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ABSTRACT 

Brewley, H.K., Teachers’ Perceptions of the Implementation of the STEM Program at Selected 
Elementary Schools in Southeast Texas.  Doctor of Education (Executive Educational 
Leadership), May, 2020, Houston Baptist University, Houston, Texas.  
 
 Stakeholders have voiced their concerns about the U.S. public school system. They have 

made recommendations that the educational system uses a more rigorous curriculum or delivery 

of instruction to prepare students for future employment.  Hence, the STEM Program introduced 

students to relevant experience with an emphasis on science, technology, engineering, and 

mathematics (Vasquez, Comer, & Villegas, 2017), while providing students with a rich learning 

experience they need to excel in STEM careers.  However, the integration of a STEM Program 

can be challenging due to several factors. 

 The purpose of this descriptive study was to gain a knowledgeable insight from a 

teacher’s perspective on the implementation of the STEM Program. This research will focus on 

the benefits of implementing a STEM Program. As well as the challenges of implementing the 

program.  The methodology used for this study was a collection of surveys from Twenty-two 

identified STEM teachers at five non-selective STEM magnet campuses.  The survey contained 

demographic and open-ended questions, and was used to address three questions: (a) teachers’ 

perceptions regarding the implementation of a STEM Program, and (b) teachers' perceptions of 

motivational factors that influence the implementation of a STEM program.  The researcher used 

open coding and a cluster of meanings to develop an understanding of the data.  The findings 

concluded that although participants had the knowledge to implement STEM into their 

classroom, about half failed to use the required skills consistently due to external motivation and 

on-campus emphasis on STEM.  
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CHAPTER I 

As the world changes, so do the employment systems and student expectations.  Students 

are expected to solve problems that have not been identified thus far. They will have to think 

beyond the norm, into what some might call the extraordinary.  Students will be required to use 

creativity to resolve a problem that simple algorithms may not be able to solve.  One might 

question whether teaching from the textbook or traditional teaching is enough to suffice this 

demand. As an Executive Educational Leader in the community and school system, it will be 

essential to have the ability, skills, and resources to research, evaluate and design programs that 

will help the students become prepared to face the demands of employment and become a 

contributing member of the community. Vasquez, Comer, and Villegas, (2017) stated that it is 

the educational leaders’ responsibility to ensure that students will have the ability, skills, and 

knowledge to be successful in a career of their choosing.  

These leaders must have the ability to advocate for innovative types of programs to be 

implemented in the school system. One example of an innovative program that emphasizes the 

preparation of preparing students for the future is the Science, Technology, Engineering, and 

Mathematics Program, hereafter known as the STEM Program. The STEM Program  

was designed to remove traditional barriers of the classroom while placing emphasis on science, 

technology, engineering, and mathematics. At the same time, students learn using real-world 

rigorous and relevant experiences (Vasquez et al., 2017).  The concept of implementing the 

STEM program addresses the Houston Baptist University sixth pillar (Noll, 2000).  The sixth 

pillar focuses on the need to improve or restore one’s community and campus.  Students that 

participate in a STEM-based program have the opportunity to cultivate their gifts, which they 
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will eventually be able to use to develop and grow their community in creative and innovative 

ways.          

As the world changes, so do the methods of teaching and learning.  Students, parents, and 

educators are becoming more receptive to a new and ingenious idea of learning and are 

developing a growth mindset about how education should be delivered and received (Hoffer, 

2016).  One such program that has become prevalent in the education system is STEM, which is 

also known as STEAM or STEAMS, encompasses Science, Technology, Engineering, and Math, 

with the later addition of Art and Social Studies (Sousa & Pilecki, 2013). STEM programs are 

essential preparation for today’s high technology information economy (Drew, 2011).  STEM-

based programs allow students to acquire the necessary skills to understand issues like climate 

change, technological development, environmental factors, and other areas of study in the STEM 

field (Vasquez et al., 2017).   

Schools that implement STEM programs allow students to develop their skills and 

knowledge in a different style of learning (Drew, 2011).  Students that participate in STEM 

programs can develop an educational growth mindset by teaching them the skill of perseverance 

(Hoffer, 2016).  In the school system, one goal is for all learners to develop a growth mindset or 

a belief in one’s ability to achieve more and pushes one to make more of an effort regardless of 

failure. A growth mindset it very significant in STEM studies because STEM studies give 

students the ability to persevere when faced with unknown challenges (Hoffer, 2016).  If 

perseverance, strive, and a growth-mindset develops in students at a young age, it will continue 

to follow them throughout their academic career.  The National Association for Gifted Children, 

in conjunction with MacFarlane (2016), pointed out the importance of elementary students being 

able to investigate and engage in science to develop a sense of curiosity and understanding. 
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Unfortunately, many students are not allowed to participate in the practice of hands-on science 

exploration until middle school, which may be too late (MacFarlane, 2016).  

Many schools that participate in the STEM Program have their definition or structure of 

how the instruction within the program looks.  No matter how a school organizes its STEM 

Program, at its core, it is the interdisciplinary approach to making learning creative and hands-on 

(Vasquez et al., 2017).  In this chapter, the researcher discussed the background of the study, 

statement of the problem, the purpose of the study, the significance of the study, definition of 

terms, theoretical foundation, research questions, limitations, delimitations, assumptions, 

summary, and organization of the study.  

Background of the Study 

Companies have requested that the school system use a more rigorous curriculum to 

prepare students for the work environment. As schools establish a culture of rigor, they 

sometimes think this means giving a harder test or having higher standards (Vigil & Mieliwocki, 

2015).  Unfortunately, due to testing and accountability, many education-related professionals 

develop the understanding that one must put creativity aside and teach the test (Vigil & 

Mieliwocki, 2015). However, when the school's focal point is on developing a culture of rigor 

that focuses on rich learning experiences that move students up the pyramid of the revised 

Bloom’s Taxonomy (remember, understand, apply, analyze, evaluate and create), students tend 

to gain more from their time spent in school (Vigil & Mieliwocki, 2015). Drew (2011) stated that 

to keep high-tech jobs in the United States, STEM programs are needed in the school system 

because they provide a systematic approach to developing a rigorous curriculum and hiring 

highly effective teachers. In the classroom, students should learn to question strategies and 
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organize steps to solve a problem (Wettrick, 2014), as well as guide their learning (West & 

Roberts, 2016). 

 In a traditional classroom or learning environment, students are assessed on factual 

knowledge or fundamental concepts that are easily accessible (Dacey & Conklin, 2013). Students 

are asked to relay the factual knowledge on teacher-based assignments that measures their 

reading, writing, speaking, and listening skills. STEM programs take the same skills to a new 

level, allowing the student to gain an authentic learning experience that will keep them engaged 

(West & Roberts, 2016).  Helping students find their passion for learning is one of the most 

critical components of teaching (Wettrick, 2014).  Allowing students to develop a learning 

pathway helps to guide students towards mastery of standards (Rush, 2015). As teachers gain 

insight into their students and provide work that meets or exceed their expectation, the student 

becomes inspired (Katrein, 2016).  However, implementing a program that allows students to 

challenge their learning can be very difficult for a teacher to implement. 

Statement of the Problem 

As the world changes, so will the type of careers available. An educational system that 

prepares students to work in assembly lines or office cubicle jobs will no longer be valid 

(Wettrick, 2014). The state of education in the United States has become a concern when 

compared to other countries (Drew, 2011).  Many students that have graduated from a United 

States (U.S.) high school have ranked at or near the bottom of international assessments (Drew, 

2011). Which, in turn, affects the U.S. job population.  According to data collected by the 

National Association for Gifted Children and MacFarlane (2016), in 2011, over 26 million jobs 

in the United States required employees to be experienced in the STEM-based discipline. 

Unfortunately, the education system is struggling to prepare students for STEM-related careers 
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adequately. Companies such as Google look for creative individuals that have entrepreneurial 

skills and are innovative (Wettrick, 2014). Companies and corporations demand an educational 

system that trains students to think differently while embracing the core curriculum. Parents, 

teachers, and experts all agree to some extent that the educational system needs improvement, 

and one way of bringing forth change is through making classrooms more innovative (Wettrick, 

2014). 

Programs like STEM gives students a chance to use innovation and creativity to help 

master the standards taught in schools. According to Wettrick (2014), being able to find creative 

solutions to problems is what innovation brings into the classroom. Some teachers have 

developed assumptions that creativity and rigorous standards cannot co-exist.  They believe that 

to master one, the other must be removed (Dacey & Conklin, 2013). Other teachers have 

developed creative activities for students to complete after the completion of regular standard-

based work, therefore excluding the lower level or struggling students (Dacey & Conklin, 2013).  

Although teachers are aware that creative thinking is essential, they focus on the fact that there 

are a lot of standards to cover and not a lot of time to cover them (Dacey & Conklin, 2013).  

 Understanding how to implement a STEM-based program into a traditional classroom 

setting, with the help of teacher input, is a challenge faced by many districts. Integrating 

innovative and creative programs, like a STEM program, can be challenging because it requires 

teachers to release instructional time each week in a system where every minute of instructional 

time is accounted for or measured. In this dissertation, evaluation of teacher perceptions of the 

implementation of a STEM Program at selected campuses in a major urban school district in 

Southeast Texas was conducted and presented.   
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Statement of the Purpose and Significance 

 The purpose of this study is to gain expert insight from a teacher’s perspective of the 

implementation of a STEM program at an elementary level in a large urban school district 

located in Southeast Texas. The historical impact was the deciding factor to study STEM, instead 

of STEAM or STEAMS.  The terminology and implementation guidelines of STEM has been 

developed over a period of sixty years and implemented at a plethora of schools.  Therefore, 

using STEM for the study will increase the selection of campuses. The study was accomplished 

through the collection of information provided by educators that implement a STEM curriculum 

or program on their campus or in their classroom. The collection of surveys helped to give a 

perception of STEM programs from the educators’ viewpoint.       

One of the primary roles of a teacher is to provide higher-level thinking instruction while 

helping students master the rigorous standards set before them. It is also the teacher’s 

responsibility to help students develop a sense of autonomy. If students are given autonomy over 

their direction and progress, they begin to become empowered and self-directed in the culture of 

rigor. (Vigil & Mieliwocki, 2015). Educators that have participated in innovative programs, such 

as a STEM program, felt that it could be both a motivation and a reward (Rush, 2015).   

 On the opposing perspective, it is imperative that educators are aware of the struggle of 

facilitating an effective STEM Program.   Rush (2015), stated that implementing an innovative 

program means giving up much of your time to spend on learning, adjusting, and responding to 

problems that may arise.  It can be a daunting task to request standardized-test weary, scope-and-

sequence burden educators to release a part of their daily instruction for the sake of a project 

(Rush, 2015).  Another downfall of implementing innovative programs is that giving the students 
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too much freedom and autonomy can create problems, such as a student being excessively active 

or passive (Wettrick, 2014).   

 The information collected in this study may be useful to future studies regarding the 

teacher’s insight into implementing innovative programs such as a STEM program in multiple 

grades at an elementary school level.   

Research Questions 

 Wettrick (2014) noted that teachers must use innovation and creativity in their approach 

to teaching, learning, and designing new learning experiences.  In this qualitative study, the 

researcher pursued to understand the teacher’s perceptions regarding the implementation of a 

STEM program at selected campuses located in a major urban school district in Southeast Texas. 

The study addressed the following research questions: 

1. What are the teachers’ perceptions regarding the implementation of a STEM Program? 

2. What are teachers’ perceptions of motivational factors that influence the implementation 

of a STEM program? 

Definition of Terms 

Innovation 

Wettrick implies that innovation is a different approach to solving real-world problems 

with the resources one may have and identifying clever ways around the resources one may be 

lacking (Wettrick, 2014).  

Creativity 

According to Michalko (2006), creativity is a combination of creative-thinking strategies 

and one’s intention to be creative.  There are two kinds of creativity—extraordinary creativity 

and ordinary creativity. Extraordinary is the production of something that changes the way of 
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life, whereas ordinary creativity is the kind of creativity everyone is capable of (Dacey & 

Conklin, 2013).  

Learner-Centered Classroom 

Learner-Centered classroom, also known as the student-centered classroom, is set up to 

focus primarily on the individual students’ learning.  The classroom environment is goal-based, 

and the students’ learning is evaluated by their predetermined, developmentally oriented 

objectives (Teacher Vision, 2017)  

Educator 

Merriam-Webster’s Collegiate Online Dictionary (2016) uses three definitions to 

describe educators, which are all appropriate for this study.  It stated that an educator is “(a) one 

skilled in teaching; (b) a student of the theory and practice of education (educationist): and (c) an 

administrator in education.”  

Creative Problem Solving  

 Manktelow et al. (2017) identify creative problem solving as a way of solving problems 

or identifying opportunities when conventional thinking has failed.  It encourages individuals to 

find fresh perspectives and come up with an innovative solution so that individuals can formulate 

a plan to overcome obstacles and reach their goals.  

Creative Individual 

Gardner (1993), defines a creative individual as “a person who regularly solves problems, 

fashions products, or defines new questions in a domain in a way that initially considered novel 

but that ultimately becomes accepted in a particular cultural setting” (p. 35).  
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Major Urban School District 

 According to Texas Education Agency (2019b), “a district is classified as major urban if: 

(a) it is located in a county with a population of at least 950,000; (b) its enrollment is the largest in 

the county or at least 70 percent of the largest district enrollment in the county; and (c) at least 35 

percent of enrolled students are economically disadvantaged. A student is reported as economically 

disadvantaged if he or she is eligible for free or reduced-price meals under the National School 

Lunch and Child Nutrition Program”. 

STEM 

STEM, also known as STEAM or STEAMS, encompasses Science, Technology, 

Engineering, and Math, with the later addition of Art and Social Studies (Sousa & Pilecki, 2013). 

Cognitivist 

 Ertmer and Newby (2008) stated that cognitivist uses the process of “thinking, problem-

solving, language, concept formation, and information process” to develop an understanding of a 

concept (p. 57).  

Constructionist 

The constructionist theory focuses on the student’s ability to develop one’s understanding from 

their personal experience (Ertmer & Newby, 2008). 

Project-Based Learning 

 Buck Institute for Education defines Project-Based Learning as the engagement of the 

student in the development of 21st Century skills through a “student-influenced inquiry process 

structured around complex, authentic questions and carefully designed products and learning 

tasks” (p. 5). 
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Magnet School 

 A public school that offers specialized instruction and/or educational program that is not 

available at other schools (Merriam-Webster’s Collegiate Online Dictionary, 2016) 

Title I 

“Title I, Part A (Title I) of the Elementary and Secondary Education Act, as amended by 

the Every Student Succeeds Act (ESEA) provides financial assistance to local educational agencies 

(LEAs) and schools with high numbers or high percentages of children from low-income families 

to help ensure that all children meet challenging state academic standards” (U.S. Department of 

Education, 2018) 

Theoretical Framework 

Types of teaching styles found in the school system are traditional teaching-learning and 

constructivist teaching-learning (Bas, 2015).  In constructivist teaching-learning, students 

develop meaning by combining their existing knowledge with new knowledge (Bas, 2015).  The 

learner holds a significant role in their learning; therefore, it is not a passive activity (Harrigan, 

2014).  Whereas, in the traditional teaching-learning environment, the teacher manages the 

classroom solely and does not share the power and authority with students (Bas, 2015).  For a 

STEM Program to be successful, the teaching-learning style that is adopted or demonstrated in 

the classroom is constructivist.  When students have ownership of their learning, rather than 

relying only on teacher input and technology, students develop a culture of innovation (Kurti, 

Kurti, & Fleming, 2014).  The theoretical framework that supports the concept of a STEM 

program is the theory of Constructivism as it applies to a classroom setting.  

Constructivist was first coined by Piaget and developed further by Vygotsky's theory and 

plays a significant role in the cognitive theory (Aljohani, 2017). Piaget focused on schemas, 
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adaptation, and the stages of cognitive development as aspects of learning.  Piaget researched 

focused on how learning emerged, versus just memorization of facts. Schemas are the 

organization of knowledge one builds over time, based on their understanding of the world, 

including objects, action, and theoretical concepts (McLeod, 2018a). Adaptation includes 

assimilation (the use of schema to deal with new objects), accommodation (a change in 

understanding to deal with new situations), and equilibrium (drives learning through the need to 

solve problems) (McLeod, 2018a). Piaget identified four stages of cognitive development that 

may affect student learning.  At the first stage (sensorimotor stage birth-2yrs) children noticed 

that objects exist even when they are not visible, the second stage (pre-operational stage 2-7 

years) children identify learning symbolically, the third stage (concrete operational stage 7-11 

years) learning becomes more logical and operational and the final stage (formal operational 

stage 11years and up) learners begin to think abstractly (McLeod, 2018a). Vygotsky added to 

Piaget's theory to include the social interaction of constructivism, which became known as the 

Social Development Theory (Aljohani, 2017; McLeod, 2018b). Vygotsky believed that social 

learning preceded the development of learning, and learning occurs through social interaction 

(McLeod, 2018b). The implementation of Vygotsky's Social Development Theory improves 

student’s ability to learn by using the four key skills: summarizing, questioning, clarify, and 

predicting (McLeod, 2018b).   

