were evaluated to determine the overall 
research outcomes.

FI n d I n g s A n d dI s c u s s I o n

The present systematic literature review aimed to synthesize 
empirical research related to STEM professional programs 
among mathematics teachers. The results of this study are 
discussed in terms of appropriate research themes based on 
the research questions, namely the interdisciplinary concept 
of STEM, program design types, the impacts, and the teachers’ 
factors that influence the effectiveness of STEM professional 
programs. Figure 1 shows the flow diagram of the systematic 
review to answer the guiding research questions. 

The interdisciplinary concept of STEM

This section answers the f irst research question and 
demonstrates the interdisciplinary concept of STEM that 
was emphasized during professional programs. Table 2 
summarizes six dominant STEM interdisciplinary concepts 
that were identified from the selected empirical studies, which 
were mathematics-science (n = 6), mathematics-engineering 
(n = 2), mathematics-technology (n = 4), mathematics-science-
engineering (n = 5), mathematics-science-technology (n = 1), 
and mathematics-science-engineering-technology (n = 2). 
Specifically, Aldahmash et al. (2019) stated that STEM is an 
approach that explores classroom instruction of any two or 
more STEM subject areas within one STEM subject. Maass 
et al. (2019) further argued that interdisciplinary concepts 
in STEM are connected to 21st-century competencies and 
skills that support student learning. Skills such as analyzing, 
problem-solving, and critical thinking are features needed for 

the workforce in the future (Academy of Sciences Malaysia, 
2018). 

The interdisciplinary nature of mathematical modelling 
provides a clear opportunity to link mathematics with STEM 
educational goals when learning how to solve real-world 
problems through STEM knowledge (Baker & Galanti, 
2017). For example, Berisha and Vula (2021) discussed the 
relationship between mathematics and engineering in STEM 
education, while Gardner et al. (2019) stressed the importance 
of mathematics, science, and engineering domains when 
implementing STEM professional programs. To support 
meaningful student learning in STEM and the development 
of 21st-century skills, mathematics teachers must master 
the knowledge of their field and equip themselves with the 
knowledge of other STEM disciplines, and STEM professional 

Fig. 1: The flow diagram of the systematic review

Records identified through
WoS database search

(n = 342)

Records identified through
Scopus database search

(n = 518)

Id
en

tif
ica

tio
n

Records after duplicate articles were removed (n
= 634)

Sc
re

en
in

g

Records were excluded for
articles published prior to 2017,
not in English, not in full text or
indexed, or not related to the

STEM fields (n = 431)

Records after screening
(n = 203)

Articles were excluded as not
related to the research question

(n = 158)

Articles eligible for evaluation
(n = 45)

El
ig

ib
ili

ty

Articles were excluded as not
related to mathematics teachers

(n = 25)
Articles selected for
systematic review

(n = 20)

In
clu

si
on

Table 2. The interdisciplinary concepts of STEM

STEM Concept Frequency Article

Mathematics and science 6 Aguirre-Muñoz and Pando (2021); Araya (2021); Brown et al. (2018); Brown and 
Bogiages (2017); Owens et al. (2019); Velasco et al. (2022) 

Mathematics and engineering 2 Baker and Galanti (2017); Berisha and Vula (2021)

Mathematics and technology 4 Asempapa and Love (2021); Kareemee, Suwannatthachote, and Faikhamta (2019); 
Ng and Park (2021); Prodromou and Lavicza (2017)

Mathematics, science, and engineering 5 Aldahmash et al. (2019); Diego-Mantecon et al. (2021); Maass and Engeln (2019); 
Nesmith and Cooper (2019); Thomson et al. (2019)

Mathematics, science, and technology 1 Gardner et al. (2019)

Mathematics, science, engineering, and technology 2 Chai et al. (2020); Thibaut, et al. (2017)
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programs provide opportunities for mathematics teachers to do 
so. Although various interdisciplinary concepts of STEM have 
been implemented during professional programs, teachers need 
to further adapt different interpretations of the STEM content 
presented for effective classroom instruction (Chai et al.,  
2020). This is because teachers face difficulty understanding 
and mastering all the interdisciplinary concepts of STEM 
simultaneously that can be utilized in mathematics teaching. 
We strongly believe teachers need sufficient time to understand 
and adapt the instruction related to STEM activities they engage 
in during professional programs to their specific classroom’s 
needs (Maass & Engeln, 2019). Furthermore, the STEM 
concept highlighted in every professional program should 
focus on an interdisciplinary STEM concept so that there is 
no misinterpretation of the concept among teachers, especially 
concepts involving the integration of science and engineering 
into mathematics. Thus, the development of integrated STEM 
teaching skills and knowledge should include a number of 
program stages to make sure that teachers understand the 
relevant STEM concepts that they will be teaching.

