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Teacher Efficacy and Preparing Students for Stem Through the Maker Movement 

Literature Review  

Introduction  

Science, technology, engineering, and mathematics (STEM) education is significant to 

the future of American youth; and offers skills and learning strategies to succeed far into the 21st 

century (Robinson, 2014). For the United States to remain competitive and maintain global 

leadership, students must be introduced to STEM opportunities and engaged in STEM education 

(Science Pioneers, n.d.). In the National Science Board report, it cited the U.S. Bureau of Labor 

Statistics that between 2010-2020 employment in science and engineering would grow by 18.7% 

compared to 14.3% for other occupations (2014).  The National Assessment of Education 

Progress (NAEP) showed that only“forty percent of students at every grade level tested, are 

proficient in math and science” (National Assessment Governing Board, 2014, para. 1). This 

statistic demonstrates the urgency to improve math and science instruction.  

Going beyond what has always been done within a school requires changing the way that 

teaching and learning occur (Fullan, 2011; Scharmer, 2009; Senge et al., 2010). Makerspace and 

the maker movement represent a shift in teaching and learning. Makerspaces can be seen outside 

of the classroom; their presence within the K-12 education setting is being used as a means of 

engaging students in science, technology, engineering, art, and math (STEAM) (Martin, 2015). 

Engaging students at the elementary level in STEM through the maker movement has the 

potential to increase students’ awareness of STEM, which could lead them to pursue STEM in 

high school, college, and career. Early exposure will help to pique students’ interest in STEM, 

thus causing STEM to become a natural choice.   

This section will review the relevant literature surrounding STEM education. A historical 

overview and the definition of STEM education are provided. A look at STEM education in 
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elementary schools, professional development for teachers in STEM, and student engagement is 

reviewed. 

What is STEM?  

STEM is an acronym for science, technology, engineering, and mathematics (Tsupros, 

Kohler, & Hallinen, 2009). It is commonly defined as  

an interdisciplinary approach to learning where rigorous academic 
concepts are coupled with real-world lessons as students apply science, 
technology, engineering, and mathematics in contexts that make 
connections between school, community, work, and the global enterprise; 
enabling the development of STEM literacy and the ability to compete in 
the new economy (Tsupros et al., 2009, para. 3).  

 

STEM curriculum represents active learning through problem solving and exploratory learning; 

thus enhancing the definition to further include the following::  

A standards-based, meta discipline residing at the school level where all 
the teacher, especially science, technology, engineering, and mathematics 
teachers teach an integrated approach to teaching and learning, where 
discipline specific content is not divided, but addressed and treated as on 
dynamic, fluid study (Brown, Brown, Reardon, & Merrill, 2011, p. 6).  
 

STEM education goes beyond incorporating science, technology, engineering, and 

mathematics into a curriculum. It is the combining of the four major subjects into a single 

education (Chen, 2011). STEM urgency is the result of America not preparing enough students, 

teachers, and practitioners in STEM-related fields (Gerlach, 2012). The innovative world market 

is calling for more STEM workers (Gerlach, 2012).    (The Cold War and Sputnik – As a 

transition) 

Overview of STEM Education     

The acronym STEM has been part of educational vocabulary since 2001 (Fioriello, 

2014). In 1950 President Harry S. Truman signed the National Science Foundation Act. The Act 
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served to “promote the progress of science; to advance the national health, prosperity, and 

welfare; to secure the national defense; and for other purposes” (National Science Board, 2014, 

para. 2). The launching of the Sputnik by the Soviet Union in 1957 provided a crucial crossroads 

for STEM education in the United States (Woodruff, 2013). The United States feared that it had 

fallen behind other countries and began to focus on science and technology education 

(Woodruff, 2013). Another major turning point for STEM education was the creation of 

standards by the National Council of Teachers of Mathematics, the International Technology and 

Engineering Educators Association, and the National Science Foundation (Woodruff, 2013). 

Each of these organizations created guidelines to be implemented within the classroom 

(Woodruff, 2013).  