There are many pedagogical practices, experiential learning, inquiry learning, discovery 

learning, and hands-on practices that are at the foundation of the theory of Constructivist 

(Harrigan, 2014).  Traditional teachers normally impose the cognitivist theory into their 

classroom, but classes that are more hands-on use constructivism.  When teachers use a 

constructivist teaching style, instead of cognitivist teaching style, learning becomes an active 
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process that requires students to use their sensory input and develop meaning for themselves; as 

well as develop a growth mindset about learning (Zain, Rasidi, & Abidin, 2012).  When students 

develop a growth mindset, they begin to understand that skills are developed through efforts.  

Constructivist theorist believes that learners learn best when they can establish a 

connection between the mental learning and the real world around them and attempts to interact 

in a meaningful way with the social environments through shared inquiry (Harrigan, 2014; 

Nastovska, 2014).  Harrigan (2014) stated that “constructivist theory is based on the premise that 

knowledge is socially constructed through highly structured activities and experiences around 

meaningful tasks” (p. 15).  Teachers that encourage a constructivist style of teaching in their 

classroom believes students will construct knowledge and meaning from his or her schema, 

experiences, beliefs, and applications (Harrigan, 2014). Also, learners will become the center of 

their teaching and learning process (Harrigan, 2014). 

Unlike most (learning) theory that build from the bottom-up, constructivism requires a 

top-down approach to learning or instructional methodology (Aljohani, 2017). Students are the 

driving factor in their education. John Dewey, who is referred to as the Father of Education, 

research concluded that learners tend to learn best when they can use investigation and hands-on 

learning experiences, as well as freedom of choice (Nastovska, 2014).  STEM Programs allow 

students to use these skills. According to Nastovska (2014), there is a link between 

constructivism and project-based learning. Constructivist theory is the foundation for many 

innovative programs that are designed to enhance active learning, collaboration, reflection, and 

shared learning experience (Harrigan, 2014). The STEM Program which consists of a single 

lesson or project, expanded over a period of time (Hoffer, 2016), is seen as a Project-Based 

Learning activity with student choice. Therefore it allows students to construct knowledge by 
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interacting with their environment and bringing their expertise into the project. Thus, using 

constructivism will enable students to become problem solvers, negotiators, and develop the 

ability to create solutions through an interchange of ideas (Zain et al., 2012). 

According to Aljohani (2017), there are nine principles of constructivism and nine 

characteristics of a constructivist teacher. Aljohani (2017) identified the principle of 

constructivism as a sensory that is used by the learner to construct meaning, learning consists of 

both constructing meaning and constructing systems of meaning, learning happens in the mind, 

learning involves language, learning is a social activity, learning is contextual (not based on a set 

of isolated facts), prior knowledge is necessary for learning, learning is a process that involves 

reviewing information, pondering information, using the information, practicing and experiment, 

and motivation is an essential component. For a classroom to fully embrace a constructivist style 

of learning, the teacher must first develop a constructivist form of thinking.  Aljohani (2017) 

identified the characteristics of a teacher that follows the ideal mind frame of a constructivist 

teaching style.   The characteristics of constructivist are:  

1. Teachers are not the primary source of information  

2. Teachers challenge students by developing lessons that are engaging and allow the 

student to question their existing knowledge  

3. Teachers use students input and response to build the next lesson 

4. Teachers use open-ended questions to guide discussions among teacher and student, 

student and student 

5. Teachers assist students in developing an understanding using metacognition and 

implementing academic vocabulary such as classify, analyze, create, organize, etcetera 
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6. Teachers are willing to release the classroom power and grant student’s autonomy of 

their learning 

7. Teachers provide students with data, primary resources, manipulatives, and other 

materials needed to develop learning 

8. Teachers do not separate knowing from the process of finding 

9. Teachers allow students to demonstrate a deeper fundamental understanding of their 

knowledge through writing and verbal responses                                                                                           

Limitations 

 The research used a selected number of teachers within a public-school setting. Therefore 

limitations arose.  Limitations are matters and occurrences that are out of the researcher’s 

control.  These limitations are:  

1. The five schools that participated in this study conducted their STEM Program using 

different curriculum or structure. 

2. The individual educator role may affect the answers in the survey.   

3. Individual educator responses may not necessarily reflect an educator’s true feelings or 

realistic assumption of their creativity and experiences while conducting the STEM 

Program.  Educators may feel compelled to report differently than their actual beliefs.  

Delimitations 

 The delimitation of this study is the characteristics that affected the study that is 

controlled by the researcher.  Delimitation of this study includes the following: 

1. A selected number of educators from five public schools took part in the research, 

therefore limiting the amount of input provided.  
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2. The survey in this study is a self-reported measure, and no observable practices were 

examined.  

Assumptions 

 This study included the following assumptions: (a) the educators that participated in this 

study reported objectively; (b) the data collected measured the knowledge, skills, and perceptions 

of the educators involved in participating in a STEM Program and; (c) the interpretation of the 

data was accurately recorded to reflect the participating educator’s perception.     

Organization of the Study 

 This study is organized into five chapters. Chapter I includes an introduction, background 

study, statement of the problem, statement of the purpose and significance, research questions, 

the definition of terms, theoretical framework, limitations, delimitations, assumptions, and 

organization of the study.  In Chapter II, the researcher provides a review of the literature.  In 

Chapter III, the researcher describes the methodology that was used in the study, which includes 

research design, participation, context and setting, instrumentation, data collection, and data 

analysis.  In Chapter IV, the researcher provided the findings of the study.  In Chapter V, the 

researcher provided discussions, implications, recommendations, and conclusions.  
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CHAPTER II 

REVIEW OF LITERATURE 

According to Jensen (2005), students are curious.  They have the desire to learn, yet they 

often become dissatisfied with the routines of the educational system. Therefore, students need to 

be given a chance to do new and exciting things or old things in a new way.  Students should be 

provided with a choice and opportunity to play with ideas and materials (Amabile, 2013).   

However, standardized testing has taken away the student’s opportunities to explore beyond the 

standards. As teachers drill and prepare students for the state test, they may not be preparing 

them for future careers; this is due to the lack of creativity, innovation, and hands-on 

opportunities that require higher-level thinking and collaboration.  In the classroom, student 

creativity is limited, while outside of the classroom, the current 21st century economic, political, 

and social climate encourages, craves, and lauds creative expression (Wagner & Compton, 

2012).   

The purpose of this study is to gain expert insight from a teacher's perspective of the 

implementation of a STEM Program at an elementary level in a large urban school district 

located in Southeast Texas. The gathering of the data was accomplished through the collection of 

information provided by educators that implement a STEM curriculum or program on their 

campus or in their classroom. According to Exline (2004), for education to be appropriate, it 

should do the following: provide students with diverse ways of viewing the world, provide 

students with communication skills, and provide students with the skills to successfully cope 

with the questions and issues of everyday life.  Appropriate education is accomplished when 

learners become free agents who can achieve goals and objectives through his or her learning 

(Harrigan, 2014).  Innovative programs such as STEM Programs allow students to take learning 
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into their own hands.  It challenges many educational theories by removing teaching from the 

teacher and challenges students to master the standards through innovative and creative thinking 

and problem-solving (Wettrick, 2014).  STEM-based programs incorporate both minds-on and 

hands-on activities, which forces students to think critically (Walker, McGill, Buikema, & 

Stevens, 2008). In this descriptive qualitative study, the researcher pursued an understanding of 

teacher’s perceptions regarding the implementation of a STEM program at selected campuses 

located in a major urban school district in Southeast Texas. The study addressed the following 

research questions: 

1. What are the teachers’ perceptions regarding the implementation of a STEM Program?  

2. What are teachers' perceptions of motivational factors that influence the implementation 

of a STEM program? 

The review of literature is organized into the following topics:  Constructivism in the 

Classroom, Creativity in the Classroom, Componential Theory of Creativity, Creative Models, 

Motivation within Creativity, Creative Problem Solving, Inquiry-Based Learning, Six Building 

Blocks of Innovative Learning, Learning Style, Influential People of STEM, Brief History of 

STEM, STEM Identity, STEM Magnet, STEM in the Elementary Schools, Integrating STEM 

into the Classroom, Challenges of Implementation, Teacher Incentive Fund (TIF) STEM Grant 

and Texas STEM Standards. 

Constructivism in the Classroom 

 Theories in education change quite frequently, one theory that has been addressed more 

regularly in the education system is constructivism, which can be applied both to learning theory 

and epistemology (Zain et al., 2012). Constructivism theory is often observed in student-centered 

pedagogy classrooms such as the implementation of a project-based (the use of active 
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exploration to gain knowledge), problem-based (acquisition of knowledge through the effort of 

answering an open-ended question), and inquiry-based learning (the use of questions, problems 

or scenarios to gain knowledge).  Constructivism, within the concept of a STEM-based class, 

allows learners to become more flexible (Jones, 2007).  In a constructivist-based class, students 

are the primary recipients of the learning process (Zain et al., 2012).  Each learner becomes 

engaged in their learning by advancing their knowledge, using their background knowledge, and 

making the learning a meaningful experience for themselves.  When learners use the 

reconstruction of their understanding as a connection to a real project, they tend to embrace 

learning more wholly (Sabelli, 2008).   

 A constructivist approach to learning allows students to draw upon previous knowledge, 

transform boredom into excitement, and expands cognitive skills (the ability to think, read, learn, 

remember, reason, and focus).  Learners tend to learn as they learn, and learning consists both of 

constructing meaning (the ability to decipher and understand the meaning, while using prior 

knowledge to formulate interpretation and understanding), as well as constructing systems of 

meaning (Zain et al., 2012).  In the classroom, teachers act as facilitators by providing learners 

with multiple opportunities for learning by interacting with their environment and other learners 

as well as allowing learners to become explorers, analysts, creative individuals, and problem 

solvers (Nastovska, 2014). The goal of a constructivist classroom is to build self-regulated 

learners. For learners to become self-regulated learners, learners have to use their cognition 

skills, metacognition skills, and motivation, which help them construct meaning based on 

previous experiences and a growth-mindset (Harrigan, 2014; Shuy, OVAE & TEAL, 2010). Self-

regulated learning is the ability to govern one’s learning, as they use abilities such as goal 

setting, personal monitoring, little to no instruction, and personal reinforcement (Shuy et al., 
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2010). Zimmerman and Schunk (2008), stated that self-regulating and motivation are directly 

linked.  One’s motivation is developed through their confidence level to achieve the task at hand 

and their belief about the task.  Shuy et al. (2010) suggest teaching students to use the SRSD 

model (self-regulated strategy development model), which consists of developing a goal, 

monitoring and displaying progress, and developing positive self-talk as a form of 

encouragement. Cognitive strategies focus on problem-solving and critical thinking skills that are 

important for encoding, memorization, and recalling facts, whereas metacognition helps the 

learners to monitor their cognitive skills (Shuy et al., 2010).   

 According to the constructivist theory, students become the center of the learning process 

when they are provided with the opportunity to interact with their social environment (Kahveci 

& Ay, 2008).  Vygotsky, the founder of Social Development Theory, argued that language and 

learning are inextricably intertwined (Zain et al., 2012).  Vygotsky emphasized the importance of 

social interaction on cognitive development. Unlike Piaget, Vygotsky's theory had a strong 

emphasis on socio-cultural context and identified zone of proximal development, scaffolding, 

language/dialogue and tools, and culture as key components (McLeod, 2018b).  Although both 

theories focus on learning, Piaget's teaching implications fixated on children's exploration of the 

world. In contrast, Vygotsky focused on the establishment of opportunities for children to learn 

through teacher and peer interaction (McLeod, 2018b).   

Cognitivism in a STEM-based classroom incorporates both Piaget's and Vygotsky's 

theories to be added to the success of the implementation. As students explore and develop their 

understanding, they need to have the opportunity to talk about innovative ideas to understand the 

concept they are exploring (Morrow & Dougherty, 2011).  People, in general, tend to speak to 

themselves and others as they learn. The use of language holds true for learners in a classroom 
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environment. In the classroom, learners may come together and uses language and dialogue to 

solve a common goal (Macready, 2009).  The learning occurs because of the social interaction 

between the learners.   

Creativity in the Classroom 

While creativity has many definitions, it also has no definition and can be even more 

challenging to define in the education system.  Skiba, Tan, Sternberg, and Grigorenko (2010) 

stated that the definition of creativity could be complicated and could carry many meanings 

depending on the field of study.  Coulson and Burke (2013) considered creativity in education as 

providing the subject matter in a way that allows students to develop original solutions to 

problems that they may encounter in everyday life.  Unfortunately, encouraging everyday 

creativity or allowing the student to solve problems in the school’s system creatively is often 

stopped due to the students showing mastery of content on an assessment or teacher-based 

observation (Sternberg, 2015).  Although it is the responsibility of the teachers to provide 

students with opportunities to use their creativity, the creative experience begins with the 

student’s impulse or desire to act (Miller, 2016).  For a student to grip or embrace creativity, they 

first need to be able to define creativity, recognize creativity, and appreciate creativity 

(Aljughaiman & Mowner-Reynolds, 2005). This concept also applies to educators. 

 Creativity is like a muscle that develops over time (Dacey & Conklin, 2013).  The more 

students are given the opportunity to be creative, the more comfortable they will become with 

displaying their creative side and thinking outside of the box.  Some students may be more 

creative than others, but creativity is something that everyone can achieve (Dacey & Conklin, 

2013).  One way to develop creativity among students is to allow them to solve complicated 

tasks, as this will develop their ability to learn perseverance (persistence of doing something 
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regardless of possible failure) and grit (Dacey & Conklin, 2013). Sternberg (2015) believed that 

students that questioned the validity of the crowd and faced challenges head-on developed into 

creative thinkers and individuals. Giving students difficult tasks is one way to develop their 

creativity; another is allowing them to show their creativity in a way that best resembles their 

characteristics.  Students may express their creativity in different ways that may be influenced by 

their personality, traits, and situational factors (Aljughaiman & Mowner-Reynolds, 2005). 

 Since teachers and on-campus administrators leave the most significant impression on 

students, they are in the position to develop an environment that encourages creativity.  As stated 

by Miller (2016), the classroom environment should encourage creativity and promote learning. 

For students to be successful with creativity, teachers need to develop opportunities for students 

to implement creative inquiry, problem-solving, or projects, as well as develop the belief that 

students should take autonomy or implement self-regulation skills to acquire knowledge.  A 

study done by De Souza Fleith (2000) found that a creative classroom environment should 

provide students with choices and focus on the whole child’s strengths, interests, and self-

esteem.  

Componential Theory of Creativity 

 The Componential Theory of Creativity was initially created by Amabile in 1983 and 

reconstructed in 1988 by Amabile and a team of graduate students, and later revisited by Runco 

and Chand.  The Componential Theory of Creativity is a wide-ranging format used to describe 

the creativity of an individual (Amabile, 2013). When would one use creativity? What is the 

dimension of creativity? Who is considered as a creative person?  These are all questions the 

theory answers. 
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First and foremost, creativity can answer open-ended tasks or tasks that have more than 

one absolute answer (Amabile, 2013). There is no one standard of creativity but a range of 

creativity.  Creativity can range from ordinary to extraordinary.  Ordinary creativity is found in 

everyday life, whereas extraordinary creativity changes the way the world views something, for 

example, Monet style of painting using Pointillism instead of brush strokes or Wright’s brother 

invention of the airplane.  Amabile (2013) identified three components of the Componential 

Theory: domain-relevant skills, creativity-relevant process, and task motivation.  Each 

component may also be affected by the social environment or the extrinsic motivators that can 

undermine the intrinsic motivators (Amabile, 2013).    

 When a person uses their skills to accomplish a task at work or school with a selected 

amount of raw material, they are enforcing domain-relevant skills of creativity. Domain-relevant 

skills are traits such as factual knowledge or abilities that affect an individual’s performance in a 

given field (Amabile, 2013).  An example of this is an architect or interior designer that is 

assigned the project of creating a floorplan or model for a new department store, where they have 

material, space, and budget. Creativity-relevant process (formally known as creativity-relevant 

skills) includes a person’s cognitive (or way of thinking) style that facilitates coping with 

problems and breaking one’s mental set (Amabile, 2013). A person who uses this style of 

creativity tends to solve an old problem by examining it from a different perspective while 

developing a sense of self-discipline and tolerance for haziness. Whereas, the intrinsic task of 

motivation is based on one’s passion.  The person completes a task because it is interesting, a 

personal challenge, or overall satisfying (Amabile, 2013).  

