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REVIEW Open Access

Teachers’ perception of STEM integration
and education: a systematic literature
review
Kelly C. Margot1* and Todd Kettler2

Abstract

Background: For schools to include quality STEM education, it is important to understand teachers’ beliefs and
perceptions related to STEM talent development. Teachers, as important persons within a student’s talent
development, hold prior views and experiences that will influence their STEM instruction. This study attempts to
understand what is known about teachers’ perceptions of STEM education by examining existing literature.

Results: Study inclusion criteria consisted of empirical articles, which aligned with research questions, published in
a scholarly journal between 2000 and 2016 in English. Participants included in primary studies were preK-12
teachers. After quality assessment, 25 articles were included in the analysis. Thematic analysis was used to find
themes within the data. Findings indicate that while teachers value STEM education, they reported barriers such as
pedagogical challenges, curriculum challenges, structural challenges, concerns about students, concerns about
assessments, and lack of teacher support. Teachers felt supports that would improve their effort to implement STEM
education included collaboration with peers, quality curriculum, district support, prior experiences, and effective
professional development.

Conclusions: Recommendations for practice include quality in-service instruction over STEM pedagogy best practices
and district support of collaboration time with peer teachers. Recommendations for future research are given.

Keywords: STEM, Teacher perception, Teacher beliefs, Systematic literature review, Engineering in K-12 schools

Introduction
In order to address the need for more science, technol-
ogy, engineering, and mathematics (STEM) literate
workers, both elementary and secondary classrooms are
integrating STEM curriculum and pedagogy into their
school day. According to NAE & NRC (2014), STEM lit-
erate means (1) awareness of the roles of science, tech-
nology, engineering, and mathematics in modern
society; (2) familiarity with at least some of the funda-
mental concepts from each area; and (3) a basic level of
application fluency (e.g., the ability to critically evaluate
the science or engineering content in a news report,
conduct basic troubleshooting of common technologies,
and perform basic mathematical operations relevant to
daily life) (p. 34).For every person that is unemployed

with a STEM degree, there are 2.4 million unfilled jobs
(National Science Board 2012). It is important to our
economy that schools be successful at producing stu-
dents capable of talented contributions in STEM fields.
In order to capitalize fully on the STEM potential of our
students, schools must streamline STEM education and
refine their instructional pedagogy. Gomez and Albrecht
(2013) advocate for grounding this education and in-
struction in STEM pedagogy through an interdisciplin-
ary approach. This approach allows students to make
real-world connections and prepare for STEM pathways
and careers. Reform initiatives have begun with the goal
of better integrating engineering and technology into
traditional math and science classrooms (National Sci-
ence Board 2007). Teaching through the engineering de-
sign process is one approach to integrating the subjects
using a project-based approach that requires students to
apply content knowledge to solve problems. This is the
basis for STEM pedagogy. The students learn by doing
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and are encouraged to develop new understandings
while refining their ideas (Mooney and Laubach 2002).
Providing in-depth problem solving through STEM edu-
cation with authentic experiences requires that teachers
are skilled with this unique student-directed pedagogy.
Educators have to understand the value and power of
the engineering design process to enable students to fail
and persevere. These teachers have to know not just
their subject matter, but the content of the other disci-
plines. Also, they must feel capable of creating an educa-
tional environment that allows students to solve
ill-defined problems while deepening their content
knowledge.

STEM education and talent development
Gagné’s (2011) differentiated model of giftedness and
talent explains how a person’s natural abilities, or gifts,
can be developed through learning and practice into tal-
ents. Part of this model is the presence of catalysts that
can either inhibit or facilitate the talent development
process. These catalysts can be intrapersonal, like perfec-
tionism or confidence, environmental, like programs or
persons, or chance, things like genetic make-up and
family. Teachers are an example of persons who play the
role of catalyst in the talent development process (Gagné
2007). In this role, they can either help or hinder a stu-
dent’s development of STEM talent. STEM programs are
an example of an environmental catalyst. The availability
of a quality STEM program in a student’s education
would facilitate their talent development in science,
technology, engineering, and mathematics (MacFarlane
2016). The teacher plays an important role in this envir-
onment, and therefore, the person and environment
work together to develop STEM talent in this model.
Within Gagné’s (2011) model, catalysts are not part of
the initial gift or the end talent, they are just part of the
developmental pathway between the two. During the
learning and practice required to develop STEM talent,
teachers and STEM programs provide the opportunities,
support, and experiences students need to reach their
potential (MacFarlane 2016).
STEM education is not a well-defined experience, but

it does involve similar hallmarks within the design and
implementation (Honey et al. 2014). Moore et al. (2014)
conducted an extensive review of published literature,
analyzed documents of state content standards, and con-
sulted with experts in STEM fields in order to determine
the ways teachers utilize STEM education in their class-
rooms. After this exhaustive search, these researchers
designated a framework that includes six major tenets
for quality K-12 STEM education: (a) the inclusion of
math and science content, (b) student-centered peda-
gogy, (c) lessons are situated in engaging and motivating
context, (d) inclusion of engineering design or redesign

challenge, (e) students learn from making mistakes, and
(f ) teamwork is emphasized. STEM in education is both
a curriculum and pedagogy. The curriculum includes
cross-curricular real-world challenges for students to
solve. Judith Ramely, who was the director of the Na-
tional Science Foundation’s education and human re-
sources division, decided on the acronym STEM. She
explained that math and science are used as the book-
ends for engineering and technology (Christenson 2011).
According to Honey et al. (2014), the integration of
knowledge must be explicit both within the disciplines
and across the disciplines. Students must have
intentional instruction into the connectedness of sci-
ence, technology, engineering, and mathematics. STEM
education also includes the use of the engineering design
process. There are various forms of this process, but
they all include a cyclical process of students evaluating
their solutions and then working to improve upon them.
This revision step is an important part of STEM because
it requires perseverance and the acknowledgment that
solutions can always be improved upon. There is more
than one answer to STEM challenges. STEM pedagogy
explains the teacher’s role within STEM instruction. The
teacher guides students to examine problems from all
angles by questioning. This pedagogy involves the phil-
osophy that students are capable of guiding their own
learning. Teachers are just there to facilitate this
student-led process. Students use hands-on, practical ap-
plications of content in order to solve their challenges.
Students are also introduced to STEM professions,
which some researchers believe may increase the num-
ber of underrepresented populations in STEM jobs
(Bagiati and Evangelou 2015). The student goals of
STEM education according to Honey et al. (2014) in-
clude STEM literacy, twenty-first century competencies,
STEM workforce readiness, ability to make connections
among STEM disciplines, and interest and engagement.
While addressing the standards in each subject area, stu-
dents engage in the engineering design process to make
connections to the real world. An example is studying
simple machines to discover how a car works.
STEM education includes student use of math and sci-

ence concepts they have learned in an applied setting
through the use of engineering design and technology. In-
stead of being taught in a vacuum, math and science are
brought to life through their need to be used in order to
solve a real problem (Chamberlin and Pereira 2017).
An example of STEM education in action was a stu-

dent raising the question about what could be done to
prevent a neighborhood raccoon from getting into his
family’s trashcan. The class analyzed the situation and
the trashcan in question then proposed creating a clip
for the lid using a 3D printer. The students carefully
measured and designed the clip. After printing, they
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discovered the clip would not stay attached to the can.
At this point, they evaluated what modifications needed
to be made in the design. Using 3D CAD software, the
students made the changes and reprinted the trashcan
clip. This time the clip worked to keep the lid attached
to the trashcan and prevented further raccoon scaven-
ging in his family’s trash.