TheNational Academies 2007 published report, Rising Above the Gathering Storm: 

Engineering and Employing America for the a Brighter Economic Future, prompted 

congressional interest regarding STEM education (Gonzalez & Kuenzi, 2012). The report 

warned of a threat to national prosperity and power (Gonzalez & Kuenzi, 2012). The National 

Academies report lead to the America COMPETES Act which gave way to the authorization of 

STEM education programs (Gonzalez & Kuenzi, 2012).  

In 2009 President Barack Obama introduced the Educate to Innovate Initiative (Federal 

Inventory of STEM Education, 2011). The basis of this initiative was to move the United States 

to become the world leader in math and science achievement (Federal Inventory of STEM 

Education, 2011).The initiative sought to accomplish four major goals: :   

1. Building a CEO-led coalition to leverage the unique capacities of the private sector  

2. Preparing 100,000 new and effective STEM teachers over the next decade 

3. Showcasing and bolstering federal investment in STEM  



Running head: TEACHER EFFICACY AND PREPARING STUDENTS FOR STEM 

 

5 

4.   Broadening participation to inspire a more diverse STEM talent pool (Federal 

Inventory of STEM Education, 2011, para. 4) 

From the second goal, the nation began to see preparing effective STEM teachers as a critical 

element in ensuring that there is a pipeline of students that engaged in STEM and later purse 

careers in STEM related fields.  

Elementary STEM Education  

STEM integration is primarily concentrated at the high school and collegiate levels 

(Lynch, Han, Peters, & House, 2013). Chesloff (2013) stated, “like STEM, investment in early-

childhood education is a workforce-pipeline issue” (para. 12). The research has demonstrated 

that children thrive in high-quality learning environments when they are given the opportunity to 

explore, build and to question (Chesloff, 2013). This is further supported whenearly experiences 

where students can succeed in STEM places them on a trajectory for STEM fields (Ricks, 2012). 

Brain research has confirmed that the brain is capable of learning math and logic as early as ages 

one to four years old (Chesloff, 2013).  

Wheelcock College Aspire Institute (2010) noted that children who experience early 

hands-on STEM education are better equipped to retain and understand STEM concepts as they 

progress through school. PreK-6 STEM introduction will lay the foundation of knowledge and 

skills necessary to become successful in the STEM field (Wheelcock College Aspire Institute, 

2010). In order for the benefits of STEM education at the elementary level to be realized, there 

has to be a balance in instructional priorities to give student opportunities to engage in STEM 

related subjects.   

Alandmark study by Berryman (1983) suggests the pool for future STEM professionals 

begins in elementary school and is maximized prior to 9th grade. The study further revealed that 

students will enter the pipeline for STEM track, but even more will leave. The significance of 
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this study points to the the need to have teachers who are profient in STEAM and supported by 

relevant resources in order to counter the loss of students in the STEM pipeline. Equally as 

important is the  need for more students at the elementary level to participate in STEM to 

stabilize the attrition rate.    

Professional Development  

With the incorporation of STEM education in schools, professional development at the 

elementary level becomes a topic with growing interest (Shapiro, 2012). The National Staff 

Development Council, (2009) has defined professional development as a “comprehensive, 

sustained, and intensive approach to improving teachers’ and principals’ effectiveness in raising 

student achievement.”  

In 2012 Hanover Research developed a list of the most applicable STEM teacher 

development techniques based upon research.  

• Active-Engage teachers in practicing concrete tasks related to teaching, 

assessment, and observation of learning.  

• Collaborative- Include time for teachers to share ideas and practices.  

• Learner-centered-Draw upon teachers’ questions, inquiry, and experiences.  

• Student-centered-Build on teacher’s current work with students.  

• Relevant- Address problems teachers experience in their classrooms.  

• Content-specific-Develop teacher’s knowledge and capacity to teach specific 

subject matter.  

• Pedagogy Focused- Provide modeling, coaching, and problem solving around 

specific areas of practice.   
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• Appropriately Structured-Plan a sufficient amount of time for teachers to 

participate in and process their professional development (p. 19).  