 Runco and Chand followed a similar model of the componential theory of creativity but 

took their model to another level to include language and organization (cultural influences).  
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Cultural influences are external factors such as history, geographical location, and common 

factors. Runco and Chand argued that teachers had influences on their students, should focus on 

modeling creativity, not just teaching it, and posing problems for students to answer (Rennick & 

McKay, 2018). In other words, teachers and mentors should build a culture of creativity for 

students to thrive. Runco and Chand's theory included a two-tiered model where knowledge 

(procedural and declaration), motivation (intrinsic and extrinsic), problem finding, ideation, and 

evaluation are intertwined (Rennick & McKay, 2018).   

Creativity Models 

Seven Stages Models of Creativity in Problem Solving 

Cropley and Cropley (2008) developed a creativity model to address the 

misunderstanding of how creativity looks.  They called their model the Seven Stages of 

Creativity.  They are preparation, activation, cogitation, illumination, verification, 

communication, and validation. In the preparation stage, individuals begin to evaluate the 

problem.  The preparation stage is often known as the convergent thinking stage.  At the 

preparation stage, individuals start to identify as many issues as possible.  Followed closely by 

the activation stage.  During activation, individuals gather relevant information. Next is the 

cogitation stage, where the intrinsic need to solve the problem begins. The brainstorming process 

or convergent thinking takes part during the cogitation stage. During this stage, individuals 

decide the best solution for the challenge.  Once an answer is selected, the individual enters the 

verification process.  The individual further explores the ability to solve the problem. During the 

sixth stage, communication, individuals share their ideas with other individual or their 

community.  The final stage is validation.  At this stage, the individuals receive feedback from 

individuals in their field, peers, or teachers.  
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Figure 2.1 Seven Stages of Creativity in Problem Solving 
 

Preparation  
  Cognitive Stage 

 Identification 
Activation  

  Gain Information About the Problem 
Cogitation  

  Brainstorming Process  
 Convergent Thinking 

Illumination  
  Identification of Solution 

 Selection of Best Solution  
Verification  

  Verify Solution  
 Evaluate Solution  

Communication  
  Share with Community 

 Share with Stakeholders 
Validation  

  Receive Feedback from Community and 
Stakeholders 

(Cropley and Cropley, 2008)  

Four C model.  

The Four C Model categorizes creativity into Big-C (legendary creativity), Pro-C 

(professional creativity), Little-C (everyday creativity), and Mini-C (interpretive creativity) 

(Kaufman & Beghetto, 2009).  Kaufman and Beghetto (2009) define each of the following as: 

1. Big-C: Is the renowned creativity or exceptional people that impact culture, society, and 

the world. 

2. Pro-C: Is the creative acts of experienced people and teams within an organization, 

community, or domain that impact an organization or field of study. 

3. Little-C: Is the everyday creative thoughts and actions in every aspect of our lives that 

impact the individual and their zone of influence. 

4. Mini-C: Are the changes in one’s understanding that impacts only that individual.  
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Big-C creativity is not attainable in the classroom setting since it describes figures such as 

Leonardo Da Vinci and Marie Curry (Sternberg, 2015).   However, Pro-C, Little-C, and Mini-C 

are observed in a classroom setting.  Some teachers display the ability of Pro-C in their style of 

teaching, classroom environment, and lesson design, whereas Little-C and Mini-C apply directly 

to the students.  Students become creative individuals when they have the opportunity to tinker 

with Little-C and Mini-C products in their learning (Kaufman & Beghetto, 2009).  Students can 

also develop their Mini-C through self-reflection and self-assessment on their learning.  Kaufman 

and Beghetto (2009) emphasize the fact that at the Little-C and Mini-C level of creativity, intrinsic 

motivation is persistent. 

Creative Problem Solving 

Creative Problem Solving was initially coined by Alex Osborn in the 1940s to address the 

process of brainstorming innovative ideas.  Creative Problem Solving, also known as CPS, is a 

way of solving problems innovatively when all else has failed (Manktelow et al., 2017).   

Core Principles 

According to Manktelow et al. (2017), Creative Problem Solving has four core principles 

when used in the classroom. First, the teaching of convergent and divergent thinking as a 

separate entity while keeping them balanced. Divergent and convergent thinking is similar to the 

input-out process of thinking.  Once a problem is identified, the divergent process begins to 

identify possible solutions, and the convergent process begins to put the solution into play. 

Convergent and divergent thinking is a repeated process in the brainstorming progression.  Next, 

the ability to ask questions to a problem, that may result in a plethora of answers or use open-

ended questioning skills. The ability to use open-ended questions to answer a problem, allows 
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the individual to develop an array of possible solutions. Finally, the ability to defer or suspend 

one’s judgment and focus on ‘yes and’ rather than ‘no but’ (Manktelow et al., 2017).  

Learner’s Model 

Along with the four concepts of Creative Problem Solving, the theory implements a 

Learner’s Model that will help students move through the steps of brainstorming.  Manktelow et 

al. (2017) divided the learner's model into four sub-categories: clarify, ideate, develop, and 

implement. During the clarify process, students identify goals, desires, or challenges. Students 

also collect information about their vision, develop a clear understanding, and ask questions that 

will help them to generate a plethora of solutions. Next, the student ideate.  The students create 

ideas that answer the questions they develop in the clarification process.  Then, the students will 

move on to the process of develop.  During this state, the students will evaluate all viable options 

to solve the problem identified in the clarify stage.  The student will analyze whether the solution 

they developed will meet the needs and criteria of the goal, desire, or challenge.  The students 

will decide whether they can implement the option successfully and determine the strong points 

of the option(s) they chose.  The final step is implemented.  During the implement stage, students 

will develop a plan of action, identify resources and action(s) needed for their selected option 

and communicate their plan of action to individuals involved.  

Divergent and Convergent Thinking 

In Alex Osborn's book Applied Imagination, he identified two forms of thinking that are 

needed to solve problems creatively: divergent and convergent thinking (Manktelow et al., 

2017).  Creative individuals use both divergent and convergent thinking as they create, cycling 

through both thought processes as many times as necessary (Dacey & Conklin, 2013).  When a 

student uses Creative Problem-Solving, they are developing the skills to separate convergent and 
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divergent thinking, allowing them to produce the best possible solution to a problem (Manktelow 

et al., 2017).  Divergent is also known as brainstorming.  During the divergent thinking process, 

students create a variety of potential solutions and possibilities (Manktelow et al., 2017). 

Whereas, convergent thinking involves evaluating options developed during the convergent 

process and choosing the best options (Manktelow et al., 2017). 

Figure 2.2 Brainstorming Process Using Divergent and Convergent Thinking

 

Inquiry-Based Learning 

Inquiry can be defined as seeking the truth and information by questioning and 

emphasizing on the need of a wanting to know (Exline, 2004).  Through the process of inquiry, 

students may construct much of their understanding of the natural and human-designed worlds 

(Exline, 2004).  In education, inquiry represents a greater understanding of the world in which 

students live, learn, communicate, and work (Exline, 2004).  Unlike a traditional classroom, 

where learning focuses on the mastery of content, inquiry-based learning is a system that is more 

student-centered, with the teacher as the facilitator (Exline, 2004).  The Indiana University of 

Manktelow et al., 2017 
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Bloomington describes inquiry-based learning as an instructional model that focuses on solving a 

problem or answering a proposed question. It can easily include project-based learning, 

challenge-based learning, place-based education, blend-learning, and other trends in education 

(Heick, 2013).   

In the Classroom 

There are many aspects of implementing inquiry in the classroom. In an inquiry-based 

learning classroom, the learning focuses on a significant problem that demands a variety of 

perspectives. Academic learning occurs as part of the process. At the same time, students work 

towards finding the solution, collaborating, or taking an active role in the learning process. While 

teachers are providing the students with the necessary support and rich media sources of 

information needed to find a solution. Finally, the students share and defend their solution 

publicly (Heick, 2013).  

According to Exline (2004), if an observer enters into a classroom that has implemented 

an inquiry-based classroom, they may observe the following behaviors: 

1. Students viewing themselves as learners in the process of learning 

2. Students engaging in an exploration of the learning process  

3. Students raising questions, proposing explorations and using observation methods 

4. Students planning and carrying out learning activities  

5. Students communicating using different methods and materials  

6. Students critiquing their practices and peers   

Questioning Skills 

The application for implementing inquiry-based learning involves several questioning 

factors, a context for questions, a framework for questions, a focus for questions, and various 
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levels of questions (Exline, 2004).  Students may use or ask different types of questions in an 

inquiry-based classroom.  The types of questions may include inference questions, interpretation 

questions, transfer questions, and questions about the hypothesis (Exline, 2004). Inference 

questions use deduction and reasoning skills to develop and answer a question.  Students often 

require the use of metacognition or background knowledge to successfully implement inference 

questioning.  Interpretation questions allow students to make inferences about the meaning or 

structure of something.  Transfer questions are questions that allow you to transfer your thought 

process from one perspective to another.  Last, the question about hypothesis answers a 

supposition or proposed question based on the evidence of collection or research. 

Assessment  

Students are evaluated in several ways at the end of an inquiry-based learning unit or 

project.  They may complete a post-phrase reflection with the following questions (Heick, 2013):  

1. What skills did I use? 

2. What do I now understand more deeply?  

3. What could I have done with more time and resources?  

4. What did the role of inquiry play in learning?  

Students also present a project to their peers, teachers, parents, and possibly visiting school 

members.  Regardless of what type of assessment chosen, the assessment focuses on determining 

the progression of the students learning in addition to the content of understanding (Exline, 

2004). 

Four Phases of Inquiry-Based Learning 

According to Heick (2013), inquiry-based learning consists of four phases. They are: 
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1. Interaction- Students are giving the opportunity to explore and identify a need or 

opportunity. 

2. Clarification- Students summarize their learning with the help or input of a teacher or 

expert.  Students may also paraphrase or categorize their learning.  

3. Questioning- Students continue their investigation by asking questions to pursue the self-

directed inquiry. 

4. Design- After developing and researching their project, students will develop or design 

an action plan or product to culminate and justify their inquiry.  

Motivation 

 Extrinsic, instructive motivation, or the combination of the two, plays a leading role in 

student accomplishment in education.  According to Zain et al. (2012), motivation is a vital 

influence on learning.  The student needs to be motivated to accomplish a task presented.  They 

also need a reason for achieving these tasks.  If students do not know the reason ‘why,’ they may 

not be very involved in using their knowledge or creativity (Zain et al., 2012). Lack of 

motivation that causes students to become bored and disengaged are critical factors of students 

dropping out of school (Larmer, Mergendoller, & Boss, 2015). 

 Student interest in school and the classroom environment plays a crucial role in 

motivating students and increasing students’ achievements (Haywood, J., Kuespert, S., Madecky, 

D., & Nor, A., 2008).  Allowing students to participate in real-world problem solving and 

projects may influence students’ motivation (Bell, 2010).  Students will develop a sense of 

meaning and purpose when they can relate the learned content to actual problems.  When a social 

environment uses project-based learning that is facilitated by teachers, students tend to become 

more excited (Nastovska, 2014).  Therefore, students should be given autonomy with the 
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guidance of teachers to explore with an unstructured learning activity within structures. Student 

autonomy plays a significant role in student motivation and learning.  Autonomy enhances self-

esteem, creates less tension, higher motivation, and more conceptual learning and connection 

(Amabile, 2013). 

Motivation Within Creativity 

 As with an aspect of life, individuals must feel some form of motivation to complete a 

task. Whether that motivation is internal or external will determine how creative the individual 

may or may not be. Amabile (2013) stated that internal motivation, such as interest, enjoyment, 

and satisfaction, results in more creativity than any external factor. Merriman’s (2015) statement 

agrees with Amabile, suggesting that people who are intrinsically motivated will demonstrate 

more creative behavior, while people who are extrinsically motivated will become more reliant 

on a reward and less creative. Beghetto (2006), stated that a reward might put a natural interest at 

risk. Beghetto (2006) explained this with the example of a student passion for bugs, being 

replaced by the need to win when entered into an Insect Trivia Bowl due to his parents’ 

influences.  While some researchers agree that people only do their best when an intrinsic reward 

is involved, others argue that both forms of motivation can produce positive results. Eisenberg 

Learned Industriousness Theory suggested that extrinsic rewards can enhance creativity if the 

reward is closely related to creative behavior (Merriman, 2015).  

Six Building Blocks of Innovative Learning 

In the book, Pure Genius: Building a Culture of Innovation and Taking 20% Time to the Next 

Level, Wettrick discussed the six building blocks of innovative learning that are applied when 

implementing an innovative learning block.  They are: 
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1. Collaboration: Students have a chance to network with individuals in the community, as 

well as each other.  By allowing students to learn more from leaders of their community, 

and one another, it empowers the students to develop a thrive for understanding and the 

ability to ask more in-depth questions (Wettrick, 2014). 

2. Task-Orientation: Students, with the help of their teacher, should develop a To-Do List 

to keep them on track.  The To-Do-List will also help the students to remain excited 

about their project.  The To-Do List should include deadlines and activities over a 

period, and not just focus on the final date.  Some example activities may consist of 

interviews, reflections, experiments, data analysis, etcetera. 

3. Daring: Students are directed to take chances when selecting a project. Too often, 

students are afraid of failure, which hinders their learning process. Therefore, it is the 

teachers' responsibility to build a culture that accepts and encourages failures. As 

Wettrick (2014) stated, by helping the student understand that failure is expected, the 

educator empowers the students to excel beyond the teacher expectation. 

4. Relevant: Allow students to work on projects that mean something to them.  Allow them 

to decide if the plan they used is something they can one-day use in the real world. 

5. Reflection: Allow students to reflect on their projects, as well as on their class.  

Reflection completed through essays, blogs, vlogs, or journaling is optional.  Students 

may use the reflections to evaluate how well they did or did not do, and the teacher may 

use the reflection to determine any changes that can make to improve the class.  

6. Ongoing: Some projects may be wrapped up for a brief period, while others may take 

longer, students should be encouraged to complete a project which they have shown 
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passion.  The skills they acquire or the projects they developed should be something that 

can help them, or their community grows beyond the expectations of the classroom.  

Figure 2.3 Six Building Blocks of Innovative Learning 

 

Learning Styles 

The seven different learning styles, also known as the Theory of Multiple Intelligences, was 

first coined by Howard Gardner.  Gardner identified eight intelligences used as tools for 

problem-solving, creating, and learning.  The eight intelligences were directly related to 

Gardner’s cross-cultural perspective of human cognition (Campbell, Campbell & Dickinson, 

2003). The eight intelligences are linguistic, logical-mathematical, spatial, bodily-kinesthetic, 

musical, interpersonal, intrapersonal, and naturalist. Campbell et al. (2003), describes each 

intelligence as: 

Wettrick, 2014 
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1. Linguistics Intelligence: Is the use of words and language to gain and express the 

understanding of knowledge.   

2. Logical-Mathematical Intelligence: Is the use of mathematical and scientific reasoning to 

gain and express the understanding of knowledge. 

3. Spatial Intelligence: Is the ability to think in a 3-dimensional format to gain and express 

the understanding of knowledge.   

4. Bodily-Kinesthetic Intelligence: Is the manipulation of objects and fine-tune physical 

skills to gain and express the understanding of knowledge.   

5. Musical Intelligence: The use of music, rhythm, or patterns to gain and express the 

understanding of knowledge.   

6. Interpersonal Intelligence: The use of interaction with others to gain and express the 

understanding of knowledge.   

7. Intrapersonal Intelligence: Is the ability to construct a personal perception of one’s self 

and the use of this knowledge to gain and express the understanding of knowledge.   

8. Naturalist intelligence: Is the ability to observe patterns in nature and classify objects to 

understand the natural and human-made system. 

Kolb developed a different format of learning than Gardner.  Gardner focused on the 

individual learning style, whereas Kolb addresses individual learning preferences.  Kolb 

developed the experiential learning cycle in 1984, followed by the development of his learning 

theory.  Kolb experiential learning theory is covered in two levels: a four-stage cycle of learning 

and four separate learning style (McLeod, 2017). The four-stage cycle includes concrete 

experience, reflective observation, abstract conceptualization, and active experimentation.  
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McLeod (2017, para. 6), states that  

“effective learning is seen when a person progresses through a cycle of four stages: 

of (1) having a concrete experience followed by (2) observation of and reflection 

on that experience which leads to (3) the formation of abstract concepts (analysis) 

and generalizations (conclusions) which are then (4) used to test hypothesis in 

future situations, resulting in new experiences.” 