STEM and gifted
Some of the same tenets of gifted education are seen in
STEM pedagogy. Hockett (2009) examined all major
curriculum recommendations for gifted learners and
found five principles of agreement: uses a conceptual ap-
proach within a discipline; pursues advanced levels of
understanding; asks students to use processes and mate-
rials that approximate those of a practicing professional
in the domain; and emphasizes problems, products, and
performances that are true-to-life with transformational
outcomes, and the curriculum needs to be flexible
enough to allow self-directed learning fueled by student
interest. STEM pedagogy contains all five principles by
allowing students to work as professionals within the
disciplines of science, technology, engineering, and
math, while solving real-world problems in which they
are interested. STEM pedagogy also leads students to a
deeper understanding of content while solving
ill-defined problems (Mann and Mann 2017).
According to VanTassel-Baska and Little (2011), this

type of pedagogy is not only good practice with gifted
students, but is also best practice with all students. All
students benefit from instruction rich in context and
student-led investigations.
Though efforts are being made to implement STEM

programming from the government all the way down to
local school district initiatives, teachers are the single
most important factor in the equation (McMullin and
Reeve 2014). Curriculum is simply a blueprint, and
STEM education requires a pedagogical shift to
student-centered learning. In addition, much of the in-
struction is inquiry-based and experimental. It is para-
mount that administrators and policy-makers discover
the challenges and barriers teachers believe impede this
effort to develop STEM talent in classrooms. It is also
salient to discover what supports teachers feel would
bolster their work as STEM practitioners. The role of
the teacher is different with STEM, but just as import-
ant. These teachers have to provide project-based les-
sons that encourage critical thinking and innovation
while building student understanding of content and
concepts (Nadelson and Seifert 2013). Teachers must
use questioning strategies to challenge students to think
using higher cognitive processes so they will think
deeply about concepts and ideas in order to solve STEM
challenges (Bruce-Davis et al. 2014). This type of

questioning is an essential skill for STEM teachers’ in-
struction. How do teachers feel about using this type of
questioning with students? Although primary and sec-
ondary teachers play an important role in the STEM tal-
ent development of these students, few studies exist
determining the prior held beliefs and perceptions of
these practitioners toward STEM curriculum and peda-
gogy. Policy-makers, administrators, and school adminis-
trators need to understand what challenges and barriers
teachers feel exist that prevent them from developing
STEM talent in our schools. Johnson (2006) reported
that many teachers lack resources needed to effectively
implement inquiry-based learning experiences for their
students. Understanding these challenges can help facili-
tate the implementation and success of STEM programs.
Both school administrators and teacher educators also
need to determine what supports teachers feel would
improve their ability to prepare students seeking STEM
degrees and pursuing STEM careers.
This review, by examining and critically analyzing

multiple existing studies, will provide a complete sum-
mary of what is known about teacher beliefs and percep-
tions regarding STEM curriculum and pedagogy.

Research questions
The purpose of the study is to examine existing litera-
ture on teachers’ perceptions of developing STEM talent.
This study attempts to understand what is known about
teacher beliefs related to STEM talent development. To
examine what exists in the literature, the following ques-
tions were used:

1) How does existing research characterize teachers’
perceptions of utilizing STEM pedagogy?

2) What do teachers identify as challenges and
barriers to using STEM pedagogy in their
classrooms?

3) What supports do teachers feel would improve
their efforts to implement STEM pedagogy in their
classrooms?

Methods
This systematic literature review utilized the PRISMA
guidelines and flow chart. PRISMA guidelines include a
27-item checklist and a four-phase flow diagram outlin-
ing the items essential for transparency in conducting
literature reviews (Liberati et al. 2009).

Eligibility criteria
In order to be included in this review, studies needed to
be peer-reviewed and published in a scholarly journal
(trade journals, magazines, and newspapers were ex-
cluded) between 2000 and 2017. Eligible studies also
needed to be published in English with preK-12 teacher
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participants and empirical in nature (editorials and
monographs were excluded). The study also needed to
address at least one of the review’s research questions.

Data sources
Databases searched were electronic and concerned the
areas of education and social science. The exact data-
bases searched were Academic Search Complete, ERIC
via Ebscohost, and PsychINFO via Ebscohost. To be
thorough, Google Scholar was also used to check that all
relevant articles had been found. Google Scholar does
not have the same limiting search terms so yielded
869,000 results sorted by relevance. Haddaway et al.’s
(2015) recommendation to examine the first 200 to 300
results from Google Scholar in order to find any missed
literature was followed, and the abstracts of the first 300
articles were examined. One article was found that had
not been found on the other databases. The last search
was run on September 28, 2018.

Search
The following search terms were used to search each
database: “teacher” AND “perception OR beliefs OR atti-
tudes” AND “STEM OR engineering.” All searches were
made against article abstracts. Search limiters were used
to align with the screening criteria. Results of the initial
search can be found in Table 1.

Study selection
Screening
A diagram of the screening process can be seen in Fig. 1.
In order to select studies for inclusion the following cri-
teria were used sequentially against article abstracts:

Criteria 1: Study published between 2000 and 2017 in
English
Criteria 2: Study published in scholarly journal
Criteria 3: Study participants included preK-12 teachers
Criteria 4: Study is empirical (qualitative, quantitative,
mixed methods, or meta-analyses)
Criteria 5: Extracted data aligns with current study’s
focus and research questions

A total of 29 articles were retained after screening.

Evaluation
In order to evaluate the quality of each article, a rubric
that examined seven criterion (Objectives and Purposes,
Review of the Literature, Theoretical Frameworks, Par-
ticipants, Methods, Results and Conclusions, and Signifi-
cance) was used against the full-text contents, and each
of the seven parts was measured to see that they met the
standards of quality reporting (Mullet 2016) (Table 2).
Each of the seven parts was scored on a 4-point scale
where 1 = Does Not Meet Standard, 2 = Nearly Meets
Standard, 3 =Meets Standard, and 4 = Exceeds Standard.
After summing the seven parts, the total possible score
for each article was between 7 and 28. Articles that
scored equal to or less than 14 were excluded as not
meeting the quality standard. After assessing the quality
of each article, four were excluded and 25 retained. To
guard against bias, the second author reviewed included
and excluded articles against the criteria and confirmed
that all retained articles met the criteria.

Data analysis
Thematic analysis (Braun and Clarke 2006) was used as
a method for identifying, analyzing, and reporting
themes (or patterns) within the data. Each theme is
meant to capture important information about the data.
Braun and Clarke (2006) recommend six phases of the-
matic analysis. The first phase involved becoming famil-
iar with the data, the second phase was where initial
codes were generated, the third phase involved an initial
search for themes by collating the codes, the fourth
phase required that each theme was checked or reviewed
to ensure the coded extracts work in relation, the fifth
phase was when the themes were defined and named,
and the sixth phase was producing the report from the
themes by relating them back to the research questions.
To establish a rating protocol, both authors read all 25

retained articles and agreed on a pre-set coding protocol
using four broad categories: (a) teachers, (b) district sup-
port, (c) curriculum/materials, and (d) students. The first
three articles were analyzed independently by both au-
thors, and 45 text segments were extracted and placed

Table 1 Results of initial search

Search terms Database Search limiters Hits

“teacher” AND “perception OR beliefs OR attitudes” AND Academic Search Complete Scholarly (peer reviewed) Journals
Published: 2000–2017

897

“STEM OR engineering” ERIC via Ebscohost Scholarly (peer reviewed) Journals
Published: 2000–2017

1151

PsycINFO via Ebscohost Scholarly (peer reviewed) Journals
Published: 2000–2017

470

Total with duplications removed 712

Note. Searches were performed against article abstracts
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into one of the four categories. Interrater reliability on
those three articles was calculated using a percent agree-
ment metric (McHugh 2012) with both raters assigning
the text segment to the same category 42 out of 45 times
for an agreement rate of .93. The first author used this
four-category protocol to code each of the remaining 22
articles. Five articles were selected at random for the
second author to independently code to corroborate
interrater reliability. Thus, a total of eight articles were
coded by two raters—the first three and then five se-
lected randomly. This yielded 129 extracted text seg-
ments assigned to the four broad categories. Both raters
agreed on 116 of the 129 for an agreement rate of .90.
Analysis of those 13 disagreement codes helped both
raters better understand the categories until both raters
agreed on the assignment of each text segment. Both
raters worked together to refine the broad codes into
sub-codes (see Table 3) that could contextually be inter-
preted toward thematic findings. Approximately 430
total pieces of data as text segments, or codes, were ex-
tracted from the 25 articles.