 

Increasing students’ knowledge and related STEM skills requires supporting teachers’ 

ability to teach STEM (Nadelson, Seifert, Moll, & Coats, 2012). Inseparably K-12 STEM 

education is linked to the quality and quantity of K-12 teachers professional development 

(Nadelson et al., 2012). Nadelson et al. (2012) further asserted that there is a need to address 

teacher comfort and related variables in professional development, as this will enhance teacher 

capacity to teach STEM content and curriculum.  

According to Fisher, Frey, & Pumpian, (2012),for professional development to be most 

impactful, it should be implemented over an extended period of time (2012). There are several 

organizations that offer STEM professional development programs including the National 

Center for STEM Elementary Education, the National Center for Technology Literacy, and the 

Mickelson Exxon Mobile Teachers’ Academy (Hanover Research, 2012). A school culture 

committed to student learning must be equally committed to the learning of teachers (Fisher et 

al., 2012). Teachers impact the learning of students directly thus necessitating the need for 

teachers to have the resources they need to provide the best quality STEM education for students 

(Avery & Reeve, 2013).   

Student Engagement  

The topic of student engagement continues to grow in education. Student engagement is 

the degree to which students exhibit interest, passion, optimism, curiosity, and attention when 

they are learning (Glossary of Education Reform, 2016). Under the umbrella of engagement are 

intellectual engagement, behavioral engagement, physical engagement, and social engagement. 
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Intellectual engagement can be defined as lessons that cater to students interest or incite 

curiosity. Emotional engagement supports positive emotions in students to enable learning. 

Behavioral engagement breaks the monotonous routines that can lead to disengagement. 

Physical activity or hands-on learning provides engagement for students. Group or partner 

activities create the opportunity for social engagement.  

 Marzano (2013) calls on teachers to ask themselves four questions that are reflective of 

the previously mentioned types of engagement:  

1. Do I provide a safe, caring, and energetic environment?  

2. Do I make things interesting?  

3. Do I demonstrate why the content is important?  

4. Do I help students realize that personal effort is key to success? (p.82)  

STEM education promotes a learning environment that will allow students to be active 

participants in their learning (Royal, 2013). Being active participants in the learning process 

engages students in their learning. Students are more likely to retain and be able to demonstrate 

what they have learned.  

Makerspaces & Maker Movement  

With the creation of Make Magazine in 2005, the Maker Movement came to life 

(Dougherty, 2012). Makers can be classified as people who value do-it-yourself process, 

tinkering, and hands-on problem solving (Dougherty, 2012). The principles of making are in line 

with the principles of student engagement in that students are active learners. There are multiple 

pathways for teachers to create maker experience for their students. There are third party 

companies that have created pre-packaged curricula or teachers have created their own 

programs.  
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The research is lacking in teacher efficacy and the promotion of student interest in STEM 

and STEM related fields.  

Makerspaces for students create an environment in which students can demonstrate their 

knowledge through making. Dougherty (2012) states "we should be framing things in our 

schools not just regarding ‘how do we test you on that?' but on ‘what can you do with what you 

know?" (p. 12). The point at which students can demonstrate their learning creates a more 

meaningful learning experience. The idea of Makerspaces inthe school setting is not new. An 

example is the Massachusetts Institute of Technology (MIT) Fab Lab.  Created in XXX, it is a 

space where students can use tools and equipment to create products.  

Next Generation Science Standards  

The Next Generation Science Standards (NGSS) were released in 2015. The National 

Research Council developed the framework for K-12  Science Education: Practices, Cross-

Cutting Concepts, and Core Ideas. The Makerspace environment is easily situated within the 

NGSS because of the technology tools that can be used (Hira, Joslyn, & Hynes, 2014). 

Technology and engineering are concepts that are embodied in NGSS and are reflective of 

STEM, making it an excellent fit within the Makerspace.    

As a result in the shift toward the NGSS, teacher preparation programs will have to alter 

their programs to meet the needs of the NGSS. Current teachers are at a cross roads requiring 

professional development to meet the conceptual gaps in science instruction (Bybee 2014). The 

results of the 2000 National Survey of Science and Math Education (NSSME) yield that 72% of 

teachers self-reported the need to increase or deepen their content knowledge in science and 84% 

desired to learn how to incorporate technology in science lessons. The NSSME conducted a 

study in 2012 that determined that of all the content areas, only 39% of teachers felt prepared to 
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teach science (Banilower et al., 2013). The need to increase elementary teacher self-efficacy in 

science content will be an important step in preparing students for STEM and the NGSS.  