Design types of STEM professional programs 

This section presents an overview of the design types of 
professional programs for STEM education. It is also important 
to note that the design implemented influences the effectiveness 
of the STEM professional program (Aguirre-Muñoz & Pando, 
2021). Although there are various design types, their purposes 
are similar: to effectively ease the traditional knowledge 
transfer process, which seeks to provide relevant knowledge 
and skills to teachers for fulfilling the needs and demands of 
the current STEM trend (Aldahmash et al., 2019). There is no 
specific design that works for all teachers, as the key to success 
is dependent on teacher involvement (Owens et al., 2019).

As shown in Table 3, various design types of STEM 
professional programs have been implemented, such as 
workshops (n = 12), short-term courses (n = 2), online courses 
(n = 2), model usage (n = 2), professional learning community 
(n = 1), and reflective practice and exploration (n = 2). Out of 
the 20 articles, 12 utilized the workshop design type, which was 

the most often implemented for STEM professional programs. 
According to Velasco et al. (2022), STEM professional programs 
conducted as workshops can impart direct experience to 
teachers and promote hands-on learning through exposure 
to STEM educational activities that support teaching in the 
classroom. Along the same line, Berisha and Vula (2021) 
argued that the design of professional development programs 
should be appropriate, focused, and geared toward developing 
teachers’ knowledge and skills in STEM integration, as many 
teachers still lack the pedagogical knowledge and skills needed 
to integrate STEM into the classroom. Furthermore, Baker and 
Galanti (2017) stated that integrating STEM into mathematics 
classroom contexts is challenging and complex because 
many teachers have traditionally utilized the conventional 
instructional method and focused solely on routine algorithms 
and procedural understanding. Darling-Hammond et al. 
(2017) said that professional development programs for 
mathematics teachers can be improved when the design and 
implementation take into account the teachers’ needs when 
they teach in the classroom.

Impacts of STEM professional programs 

Table 4 shows the impacts of STEM professional programs that 
are divided into three main categories: teachers’ knowledge 
and skills (n = 11), teaching practices (n = 6), and student 
learning outcomes (n = 3). The results showed that 11 of 
the 20 articles focused on the impact of STEM professional 
programs on teachers’ knowledge and skills, and six articles 
discussed the effects on teaching practices. Chai et al. (2020) 
found that teachers who attended STEM professional programs 
improved their content knowledge and skills in integrating 
technology into mathematics teaching in the classroom. 
Similarly, Baker and Galanti (2017) found that professional 
programs for STEM education enhance the knowledge and 
skills of mathematics teachers and their pedagogical content 
knowledge of mathematics within STEM. Based on this 
review, we strongly believe teachers’ knowledge and skills in 
STEM play a key role in making programs more effective and 
sustainable in the long run.

Table 3. Design types of professional programs for STEM education

Design type Frequency Article

Workshop 12 Aguirre-Muñoz and Pando (2021); Berisha and Vula (2021); Brown et al. (2018); Brown and 
Bogiages (2017); Chai et al. (2020) Gardner et al. (2019); Diego-Mantecon et al. (2021); Maass 
and Engeln (2019); Nesmith and Cooper (2019); Owens et al. (2019); Prodromou and Lavicza 
(2017); Velasco et al. (2022);

Short-term courses 2 Aldahmash et al. (2019); Thomson et al. (2019)

Online courses 2 Araya (2021); Ng and Park (2021)

Model usage 2 Asempapa and Love (2021); Baker and Galanti (2017)

Professional learning community 1 Kareemee et al. (2019)

Reflective practice and exploration 1 Thibaut et al. (2017)
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Furthermore, teachers’ teaching practices in integrating 
STEM in schools improved when teachers participated in 
professional programs that focused on pedagogical approaches 
(Velasco et al., 2022). The ability of teachers to utlilize all the 
required expertise in evaluating mathematics teaching and 
improving their teaching practices regarding STEM education 
significantly improves after participating in professional 
programs focusing on STEM integration. Effective programs 
should be designed to help teachers improve their teaching 
skills and help students learn about STEM in the classroom.