The four-learning style are diverging, assimilation, converging, and accommodation (McLeod, 

2017). Individuals that use diverging learning styles look at things from a different perspective and 

solve problems through gathering information.  Diverging learners prefer to work in groups and 

collaborate with others.  Assimilation learners use a more concise and logical approach to learning. 

Unlike diverging learner’s, assimilation learners are more focused on the ideas and concepts, than 

people. Converging learners prefer technical tasks, ideas, and theories.  Individuals that prefer 

converging learning are known as problem solvers. Finally, accommodating learners prefer the 

hands-on method of learning and use intuition instead of logic.  Each learner uses a combination 

of two or more learning styles.  

Figure 2.4 Kolb’s Experiential Learning Theory 

 
McLeod, 2017 
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Title I Program Funding 

 Title I of the Elementary and Secondary Education Act went into policy in 1965. The 

policy was initially written to aide in closing the achievement gap between low-income students 

and other students (Malburg, 2020). In 1994, the policy was amended to include at-risk students 

(Malburg, 2020). The purpose of the program is to provide financial assistance to schools that 

serve a high percentage of children from a low-income family (U.S. Department of Education, 

2018).  Title 1 is a federally funded program, not state-funded and is offered to both private and 

public schools.  The funds provided to the district and schools are used to help ensure that all 

students are provided with the equipment and high- trained professionals they need to meet the 

state academic standards (U.S. Department of Education, 2018).  The allotted funds are spent on 

instructional materials, intervention, professional development, extended education programs, 

learning laboratories, and technology.   

 Since 2015, Title 1 funds are rewarded through four grants, which is approximately 14 

billion dollars.  The basic grants (approximately 6.4 billion dollars) is the largest and serves the 

most school districts (National Center for Educational Statistics, 2019).  This grant is not 

targeted at the highest poverty districts.  The second grant is the concentration grant 

(approximately 1.9 billion dollars), which makes it the smallest (National Center for Educational 

Statistics, 2019). The third grant is the targeted grants (approximately 3.3 billion).  The target 

grants are geared towards districts with a higher population of low-income or disadvantage 

students. The final grant is the education finance incentive grants (approximately 3.3 billion 

dollars). The state’s Local Education Agency (LEA) has control over this grant and will decide 

which district or schools need additional funds to be successful (National Center for Educational 

Statistics, 2019). 



37 
 

 

  For a school to qualify for Title 1 funds, at least 40% of the students must enroll in either 

the National Free Breakfast and lunch program or qualify for free and reduce lunch (Malburg, 

2020). “Types of students that might be served by Title 1 funds include migrant students, 

students with limited English proficiency, homeless students, students with disabilities, neglected 

students, delinquent students, at-risk students, or any student in need” (Malburg, 2020, para 5).  

Students can be identified as at-risk for a variety of reasons, including low academic 

achievement, retention, or being classified as homeless.   

STEM Influencers 

 It would be challenging to mention STEM influencers without first mentioning Leonardo 

da Vinci.  Although Da Vinci was not a theorist, he was the ultimate example of an individual 

that used science, technology, engineering and math, even art as an interdisciplinary instead of a 

separate entity (Martinez & Stager, 2013).  After the Renaissance age, many theorists began to 

develop theories that applied to life and education.  Several of these theorists developed theories 

that helped create the concept of using a hands-on approach to learning.     

Jean-Jacques Rousseau published a book identifying the fact that children should have 

the ability to be creative. This book was a significant movement in education because it was 

released at a time when rote memory and discipline were the bases of education (Martinez & 

Stager, 2013).  Johann Pestalozzi was influenced by Rousseau's writing and developed a theory 

that would later become the foundation for Piaget's theory.  Pestalozzi theorized that children’s 

learning is a natural thing that comes from experience and is a balance between heart, head, and 

hand (Martinez & Stager, 2013). Pestalozzi influenced his student Friedrich Froebel.  Froebel 

developed the first kindergarten system and allowed students to interact with the natural world 

and experiment through play (Martinez & Stager, 2013).  
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  Dr. Maria Montessori embraced Friedrich Froebel's theory and developed a Montessori 

style of teaching.  In a Montessori setting, the student can explore learning with self-regulated 

activities, hands-on learning, and play through collaboration. The main points of Montessori 

education are for students to develop independence, social interaction, and a love of learning. 

During the Industrial Revolution, schooling had become very regimental, and only a select few 

were able to attend school, while other children worked in the factory. John Dewey did not 

believe in this system or in the way schools were teaching children.  Dewey thought that learning 

should prepare students to solve problems through observation and previous experience 

(Martinez & Stager, 2013). Dewey’s theory emphasized the importance of community, 

democracy, and experience play in shaping the educational progression (Martinez & Stager, 

2013).   

 Jean Piaget built on the ideas of John Dewey, with the theory of constructivism and stage 

development (Martinez & Stager, 2013). Piaget's theory of constructivism focused on the 

concept that children construct knowledge inside their heads based on experience and not from 

the reception of knowledge.  In his theory, Piaget also calls for interdisciplinary learning 

(Martinez & Stager, 2013). The Piagetian theory is considered to be the foundation theory of 

tinkering, making, and engineering in the classroom. As Piaget continued to research and 

develop his theory, he recruited a young man by the name of Seymour Papert.  Seymore Papert 

became known as the father of the Maker Movement (Martinez & Stager, 2013).  Papert 

developed the skill of learning through the process of tinkering and developing individual ideas 

of what and why particular concepts work.  He often questioned why schools continued to teach 

the same way, using new methods, even though so many educational opportunities were 

available to learners (Martinez & Stager, 2013).   Papert developed the theory of 
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constructionism, where learners gained knowledge through an act of making something sharable 

(Martinez & Stager, 2013).    

Brief History of STEM 

 Science, Technology, Engineering, and Mathematics (STEM), have become a focal point 

in education and industry; unfortunately, the United States education was falling behind their 

counterparts.  Therefore, the education system needed to re-evaluate and turn their focus to these 

disciplines.  Within the last 20 years, the world has seen a rise in communications, technology, 

corporate structures, and financial products (Drew, 2011).  Drew (2011) pointed out that instead 

of focusing on what other countries where doing, the U.S. needed to focus on their growth and 

what would work best for them.  The main goal of changing the disciplinary focus in the school’s 

system was to keep high-tech jobs in the U.S (Drew, 2011). However, with the successful launch 

of Sputnik, the U.S. realized that although they were making advancements in science, 

technology, and math, they were still behind their counter partners.  

 After the successful launch of Sputnik in 1954, the mind frame of math and science in the 

education system shifted.  Some may even say that the success of the launch has a political and 

psychological impact on Americans (Drew, 2011). But before the success of Sputnik, the U.S. 

began to explore the needs of Science and Math in the education system after WWII.  With all 

the technology that went into winning the war, namely, the Atomic Bomb and other types of 

weapons, it was clear that the U.S. innovation was flourishing (White, 2014).  At the end of 

WWII, the National Science Foundation (NSF) was formed to document and preserve the 

research of the talented men and women of WWII (White, 2014).  NSF would later introduce the 

acronyms STEM to the U.S. (Vasquez et al., 2017).   
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 As the U.S. joined the space race to the moon, the National Aeronautics and Space 

Administration (NASA) was formed. NASA's main focus was to improve space presence and to 

use science and engineering in the most effective way (White, 2014). As NASA became 

stronger, they began to develop an interest in pre and post-secondary education.  For the last five 

decades, NASA has been responsible for bringing STEM to the school (White, 2014).   

However, the U.S. government did not use federal funding to fund STEM-based 

programs until 2007; in fact, the terminology STEM was not used in a presidential address until 

2011 (White, 2014).  In 2007, the NSA board voted to release a national Action Plan for 

addressing STEM, which made teaching and learning STEM a top priority (Vasquez et al., 

2017).  After the implementation of a yearly action plan by the U.S. Department of Education, 

STEM, STEAM, and STEAMS become recognized as a meta-discipline of the integration of 

subjects and began to receive more government and private funding (Vasquez et al., 2017).  

As the government becomes more and more interested in the promotion of STEM in the 

school’s system, the federal government and congress have made some adjustments to funding 

and policies. As of 2006, the federal government, under the Obama administration, invested 

three billion dollars annually into STEM education (Stanley, 2017).  With the help of grants and 

additional funding from U.S. corporations, the amount has now increased to over 350 billion 

dollars.  The President’s Council of Advisors in Science and Technology (PCAST) suggested 

that the federal government, over the next ten years, should develop at least 200 highly STEM-

focused high schools and 800 STEM-focused elementary and middle schools (Crotty, 2018). 

According to (Stanley, 2017), congress acts have been put into place to support STEM 

education: 
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1. National Aeronautics and Space Administration Authorization Act of 2019-2020 (NASA 

Authorization Act): The administration provides opportunities for STEM education 

within the office of NASA.  The administration will partner with other organizations to 

accomplish the engagement of K-12 students in the field of STEM education. 

2. Federal Student Aid: Provides two types of grants specifically geared towards math and 

science.  The Academic Competitiveness Grant (ACG) and the National Science and 

Mathematics Access to Retain Talent (National SMART Grant), was developed in 2006.  

The purpose of the grant is to encourage high school students to participate in higher 

levels of science and math and eventually partake in a STEM-related field.  

3. National Defense Authorization Act: individuals that participate in Junior Reserve 

Officers’ Training Corps are now required to participate in fields related to science, 

technology, engineering, and math. 

4. American Creating Opportunities to Meaningfully Promote Excellence in Technology, 

Education, and Science Act of 2007 (America COMPETES Act): The COMPETES Act 

of 2007, was later reauthorized in 2010.  The act stated that the government would invest 

in innovative programs through research and development. 

5. The National Science Foundation: The NSF provides grants to all 50 states to implement 

science, technology, engineering, and mathematics. The purpose of the grants is to 

increase the number of low-income students to pursue the discipline of STEM, improve 

the education of low-income students, and develop effect curriculum and co-curricular 

activities.  

6. Next Generation Science Standards (NGSS): The NGSS add engineering to the federal 

science standards and suggests incorporating technology.  Some states have implemented 
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the Next Generation Science Standards, while other states decided to add the engineering 

process to their standards (Crotty, 2018). 

The STEM movement in the education system is more than just students entering a STEM-

related field upon graduation.  As the world changes, the need to learn STEM is crucial; this is 

due to STEM-literacy.  STEM literacy is the collaboration of people who work in STEM-related 

fields and global citizens to build reasonable and supportable futures. A person who is 

considered STEM-literate has the “knowledge and understanding of scientific and mathematical 

concepts and processes required for personal decision making, participation in civic and cultural 

affairs, and economic productivity for all students” (National Research Council, 2014, p.5).  In 

other words, individuals use STEM-related knowledge on a day-to-day basis to make a standard 

decision. Therefore, it is important that schools provide STEM programs or STEM-related 

lessons with skills that students will need to survive in the future.  

STEM Identity 

 Repeatedly people have made comments regarding who should and should not participate 

in STEM-related fields.  Social media, television shows, and even the education system have 

promoted STEM-related fields as a Caucasian-male dominated industry.  Due to this thinking, 

the STEM fields have remained a Caucasian-male dominated industry.  That’s why schools need 

to promote STEM identity to all individuals from a young age.  Renninger (2009) recognizes 

identity as a person who peruses content based on their interest and continues to grow in their 

interest. Therefore, a student that gained a positive STEM identity sees themselves as someone 

who can do STEM-related assignments and grow in the field of STEM. The President’s Council 

of Advisors in Science and Technology (PCAST) 2010 identified the continuous gap in 

underrepresented groups among STEM-related fields.  The PCAST (2010) data shows a wide 
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gap between people of color and women. The National Academy of Engineering and National 

Research states that a small amount of studies provide support to develop a positive effect of 

implementing and participating in STEM (Masoni, 2015). The lack of positivity has affected 

students’ interest and identity in STEM.  A study done in 1910 by Arnold shows that there is a 

relationship between interest and learning; therefore, if students become interested in a topic, 

they are more open to learning that topic (Masoni, 2015).   

            One highly underrepresented group in the STEM-related field are girls of any nationality. 

According to the National Girls Collaborative Project (n.d.), the majority of bachelor’s degrees 

in non-STEM fields were received by females. However, the fields that primarily uses 

engineering, a variety of sciences, and mathematics, less than half of the graduates are females.  

The lack of interest in participating in a STEM-related field in college or as a career is not 

directly related to a female's ability to achieve high scores in math or science.  In fact, according 

to Hyde, Lindberg, Linn, Ellis, and Williams (2008), the gap in gender achievement in math and 

science has decreased.  Female students are now performing, or in some cases outperforming, 

their male counter partners in science and math classes. Therefore, the gap is not due to the 

ability to achieve passing marks in math and science, but the perception they have received about 

STEM-related fields. Ulmer (2018) identified some causes that may have contributed to the 

reason why females have decided to not participate in STEM-related fields: 

1. Young women may not have as much exposure as men to STEM in the K-12 setting. 

2. The shortage of females in the STEM field may intimidate other females from entering 

the field. 

3. The negative perceptions instilled by parents, teachers, and peers of females participating 

in STEM-related fields. 
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           Renninger (2009), suggests a four-phase model of interest development. The first tier 

suggests triggering situational interest.  Situational interest is an interest that arises due to the 

environment.  This level of interest may not last long, but it will allow the students to begin 

to develop some form of interest. The second tier suggests maintaining situational interest. At 

this level, interest is gained in a structured setting formulated by a teacher. The third stage is 

emerging individual interest (less developed). At emerging individual interests, one’s interest 

becomes more personal.  At this level, one feels a sense of excitement or enjoyment, 

overachieving a cognitive level of understanding. The final tier is well-developed individual 

interest. At this stage, one has fully developed an interest in the field or passion of their 

choice.  

Figure 2.5 Four-Phase Model of 

 
Interest Development (Renninger, 2009) 

STEM Magnet 

            The United States Department of Education has stated the importance of developing a K-

12 curricula or curriculum that would help to prepare students entering college that have chosen 

to follow the STEM pathway (Stanley, 2017).  To help schools develop a successful curriculum, 

the National Governor’s Association offered a toolkit to help each state accomplish their agenda 

(Stanley, 2017). As of 2010, 16 states, Texas included, offered STEM schools that would serve a 
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specified population. These schools offer a comprehensive curriculum that covers a variety of 

STEM skills, as well as offer mentorship and internship (Olszewski-Kubilius, 2010).  By 2014, 

schools offered STEM curriculum on a wider basis, through an inclusive model (Stanley, 2017). 

Unlike the original concept of accepting students based on achievement, the student would be 

accepted based on interest.  

          The definition of STEM schools varies greatly.  Stanley (2017) states that an inclusive 

STEM school accepts students based on interest and vows to educate them in higher-level math 

and science. According to the Texas High School Project (2010), STEM schools are required to 

meet seven benchmarks: 

1. The school must be mission-driven, with leadership that aligns with the school’s 

missions. 

2. The school must have a T-STEM culture that is based on respect, personalization, 

partnership, and value student's input. 

3. The school must address student outreach, recruitment tactics, and retention. 

4. The school must identify its process for teacher selection, development, and retention. 

5. The school must have a highly developed STEM-based curriculum, instruction, and 

assessment. 

6. The school must develop a plan for a strategic alliance. 

7. The school academic advancement and sustainability must align with the state’s 

expectations. 

The characteristics for Texas STEM schools are a culture of post-secondary education, target of 

the underrepresented student population, integration of STEM curriculum, strategic partnership, 
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relevant and rigorous content, and project-based activities that use critical thinking and problem-

solving.  

STEM in the Elementary Schools 

 STEM is an acronym for Science, Technology, Engineering, and Math, and has become a 

keyword term in the education system. But what is STEM and why such a big push for STEM 

aligned curriculums. Simply put, STEM careers are on the rise and are all around us, between the 

year 2007 and 2017, STEM careers increased 58 percent (Howarth & Scott, 2014). According to 

Crotty (2018), 20 occupations are predicted to show growth in the next decade, but only 4 of the 

occupation require a college degree, whereas the remaining 16 occupations are skills acquired at 

the high-school or technical level. Due to the ever-changing career option, learners need to have 

access to appropriate courses that develop STEM literacy (Howarth & Scott, 2014). Therefore, 

the increase in STEM careers forces the education system to make a move to align curriculum 

and programs to STEM and make these curriculums or curricula available in the K-12 school 

setting.  

 It was recommended by the National Science Board (2010) that all students K-12 receive 

opportunities to investigate real-world exploration.  At the secondary level, this seems more 

natural to accomplish than at the primary level.  Therefore, the National Science Board (2010) 

suggested that elementary teachers attend professional development, that supports  

Learning through investigation and the identification of STEM learners (MacFarlane, 2016). The 

professional development of teachers plays a significant role in teaching a STEM curriculum.  