Teacher Self-Efficacy   

 Self-efficacy according to Albert Bandura (1977) is grounded in people’s beliefs about 

their capacity to perform. There are several factors that Bandura believes influences a person’s 

ability to undertake a challenge: vicarious experience, physiological states, and performance 

accomplishments. Makerspace implementation as a conduit toward STEM will take time, as the 

parameters surrounding Makerspaces have not been truly defined. Bandura (1977) described 

(vicarious experiences) as the influence of social models as a conduit for self-efficacy. Bandura 

believed that as people witnessed the success of others (models) the belief that the individual 

could accomplish the same increased. In the Makerspace setting it may be valuable for teachers 

to observe other teachers. Collaboration amongst teachers may also prove to be an essential 

element in the success of the Maker Movement within the school. Bandura (1977) further 

posited that persuasion is also influential building self-efficacy. To ease apprehensions and self-

doubt, teachers should engage in activities to which they can succeed to support their positive 

perception of their capacity. As teachers build self-efficacy their beliefs can help to alter and 

shape their colleagues’ beliefs that they too can be successful in the Makerspace. According to 

Bandura (1977) the (physiological)  emotional state of a person has an influence in determining 

a person’s belief about success. Cuban (1986) conducted a meta-analytical study of technology 

use since 1920 and found that teacher lack of technical skills as an obstacle to the use of 

technology in the classroom. When administrators focus on initial expectations of Makerspace 

implementation this helps to reduce obstacles and stress for teachers.  
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Theoretical Framework 

The paradigm that will guide this study is constructivism and constructionism theories. 

The tenants of constructionism are learning by doing and learning by making. Constructionism is 

sometimes confused with constructivism. Both theories are related and compliment each other. 

Constructivists assert that knowledge is gained through experience and learning is an active 

process that becomes personally meaningful (Ackermann, 2011). Constructionism is a theory 

that was developed by Papert that pushes constructivism to be kinesthetic. The difference 

between the two theories becomes the demonstration of knowledge (Halverson & Sheridan, 

2014). As part of the process for learning and supporting inquiry it is important for students to be 

given opportunities to play and do to help construct their knowledge. STEM and the Maker 

Movement given its hands on and minds on approach to learning situate it within the 

constructivist and constructionist learning theories.    

Statement of the Problem 

There is a national outcry to produce a national STEM-ready workforce in America, and 

its development begins within the K-12 setting (Olson & Riordan, 2012). American students 

across the socioeconomic spectrum are struggling in math and science. Of the 35 countries that 

are members of the Organisation for Economic Co-operation and Development (OECD) whose 

students participate in the Program for International Student Assessment (PISA) American 

students rank 30th in math and 19th in science (Desilver, 2017). Low student engagement in 

STEM has led to a decline in students pursuing postsecondary STEM education and careers. 

Legislation has been enacted to counter the decline in STEM-related education and careers. This 

is supported by the development of the Next Generation Science Standards (NGSS). The idea 

behind the STEM Education Act of 2015 is to increase STEM capacity within our schools.     

Research questions. 
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The following research questions will guide the proposed study:  

1. What role does teacher efficacy play in the implementation of the Maker 
Movement and STEM? 
 

2. What impact does professional development have on the implementation 
of the Maker Movement and STEM? 
 

3. What critical elements are needed to support teachers in the Maker 
Movement and STEM? 

Method 

This study will utilize a two-phase explanatory sequential mixed-methods design. The 

two-phase explanatory sequential mixed-methods design begins by collecting quantitative data 

through the administration of a survey, analysis of the results, the results are then used to plan 

and inform the second phase (Creswell, 2014). In the second phase the quantitative data analysis 

and results will be used to purposefully select participants for whom will be asked qualitative 

questions (Creswell, 2014). The intent in choosing this design is to use qualitative data to help 

explain with further detail the quantitative results to better understand teacher efficacy in 

preparing students for STEM through a combination of both types of data (Creswell, 2014). In 

phase I the researcher in this study will collect survey data, complete data analysis and as a 

follow to phase I conduct qualitative interviews to explain the survey results (Creswell, 2014).    