In comparison, student learning outcomes were the least 
focused on by researchers, as only three articles discussed  this. 
The selected empirical studies found that not all programs were 
designed for student learning outcomes. However, Kareemee 
et al. (2019) determined that professional programs can have 
a significant impact on student learning outcomes in STEM 
if teachers acquire new knowledge and skills in the programs. 
Specifically, they found that STEM professional programs have 
a significant effect on teachers’ teaching practices, contributing 
to improved student performance. These findings suggest 
that professional development programs for STEM education 
among mathematics teachers can inf luence and improve 
mathematics achievement (Asempapa & Love, 2021; Berisha 
& Vula, 2021) and assist teachers in being able to understand 
students’ ways of thinking (Aldahmash et al., 2019; Velasco et 
al., 2022). In addition, teachers can build meaningful STEM 
content knowledge (Berisha & Vula, 2021; Gardner et al., 2019) 
and support other teachers in improving their mathematics 
teaching practices (Brown et al., 2019; Saadati et al., 2021).

We also found several studies focused on two categories 
of effect; for instance, Gardner et al. (2019) concentrated 
on teachers’ knowledge, skills, and teaching practice, while 
Baker and Galanti (2017) centred their STEM professional 
development on improving teachers’ knowledge and skills and 
on student learning outcomes. Teachers can better support 
their students in achieving their learning objectives when 
they attend professional programs for STEM education that 
are organized in a planned and orderly manner (Aldahmash 
et al., 2019). In addition, professional programs combined 
with meaningful teacher experience can influence teachers’ 
instructional styles (Araya, 2021) and student learning 
outcomes (Maass & Engeln, 2019). Thus, Gardner et al. (2019) 
contended that teachers need to transform their teaching 

practices into meaningful learning based on the needs of the 
students.

Influence of teacher factors 

This section describes four factors involving the teacher that 
influence the effectiveness of STEM professional programs, 
namely the teacher’s motivation, attitude, commitment, and 
self-efficacy (Table 5). The analysis showed that four articles 
focused on teachers’ motivation when participating in STEM 
professional programs and its relationship with their learning 
(Aguirre-Muñoz & Pando, 2021; Asempapa & Love, 2021; 
Berisha & Vula, 2021; Ng & Park, 2021). Berisha and Vula 
(2021) stated that teachers’ motivation regarding professional 
programs is crucial, as it can inf luence their enthusiasm 
and intent to implement the skills and strategies learned 
throughout the program. Highly motivated teachers are more 
likely to apply knowledge gained through such programs 
to help their students overcome the challenges in learning 
mathematics within STEM (Aldahmash et al., 2019).

An additional four articles discussed teacher attitudes 
during STEM professional development programs (Aldahmash 
et al., 2019; Brown et al., 2019; Maass & Engeln, 2019; 
Thibaut et al., 2018). We strongly believe teachers’ attitudes 
play an essential role in implementing effective professional 
development programs. For instance, Thibaut et al. (2018) 
argued that positive changes in teachers’ attitudes towards 
STEM professional programs could contribute to better 
outcomes, and teachers’ perceptions before attending the 
program would be an indicator that might inf luence the 
effectiveness of these programs. Moreover, six articles 
discussed teachers’ commitment to implementing in their 
classrooms what they learned during STEM professional 
programs (Araya, 2021; Brown & Bogiages, 2017; Diego-
Mantecon et al., 2021; Kareemee et al., 2019; Owens et al., 2019; 
Prodromou & Lavicza, 2017). Along the same lines, Owens et 
al. (2019) argued that teachers must be committed to changing 
teaching practices to improve student learning. Six articles 
highlighted the teachers’ self-efficacy when teaching STEM 
(Baker & Galanti, 2017; Chai et al., 2020; Gardner et al., 2019; 
Nesmith & Cooper, 2019; Thomson et al., 2020; Velasco et 
al., 2020; Velasco et al., 2020; Velasco et al., 2020)  According 
to Gardner et al. (2019) and Saadati et al. (2021), self-efficacy 
refers to teachers’ perceptions of their ability to deliver STEM 

Table 4: Impacts of STEM professional programs

Impact category Frequency Article

Teachers’ knowledge and skills 11 Aguirre-Muñoz and Pando (2021); Aldahmash et al. (2019); Asempapa and Love (2021); Brown 
and Bogiages (2017); Berisha and Vula (2021); Chai et al. (2020); Thomson, et al. (2019); Maass 
and Engeln (2019); Nesmith and Cooper (2019); Thibaut et al. (2017); Velasco et al. (2022);

Teaching practices 6 Brown et al. (2018); Diego-Mantecon et al. (2021); Gardner et al. (2019); Kareemee et al. (2019); 
Owens et al. (2019); Prodromou and Lavicza (2017); 

Student learning outcomes 3 Araya (2021); Baker and Galanti (2017); Ng and Park (2021) 
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teaching due to effective professional development programs, 
which also influences student learning goals.