Teacher development is accomplished through staff development, professional development, and 

professional learning experience (Gubbins et al., 2013).  In addition to having advanced 
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knowledge and understanding of content, STEM educators must understand differentiation and 

different learners’ style (MacFarlane, 2016).  

Tomlinson and Imbeau (2010) suggested teachers need to learn their students well to be 

effective.  Things teachers can do to learn their students are observation, interview, exam 

student's work, different formats of assessments (informal and formal assessments), and family 

conferences. Another concept, Tomlinson and Imbeau (2010), emphasized appropriate 

differentiation, which Tomlinson and Imbeau pointed out as principles, not strategies and 

methods.  Differentiation is the teacher’s ability to balance their classroom to meet the needs of 

individual students, while still addressing the course content. Teachers use students’ readiness 

level, interest, and learning profile to maximize student’s opportunity through the modification 

of content, process, product, and affect (Tomlinson & Imbeau, 2010). To develop a well-planned 

differentiated classroom has (Tomlinson & Imbeau, 2010): 

1. Students “background experience, culture, language, gender, interests, readiness to learn, 

modes of learning, speed of learning, support systems for learning, self-awareness as a 

learner, confidence as a learner, independence as a learner, and a host of other” (p. 14) 

plays a role in how students learn.  

2.  Different or alternative lesson planning or scaffolding greatly affects how the students 

learn.  

3. Teachers are responsible for student’s mastery. 

4. The process of differentiation involves continuous planning to connect all students to the 

content.   

5. Teachers need to understand their student learning styles and preferences, in addition to 

the content being taught.  
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6. Differentiation makes teaching and learning the content more flexible. 

7. The teacher should continually question their strategies to determine the effectiveness of 

the lesson and differentiation.  

Although research has shown the importance of implementing STEM at the elementary 

level, there is no single conceptualization of what STEM integration should look like at the 

elementary level (Estapa & Tank, 2017).  Moore et al. (2014), developed a framework for STEM 

at the elementary school level and stated that a STEM curriculum should include a rich and 

engaging context that allows students to enter a problem through the lenses of the engineering 

process/design, where students can learn from failure, as well as the promotion of teamwork, and 

standards-based mathematics and science. However, no one correct way to integrate STEM into 

the classroom has been identified (Estapa & Tank, 2017).   

 A significant point in the STEM curriculum is engineering design. The engineering 

design in STEM allows the students an opportunity to connect disciplines across several contexts 

(Moore et al., 2014).  The engineering process will enable students to engage in real-world 

contexts and problems that are authentic to engineering (Estapa & Tank, 2017). However, the 

integration of the engineering design remains a challenge for elementary teachers. This challenge 

is due to the fact that elementary teachers are often unprepared or have limited content 

knowledge about STEM and the engineering process (Estapa & Tank, 2017). 

STEM Standards 

Texas uses the Texas Essential Knowledge and Skills or TEKS to determine what is taught in 

each subject at each grade level.  The TEKS are approved by the SBOE (Texas Education 

Agency, 2019d), but do not directly relate to STEM objectives.  Lessons developed for STEM 
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may include the Science and Math TEKS, Next Generation Science Standards (NGSS), in 

combination with the 21st Century Skills.   

The Next Generation Science Standards (NGSS) were developed using the Science 

Framework for K-12 Science Education (Next Generation Science Standards, 2013). The NGSS 

framework incorporates the three dimensions of learning: Science and Engineering Practices, 

Crosscutting Concepts, and Disciplinary Core Ideas (Next Generation Science Standards, 2013).  

Unlike previous science standards, the NGSS performance expectations “combines a relevant 

practice of science or engineering, with a core disciplinary idea” (Next Generation Science 

Standards, 2013, p. 1).  There are eight practices of science and engineering identified by the 

Next Generation Science Standards (Next Generation Science Standards, 2013): 

1. Asking questions and defining problems 

2. Developing and using models 

3. Planning and carrying out investigations 

4. Analyzing and interpreting data 

5. Using mathematics and computational thinking 

6. Constructing explanations and designing solutions 

7. Obtaining, evaluating, and communicating information 

The 21st Century Skills are a set skill, work habits, and character traits identified as 

critical elements to be successful in the world. The 4 C’s of the 21st Century Skills are considered 

to be essential learning strategies in today’s classroom, especially STEM classrooms (Applied 

Educational System, 2020).  The 4 C’s are critical thinking, creativity, collaboration, and 

communications. Critical thinking is the ability to identify and solve problems while deciphering 

and verifying accurate information. During this process, students ask questions, become engaged 
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in the world, and help others think critically (Applied Educational System, 2020). Creativity 

allows students to look at problems from multiple views and express their thinking.  

Collaboration helps students understand how to identify problems, brainstorm solutions, and 

decide the best course of action (Applied Educational System, 2020). Communication is the 

practice of transmitting ideas and concepts quickly and clearly.  

Integrating STEM in the Classroom 

As with the integration of any program, the integration of STEM has many levels.  Some 

school does the bare minimum of integration while others have managed to integrate STEM into 

every aspect of their school day.  The term integration means to bring together different parts of 

a system into a whole (Vasquez et al., 2017). The definition of STEM to school officials and the 

government may seem simple; after all, it is Science, Math, Engineering, and Technology, but in 

actuality, the implementation may be more complicated than it sounds.  The application of the 

S.T.E.M program is essential because it allows students to gather the skills and knowledge they 

have learned and apply them across each discipline (National Research Council, 2014).      

 STEM is sometimes viewed as a project-based or problem-based project, or it can be 

something more straightforward, depending on the level of implementation.   The higher the 

level of execution, the more difficult STEM implementation becomes.  This difficulty is because 

the implementation of STEM may take hours of careful planning, collaboration, and time to 

execute within the classroom setting (Vasquez et al., 2017).  In the STEM Lesson Essentials 

(Vasquez et al., 2013), identified three levels of STEM implementation, multidisciplinary or 

thematic integration, interdisciplinary integration, and transdisciplinary.  Most classrooms follow 

a disciplinary approach, where each skill or concept is addressed or taught separately.  Vasquez 

et al. (2013), identify the three integration as follows:  
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1. Multidisciplinary Integration – each skill or concept is taught differently, but across a 

common unit or theme 

2. Interdisciplinary Integration - two or more concepts or skill are linked to providing a 

more in-depth understanding or gain or knowledge 

3. Transdisciplinary Integration- the application of two or more skills towards real-world 

projects and applications, unifies knowledge and skills from two or more disciplines 

At the discipline stage, the application or skill drives the lesson without much 

consideration of how or where the skill could be practiced.  An example of this is students 

learning a skill to show mastery on a standardized test.  The learning goal shifts a little when a 

teacher changes from discipline to a multidiscipline approach (Vasquez et al., 2017).  At this 

level of integration, a learning skill is loosely linked together to accomplish an overall goal, such 

as teachers of different contents developing a unit focused around space exploration.  As teachers 

become more involved and comfortable with implementing STEM, they further their integration 

into interdisciplinary discipline.  At the interdisciplinary STEM integration stage, the content and 

skills become clearer and learning more dependent on one another (Vasquez et al., 2017).  This 

level of integration is often seen in the science classroom, where students are required to use 

their math skills as they answer scientific questions.  The first two levels of integration are 

generally based on individual disciplines, whereas the last level of integration that ties all the 

disciplines together to create, identify, or answer a problem.  Transdisciplinary integration can 

often be view as a problem or project-based activity that incorporates all levels of STEM.  

At any level of integration, educators and curriculum developers are asking how one 

develops and implements a STEM curriculum in the classroom. Vasquez et al. (2017), suggested 

the W.H.E.R.E model.  The W.H.E.R.E model is grounded on five essential stages.  The first 
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stage is What and Why do we need to implement STEM. This stage allows the STEM 

coordinator to develop a focus for applying content knowledge and skills in the real world 

(Vasquez et al., 2017). The second stage is the How. Once a coordinator develops an 

understanding of what and why a STEM disciplinary is needed, the coordinator begins to 

identify the pathways for implementation. The coordinator should also identify milestones that 

each student should meet as they progress through their learning experience (Vasquez et al., 

2017). Evaluation should consist of pre-assessments, formative assessments, and summative 

assessments. The third stage is the Evidence and Evaluate. How will evidence be collected to 

show the student's knowledge has developed and which evaluations should be put in place? The 

fourth stage is Rigor and Relevance.  When a STEM coordinator focuses on rigor and relevance, 

the focus shifts from teacher-led to student-led (Vasquez et al., 2017). At this stage, the 

coordinator focuses on whether the tasks have elevated the students thinking while remaining 

relevant to current issues and topics.  The final stage is Excite, Engage, and Explore.  This stage 

focuses on students’ cognitive level.  The cognitive engagement moves students beyond a 

classroom setting and occurs when students begin to ask questions, apply knowledge, and asses 

their learning (Vasquez et al., 2017). The W.H.E.R.E model can be seen as a road map for 

planning and implementation, not as a top to the bottom layout.   

Challenges of Implementation 

 Teachers are often asked or required to implement several types of projects, teaching 

styles, or classroom management.   With each new addition to the classroom, comes challenges.  

Some challenges are brought on by the teachers’ preference, while the lack of material or support 

may develop others.  Even the students may implement problems through their behavior or lack 
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of understanding and knowledge.  Although implementing a STEM-based program has a lot of 

positive attributes, it brings a lot of challenges for both teachers and students. 

 An emerging problem of implementing a STEM-based program in the classroom is the 

lack of guidance and support for teachers.  Teachers may lack the preparedness or knowledge 

regarding the instructional knowledge strategies needed to make a STEM-based program 

successful, such as establishing a level of connection with learners and parents, as well as 

develop an ideal classroom community that would be advantageous to learning (Hamann, 

Reeves, Bauren, & Valenciano, 2008).  The challenge of implementation of Project-Based style 

activity continues as teachers try to implement a STEM-based program without the appropriate 

design, rubrics, authentic assessment, and other crucial elements (Bradley-Levine et al., 2010).  

Teachers are accustomed to creating an evaluation based on the lesson or standards that are 

covered in the classroom, but when students choose their project and possibly the standard they 

would like to address, it becomes more complicated to assess their students.  Creating an 

authentic assessment to grade each student project may become frustrating and overwhelming to 

teachers since they must think of many aspects and create the appropriate evaluation for each 

project (Bradley-Levine et al., 2010).  Other challenges teachers may face are the different 

classroom management strategies, teaching-learning styles, understanding of the grounded 

theories used when implementing a STEM-based program, lack of knowledge and support, 

inadequate training, and insufficient professional help (Brush & Saye, 2008).  During all the 

chaos of implementing a STEM-based program, the teacher is still responsible for monitoring the 

learning process and facilitate the best environment in which learning occurs (Nastovska, 2014).   

 Most teachers have the option to be traditional or nontraditional. When a teacher chose 
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 to be unconventional with their instructional approach, but keep the mind frame of a traditional 

teacher, they tend to run into challenges (Mitchell, Foulger, Wetzel, & Rathkey, 2009).  

Implementing a STEM-based or PBL program in the classroom requires the teacher to use a non-

traditional approach to teaching. Teachers must be willing to work harder, concentrate more, and 

embrace larger pedagogical responsibilities than if they assign seatwork and test (English, 2013).  

Teachers that have implemented a non-traditional approach to teaching, such as implementing a 

STEM project, have called it chaotic, unstructured, and even overwhelming (Nastovska, 2014).  

Not only can implementing a STEM-based program be complicated, but classroom practices 

associated with teaching-planning, classroom management, roles of the teacher and student, the 

process of knowledge creation, and means of assessing student work- normally challenges what 

most teachers have learned in their pre-service programs, what they experience in school 

themselves or what they have seen modeled (Nelson & Harper, 2006). 

On the other hand, the teacher may possess the knowledge to conduct a STEM-based 

classroom successfully, but do not have the confidence in their ability (Bransford, Darling-

Hammond, & LePage, 2005).  The lack of confidence can build a barrier for teachers who wants 

to pursue STEM-based projects, since it may cause challenges to arise such as the inability to 

build a trusting relationship between themselves and their students and other stakeholders; or 

invite people that might have a positive influence on their teaching and students learning 

(Nastovska, 2014).  Finally, many teachers are uncomfortable with the role reversal, where 

teachers become facilitators and students take control of their learning (Wurdinger & Rudolph, 

2009). 

Not only do the teachers struggle with the STEM projects, but students do as well, due to 

the shift in learning.  In many classrooms, students develop an expectation for the teacher to tell 
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them what they will learn and how they will learn it, but when given a STEM-based project, they 

are responsible for developing a plan of what they would like to learn and how.  The shift in 

responsibility for learning maybe not be met with acceptance, occur naturally, and may not be 

difficult for students (Brush & Saye, 2008).  Many students have not received the opportunity to 

partake in self-directed learning. Therefore, they may become frustrated and confused (Ertmer & 

Simons, 2006); this especially becomes true when teachers do not provide clear expectations for 

the learners.   

 Pre-Service Teacher Training: STEM 

When teachers enter the teaching field, they are expected to have the knowledge required 

to complete the teaching tasks, but are teachers prepared for teaching in a STEM environment? 

STEM has a range of approaches that include a single or multi-discipline (Pimthong & Williams, 

2018).  The STEM-based approach has been viewed as a remedy to address students’ mediocre 

performance in science and math when compared to other nations (Adams, Miller, Saul, & Pegg, 

2014). As the STEM field continues to grow, there is apprehension that students will not be 

prepared to enter a workforce that will be faced with many unforeseen challenges (Adams et al., 

2014). STEM identity and access to STEM activities should be provided starting at the 

elementary level. The building of a positive STEM identity starts with external influences, which 

includes teachers. However, there is a shortage of teachers prepared to accomplish this task. 

 The shortage of STEM teachers is intensified by the fact that not many teachers have 

been trained to foster success and interest in science and math (Jeffrey, McCollough, & Moore, 

2015). Nor are they trained to implement a successful STEM classroom; this holds especially 

true for an elementary teacher who is primarily trained as generalists (Adams et al., 2014).  

Many teachers that receive a generalist education degree have limited preparation for effectively 
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teaching STEM subject because they might have only received one to three math and science 

content courses (Jeffrey et al., 2015). The lack of pre-service training effects the teacher’s 

confidence and interest in teaching STEM-based lessons or STEM subjects (Adams et al., 2014). 

Future teachers that have not developed a STEM identity may enter the teaching field with 

anxiety, insecurities, and negative attitudes towards STEM subjects (Adams et al., 2014).  

Which, in turn, may affect the teacher's choice of teaching these subjects, their attitudes about 

STEM subjects, or determine the way they will teach in the future (Adams et al., 2014; Jeffrey et 

al., 2015).  

It is recommended that teacher preparation programs provide access to high-quality 

mathematics education and engage teachers in practical science content, as well as create a 

supportive learning environment (Jeffrey et al., 2015).  Adams et al. (2014) stated, “that when 

beginning teachers participate in a hands-on STEM learning experience, they develop increased 

confidence and self-efficacy as STEM teachers” (p. 4). A study done by Carrier (2009) suggests 

that teachers that first participated in science activities during pre-service, followed by 

implementing the events in a classroom setting, showed a substantial decrease in fear and lack of 

confidence. Luehmann (2007) explains that effective teacher learning occurs when one has been 

allowed to complete activities as a learner and teacher.  

Teacher Incentive Fund (TIF) STEM Grant 

The district used in this study was the recipient of the Teacher Incentive Fund (TIF) 4 

STEM Grant supported by the United States Department of Education (USDOE), which was 

developed in 2012. TIF projects were developed with the help of USDOE, to provide financial 

support and performance-based compensation systems (PBCSs) for teachers, principals, and 

other personnel in high-needs schools (Glatz, Pasley, & Stonehill, 2016; U.S. Department of 
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Education, 2012).  The projects designed enhanced science, technology, engineering, and math; 

and utilized STEM master teachers as the lead. The priorities of the TIF4 STEM were (U.S. 

Department of Education, 2012): 

1. “Priority 1 (absolute): An LEA-wide (local education agency-wide) Human Capital 

Management System (HCMS with Educator Evaluation System at the center” (p. 11). 

2. “Priority 2 (absolute): LEA-wide educator evaluation system based, in significant part, on 

student growth” (p. 11) 

3. “Priority 3 (absolute): Improving student achievement in science, technology, 

engineering, and mathematics (STEM)” (p. 11) 

4. “Priority 4 (competitive preference): new or rural applications to the Teacher incentive 

Fund” (p. 12). 

5. “Priority 5 (competitive preference): an educator salary structure based on effectiveness 

(p. 12). 