Population & Sampling 

Purposive sampling has been chosen to identify a site for critical informants in the 

investigation of the phenomenon (Bernard, 2002). Units of analysis has been chosen to 

investigate the fifth grade teachers based upon characteristics that this population has in 

understanding the phenomenon under investigation (Patton, 2015). The unit of analysis for this 

study include fifth grade teachers who currently teach STEM through the Maker Movement in a 

suburban New Jersey school district. This group will be chosen because of their direct contact 

with curriculum and students in the Makerspace.  
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This population is unique in that they have been taking part in the district STEM 

initiative through the Maker Movement for the past two years. The site is a suburban New Jersey 

School District that has three K-5 schools across the district. Teachers from each site will be 

invited to participate. Each of the three sites have four classrooms with one of the four classes 

being an inclusion special education class at each location for a total of fifteen teachers across 

the four sites.  

Procedures 

Permissions  

 The researcher will follow all guidelines set forth by NIH. Recruitment, conducting 

surveys, or interviews will not take place until after Institutional Review Board (IRB) from New 

Jersey City University has granted the researcher permission. The researcher will then reach out 

to the school districts superintendent or designee to determine if they would be willing to 

participate. This study requires gaining information from teachers as participants who will give 

consent once they take the survey. Additionally they will provide their information if they wish 

to participate in a interview.  

Mixed Methods 

This study will use an explanatory sequential mixed-methods approach; the first phase 

will be quantitative followed by the qualitative phase (Creswell, 2014). The quantitative data 

will be collected through surveys to the identified participants. Keeping inline with the 

explanatory sequential mixed-methods research design, the qualitative data collection will be 

initiated after the collection and analysis of phase I (Creswell, 2014).  

The quantitative data will be collected from a quantitative survey administered through 

Qualtrics. The researcher has requested to be introduced to the intended population via a staff 

meeting. During the meeting the researcher will explain the purpose of the research with the 
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hopes of gaining complete support. The participants will be given permission to complete the 

survey during the after school meeting. Subjects will be notified that their responses will be 

confidential, their participation is voluntary, and their names will not be associated with their 

responses. Participants will be given two weeks in addition to the after school meeting time to 

complete the confidential and anonymous survey. After that time the survey link will be 

deactivated. Data will then be exported from Qualtrics and imported into SPSS Statistics for 

statistical analysis of quantitative data. The final question on the survey will be open ended 

asking participants if they would like to participate in the interview. Participants will provide 

their contact information if they wish to participate. The researcher will create a code name for 

the participants that wish to be involved in the interview. The names and data will be stored on a 

password protected laptop.  

The qualitative data will follow the quantitative data collection and analysis. The 

researcher will give participants options for conducting the interview at their school, via 

telephone, or at an agreed upon location. The primary concern of the researcher is to ensure that 

the participant is comfortable. A semi-structured interview protocol will be employed to allow 

for the collection of rich meaningful data (Merriam, 2009). The semi-structured interview 

protocol permits flexibility for follow-up questions and a structured approach when necessary 

(Merriam, 2009). This approach will also help to ensure that the researcher addresses the 

research question. Prior to the start of the interview the researcher will remind the participant 

about confidentiality. Interviews will be recorded with permission and transcribed. The 

qualitative data will then be analyzed through open coding.          

Instrumentation  

 The researcher will follow the requirements for conducting an explanatory sequential 

mixed-methods design. The first phase will be satisfied by an electronic questionnaire created by 
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the researcher. The second phase will be conducted through a semi-structured interview 

protocol.  

The first phase will consist of an, electronic questionnaire containing of twenty close-

ended items using a 5-point Likert-type scale ranging from “Strongly Disagree” to “Strongly 

Agree.” Strongly Agree was assigned a 5 point value and Strongly Disagree was assigned a 1 

point value. The final question is open-ended and allowed participants to denote if they wish to 

participate in the interview process.    