Results
When examining the years each of the 25 retained arti-
cles was published, an interesting phenomenon was
noted. The earliest date was 2010, and then, the number
of articles published on the topic each year increased,
ending with five articles in 2017. This issue is of import
beyond the USA as 20 of the articles retained were

conducted in the USA, two in the UK, one in Saudi Ara-
bia, one in Thailand, and one in South Korea. With re-
gard to the methodology used in the retained studies, 12
of them were qualitative, seven used mixed methods,
and six used a quantitative method to analyze the col-
lected data. A summary of retained articles can be found
in Table 4.

How does existing research characterize teachers’
perceptions of utilizing STEM pedagogy?
Existing research gives us some insight into the beliefs
teachers hold about STEM education. Several themes
emerged to summarize existing research related to the
following codes: teacher variables, application activities,
cross-curricular integration, student enjoyment, student
struggles, and value of STEM.

Teacher variables
Teachers’ years of experience are inconsistently related to
their perceptions of STEM integration or education, and
teachers’ value or interest in STEM may mediate the re-
lationship (finding 1). For example, teacher’s years of ex-
perience seem to have some influence on his/her
feelings. One study showed more experienced teachers
(> 15 years) had a more positive view of the importance
of STEM education when compared with new teachers
(between 1 and 5 years of experience) (Park et al. 2016),
while two other studies showed teacher’s years of experi-
ence were not associated with their knowledge of or

Fig. 1 Diagram of the screening process. The diagram shows how the studies were culled down from the initial database search to the final
retained studies
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comfort with teaching STEM (Nadelson et al. 2013; Sri-
koom et al. 2017). Another study found teachers with
moderate experience (between 6 and 15 years) were ac-
tually least familiar with engineering characteristics and
likely to have a bias against female students’ ability to
learn STEM (Hsu et al. 2011). While Park et al. (2017)
found that, for participants who valued STEM educa-
tion, as teaching experience increased, so too did a

teachers’ readiness level for teaching STEM. However,
teachers who did not value STEM education did not
show higher readiness levels with more years of experi-
ence. These teachers’ years of experience made no differ-
ence in their feelings of preparedness with teaching
STEM. Stohlmann et al. (2012) also found teacher pas-
sion toward STEM education affected their confidence
and comfort in implementing the curriculum. Perhaps
valuing this type of pedagogy mediates growth in teacher
readiness, and this variable should be considered more
frequently.
Age, gender, and STEM experiences of teachers may

also play a role in their perceptions of STEM education
(finding 2). Nadelson et al. (2013) found as teachers’ age
increased so did their positive attitude toward engineer-
ing in the classroom. Female teachers have been shown
to perceive technology as less important within the
STEM field than their male colleagues (Smith et al.
2015) and have also been found to have a more negative
view in general of STEM education than male teachers
(Park et al. 2016).

Table 2 Quality assessment rubric

Criterion 4—exceeds standard 3—meets standard 2—nearly meets standard 1—does not meet
standard

I Objectives
and
purposes

Clearly articulated problem,
objective, rationale, research
questions.

Adequately articulated. Poorly articulated. Incomplete.

II Review of
literature

Critically examines state of the
field. Clearly situates the topic
within the broader field. Makes
compelling connections to past
work. Discusses and resolves
ambiguities in definitions.
Synthesizes and evaluates ideas;
offers new perspectives.

Discusses what has and has not
been done. Situates topic within
the broader field. Makes
connections to past work.
Defines key vocabulary.
Synthesizes and evaluates ideas.

Minimally discusses what has
and has not been done. Vaguely
discusses broader field. Makes
few connections to past work.
Lacks synthesis across literature.
Minimal evaluation of ideas.

Fails to discuss what has
and has not been done.
Topic not situated within
broader literature. No
connections to past work.

III Theoretical
or
conceptual
frameworks

Clearly articulated and described
in detail. Frameworks align with
study purposes.

Articulated; aligns with study
purposes.

Implied or described in vague
terms, or fails to align with
purposes.

Absent.

IV Participants Detailed, contextual description
of population, sample and
sampling procedures.

Detailed description of
population, sample and
procedures.

Basic description of sample and
procedures.

Incomplete.

V Methods Instruments and their
administration described in
detail. Evidence for validity and
reliability. Documented best
research practices. Potential bias
considered.

Instruments and their
administration described.
Evidence for validity or reliability.
Some evidence of best research
practices. Potential bias
considered.

Instruments described.
Incomplete evidence of validity
or reliability. Questionable
research practices.

Incomplete.

VI Results and
conclusions

Detailed results. Exceptional use
of data displays. Discussion
clearly connects findings to past
work. Proposes future directions
for research. Conclusions clearly
address the problem or
questions.

Complete results. Sufficient use
of data displays. Discussion
connects findings to past work.
Conclusions address the
problems or questions.

Basic results. Insufficient use of
data displays. Discussion fails to
connect findings to past work.
Conclusions summarize findings.

Incomplete.

VII Significance Clearly and convincingly
articulates scholarly and
practical significance of the
study.

Articulates scholarly and practical
significance of the study.

Articulates scholarly or practical
significance, but is neither clear
nor convincing.

Not articulated.

Table 3 Four pre-established codes with refined sub-codes

Teachers
• Professional development
• Prior experiences with STEM
• Working in collaborative teams
• Time (not enough)
• Knowledge of STEM disciplines
• Teachers’ value of STEM education

Students
• Student struggles
• Enjoyment of STEM activities
• Student concerns

District
• Support systems
• Assessments
• Structural issues

Curriculum
• Cross-curricular integration
• Application activities
• Curriculum materials
• STEM pedagogy
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Table 4 Summary of included empirical articles

Author(s)
(year)

Participants Methodology Findings

Al Salami et
al. (2017)

42 middle and high school
teachers in USA

Pretest-posttest surveys administered with PD and
teaching a STEM unit. 29 of the teachers also
answered 2 open-ended questions about successes
and challenges with implementation of STEM.

No overall significant change from pretest to
posttest in attitudes toward STEM. Qualitative
findings of the challenges and barriers teachers felt
are as follows: (1) students’ background knowledge
and skills, (2) students’ buy-in, (3) securing supplies/
expenses, (4) students’ group, (5) using fellows, (6)
time constraints, (7) meeting mandated require-
ments, and (8) cross-content collaboration

Asghar et
al. (2012)

25 teachers at a STEM
workshop in the USA

Interviews, focus groups, and observational data
were analyzed using the constant comparative
method.