The applicants of this grant could apply individually or in partnership with one or more LEAs 

organizations. The estimated reward for the first year of the project was $500,000-$12,000,000, 

and second through the fifth year would be based on available funding (U.S. Department of 

Education, 2012). The TIF4 STEM grant has seven requirements for the applicants. Requirement 

three addressed the documentation of High-Need Schools, which includes high-poverty schools, 

priority schools, or persistently lowest-achieving schools. The criteria for high-poverty schools 

were either determined by the number of students that were eligible for free or reduced lunch, 

whereas the priority schools and low-achieving schools’ criteria were determined by the LEA 

(U.S. Department of Education, 2012). The second requirement addressed identified that 

educators are, and will continue to be, involved in the development of the PBCS and evaluation 
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system.  Requirement six addressed the way the funds may be spent.  The “TIF funds may be 

used to provide performance-based compensation and related professional development in the 

high-need schools” (U.S. Department of Education, 2012, p. 19). The proposed professional 

development was based on college-level STEM skills and content knowledge to STEM teachers 

while modeling pedagogical teaching practices (U.S. Department of Education, 2012). 

Texas STEM Standards 

Texas is one of the industrial states; therefore, the labor projections have shown an 

expected increase in STEM-related job opportunities (Texas Education Agency, 2019c). Thus, 

the Texas Education Agency (2019c), have developed a STEM framework for the districts to use 

as a guide. In Texas, the STEM education is defined as “a method of hands-on teaching and 

learning where students learn to apply academic content by creatively solving real-world 

problems with innovative design-based thinking to prepare students for future career 

opportunities” (Texas Education Agency, 2019c, para. 2). The framework that was built uses 

research-based methods for implementing STEM, which includes differentiation, strategies for 

success, research-based instruction, and STEM indicators (Texas Education Agency, 2019c).   

Texas has implemented a framework as a guide for the 1,227 school districts. The level 

of implementation is district/campus choice, depending on if the district is centralized or 

decentralized.  If the campus is centralized, decisions are made by the superintendent and 

administration team.  If the campus is decentralized, the decision is made by the principle and the 

Site Decision Making Team. The theory of action behind the Texas STEM framework states that 

the Texas Education Agency will provide districts with expectations, guidelines, and resources to 

help the schools develop a high-quality STEM education, which includes two-way 
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communication standards to increase the STEM pathways (Texas Education Agency, 2019c).   

The objectives of the Texas STEM Framework are (Texas Education Agency, 2019c): 

1. Meet demands of future STEM careers 

2. Increase the number of students that enters in STEM careers or postsecondary 

programs 

3. Increase local STEM engagement 

4. Increase STEM endorsements among graduates 

5. Develop STEM fluency (collaboration, communication, critical thinking, creativity 

and innovation, adaptability and resilience, and promptness and time/resources 

management) 

6. Decrease the equity gaps of students enrolling in STEM programs 

The Texas STEM Framework suggests four stages of implementation that were partially 

developed using the integration model described by Vasquez, Comer, and Villegas. The model 

included multidisciplinary integration, interdisciplinary integration, and a transdisciplinary 

approach.  The Texas Framework added cross-disciplinary instructions, which is similar to 

interdisciplinary but consists of an introduction to viewing content through the lens of another 

content (Texas Education Agency, 2019c). Using the integration model, the Texas Education 

Agency created a K-12 STEM Education Model or STEM Model Progression. The K-12 STEM 

Education Model includes exploratory (starting point), introductory (developing), partial 

immersion (intermediate), and full immersion (advance). Finally, the Texas STEM framework 

identifies two research-based methods of instruction to use in a STEM classroom, 

project/problem-based learning (PBL), and design-based challenges.  
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The High-Quality STEM Model Identification Guide identifies the level of 

implementation, as well as the strengths and growth (Texas Education Agency, 2019c). There are 

six domains.  All domains are rated using the exploratory model (starting point), introductory 

model (developing). Partial immersion (intermediate) and full immersion (advanced). Domain 1 

equity of programming identifies how many students on the campus receives STEM. Domain 2 

climate and culture identify the types of professional development educators should receive.  

According to the Texas Education Agency (2019c), educators should receive professional 

development on the integrated STEM content, resource, and instruction, as well as the ways to 

build a growth mindset in the organization.   Domain 3 program design includes the development 

of a strong leadership team, which consists of the school board, community, industries, and 

higher education. Domain 3 also suggests a STEM pathway for students PK-20.  Domain 4 of the 

High-Quality STEM Model Identification Guide addresses the curriculum expectations of the 

STEM program (Texas Education Agency, 2019c). The expectations are the curriculum will 

include: 

1. Integration of Project-Based Learning integrated with academic content standards 

(TEKS)   

2. Learning is integrated into all academic level 

3. Classroom experiences should include career exploration 

4. Development of STEM fluency 

5. Development of the engineering process and technical skills 

6. Vertical alignment throughout the district 

7. Horizontal alignment throughout the district 

8. A variety of assessments are used to show student mastery 
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Domain 5 stakeholder engagement shows a connection between family engagement, externship, 

and other essential stakeholders. Domain 6 communication and marketing strategies suggest 

having a two-communication across the district. 

Summary 

 The review of literature highlighted research, theories, and models regarding aspects 

needed to implement a STEM Program.  Many researchers have developed a variety of 

definitions for creativity, Coulson and Burke have narrowed it down to describe the classroom 

directly, which is essential for students as they develop an understanding of what creativity is 

and is not.  Through the works of Amabile, the Componential Theory of Creativity acknowledge 

three components of creativity.  The review of the literature explored two creative models: the 

level of motivation needs for the student to become creative individuals and addresses the steps 

of creative problem-solving techniques.  This research extends the range of study and influences 

educational decisions regarding the use of instructional time to implement the STEM program at 

an urban school district located in Southeast Texas. The collection of the data and report helped 

to contribute to the teachers’ perspective of the implementation of the STEM program, with 

recommendations.    

In Chapter III, the researcher described the methodology used in this study.  The sections 

in the methodology chapter include purpose, research design, context and setting, participants, 

instrumentation, data collection, reliability and validity, and data analysis. 
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CHAPTER III 

METHODOLOGY 

Purpose 

Wettrick (2014) believed students’ that have participated in innovative programs 

demonstrated not only their general skills but also developed creative problem-solving skills that 

will help them in the future, with the help of educators.  Innovative programs take the school 

standards to a new level, allowing the student to gain an authentic learning experience that will 

keep them engage (West & Roberts, 2016).  As teachers gain insight into their students’ passion 

and provide work that meets or exceeds their expectations, they may become inspired (Katrein, 

2016). 

On the opposing perspective, it is imperative that educators are aware of the struggle of 

facilitating an effective STEM Program. Rush (2015), stated that implementing an innovative 

program means giving up much of your time to spend on learning, adjusting, and responding to 

problems that may arise. It can also be a discouraging task to request standardized-test weary, 

scope-and-sequence burden educators to give up a part of their daily routine for the sake of a 

project (Rush, 2015).  Another downfall of implementing innovative programs is that giving the 

students too much freedom and autonomy can create problems, such as a student being 

excessively active or passive (Wettrick, 2014).  

The purpose of this study is to gain expert insight from a teacher’s perspective of the 

implementation of a STEM program at an elementary level in a large urban school district 

located in Southeast Texas.  This chapter details the methodology that was used in the study, 

including research design, selection of participants, context and setting, instrumentation, data 

collection, and data analysis.  
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District Information-Chapter 3 

 This district implemented the TIF4 STEM at 23 high-need schools, 20 elementary 

schools, and three middle schools, and awarded 15.9 million dollars (Glatz et al., 2016). The 

TIF4 STEM grant also builds the capacity of teachers to facilitate STEM lessons effectively. The 

goal of this district is to “improve students’ STEM content knowledge and understanding of 

STEM applications in their everyday life, deepen their knowledge of and skills in STEM 

practices and increase their awareness of and interest in the STEM disciplines” (Glatz et al., 

2016, p. 4).   

The district also released a District-created STEM standard, which was used to track 

campuses' progress in implementing STEM.  The district hired 10 Teacher Development 

Specialist (TDS), with experience in one or more STEM areas, to create 23 TIF4 STEM projects 

(Glatz et al., 2016). The TDS was responsible for providing instructional support, developing a 

professional learning community, observing and providing feedback on STEM lessons, and 

offering professional development (Glatz et al., 2016). Each campus had a STEM Instructional 

Specialists, who are identified as teacher lead role according to the district career pathway 

program.  The STEM Instructional Specialists are responsible for supporting no more than five 

teachers through lesson demonstrations, co-planning, and co-teaching. The other lead teacher 

role identified by this district was STEM Cadre teachers.  The STEM Cadre teachers were 

responsible for planning and implementing STEM family night, sharing professional 

development experience with other teachers, presenting student STEM work, and presenting at 

STEM conferences (Glatz et al., 2016).  

The district that participated in this study implemented a school-based support network 

that included professional development, instructional materials, and other resources to support 
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STEM. Materials also included STEM lessons, for every grade (Kindergarten through Eighth 

grade), and was specifically designed to meet the standards that students at TIF4 STEM schools 

have struggled with (Glatz et al., 2016). 

Teachers that were qualified for the TIF4 STEM schools received a large sign-on bonus 

and annual retention bonus.  A list of qualified teachers was compiled by the district and 

provided to the principals for recruitment. The district uses a decentralized decision-making 

structure. Therefore, each campus principal made the ultimate decision about what happens on 

their campus. “TIF4 STEM project leaders work with principals to ensure they understand the 

project and the implications for their school, provide training to administrators related to working 

with the TDS, and invite them to all of the STEM training sessions” (Glatz et al., 2016, p.6). 

Decisions that were made due to the TIF4 STEM affected the implementation of STEM 

district wide. The district concluded the TIF4 STEM program in 2017 but continue to implement 

the resources provided during the five-year TIF4 STEM period. The resources developed during 

the TIF4 STEM are available for any campus that has decided to the implementation of STEM. 

The district suggests that each campus uses the resources as a guideline; however, the district is 

decentralized. Each campus principal and SDMC (site decision-making committee) makes the 

ultimate decision about what should be implemented on their campus. The district standards are 

categorized into five topics that include multiple aspects of the STEM program: (1) Mission and 

Vision, (2) Culture and Design, (3) Teaching and Learning, (4) Professional Development, and 

(5) STEM Alliances; with a total of 29 sub-categories.  The district implemented a district 

grading rubric to reflect the 21st Century Skills in learning and innovation skills, which include 

four categories: (1) communication, (2) collaboration, (3) creativity, and (4) critical thinking.  

The district developed a corresponding walkthrough form that aligned with the 29 sub-categories 
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for use by the teacher development specialist, coaches, and teachers.  The STEM standard rating 

scale is developing, implementing, mature, and role models. 

The five schools that participated in this are considered as STEM magnet schools.  The 

district policy stated that for a school to become a magnet school, they must first submit a written 

proposal to the Office of School Choice, which includes the program-specific, building capacity 

and financial sustainability (U.S. Department of Education, 2012). Campus A was built in 2012 

and was identified as a STEM magnet upon opening. Campus B was established in 1959 and 

offered a communication magnet.  The information provided by campus B did not specify when 

the campus became a STEM magnet. Campus C was established in 1992 and became a STEM 

magnet in 2016. Campus D was established in 1957 and offered Kindergarten through sixth 

grade. In 1987 campus D became a Math, Science, and Technology magnet, and in 2012 the 

campus became a STEM magnet by adding the engineering component. Information for Campus 

E was not available; however, the principal did confirm that the schools have participated in 

STEM for more than three years.  

All five campuses were considered as a regular campus, with the addition of STEM 

magnet.  Each campus was required to meet the same accountability requirement as a non-

magnet campus, as well as district magnet requirement to some extent. Ninety-two percent of the 

schools that are in this district are identified as Title I (Part A) campuses.  All five campuses 

classified as Title I (Part A) campuses because they have a high economically disadvantage and 

At-Risk population.   

Research Design 

In this qualitative study, the researcher used the survey method of a cross-sectional 

descriptive research design to explore teacher perception regarding the implementation of the 
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STEM program in the elementary classroom in an urban school district setting.  Descriptive 

research is the pursuit to describe a phenomenon through the collection of data or observations 

(Lunenburg & Irby, 2008).  

By using the descriptive research approach in this study, the researcher gained insight 

knowledge into the participant's observations and perception.  The participants were able to 

describe what they perceived and sensed through their self-awareness and experiences. The 

following research questions guided the study: 

1. What are the teacher’s perceptions regarding the implementation of a STEM Program?  

2. What are teachers' perceptions of motivational factors that influence the implementation 

of a STEM program? 

Lunenburg and Irby (2008) stated that the descriptive research description does not focus 

on the function of the phenomenon, but the description of the phenomenon, more specifically the 

necessary information, actions, behaviors, and changes. The research establishes the 

phenomenon using prior research.  Lunenburg and Irby (2008), further explained that a 

conclusion drawn from descriptive research is more than just reporting facts and research-based 

conclusion, but should provide a connection to theory or previous research. Therefore the 

researcher should remain open-minded. In this study, the researcher described the perceptions of 

teachers that have implemented the STEM Program into their classroom, free of the researcher’s 

biases and beliefs as supported by the work of Gall, Gall, and Borg (2007). 

Context and Setting 

 The researcher chose Elementary schools located in a major urban school district in 

Southeast Texas.  The selection of the school campuses was based on (a) the school has been 

identified as a non-selective STEM magnet (the schools provide a focus on the advancement of 
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science, technology, engineering, and math; and the students are enrolled on a first-come-first-

serve basis)  and (b) the teachers have shown successful results with the implementation of a 

STEM Program.  The information for the five campuses involved in this study was obtained 

from the Texas Academic Performance Report 2017-2018 Campus Profile and presented in the 

tables below.   

Each school in this study is rated by the Texas Education Agency accountability system.  

The overall rating scores were released in August for the previous year. Table 3.1 displays the 

accountability rating for each campus.  The rating is composed of student achievement (STAAR 

performance), School progress (STAAR academic growth and relative performance of 

economically disadvantaged students) and closing the gaps (STAAR performance broken down 

by ethnicity and TELPAS ratings).  STAAR or State of Texas Assessments of Readiness is 

currently the Texas state assessment that 3rd-12th grades students are required to take unless 

exempted. Elementary campuses scores are based on the third, fourth, and fifth-grade math and 

reading test. TELPAS is the Texas English Language Proficiency Assessment System, which is 

given to students that are identified as English Language Learners. Campus B and D received a  

Table 3.1 

Texas Education Agency Accountability Ratings for All Five Campus 
 Campus 

A 
Campus 

B 
Campus 

C 
Campus 

D 
Campus 

E 
Student Achievement 69 82 62 85 69 
School Progress 77 77 69 88 75 
Closing the Gap 72 78 67 77 71 
Overall School Ratings C B D B C 

Note: The scores for student achievement, school progress and closing the gap are based on percentile scoring of 0-100.  The overall school rating 

is based on a letter score of A, B, C, D, F.  

B rating, campus A and E received C, and Campus C received a rating of a D.  Campus C has the 

smallest population (see table 3.2) of all three schools, with over half of the student identified as 

At-Risk (high risk for failing or dropping out of school). None of the campuses received higher 
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than an 80 percent in Closing the Gap, which is described as the initiative to close the gap among 

racial/ethnic groups in both enrollment and graduation from a postsecondary institute (Texas 

Education Agency, 2019a). Four out of the five campuses service English Language Learner (see 

table 3.3) in a state-identified ESL (English as Second Language) / Bilingual program.  All five 

campuses have a high population of minority students (see table 3.2).  Campus A, C, and E had a 

student passing score in the sixty range for student achievement, whereas campus B and D were 

in the eighty range.  All five schools showed progress.  

According to Table 3.2, around 3,304 students participated in a STEM program at these 

five campuses. Campus A and C have a higher African American population than all five  

Table 3.2 

Frequency and Percentage of Student Ethnic Distribution for All Five Campuses  
 

1 Data provided by the Texas Education Agency 2018-2019. Note F#(%) 

campuses. Campus B, D, and E demographic breakdowns are very similar.  Both campuses have 

a higher population of Hispanics. Campus B is the only campus that had over a hundred white 

students, and none of the campuses had over thirty Asian students.       