The second phase will utilize interviews to follow-up on the quantitative data found in 

phase I. Interviews will be necessary to provide information that go beyond quantitative data that 

can shed light into the meaning of the experiences of participants (Merriam, 2009).  
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Are the data accessible in the public domain? Y es No 

If no: Are fields included that would allow identification of individuals, either directly or indirectly? 
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Appendix B  

Survey Questions   

Link to live survey on Qualtrics: 
https://njcu.co1.qualtrics.com/jfe/form/SV_9BqKaGYTUgScjNr 
 

Q1	 Q6	 Q7	 Q8	 Q17	 Q20	
Please	
indicate	
below	if	
you	wish	to	
participate	
in	this	
survey.	

How	long	
have	you	
been	an	
educator?	

Please	
indicate	
the	
content	
area(s)	
that	you	
teach.	

How	many	
times	a	week	
did	your	
students	
access	the	
Makerspace?	

There	are	
opportunities	
for	me	to	
observe	other	
teachers	
engaged	in	
STEM	activities.	

I	have	
opportunities	to	
be	successful	in	
the	delivery	of	
STEM	through	the	
Maker	
Movement.	

 
 
Q21	 Q22	 Q23	 Q24	 Q25	 Q26	

I	believe	that	
I'm	
successful	in	
the	delivery	
of	STEM	
education	
through	the	
Maker	
Movement.	

There	are	
clear	
expectations	
for	how	
students	are	
to	learn	in	a	
Maker	
environment.	

At	times	I'm	
overwhelmed	
by	what	is	
required	of	
me	regarding	
STEM	and	the	
Maker	
Movement.	

I	feel	
that	I'm	
effective	
in	
teaching	
my	
students	
relevant	
STEM	
skills.	

I	feel	that	
I'm	not	
effective	
in	
teaching	
my	
students	
relevant	
STEM	
skills.	

I	lack	
confidence	in	
teaching	my	
students	
through	the	
Maker	
Movement	
compared	to	
other	content	
areas.	

 
Q27	 Q28	 Q29	 Q30	 Q31	 Q32	

I	have	
been	given	
adequate	
training	in	
the	use	of	
Next	
Generation	
Science	
Standards.	

I	require	
additional	
training	in	
the	use	of	
Next	
Generation	
Science	
Standards.	

My	school	
provides	
professional	
development	
in	the	area	
of	STEM	and	
the	Maker	
Movement.	

My	district	
provides	
professional	
development	
in	the	area	
of	STEM	and	
the	Maker	
Movement.	

The	school	
celebrates	the	
success	of	staff	
members	that	
are	successful	
in	the	STEM	
and	Maker	
Movement	
initiative.	

There	are	
opportunities	
for	staff	to	
collaborate	
and	share	best	
practices	
regarding	
STEM	and	the	
Maker	
Movement.	
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Q33	 Q34	 Q35	 Q35_4_TEXT	

While	in	the	
Maker	Space	
my	students	
are	engaged	
in	learning.	

There	is	value	in	
students	
participating	in	
STEM	activities	
through	the	Maker	
Movement.	

Would	you	be	
willing	to	be	
contacted	for	
an	interview?	-	
Selected	Choice	

Would	you	be	willing	to	be	
contacted	for	an	interview?	-	
If	Yes,	please	provide	your	
name,	email	address	and	
phone	number.	-	Text	
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Appendix C  

Potential Follow-up Interview Questions  

Once the data is analyzed from phase I of the explanatory sequential mixed-methods design more 
appropriate questions will be generated.  
 

1. Please describe how you utilize the Makerspace at your school?  
2. Would you continue to use the Maker curriculum why or why not? 
3. What impact if any is the Maker Program having on students attainment of STEM 

skills?  
4. Describe the professional development offerings for STEM through the Maker 

Movement?  
5. Provide details on how the school supports your efforts in providing STEM education 

through the Maker Movement?  
6. How do you genuinely feel about STEM education and the Maker Movement?  

  
 

 