Major themes found (1) initial perceptions, (2)
perceptions after PD, (3) integrating STEM content
and pedagogy, (4) problems with model problems,
and (5) barriers to implementation.

Bagiati and
Evangelou
(2015)

1 preschool teacher at a
university-based lab school
in the USA

During a 2-week long engineering related lesson,
field notes, journal entries, and interview notes
were analyzed using open coding and a phenom-
enological framework.

Facilitators and barriers of implementation from
both the teacher’s and researcher’s perspective
were found. Regarding facilitators, teacher
motivation is at top of influential factors. Barriers
included teacher apprehension of engineering
content and practical constraints (time, scheduling,
and attendance).

Bell (2016) 19 secondary design and
technology teachers in
England and Wales

Phenomenography was used to analyze interview
transcript data. Interrelated themes were identified
and data categories of description were formed.

Four empirically grounded outcome spaces found
(1) externally imposed knowledge, (2) internal
engagement with knowledge, (3) understanding
learned, and (4) STEM understanding taught.
Findings indicate when a teacher’s knowledge is
limited, student learning is limited.

Bruce-Davis
et al. (2014)

Students, teachers, and
administrators at 6 STEM
high schools in the USA

Data from individual and focus group interviews
were analyzed to identify recurring patterns
through an inductive and deductive coding
process.

Three themes emerged (1) a common vision of a
challenging and engaging learning environment,
(2) a focus on applying curricular and instructional
strategies and practices to real-world problems, and
(3) an appreciation for academic and affective sup-
port in the challenging learning environment.

Clark and
Andrews
(2010)

30 teachers, govt. reps, and
engineering non-profit in
the UK

Grounded theory methodology using findings of
an exploratory study that identified and analyzed
perceptions of elementary level engineering
education.

Three main findings are (1) pedagogic issues, (2)
exposure to engineering within the curriculum, and
(3) children’s interest

Dare et al.
(2014)

48 9th grade physical
science teachers in the USA

Mixed methods methodology using observations,
interviews and surveys

Teachers focused on soft skill integration
(teamwork and communication) instead of
engineering content. Teachers felt student
engagement and enjoyment were important
considerations for STEM.

El-Deghaidy
et al. (2017)

21 male middle school
science teachers in Saudi
Arabia

Qualitative methodology included focus group
discussions and an interview protocol.

The five patterns that emerged from focus groups
were (1) STEM as interdisciplinary, (2) STEM as
linked to life, (3) twenty-first century skills and ca-
reers, (4) pedagogical content knowledge and
STEM, (5) STEM school culture, (6) factors facilitating
STEM implementation, and (7) factors hindering
STEM implementation.

Goodpaster
et al. (2012)

6 rural STEM teachers in the
USA

Phenomenographical study using interviews
regarding their perceptions of benefits and
challenges.

Community interactions, professional development,
and rural school structures emerged as three key
factors. Participants felt each of these factors had
both positive and negative implications.

Herro and
Quigley
(2017)

21 middle school math and
science teachers in the USA

Descriptive case study of teachers participating in a
year-long STEAM PD using observations, written re-
flections, focus group interviews, and teacher-
created artifacts.

Teachers increased their understanding of STEAM
to teach content and perceived the PD as effective
in changing their practices. They felt collaboration
and integrated technology were important
considerations to effect successful STEAM
implementation.

Holstein
and Keene
(2013)

3 high school teachers
implementing new STEM
curriculum in the USA

Observations and interviews examining teachers’
conceptions related to their implementation of
STEM materials were coded using Productive
Pedagogies framework.

Common conceptions that influenced teacher
implementation were (1) negative beliefs about
student abilities, (2) lack of subject matter
knowledge, and (3) non-traditional beliefs about
teaching that led to use of pedagogical techniques
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Table 4 Summary of included empirical articles (Continued)

Author(s)
(year)

Participants Methodology Findings

similar to those of the curriculum creators.

Hsu et al.
(2011)

192 elementary teachers in
the USA

DET survey results were examined using non-
parametric tests (Mann-Whitney and Kruskal-Wallis).

Participants felt design, engineering, and
technology (DET) is important, but felt unfamiliar
with the content. Teacher motivations to teach DET
differed based on their ethnic backgrounds.

Lehman et
al. (2014)

40 6th grade teachers and
10 university faculty in the
USA

Mixed methods using surveys and interviews.
Interpretive phenomenological analysis was used
for qualitative data and ANOVA for quantitative
data.

Quantitative results suggest teachers and faculty
demonstrate elements of collaboration similar to
those of an effective community of practice, and
qualitative data identified factors that participants
felt were important (dialog, decision-making, action
taking, and evaluation.)

Lesseig et
al. (2016)

34 grade 6–8 teachers in
the USA

Case study of observations, field notes, artifacts,
and video during implementation of STEM design
challenges.

Teachers valued STEM practices and learner
motivation/engagement. Challenges associated
with pedagogy, curriculum, and school structures
were identified.

McMullin
and Reeve
(2014)

Phase II—33 teachers, 29
counselors, and 29
administrators in the USA

Phase I led to factors that contribute to program
success; Phase II—surveys over these factors with
comment boxes were sent to participants and
descriptive statistics for each group were analyzed.

Factors found necessary for successful program
were supportive administrators, supportive
counselors, and dynamic teachers. Teachers felt
high-quality curriculum and meeting program goals
were important. They felt providing career path-
ways for students and opportunities for engineer-
ing related education were goals for
implementation.

Nadelson et
al. (2013)

33 elementary teachers in
the USA

Demographics, confidence for teaching STEM
survey, and a survey of efficacy for teaching STEM
were analyzed for correlations pre and post PD.

Significant and consistent increases in pre- to post-
PD of teacher confidence, efficacy, and perceptions
of STEM. Also, increased links between STEM cur-
riculum and instruction to learning standards were
made by teachers.

Nadelson
and Seifert
(2013)

377 K-12 teachers in the
USA

Several STEM teaching surveys were administered
pre and post STEM institute then descriptive
statistics and correlations were found.

Participants had an average level of comfort
teaching STEM before the institute, which increased
significantly after the institute. Some teacher
characteristics, perceptions, and practices were
related to one another.

Nadelson et
al. (2012)

230 grade 4–9 teachers in
the USA.

Pre- and post- survey results of various STEM
implementation factors were analyzed using
descriptive statistics and correlations.

Participants’ perceptions and conceptions of STEM
achieved substantial gains after the STEM institute.
Perceptions of efficacy for teaching STEM was
found related to comfort with teaching STEM,
pedagogical discontentment with teaching STEM
and inquiry implementation.

Park et al.
(2016)

705 STEAM teachers in
South Korea

Online surveys of beliefs and perceptions toward
STEAM and demographic data were analyzed using
OLS regression.

Although the majority of teachers had a positive
view of STEAM education, they noted challenges to
successful implementation such as time, increases
in workload, and lack of financial and administrative
support.

Park et al.
(2017)

830 early childhood
teachers in preschool –
third grade in the USA

Online survey of teachers’ beliefs about readiness
for teaching STEM was examined using latent class
analysis. Open-ended survey questions were used
to reveal themes about their opinions about STEM
education.

Teachers’ teaching experience and their awareness
of the importance of STEM played a differential role
in the classification of teachers into latent classes.
Themes from open-ended questions revealed
teachers felt these were challenges: (1) lack of time
to teach STEM, (2) lack of administrative support, (3)
lack of PD, (4) lack of knowledge about STEM
topics, (5) lack of parental participation, and (6) re-
luctance of teachers to collaborate.