           Table 3.3 displays the student’s characteristics for all five campuses. Students that are 

identified as economically disadvantage are students that qualify for free and reduce lunch, 

completed a family survey, the family participates in the food stamp program, or enrolled in the 

 
Campus A 

(n=664) 
Campus B  
(n=589) 

Campus C 
(n=539) 

Campus D 
(n=648) 

 Campus E  
(n=864) 

Ethnic Distribution           

   African American 625 (94) 52 (8) 268 (49) 164 (25) 391 (45) 

   Hispanic 23 (3) 297 (50) 158 (29) 356 (54) 430 (49) 

   White 1 (0.2) 199 (33) 85 (15) 94 (14) 18 (2) 

   American Indian 0 (0) 2 (0.3) 2 (0.4) 0 (0) 2 (0.2) 

   Pacific Islander 1 (0.2) 2 (0.3) 0 (0.0) 0 (0) 1 (0.1) 

   Asian 5 (0.7) 21 (3) 14 (2.6) 25 (3.9) 18 (2.1) 

   Two or More Races 8 (1.2) 16 (2) 12 (2.2) 9 (1.4) 4 (0.5) 
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temporary assistance to needy family program (TANF). All five of these campuses are identified 

as Title I and have both a high percentage of students that classified as economically  

Table 3.3  

Frequency and Percentage of Student Characteristics for All Five Campus 

 Campus A 
(n=664) 

Campus B  
(n=589) 

Campus C 
(n=539) 

Campus D 
(n=648) 

Campus E  
(n=864) 

Economically 
Disadvantage 

 
591 

 
(89) 

 
239 

 
(40) 

 
364 

 
(67) 

 
392 

 
(60) 

 
700 

 
(81) 

English Language 
Learners 

 
2 

 
(0.3) 

 
55 

 
(9) 

 
88 

 
(16) 

 
148 

 
(22) 

 
340 

 
(39) 

At-Risk 375 (56) 355 (60) 325 (60) 433 (66) 633 (73) 
Bilingual/ESL Program 0 (0) 50 (8) 85 (15) 137 (21) 331 (74) 
Gifted and Talented 
Program 

 
55 

 
(5) 

 
125 

 
(21) 

 
43 

 
(8) 

 
179 

 
(27) 

 
91 

 
(7.5) 

Special Education 
Program 

 
35 

 
(6) 

 
59 

 
(10) 

 
30 

 
(5) 

 
46 

 
(7) 

 
46 

 
(4.5) 

1 Data provided by the Texas Education Agency 2018-2019. Note F#(%) 

disadvantage or at-Risk.  Campus A, C, D, and E have a very high economically disadvantage 

and at-risk population, whereas Campus B economically disadvantage is at 40%, but the at-risk 

population is at 60%.   Campus D and E have an extremely large English Language Learner, 

whereas campus A, B, and C has less than one hundred students classified as English Language 

Learner.  Campus A is the only campus that was not servicing students in a Bilingual/ESL 

Program at the time of this survey.   

Table 3.4 and 3.5 gives a breakdown of teacher ethnicity and years of experience.  The 

demographics of the teachers do not directly reflect the ethnic distribution of the students, as 

noted in Table 3.1, except for on-campus A. Eighty-four percent of the teachers on campus A are 

African American, which is closely related to the 89% of the students on Campus A.  The 

remaining of the campuses has an even distribution of teacher, with the majority being identified 

as African American, Hispanic, and White.  All the campuses had at least one Asian teacher,  
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Table 3.4 

Frequency and Percentage of Teacher Ethnic Distribution for All Five Campuses  
 

Note: Data provided by the Texas Education Agency 2018-2019. Note F#(%) 

no American Indian and Pacific islander. Table 3.5 shows that most of the teacher has some 

experience.  Only 16 teachers were considered a novice or beginning teacher.  The majority of 

the teacher had over one year of experience, with 26 teachers having over 20 years of experience.   

Table 3.5 

Frequency and Percentage of Teacher Experience Averages for All Five Campuses  
 

Note: Data provided by the Texas Education Agency 2018-2019. Note F#(%) 

Participants 

 Bogden and Biklen (2006) emphasized the importance of purposeful sampling, therefore 

allowing the researcher to choose specific participants to include in their study.  In qualitative 

research, sampling must be purposeful (Creswell, 2013). The participants for this study were 

Campus 
Campus A 
(n=47.5) 

Campus B 
(n=44.5) 

Campus C 
(n=39) 

Campus D  
(n=50.5) 

 Campus E  
 (n=66.5) 

Ethnic Distribution           
   African American 30 (84) 8 (37) 13 (40) 14 (23) 18 (37) 
   Hispanic 2 (7) 5 (23) 5 (15) 9 (14) 15 (30) 
   White 2 (5) 19 (36) 12 (37) 14 (58) 12 (24) 
   American Indian 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
   Pacific Islander 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
   Asian 2 (2) 1 (2) 2 (6.2) 1 (3) 4 (8) 

Campus 
Campus A 
(n=47.5) 

Campus B 
(n=44.5) 

Campus C 
(n=39) 

Campus D  
(n=50.5) 

 Campus E 
 (n=66.5) 

Beginning Teachers 2 (5) 2 (13) 1 (3) 5 (6) 6 (12) 
1-5 Years  18 (50) 7 (36) 15 (46) 14 (14) 15 (30) 
6-10 Years    
 

5 
(13) 

5 
(9) 

4 
(12) 

3 
(14) 

11 
(22) 

11-20 Years 
 

7 
(19) 

14 
(28) 

8 
(25) 

10 
(41) 

8 
(16) 

Over 20 Years 
 

4 
(11) 

5 
(12) 

4 
(12) 

4 
(16) 

9 
(19) 



71 
 

 

purposefully selected from the populations of teachers that have participated in the 

implementation of a STEM program at a school located in a major urban school district in 

Southeast Texas. The participants’ contact information was obtained from the district database.  

The purposeful selection was conducted by choosing teachers that have participated in the 

implementation of the STEM program for a minimum of two years.  The participants were 

selected to develop a better understanding of the described phenomenon (Gall et al., 2007), after 

experiencing the same phenomenon (Creswell, 2013). 

The criteria for the selection of the teachers included facilitating a STEM program in the 

classroom.  Additional identifiers include the number of years the individual facilitated the 

STEM Program in their class. The participants were notified by the researcher via email to 

participate in the study.  The participants were instructed to complete a survey and return the 

survey to the researcher.  Each participant was given six weeks to complete the survey.  The 

researcher did not conduct a face to face meeting.  

 The researcher analyzed the data received from the participant's survey.  The written 

participant responses were documented and analyzed to describe the teacher’s perception of a 

STEM Program in the elementary classroom. The researcher identified any emerging themes and 

patterns that were being developed from the responses to survey questions. 

 The survey utilized by the researcher for this study was Teachers’ Perception of the 

Implementation of the STEM Program, which was based on the survey developed by English 

(2013), PBL Implementation 2012.  Changes were made to the survey to establish themes and 

categories as it relates to STEM and the research questions intended for this study.  The survey 

consisted of 48 items.  Eleven items were identified as demographics, and the remaining thirty-

seven addressed the teacher’s perspective as it relates to teaching a STEM Program in the 
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Elementary school setting.  The instrument utilized in this study is further described in the next 

section. 

Instrumentation 

 The researcher identified and compared instruments currently used to research the teacher’s 

perspective of STEM and Project-Based Learning.  The instrument that is aligned with the purpose 

of the study was created by English (2013) PBL Implementation 2012 based on the dissertation 

regarding new teachers’ motivation and perceptions towards the implementation of Project-Based 

Learning.  English (2013) utilized the questionnaire with the participants that took part in the study 

The Role of Newly Prepared PBL Teachers’ Motivational Beliefs and Perceptions of School 

Conditions in their Project-Based Learning Implementation.  The participants in English’s study 

were elementary, middle, and high school teachers who participated in the four New Tech Network 

Project-Based Learning professional development conferences.  Secondary participants were 

Project-Based Learning coaches and lead teachers nominated by teachers.  The participants were 

from schools in the urban, suburban, and rural areas throughout the United States.  Participants 

consisted of New Tech Network schools and Non-New Tech Network Schools.  

The survey utilized by the researcher for this study was the Teachers’ Perception of the 

Implementation of the STEM Program, which was based on the survey developed by English 

(2013), PBL Implementation 2012. English (2013) constructed the questionnaire and scale using 

Bandura’s guide to creating self-efficacy scales. Changes were made by the researcher to the 

survey to develop themes and categories as it relates to the STEM Program and the research 

questions intended for this study.  The survey consisted of 48 items.  The survey included 48 

questions divided into three parts.  The three parts are Part I-Scale Questions, Part II-

Questionnaire Open-Ended Questions, and Part III- Personal Data.   
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Part I-Likert Scale Questions contains ten items.  Participants indicated their level of 

involvement with the STEM Program, given a scale that ranged from 0-4 (NA-Not Applicable, 

1-Never or Almost Never, 2-Sometimes, 3-Frequently, 4-Always, or Almost Always). Self-

reported measurement closer to 4 indicates a higher level of involvement. Part II-Open Ended 

Questions included three questions that addressed the participants’ use and perceptions of the 

STEM Program. Part III-The Personal Data Questionnaire contains ten items related to data 

about the participants.  The Personal Data Questionnaire included information such as years of 

teaching experience, subject and grade-level taught, preferred methods for learning, and level of 

exposure to and experience with STEM.   

Reliability and Validity 

The researcher verified that the data represents the phenomenon as closely as possible 

(Creswell, 2013).  The accuracy of the data will build on trustworthiness and credibility, which 

can influence others and self of the validity and reliability of the researcher's findings (Trochim, 

2002).  

The Validity of the descriptive study depends on the information gathered from the 

participants regarding their experience and perceptions related to STEM. The instrument used in 

this study was a modified version of the PBL Implementation 2012 Questionnaire created by Dr. 

English (2013). English (2013), choose two educational psychology professors and two 

classroom teachers to test the construct validity of the PBL Implementation 2012 Questionnaire, 

based on a 6-point Likert scale.  The instrument was then tested for clarity, user-friendliness, and 

functionality by 24 PBL instructors (English, 2013).  English (2013), instrument yielded a 

Cronbach’s alpha of .93 when tested for inter-item reliability. To enhance validity and reliability, 

the researcher utilized scales that were a modified version of scales used in previous studies. The 
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scales underwent validity checks by the researcher’s dissertation chair (Creswell, 2013). Minor 

adjustments were applied based on criticism provided. If needed, modifications were made to 

enhance the clarity of the questionnaire for the participants in the study. 

Representing and understanding the truth are essential elements of qualitative research 

according to Gall et al. (2007).  Only the participants’ experiences and perceptions related to the 

STEM Program was presented with a focus on the insider perspective.  According to Guba and 

Lincoln (1989) and Erlandson, Harris, Skipper, and Allen (1993), qualitative research should 

include the following: truth, applicability, value, consistency, and neutrality to be considered valid.  

The questionnaire and study met the five criteria.  The criterion for truth was achieved using the 

participants’ unchanged responses.  Applicability was achieved using the results to demonstrate 

the teachers’ perception of the STEM Program.  The criterion of value was met through an 

examination of the description and perceptions provided by the participants.  The researcher 

achieved consistency in the study through ensuring that every participant is provided the same 

questions on the questionnaire.  The researcher was careful to reduce researcher bias by not 

influencing the participants’ responses.  This step helped the researcher meet the criterion for 

neutrality.   

Trochim (2002) stated that transferability is the ability to transfer the results of a qualitative 

study to other contexts or settings, or the result could also be generalized. (Trochim, 2002). The 

researcher is primarily responsible for precisely describing the setting and context of the study. 

Therefore the researcher is accountable for transferability (Erlandson et al., 1993; Guba & Lincoln, 

1989).  In this study, the researcher used details about the participants’ demographic information 

to meet the transferability criterion.  
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The degree to which the results can be confirmed or corroborated is confirmability 

(Trochim, 2002).  Throughout the study, the researcher documented the procedures for checking 

and rechecking the data (Trochim, 2002), this is one way the researcher enhanced conformability.  

Confirmability in the study addressed by examining the common emerging themes from the 

participants’ written responses to the open-ended questions.      

Data Collection 

 Teachers that participate in the implementation of the STEM Program on their campus 

provided the data for this study.  Approval to conduct the research was obtained from the 

principal of the school and research department of the school district.  The completed Human 

Subjects Form was submitted to the Houston Baptist University Institutional Review Board and 

the school district research department.  

 Each participant received a consent form along with the survey so that the participants 

understood the expectations before responding to the questions.  Due to ethnic consideration, the 

researcher concealed the identity of the individuals that participated in this study.  As researcher 

bias is a consideration, the researcher tried to minimize the potential for bias in the study by not 

intervening in the participants’ communication unless any questions arise. The researcher 

informed the participants that their response would be kept for three years after the completion of 

the research project, and then they will be destroyed.     

 Data was collected through a survey containing Likert-type demographic questions and 

open-ended questions.  The written survey responses were utilized from the selection of 

participants working in a school located in a major urban school district.  The participants were 

notified by the researcher via email to participate in the study.  The participants were instructed 

to complete all survey questions and return the survey to the researcher. The written responses 
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were documented and analyzed to describe the perception of the teacher as they implement the 

STEM Program.       

Researcher Bias 

 The definition of bias is to show unfairness or favoritism to a particular topic; therefore, 

the researcher must define their personal biases to prevent unbiased deliberation of a proposed 

question (Pannucci & Wilkins, 2010).  If the researcher forces an outcome or answer to a 

question, this is considered to be a systematic error, which is a bias on the part of the researcher 

(Pannucci & Wilkins, 2010). The research bias is significant when conducting qualitative 

research. Therefore it is suggested that the researcher use reflexivity to minimize the bias. The 

researcher used reflexibility to evaluate biases and perception, to prevent the misinterpretation of 

the data and reporting of any bias results or recommendations (Creswell & Poth, 2018).  The 

researcher used reflexivity to perform a self-reflection on the researcher's personal biases and 

predispositions (Milinki, 1999).  The researcher’s school has work in a major urban school 

district for three year, with a population similar to the schools involved in this study.  However, 

the researcher does not have any relations with the five schools that participated in the study. 

Therefore, the researcher was careful not to insert personal feelings into the responses provided 

by the participants. Since research bias is a consideration, the researcher tried to minimize the 

potential for biases in the study.  The researcher did not intervene in the participants’ 

communication unless a question was asked by the participant.  The participants were able to 

answer questions free of the researcher’s biases and beliefs, as supported by the work of Gall et 

al. (2007).  A sincere effort was made to ensure that the researcher did not influence the 

participants’ responses.   Understanding the researcher’s biases allows the reader to review the 

study with optimal vision and no potential harm (Pannucci & Wilkins, 2010).   
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Data Analysis 

 Bogden and Biklen (2006) identified analyzing data as the ability to collect, organize, and 

synthesize data to identify specific patterns that reveal important components of the study.  For 

this study, the researcher analyzed the data obtained from a survey containing Likert-type 

demographic questions and open-ended questions.  The participant responses to the survey and 

interview questions were analyzed to address three research questions to determine the 

perception of the influence of the implementation of the STEM Program.  The written open-

ended responses to the survey was typed and placed in tables that separate the responses using a 

Microsoft Office Word and Excel document, printed, and reviewed by the researcher.  The 

researcher used open coding and cluster of meanings to develop an understanding of the data. 

Open coding is when the researcher takes the data and segment them into categories of 

information (Creswell & Poth, 2018). Whereas, a cluster of meaning is where the researcher 

clustered the statements into themes or meaning units, removing overlapping and repetitive 

statements (Creswell & Poth, 2018).   

Summary 

 In this chapter, the researcher presented a specific methodology for the study.  The 

participants were selected based on a school database and their participation in the STEM 

Program. The instrumentation section of this chapter describes the survey, which includes Likert 

and open-ended questions.  Data collection and analysis procedures were discussed from a 

survey containing Likert-type and open-ended questions.   The findings are presented in Chapter 

IV.   
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CHAPTER IV 

FINDINGS 

 The purpose of the study is to explore teacher’s perception of the implementation of the 

STEM program at selected campuses located in a major urban school district in Southeast Texas.  

According to Howarth & Scott, 2014, STEM careers are on the rise, which calls for a significant 

movement in STEM education at all grade levels.  Therefore, it is essential to examine the level 

of teachers’ perceptions and the effects of STEM on a school-based on teachers’ point-of-view.  

This study addressed the following questions:  

1. What are teachers’ perceptions regarding the implementation of a STEM Program? 

2. What are teachers' perceptions of motivational factors that influence the implementation 

of a STEM program? 

  In addressing these research questions, this study evaluates teachers’ disposition 

regarding the STEM program.  For this study, all teachers who meet the requirement of teaching 

STEM for two or more years from five schools located in a large urban school district were 

selected.  Among the selected teachers, 22 voluntarily participated in the study. Therefore, the 

population of this study is N=22. All participants received a consent letter and survey via email 

and were allotted the same amount to time to complete the survey. In this chapter, the researcher 

will cover the results from the Teachers’ Perception of the Implementation of the STEM 

Program survey in the following order: descriptive statistics, research question one, and research 

question two.  