An effective professional program also requires teachers 
to integrate the relevant STEM education strategies into their 
teaching practice (Owens et al., 2019). Committed teachers 
realize that professional programs will help them improve their 
students’ mathematical achievement and always implement 
meaningful learning sessions in the classroom. The success and 
effectiveness of a professional program is also highly dependent 
on the positive attitude of teachers towards developing their 
knowledge and skills during the program (Chai et al., 2020; 
Darling-Hammond et al., 2017). A positive attitude will boost 
teachers’ confidence in becoming committed mathematics 
teachers capable of implementing integrated STEM education.

Teacher self-efficacy in integrating STEM in the classroom 
is  another factor that should be considered when designing 
a teacher professional program. Gardner et al. (2019) claimed 
this factor is very important because teachers with a high level 
of self-efficacy allow themselves to gain confidence to facilitate 
their learning during a program. In other words, when teachers 
are confident in their potential to teach and acquire knowledge 
that can improve and develop their teaching practices, they 
will be motivated to participate in professional development 
programs (Thomson et al., 2020). New approaches to teaching 
and learning mathematics within STEM in the classroom 
are only effective when a teacher desires to transform their 
teaching practices, and professional programs only affect a 
teacher’s knowledge and skills to the extent that they will 
allow this.

co n c lu s I o n s

The integration of STEM into mathematics teaching and 
learning is dependent on motivated, committed, and positive 
teachers who have high self-efficacy. To improve the quality of 
mathematics teachers, professional programs specific to STEM 
need to be implemented and developed comprehensively. 
Teacher professional development, especially in mathematics 
education, is one of the major routes for teachers to innovate 
in teaching practices. Professional development should be 
an ongoing process that seeks to meet the latest student 
learning needs in the 21st century. The results of professional 
programs for STEM education in most developed countries 

indicate that quality STEM teaching connects mathematics 
with meaningful daily life scenarios. However, the success of 
integrated STEM not only depends on improving the quality 
of education alone: every student must be committed and 
strive to form a positive identity in all aspects. This systematic 
literature review demonstrated that professional programs for 
STEM education among mathematics teachers significantly 
affect teachers’ knowledge and skills, teachers’ teaching 
practices, and student learning outcomes. We also urge 
stakeholders, such as policymakers or school administrators, 
to pay more attention to the impact and factors that contribute 
to teacher learning outcomes by considering the design types 
of professional programs.  

There should be future studies that conduct more 
extensive and in-depth analyses of various professional 
programs for STEM education involving mathematics 
teachers, such as teacher group-based programs, teacher 
collaboration programs, or professional development in teacher 
communities. Additional factors other than those examined 
in this review also need to be explored to determine their 
significance. Thus, it is suggested that a more detailed analysis 
should be conducted to understand the impact of the factors 
influencing the effectiveness of STEM professional programs 
on mathematics teachers. In addition, future studies should 
also focus on the measurable increases and improvements 
in teacher knowledge in STEM that professional programs 
provide. Moreover, most studies only reported general findings 
of teacher learning outcomes after implementing the programs. 
Therefore, future researchers should investigate the nature 
of teachers’ practices by examining the impact of STEM 
professional programs on individuals, groups of teachers, 
and schools.
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Table 5: Teacher factors that influence STEM professional programs

Factor Frequency Article

Motivation 4 Asempapa and Love (2021); Aguirre-Muñoz and Pando (2021); Berisha and Vula (2021); Ng and Park (2021);

Attitude 4 Aldahmash et al. (2019); Brown et al. (2018); Maass and Engeln (2019); Thibaut et al. (2017); 

Commitment 6 Araya (2021); Brown and Bogiages (2017); Diego-Mantecon, et al. (2021); Owens et al. (2019); Prodromou 
and Lavicza (2017); Kareemee et al. (2019); 

Self-efficacy 6 Baker and Galanti (2017); Chai et al. (2020); Gardner et al. (2019); Nesmith and Cooper (2019); Thomson 
et al. (2019); Velasco et al. (2022)
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