Smith et al.
(2015)

280 secondary agriculture
teachers in the USA

Descriptive survey methods were used. Online
survey results were analyzed using MANOVA and
descriptive statistics were found.

Teachers felt each of the four components of STEM
integration important. They had high levels of
confidence in integrating science and math, but
lower confidence levels for teaching technology
and engineering.

Srikoom et
al. (2017)

154 teachers (k-12) from
schools in Thailand.

Using survey data, descriptive statistics, and ANOVA
were used for quantitative analysis. Interpretive
methods were used for qualitative analysis.

Majority of teachers (85.5%) had not heard of STEM
education and 19% could not provide a definition
of it. Teachers felt STEM education is important, but
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A relationship (r = .21, p < .05) was found between the
number of college level math or science courses taken and a
teacher’s comfort level for teaching STEM, such that the
more courses taken the more comfortable the teacher
(Nadelson et al. 2012). Differences also seem to exist be-
tween elementary and secondary teachers. Secondary
teachers have been found to have a more negative view of
the potential impact of STEM education on student achieve-
ment when compared to elementary teachers (Park et al.
2016). Srikoom et al. (2017) found the strongest concerns in
teachers of grades 1–3 and 7–9. This is consistent with the
findings of Park et al. (2017), where only one-third of the
early childhood teachers surveyed felt prepared to teach
STEM. Middle school teachers (6th–8th grades) reported
concern with lesson planning without knowledge of the dur-
ation students would need for each task. These teachers
were also concerned with their ability to guide students in
this type of interdisciplinary learning (Stohlmann et al.
2012). In addition, a group of middle school teachers iden-
tify the importance of professional development and experi-
ence in working with engineering in the curriculum.
Teachers with prior experiences with engineering scored
higher on their knowledge of instructional techniques asso-
ciated with STEM education and their ability to meet the
goals of STEM education (Van Haneghan et al. 2015). For
all teachers, knowledge of STEM content seems to matter.
Teacher efficacy, confidence, and comfort for teaching
STEM all appear to be positively correlated to knowledge of
STEM content (Nadelson et al. 2012; Nadelson et al. 2013).

Application activities
Teachers emphasize the importance of student participa-
tion in application activities within STEM education as

a crucial indicator of their academic achievement (find-
ing 3). The hands-on, application activities that are a
fundamental part of STEM education are highly valued
by teachers as a necessary and beneficial tool for student
learning outcomes. Teachers also note that these en-
gaging, kinesthetic activities motivate their students
(Bruce-Davis et al. 2014; Dare et al. 2014; Goodpaster et
al. 2012; Van Haneghan et al. 2015). Early childhood
teachers believed these types of learning experiences
were not only developmentally appropriate, but would
also build a strong foundation of each of the STEM sub-
ject areas (Park et al. 2017). Secondary teachers felt the
engineering-based hands-on activities would be particu-
larly useful as students are mastering math concepts
(Asghar et al. 2012). Rural teachers also noted the value
of these activities as they allow students to link science
to their rural lives (Goodpaster et al. 2012).

Cross-curricular integration
Teachers perceive that the cross-curricular nature of
STEM education is beneficial to student learning, but
secondary teachers may perceive barriers or challenges to
cross-curricular programs (finding 4). They believe in-
cluding engineering with the other subjects adds valu-
able problem-solving and real-world aspects to
instruction that will give students an advantage in prep-
aration for their futures. The cross-curricular connec-
tions students make are seen as an advantage to STEM
education as they give students necessary skills to ap-
proach and solve problems similar to those they will en-
counter in future careers (Asghar et al. 2012;
Bruce-Davis et al. 2014; Dare et al. 2014; McMullin and
Reeve 2014; Smith et al. 2015). Technology teachers

Table 4 Summary of included empirical articles (Continued)

Author(s)
(year)

Participants Methodology Findings

have concerns about the engineering discipline.

Stohlmann
et al. (2012)

4 middle school STEM
teachers in the USA

Field notes, observations, and interviews, collected
over school year, were analyzed using constant
comparative method.

Content and pedagogical knowledge were found
to contribute to positive self-efficacy. Teacher felt
these supports are needed for successful STEM edu-
cation: (1) partner with university or nearby school,
(2) attend PD, (3) teacher collaboration time, and
(4) curriculum company training and contacts.

Van
Haneghan
et al. (2015)

43 middle school math,
science, and technology
teachers in the USA

Surveys of teacher efficacy in teaching STEM were
analyzed using t tests Pearson correlations, Fisher’s
exact test, and for descriptive comments.

Teachers believe they have the instructional skills,
professional development, and resources to carry
out engineering design challenges, but some did
not feel confident in their ability to foster intrinsic
motivation in students.

Wang et al.
(2011)

3 middle school teachers
that participated in a year-
long PD on STEM in the
USA

Qualitative case study was used to determine
teachers’ beliefs about and perceptions of STEM
integration. Constant comparative method was
used to analyze data.

Technology was the hardest discipline to integrate.
The problem-solving process is a key component
to successfully integrating STEM disciplines.
Teachers in different STEM disciplines have different
perceptions about STEM that leads to different
classroom practices. Teachers are aware they need
to add more content knowledge in their STEM
integration.

Margot and Kettler International Journal of STEM Education             (2019) 6:2 Page 9 of 16



were particularly interested in using this integrated
cross-curricular approach in their classrooms (Asghar et
al. 2012).
Although secondary teachers (grades 6–12) considered

collaboration across disciplines an important success,
they also reported concerns about limited communica-
tion between subject area teachers (Al Salami et al.
2017). In another study, middle school teachers
expressed concerns about scheduling and content stan-
dards they felt might inhibit cross-curricular teaching
(Herro and Quigley 2017). The same teachers felt collab-
oration and technology would be important to transdis-
ciplinary teaching. The concept of interdisciplinarity was
difficult for some secondary teachers to grasp, with a
perception that integration between two subjects was
possible but putting the four STEM disciplines together
was problematic (El-Deghaidy et al. 2017). El-Deghaidy
et al. (2017) also found the teachers did not have a clear
understanding of how to integrate technology, believing
it was just hardware.

Student enjoyment
Teachers believe STEM education is inherently motivat-
ing to students (finding 5). Teachers feel the persistence
and interest gained by students are very valuable as they
work on STEM challenges and that students eventually
begin to feel motivated and empowered by their ability
to solve complex problems. The complex, open-ended
design of STEM challenges also lead to student increases
in academic achievement. Teachers commented that the
addition of engineering to their math and science curric-
ula brings them to life. They also felt students are genu-
inely interested in STEM problems. Teachers note an
overwhelmingly positive response from students during
STEM education. Moreover, teachers felt this increase in
student enjoyment and engagement was the main reason
for integrating STEM into their curriculum (Dare et al.
2014; Herro and Quigley 2017; Lesseig et al. 2016;
McMullin and Reeve 2014; Srikoom et al. 2017; Van
Haneghan et al. 2015).

Student struggles
Teachers believe that struggle and even failure are inher-
ent yet valuable components of the engineering design
process within STEM education (finding 6). Students are
asked to improve upon their designs and solutions. They
are encouraged to take risks. Teachers feel this is benefi-
cial to students, especially high-achieving students that
typically do not reach a point of frustration in their
classrooms (Dare et al. 2014). Because failure is part of
the process, it is expected and therefore accepted. This
encourages students to do things they do not know how
to do and challenge themselves to confront failure.
Teachers feel this helps encourage students to think for

themselves and better understand the content in their
classes by thinking critically about it (Holstein and
Keene 2013). Teachers value these authentic learning ex-
periences, without one right answer (Bruce-Davis et al.
2014). They felt students needed lots of practice partici-
pating in group work and learning through doing in
order to be successful with STEM learning (El-Deghaidy
et al. 2017; Herro and Quigley 2017). Several teachers
were happily surprised that low-performing students
were able to be successful in the less-structured and
more challenging STEM problems (Lesseig et al. 2016;
Wang et al. 2011). Teachers even reported that students
were reluctant to begin with the STEM equipment be-
cause they were afraid it would be damaged. Students
had to learn that making mistakes was going to happen
and experimenting with the equipment would help them
solve their STEM problem (Dare et al. 2014).

Value of STEM
Teachers’ efficacy beliefs and the value they place on
STEM education seems to influence their willingness to
engage and implement STEM curriculum (finding 7).
Student learning is limited when teachers’ knowledge
and understanding is deficient (McMullin and Reeve
2014). Teachers who have limited knowledge and com-
fort with STEM may feel they are unable to contribute
to classroom learning during STEM activities. On the
other hand, teachers that feel they have the knowledge
and skill sets to implement STEM activities have a high
self-efficacy toward this type of learning. Teacher per-
ceptions of the importance of STEM influence their abil-
ity to learn and develop as STEM educators (Bell 2016).
This will affect how they teach STEM curriculum.
Teachers have reported challenges associated with learn-
ing the content while teaching multiple courses together
(El-Deghaidy et al. 2017; Goodpaster et al. 2012; Herro
and Quigley 2017). Teachers felt developing new STEM
problems while integrating different domains was diffi-
cult. Teachers also reported trouble combining the
STEM pedagogical approach with their typical content
concepts (Asghar et al. 2012). These teachers seemed to
be unable to see these things as anything but separate.
Even after professional development, some teachers are
still uncomfortable using STEM activities in their class-
room (Asghar et al. 2012; Herro and Quigley 2017).
Many professional development facilitators have seen re-
sistance by teachers to utilizing STEM (Dare et al. 2014;
Holstein and Keene 2013). STEM teachers show a range
of fidelity with implementation, and engineering appears
to be the content area teachers are least confident in
teaching (Smith et al. 2015; Srikoom et al. 2017). This
may be why there is a lack of evidence that engineering
decisions are explicitly being made by teachers and
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students during STEM education (Lehman et al. 2014;
Van Haneghan et al. 2015).
While some teachers saw STEM as one more thing

they needed to cover in their classrooms, many teachers
felt it was a valuable way for students to learn. Teachers
felt strongly that STEM should be integrated into stu-
dents’ K-12 education (Hsu et al. 2011; McMullin and
Reeve 2014; Smith et al. 2015). In other words, they felt
STEM is important. Teachers believed STEM leads to
higher expectations for students after high school and
felt increases in scientific literacy were valuable as they
challenge students to think critically about current issues
and future implications in their own lives (Bruce-Davis
et al. 2014; El-Deghaidy et al. 2017; Herro and Quigley
2017). These K-12 elementary and secondary teachers
(n = 729) believed STEM education has a positive impact
on student learning and outcomes (Park et al. 2016).
Teachers also experienced rewarding feelings of making
a difference with students and their communities when
utilizing STEM education (Hsu et al. 2011; Goodpaster
et al. 2012; Wang et al. 2011). Teachers seemed to focus
on how they could improve their STEM lessons the next
time they use them. They were working on future im-
provements almost as soon as the lesson was over (Dare
et al. 2014).
Teacher perceptions of STEM education influence

how they design their STEM units and their methods of
delivery of instruction. A dynamic teacher with a posi-
tive attitude toward STEM seems to be the single most
important factor to implementation fidelity and STEM
program success (McMullin and Reeve 2014). These
teachers believe STEM integration can improve their
students’ learning outcomes (Bagiati and Evangelou
2015; Dare et al. 2014; El-Deghaidy et al. 2017; Wang et
al. 2011).

What do teachers identify as challenges and barriers to
using STEM pedagogy in their classrooms?
The area teachers identified as challenges and barriers
related to STEM education can be organized in six cat-
egories: pedagogical challenges, curricular challenges,
structural challenges, student concerns, assessment con-
cerns, and teacher supports.

Pedagogical challenges
Teachers perceive that STEM pedagogy requires some
fundamental shifts in how they establish classroom envi-
ronments and teach, and for some teachers these shifts
are not always positive (finding 8). Several pedagogical
challenges were cited by teachers as inhibiting factors to
STEM implementation. For example, teachers mention
STEM pedagogy requires a fundamental shift away from
teacher-led instruction to student led-instruction (Les-
seig et al. 2016; Park et al. 2017). Teachers have to be

able to step out of the director role and allow students
to find their own way during the lesson, which might in-
volve unexpected directions (Lesseig et al. 2016). An-
other similar concern is that teachers must have a view
of instruction that aligns with the philosophy of the
STEM curriculum authors. There must be a match be-
tween the teachers’ pedagogy and the curriculum peda-
gogy (Holstein and Keene 2013). Teachers voiced a
concern that they might incorrectly or inadvertently
misinterpret the STEM developer’s expectations (Bagiati
and Evangelou 2015; Holstein and Keene 2013).
Teachers also expressed concerns about STEM pedagogy
meeting the diverse needs of all learners, particularly
those with disabilities and various cognitive abilities
(Herro and Quigley 2017; Park et al. 2017). One last
pedagogy concern suggests that utilization of STEM
could actually hinder direct instruction of science con-
tent. Dare et al. (2014) found secondary teachers noted
that they were not teaching science concepts as well
when utilizing STEM in their classrooms.

Curriculum challenges
Some teachers, especially at the high school level, perceive
the integrated nature of STEM curriculum is a challenge
(finding 9). Teachers had apprehension about following
someone else’s curriculum plan (Bagiati and Evangelou
2015). Teachers were also concerned about integrating
STEM curriculum into their existing curricula. District
alignment and grade level standards can be inflexible,
which prevents a smooth integration of STEM. In
addition, teachers noted they felt STEM curriculum could
be inflexible and the difficulty with combining two inflex-
ible curricular plans (Bagiati and Evangelou 2015; Lesseig
et al. 2016). Secondary teachers felt their domain specific
courses (biology II, geometry, etc.) did not integrate well
with other STEM disciplines (Asghar et al. 2012). Also,
secondary teachers felt miscommunications between vari-
ous STEM teachers’ perception of each other’s domain led
to feelings of anger and subsequently caused interdiscip-
linary curriculum to fail. For similar reasons, teachers had
concerns about developing their own STEM-based cur-
riculum with teachers from other subject areas (Asghar et
al. 2012; Bell 2016; El-Deghaidy et al. 2017). Teachers
were also concerned about STEM curriculum’s ability to
impart meaningful learning (Asghar et al. 2012). When
implementing STEM curriculum, teachers were observed
treating the inclusion of specific content as more of an
afterthought (Dare et al. 2014).

Structural challenges
Teachers perceived typical school structures are barriers
to the implementation of STEM education (finding 10).
Teachers felt the confines of class scheduling prohibited
the interdisciplinary nature of STEM lessons, and
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various teachers teaching their own specific subjects
were not conducive to interdisciplinary work either. This
same scheduling prevented teachers in different subjects
from planning together (Asghar et al. 2012; Dare et al.
2014; Lesseig et al. 2016). The structure of student
schedules, and lack of flexibility in them, was also cited
as a barrier to STEM (El-Deghaidy et al. 2017; Lesseig et
al. 2016). Lack of control over pacing of curriculum and
the sequence of instruction were also discussed as
troublesome when teachers sought to integrate multiple
disciplines for authentic STEM lessons (Herro and Quig-
ley 2017). At the district level, teachers felt administra-
tive and financial supports could be a challenge to
STEM implementation (Asghar et al. 2012; Clark and
Andrews 2010; Hsu et al. 2011; Park et al. 2016; Park et
al. 2017). Another concern was a lack of technology re-
sources available to students. Without student com-
puters and other technology tools available, it was
difficult to integrate the technology piece into STEM
lessons (Wang et al. 2011). The last structural concern
was the way education is organized and evaluated at the
state level (Asghar et al. 2012).

Student concerns
Teachers believe that students are unable or unwilling to
be successful with STEM education or initiatives (finding
11). Several studies reported teachers underestimate stu-
dent abilities to solve STEM problems (Al Salami et al.
2017; Asghar et al. 2012; Bagiati and Evangelou 2015;
Goodpaster et al. 2012; Van Haneghan et al. 2015).
Many of these teachers did not believe their students
were competent enough in content areas to apply these
skills to self-directed STEM problems. They felt these
types of problems would be very difficult for their stu-
dents and would cause their students to become un-
motivated to learn. Teachers reported a need for
instructional tools they could use to motivate students
and get them interested in STEM subjects. In addition,
rural teachers noted the challenges associated with
modifying the curriculum in order to meet the needs of
underperforming students (Goodpaster et al. 2012).
Teacher beliefs about their students may be related to
their implementation fidelity of STEM curriculum (Hol-
stein and Keene 2013).

Assessments, time, and knowledge
Teachers perceive that lack of quality assessment tools,
planning time, and knowledge of STEM disciplines are
challenges and barriers to STEM initiatives (finding 12).
In one study, more than 40% of the teachers felt there
was a lack of assessments for STEM programs (Nadel-
son and Seifert 2013). These teachers and many others
felt there were not enough standardized classroom as-
sessments to use with STEM lessons. This makes

assessing student learning in a STEM curriculum very
difficult. Teachers felt there were not enough formative
assessments to discover what concepts students under-
stood from other disciplines (Asghar et al. 2012; Dare et
al. 2014). Additionally, teachers were concerned about
group grading. They felt unsure of how they would as-
sess each member of the group individually to make sure
they had mastery of the standards (Herro and Quigley
2017). Formative assessments help teachers know when
reteaching or remediating is necessary or when students
already know the material.
Teachers were concerned with the increased workload

associated with STEM programming. They have to find
more time to plan with other subject areas and to pre-
pare the materials for students. Presenting the material
and allowing for varying ability levels among students
also required more time. This makes a lack of time one
of the primary concerns teachers had when implement-
ing STEM (Bagiati and Evangelou 2015; Hsu et al. 2011;
Goodpaster et al. 2012; Park et al. 2016).
Teachers also believed they had a lack of subject mat-

ter knowledge concerning STEM content. Pre-service
and in-service training was seen as inadequate in prepar-
ing teachers to implement STEM. Teachers felt they
needed clarity about how the program was supposed to
be implemented into existing programs (Nadelson and
Seifert 2013). They did not feel fully prepared to inte-
grate STEM subjects (Al Salami et al. 2017; Hsu et al.
2011). Teachers also perceived a lack of instructional re-
sources was a hurdle in their path to provide STEM op-
portunities for students (Park et al. 2017). Although
teachers deemed STEM education important and valu-
able, they were not comfortable with meeting the high
teacher expectations they felt were associated with
STEM. Feeling unsure about one’s ability to teach STEM
could lead teachers to a reduced confidence in their
teaching efficacy (Bagiati and Evangelou 2015; Clark and
Andrews 2010; Holstein and Keene 2013).

What do teachers feel supports their efforts to implement
STEM?
Some studies captured ways that teachers might need an
additional support. Five main areas were found in the re-
search that addressed this need for support. They were
in the areas of collaboration, curriculum, district sup-
port, prior experiences, and professional development.

Collaboration
Teachers believe that a culture of collaboration would in-
crease the viability of STEM programs (finding 13;
Asghar et al. 2012; Bruce-Davis et al. 2014; Herro and
Quigley 2017; Lehman et al. 2014; Stohlmann et al.
2012; Wang et al. 2011). Teachers explained the import-
ance of collaborating with other STEM teachers and
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university professionals in order to not only create an at-
mosphere that enhances preparation for STEM lessons,
but also to model a team approach to students. STEM
pedagogy required students to collaborate to solve chal-
lenges, so a teacher modeling the strength of a group ap-
proach is beneficial. One teacher noted that teachers
had been siloed in the past, and an integrated team ap-
proach was necessary for STEM planning and imple-
mentation (Asghar et al. 2012). Other teachers
attributed much of their success with STEM to partner-
ships with university faculty and accessing the expertise
in their community (Lehman et al. 2014). Partnerships
with museums and other community-based centers were
helpful to capitalize on learning about STEM careers
and experiences (El-Deghaidy et al. 2017). These sup-
ports helped the teachers feel comfortable taking risks
and delving deeper into STEM concepts outside their
comfort area.
Many teachers felt collaboration was the key to suc-

cessful transdisciplinary teaching required for STEM les-
sons (Herro and Quigley 2017; Stohlmann et al. 2012).
Teachers felt intentional time was necessary throughout
the school year for various disciplines to meet together
for planning in order to bridge the disciplines. They also
believed a technology-enabled network could be an ef-
fective means of collaborating between content area
teachers. Providing time and opportunities for collabora-
tive planning and open communication between
teachers may be critical to successful implementation.

Curriculum
Teachers believe that the availability of a quality curricu-
lum would enhance the likelihood of success of STEM initia-
tives (finding 14; Asghar et al. 2012; Lehman et al. 2014;
McMullin and Reeve 2014; Stohlmann et al. 2012; Van
Haneghan et al. 2015; Wang et al. 2011). Teachers dis-
cussed the importance of a flexible curriculum that is
engineering-based. In order to be effective, the curriculum
must be flexible enough to be used with various ability
levels and educational environments while still being fo-
cused on the engineering design process (Lehman et al.
2014). Teachers believed this type of curriculum increased
their belief in themselves, or self-efficacy, to teach STEM
(Lehman et al. 2014; Van Haneghan et al. 2015). The
STEM curriculum or modules must also be explicitly and
tightly connected to the standards. In addition, these mod-
ules need to be developmentally appropriate (Asghar et al.
2012). Teachers expressed a desire for specific,
ready-made STEM problems they could use in their class-
rooms immediately. These problems must be grounded in
the STEM disciplines and driven by the standards (Asghar
et al. 2012; Wang et al. 2011). Also, there must be fidelity
in the implementation of the curriculum such that the
teachers utilize the expectations and goals intended by the

curriculum designers (McMullin and Reeve 2014; Stohl-
mann et al. 2012).

District support
Teachers perceive school district support, guidance, and
flexibility were necessary for STEM initiatives (finding
15). In fact, school district support was cited as the
number one most important factor to STEM success in
two of the studies (Bruce-Davis et al. 2014; McMullin
and Reeve 2014). It was also mentioned by other
studies as an important factor (Holstein and Keene
2013; Park et al. 2016). A supportive administrator or
administrative team is important when teachers are
implementing STEM pedagogy. Teachers believed
guidance by and constant dialog with administrators
is needed in order to successfully utilize STEM pro-
grams (El-Deghaidy et al. 2017; Holstein and Keene
2013; McMullin and Reeve 2014). Teachers believed
it was necessary for their school districts to allow
flexibility for them to expand the curricula and in-
struction beyond national and state standards, so they
were able to offer problems that meet student inter-
ests, talents, and academic needs (Bruce-Davis et al.
2014). In addition, the K-12 curricular framework or
scope and sequence should be restructured to allow
for STEM programing (Herro and Quigley 2017; Park
et al. 2016).
Teachers also felt that districts need to help parents

and students understand course offerings and what
STEM courses will teach them. Secondary teachers
believed another important consideration is how high
school credit will be given in these courses. More
math or science credit might have increased student
enrollment rather than only giving elective credits for
taking STEM courses (McMullin and Reeve 2014).

Prior experiences
Teachers perceive that previous experience using
student-centered, inquiry models of instruction facili-
tate success in a STEM initiative (finding 16). Similarly
structured prior experiences by teachers were commonly
seen as facilitators to STEM success. Teachers who had
more science or math courses in college (Park et al.
2016) or had utilized similar instructional methods (i.e.,
problem-based learning, inquiry-based learning, ques-
tioning techniques, guided independent research studies)
felt these experiences allowed them to promote the in-
ductive and deductive reasoning across disciplines ne-
cessary for STEM (Bagiati and Evangelou 2015;
Bruce-Davis et al. 2014; Park et al. 2017). Confidence
with STEM pedagogy increased because of these prior
experiences.
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Professional development
Teachers believe that well-organized and frequently
available professional learning opportunities would fa-
cilitate successful STEM initiatives (finding 17). The
most often mentioned support that would increase the
effectiveness of STEM education was learning opportun-
ities for teachers to increase their ability to effectively in-
tegrate STEM content into their curriculum. Teachers at
multiple stages in their careers reported significant in-
creases in their confidence, knowledge, and efficacy to
teach STEM after attending professional development
programs (Lesseig et al. 2016; Nadelson et al. 2012;
Nadelson et al. 2013; Nadelson and Seifert 2013; Van
Haneghan et al. 2015). Effective professional develop-
ment or continuing education needs to provide time and
structure for teachers to explore how STEM can be inte-
grated within their curriculum while focusing on in-
creasing teacher’s content knowledge and experiences
with STEM. Research indicates these factors will directly
influence teacher practice and student learning (Nadel-
son et al. 2013; Van Haneghan et al. 2015). Teachers
wanted more strategies to improve student performance
in engineering design challenges (Bruce-Davis et al.
2014; Lesseig et al. 2016; Van Haneghan et al. 2015).
Teachers need support when incorporating engineering
into their math and science instruction (El-Deghaidy et
al. 2017; Lehman et al. 2014). Teachers felt support for
planning and implementation should be ongoing and in-
clude pedagogical tools they can use to increase student
academic success (Lesseig et al. 2016).
The thematic analysis process began with assigning

codes to segments of text followed by the grouping of
those coded text segments. These grouped segments led
to 17 findings that were supported by multiple text seg-
ments extracted from the qualified studies. Ultimately,
these 17 findings suggest the following themes from this
systematic review of research involving teachers’ percep-
tions of STEM education initiatives:

� Variation among teachers’ age, gender, experience,
and perceived value of STEM education may
influence their support and enthusiasm for school-
wide STEM initiatives.

� Secondary, especially high school, teachers seem
more likely to perceive interdisciplinary STEM
initiatives as challenges to what they believe to be
high-quality learning opportunities for students.

� STEM education initiatives may require substantial
shifts in pedagogy, curriculum, assessment, support,
and training, and teachers are likely to see any of
these as challenges and/or barriers.

� Teachers perceive the engaging and authentic nature
of interdisciplinary STEM education initiatives as
potentially beneficial for students.

Discussion
Recommendations for practice
In order to support teachers and STEM programs as
they seek to develop STEM talent, necessary provisions
must be provided so they can act as a facilitating catalyst
in the student’s development. It seems very promising
that the results from multiple studies were so similar in
their findings concerning challenges and supports.
Teachers need quality curriculum that aligns with dis-
trict and state guidelines and includes formative assess-
ment techniques teachers can use to assess their
students’ conceptual understandings. Professional devel-
opment that is attended by the team of teachers that will
be utilizing the curriculum (Nadelson et al. 2012) and al-
lows teachers to gain experience with STEM concepts
and the pedagogy in a meaningful way is also necessary.
The pedagogical strategies associated with STEM must
be explicitly taught to teachers and modeled in order to
improve fidelity of programming. Teachers have to be-
come comfortable allowing their students to “take the
wheel” and drive instruction. They have to learn how to
play the role of facilitator of knowledge and how to en-
courage students to take academic risks. All of this can
be practiced and reinforced in professional development
before implementation in classrooms. The National Re-
search Council (2013) recommends that districts develop
a mechanism for focused professional development to be
coordinated that aligns with instructional reforms and
provides high-quality learning opportunities for teachers.
The content knowledge and affective needs teachers
have regarding STEM instruction must be attended to
during in-service learning.
District administrators must be aware of the need for

increased time to collaborate with the other STEM
teachers. Building time into the school year for teachers
to plan lessons and prepare lessons with colleagues
would facilitate STEM integration. As teachers move
from teaching single subjects to teaching
cross-curricular units, they will need time to work to-
gether. Teachers need to be encouraged to work to-
gether to create innovative ways to successfully integrate
this multidisciplinary way of thinking and learning. An
open and transparent means of communicating is neces-
sary within the school and district concerning teacher
needs and supports regarding STEM education.

Recommendations for future research
More studies that document the success of STEM pro-
grams with low ability and diverse student populations
would be beneficial encouragement to teachers.
Teachers need to believe all students can benefit from
STEM instruction. As they begin to experience student
success in their classrooms, they will be encouraged to
continue implementing STEM activities.
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A study examining differences in STEM perception
among gifted and non-gifted educators would be inter-
esting in light of the pedagogical similarities between
STEM and gifted education (Mann and Mann 2017). An
examination of the confidence levels of these two groups
of teachers as they develop STEM talent within their
classrooms would yield useful data for future profes-
sional development.
Further study of effective implementation of the core

tenets Moore et al. (2014) suggested should be con-
ducted in classrooms in various school settings (urban,
rural, and suburban). There may be specific pedagogical
needs within different settings that can be addressed
with teacher in-service instruction.
Research into effective formative assessment strategies

during STEM education needs to be conducted.
Teachers felt this was a missing component of STEM
programs (Asghar et al. 2012; Dare et al. 2014). Effective
ways to gauge student understanding would yield more
efficient STEM talent development. Teachers could bet-
ter differentiate for various ability levels within their
classrooms if they better understand each student’s pro-
gress throughout the unit (Tomlinson and Moon 2013).
More work needs to be done in order to understand

how best to support teachers as they attempt to inte-
grate STEM education into their classrooms (Dare et al.
2014).

Conclusions
The 17 findings from this study should be used to guide
school/district STEM initiatives. Because these 17 find-
ings were found across multiple studies, they could help
inform future professional development and teacher ini-
tiatives to improve teacher efficacy related to STEM in-
struction/integration.
Teachers appear to value STEM education and believe

it enhances student-learning outcomes while preparing
students for their future. With increased confidence,
teachers would likely be more effective at integrating
STEM activities. The research seems clear that increased
confidence leads to better performance during instruc-
tion, and this will lead to gains in student learning
(Nadelson et al. 2012; Nadelson et al. 2013).
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