Descriptive Statistics 

 Most of the data for this study are presented in eight tables.  Table 4.1 contains 

demographic data of teachers that participated in this study.  The data is listed for each school 
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that participated in this study. Table 4.2-4.7 covers the following topic: Tasks (difficulties), 

Value, Expectation, Component of Implementation Measures, Implementation Factors, and 

School Perception.  The tables are intended to highlight the differences in teachers’ perceptions 

about each topic as it relates to the implementation of STEM.  The participants that partook in 

this study level of education either had a bachelor’s degree or master’s degree, with one 

participant receiving a doctorate.  More than half (55%) of the participants had received  

Table 4.1 

Degree Earned by the 22 Participants on Each Campus  
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

     Bachelor  5  2  3  0  2  12  (55) 

     Master  3  1  0  3  2  9  (41) 

     EdD  1  0  0  0  0  1  (5) 
Note. F (%) equals the frequency and percent.  

a bachelor's degree.  Participant #6 had both an EdD and a principal certificate. Fifty percent of 

the participants in this study severed six to twenty years in the classroom setting.  Thirty-six 

percent had 11-20 years, while the remaining participants had more than 21 years of classroom 

Table 4.2 

Participants Years of Experience in the Classroom for Each Campus 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

     2-5 0 0 0 0 1 1 (5) 
     6-10 5 0 3 1 2 11 (50) 
     11-20 4 2 0 1 1 8 (36) 
     21-30 0 1 0 1 0 2 (9) 

Note. F(%) is the frequency and percent. N=22 

experience, while participant #17 had two years of experience in a classroom setting.  The 

participants were all identified as teachers on their campus; however, 4 participants had a dual-
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title.  Out of the 22 participants, 3 of the participants were responsible for technology support on 

their campus, and one of the participants was given an intervention block.  Participant #14 was 

Table 4.3 

Participants Title on Each Campus 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

Teacher  9  3  3  3  4  22  (100) 
Technology  
Support  2  0  0  1  0  3 

 
(14) 

Interventionist  0  0  0  1  0  1  (5) 
Note. F(%) equals the frequency and percent. N=22 

responsible for three different blocks, one block of science, one block of math, and one block of 

intervention. The discipline of STEM can be covered in a variety of classroom settings. This 

study involved participants in seven different classroom settings: technology, ancillary (art, 

music, PE), math-science, STEM lab, self-contain, science lab, and language arts. STEM lab and 

science lab identified as different classes.  Science classes are responsible for the science TEKS 

(state standards), with the integration of STEM standards or engineer design standards.  

Table 4.4 

Participants Content on Each Campus 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

Technology  2  1  0  1  1  5  (23) 
Art, Music, PE  1  0  0  1  0  2  (9) 
STEM Lab  1  1  0  0  0  2  (9) 
Math; Science  2  0  1  1  1  5  (23) 
Self‐Contain  3  1  1  0  0  5  (23) 
Science Lab  0  0  0  0  1  1  (5) 
Language Arts  0  0  1  0  1  2  (9) 

Note. F(%) equals the frequency and percent. N=22 

Whereas the STEM lab focuses on STEM projects either designed by the district or teacher. 
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Eighty-three of the participants were assigned a discipline that was directly related to the STEM 

field-science, technology, engineering, and math.  Whereas, the remaining 17% of participants 

incorporated STEM-based lessons into classrooms that were not directly related to STEM. When 

participants were asked about their primary reason for teaching STEM, over fifty percent of the 

participants stated that they are involved in the STEM program to help their students grow, forty-

one percent stated they enjoy implementing STEM, fifty-nine percent pointed out that the 

implementation of the STEM program is either a campus or district requirement, and fourteen 

percent were influenced by their colleagues.      

Table 4.5 

Participants Primary Reason for Teaching STEM 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

To Join My 
Colleagues  1  0  1  1  0  3 

 
(14) 

Help My Students  6  3  2  1  1  13  (59) 
Enjoy it  4  2  1  1  1  9  (41) 
District 
Requirement  4  1  0  0  0  5 

 
(23) 

Campus 
Expectation  1  1  2  2  2  8 

 
(36) 

None of the 
Above  1  0  0  0  1  2 

 
(9) 

Note. F(%) equals the frequency and percent. N=22 

The researcher thrived to gain an understanding of the participants' experience of learning 

using a STEM-base curriculum and preferred learning style. Understanding the relationship 

between the participants learning style and learning in a STEM environment will allow the 

researcher to gain a better understanding of the participants' background. The first chart 

identified the participants preferred learning style.  Fifty percent of the participants preferred 
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learning in a collaborative learning environment, while forty-five percent preferred instructor-led 

setting. The Texas STEM framework encourages the teaching of STEM fluency, which includes  

Table 4.6 

Participants Preferred Learning Style 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

Instructor Led  3  1  0  0  0  10  (45) 

Collaborative 
Learning  4  2  3  2  3  11 

 
(50) 

Neutral  2  0  0  1  0  3  (14) 
Note. F (%) equals the frequency and percent. N=22 

teaching in a collaborative based classroom (Texas Education Agency, 2019c). The district also 

addresses collaboration under the Culture and Design section in the STEM standards and teacher 

professional development. Collaboration is one of the critical components in the constructivist 

teaching-learning theory (McLeod, 2018b).  According to Jeffrey et al., (2015) participants 

preferred teaching style, may be affected by their experience learning style, as well as their  

Table 4.7 

Participants Experience Learning in STEM Format 
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D  
(n=3) 

Campus E 
 (n=4) 

F(%) 

Little to 
None  3  2  2  1  2  11 

 
(50) 

Moderate  2  1  1  2  1  7  (32) 

Extensive  4  0  0  0  0  4  (18) 
Note. F(%) equals the frequency and percent. N=22 

exposure to STEM-based learning activities. 45% percent of the participants preferred instructor-

led teaching styles as a learner. 50% of the participants did not gain experience learning in a STEM 

formatted setting (table 4.7). The remaining participants preferred collaborative learning and had 

some form of STEM Learning (moderate or extensive). The relationship between the participants' 
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preferred learning style and STEM experience are closely related. The 18% or 4 participants had 

the opportunity to participate in an extensive amount of STEM-based learning, had 6-12 years of 

teaching experience.   

Although STEM was first introduced to the public-school system in 1954, after the 

success of the launch of SPUTNIK and programs were provided through grants offered through 

NASA, over half of the participants had minimal experience with STEM as a student (Drew, 

2011).  Eighteen percent of the participants had extensive experience learning in a STEM or 

STEAM-based setting, thirty-two percent experience a moderate encounter with a STEM 

program, and fifty percent of the participants did not have the opportunity to experience STEM 

in the classroom setting.  STEM is often seen as a Project-Based Learning when implemented at 

the Multidisciplinary Integration level (Vasquez et al., 2013). Therefore, the researcher sought to 

understand if the participants’ preferred learning style (traditional or non-traditional) would 

affect their choice to teach STEM.  Fifty percent of the participants preferred a self-directed or 

collaborative style of learning, which included, not limited to, researching a problem, creating 

projects, reflecting, and taking part in extensive class discussion. In contrast, forty-five percent 

preferred instructor directed lessons, which included primarily lecture and reading, with some 

class discussion.  Fourteen percent of the participants remained neutral about their learning style.   

The participants were asked about the level of STEM instruction received during 

preservice.  Pre-service education training takes place during a teacher training, such as an 

alternative certification program or during an education degree path. According to Jeffrey et al. 

(2015), states that teacher preparation programs should include a quality mathematics education 

and practical science content. The exposure to STEM, science, and math content helps to build 

teacher confidence, willingness to teach STEM, and STEM identity (Adams et al., 2014). 
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Table 4.8 

Participants Level of STEM Instruction During Pre-Service Education Program  
 

 
Campus A 
 (n=9) 

Campus B  
(n=3) 

Campus C  
(n=3) 

Campus D 
(n=3) 

Campus E 
 (n=4) 

F(%) 

None or almost 
none  3  2  1  1  4  11 

 
(50) 

Some Basic 
Information  6  1  2  2  0  11 

 
(50) 

In‐Depth Study  0  0  0  0  0  0  (0) 
Note. F(%) equals the frequency and percent. N=22 

Unfortunately, not many educator programs have a foundation in STEM-related lessons or 

frameworks, especially at the elementary level.  Table 4.8 identifies a similar pattern.  None of 

the participants did receive an in-depth study of STEM.  50% of the participants received some 

information, which could include a summary of STEM or a limited amount of STEM experience. 

Whereas 50% of the participants did not receive STEM instructions.        

Research Questions 

As Rush (2015) stated, teachers may face challenges when asked to implement an 

innovative project or curriculum, such as STEM.  The time usually spent planning a lesson, 

grading papers, attending PLC meetings, would now include planning and implementing a 

program that may or may not have a curriculum that is attached to the Texas Essential 

Knowledge and Skills (TEKS).  In this qualitative study, the researcher used descriptive research 

to collect and compare the information.  The researcher gained insight knowledge into the 

participant’s observation and perception of the implementation of the STEM program.  The 

participants were asked to answer a set of questions that help describe what teachers perceived 

and sensed through their self-awareness and experience of implementing a STEM program on 

their campus.  Through the data collected, the following questions were addressed:  
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1. What are the teachers’ perceptions regarding the implementation of a STEM 

Program? 

2. What are teachers' perceptions of motivational factors that influence the 

implementation of a STEM program? 

The data were collected at five elementary schools. The participants were selected based 

on (a) participants worked at an identified non-selective STEM magnet, and (b) the teacher has 

shown successful results with the implementation of a STEM Program.  The participants were 

chosen using purposeful sampling.  The participants for this study were purposefully selected 

from the populations of teachers that have participated in the implementation of a STEM 

program at a school located in a major urban school district in Southeast Texas. 

The survey utilized by the researcher for this study was Teachers’ Perception of the 

Implementation of the STEM Program, which was based on the survey developed by English 

(2013), PBL Implementation 2012.  Changes were made to the survey to establish themes and 

categories as it relates to STEM and the research questions intended for this study.  The survey 

included 48 questions divided into three parts.  The three parts are Part I-Scale Questions, Part II-

Open-Ended Questions, and Part III- Personal Data.  The open-ended responses were typed and 

placed in a table using excel and Microsoft Office Word, then printed and reviewed by the 

researcher. The Likert-type scale questions were recorded in an excel sheet and classified under 

the three sections.  The researcher used the data to develop a cluster of meanings as described by 

Creswell and Poth (2018), where the researcher clustered the statement into themes or meaning 

units.  

In this study, the researcher analyzed the data received from the participant's survey.  The 

written participants’ responses were documented and analyzed to describe the teacher’s 
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perception of a STEM Program in the elementary classroom. The researcher identified any 

emerging themes and patterns that were being developed from the responses. 

Research Question One 

Question 1: What are the teacher’s perceptions regarding the implementation of a STEM 

Program?  

The first research question examined the results of the achievement and difficulties the 

participants faced when implementing a STEM program. Under Part IV of the survey, 

participants were asked to identify how often STEM is implemented in their classroom and to 

what level of integration STEM was implemented in the first semester.  Forty-five percent of the 

participants fully adopted the STEM program by implementing projects or treating it as an 

additional subject (for example, a STEM lab). Eighteen percent implemented two to three STEM 

projects, fourteen percent implemented one STEM project, fourteen percent decided not to 

pursue a STEM project this year, and five percent will implement a project later in the year after 

state testing.  Twenty percent of the school in this district identified themselves as STEM 

campuses, but the district does not recommend a level of implementation due to the 

decentralization status.  However, the state of Texas does suggest a STEM progression for each 

school to identify themselves. Based on the STEM Model of Progression, all 22 participants' 

classrooms would fall between the Exploratory (starting point) and Introductory (developing).  

The participants that fully adopted STEM but keep the disciplines in one content area were 

identify as an introductory classroom. Whereas the remaining classes that implemented projects 

at a certain time of the school year are exploratory. Based on the information provided, none of 

the 22 participants' classrooms had partial of full immersion.  All the classrooms identified 

themselves as project-based learning classrooms, as identified by the Texas Education Agency. 
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The remaining section of the implementation of STEM is divided into the following section: 

Tasks, Value, Expectation, Implementation, and Component of Implementation Measures.  The 

researcher will describe each topic in terms of percentage.   

The first topic is the Tasks (Table 4.9). The Tasks section helped the researcher gain an 

understanding of each participant's responsibility in developing a STEM lesson, as well as any 

difficulties teachers may face. Eight task items were identified in table 4.9.  The participants 

were asked to answer the Tasks questions using a scale from 1-never/almost never, 2-sometimes, 

3-frequently, and 4-always/almost always. According to the results of the Tasks question, the 

participants reported their confidence to create STEM-based lessons (see Table 4.9).  Both the 

Texas STEM standards and the district has identified tasks involved with implementing a STEM 

lesson or program.  Two of the eight tasks did not appear on the Texas State, district, or Next 

Generational Standards (NGSS), but are considered basic classroom management and teaching 

skills. The two tasks are scaffolding and classroom management. Scaffolding is identified as one 

of the nine characteristics of a constructivist teacher (Aljohani, 2017).  Eighty-six percent of the 

participants were able to scaffold their STEM lessons, whereas 9% scaffold some but not all of 

their STEM lessons.  All participants were able to scaffold their lessons to some extent.  Sixty-

eight percent of the participants were able to maintain classroom management during a STEM 

lesson; however, 32% percent of the participants struggled with this.  The researcher was unable 

to identify if the issues of classroom management were directly related to STEM lessons or basic 

classroom management.   

The remaining six tasks were research-based skills that were also identified by the Texas 

STEM standards, district standards, or NGSS as important skills required to implement STEM. 

One of the foundations of the constructivist teaching-learning theory is applying open-ended 
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questions to guide discussions among teacher and student, and student and student (Aljohani, 

2017). When cross-referenced with all three standards, the skill was also identified as one of the 

key concepts.  Texas Education Agency (2019a), High-Quality STEM Model standard 4.1 

directly addresses using a project or problem-based learning model directly aligned with grade-

level TEKS.  Project or problem-based is another form of inquiry-based learning. According to 

Heick (2013), inquiry-based learning uses a problem or proposed question to engage students. 

Seventy-seven percent of the participants were able to develop a driving question, whereas 23% 

found it a struggle to complete this task frequently.  The concept of developing a question to 

open or guide instructions are also part of STEM components, which are addressed later in 

chapter 4.  The next task is the ability to create a lesson that covers the required curriculum at a 

necessary level of depth.  Eighty-one of the participants were able to complete this task; 

however, 19% struggled with developing lessons that followed their curriculum.  

The next two tasks were identified in the Texas STEM and the district standards.  The 

first task was the ability to organize students into groups that facilitated learning.  The Texas 

Education Agency (2019c), High-Quality STEM Model standard 4.4, addresses student ability to 

collaborate to develop STEM Fluency as defined by the TEA, and the district guidelines 

addressed the ability of teachers to develop effective groups for students to work independently 

and in a group setting.  Ninety-one percent of the participants were able to complete this task. 

The next task was creating effective assessments for project work. The district created a rubric 

that uses the 21st-century skills to access student projects. The Texas Education Agency (2019a) 

High-Quality STEM Model standard 4.8 suggests using a variety of assessment methods, such as 

summative, formative, and performance-based measures, to examine students’ mastery.  Exline 

(2004) also suggested that assessments should focus on determining the progression of student 



89 
 

 

learning and content. Sixty-eight percent of teachers identified the ability to create effective 

assessments of project work.  

Table 4.9  

STEM Tasks: Frequency and Percentage of Teachers Ability to Implement STEM Tasks in the 
Classroom- F#(%) 
 
Ratings N/A   1   2   3   4 

create driving questions that are 
engaging students 

0 (0) 
 

0 (0) 
 

5 (23) 
 

8 (36) 
 

9 (41) 

create projects that cover the 
required curriculum at the 
necessary level of depth 

0 (0) 

 

1 (5) 

 

3 (14) 

 

8 (36) 

 

10 (45) 

I can organize students into 
groups that facilitate learning 

0 (0) 
 

1 (5) 
 

1 (5) 
 

9 (41) 
 

11 (50) 

I can establish appropriate 
scaffolds to facilitate student 
acquisition of content 
knowledge 

0 (0) 

 

0 (0) 

 

2 (9) 

 

12 (55) 

 

8 (31) 

I can create effective 
assessments for project work 

1 (5) 
 

0 (0) 
 

6 (27) 
 

5 (23) 
 

10 (45) 

I can teach students self-
reflection skills (such as goal 
setting, self-monitoring, and 
reflection) 

0 (0) 

 

0 (0) 

 

5 (23) 

 

12 (55) 

 

5 (23) 

I can effectively manage class 
time during STEM projects 

0 (0) 
 

1 (5) 
 

6 (27) 
 

4 (18) 
 

11 (50) 

R-I can guide students to solve 
their problems rather than giving 
them the answers 

0 (0)  0 (0)  2 (5)  10 (45)  11 (50) 

Note. N=22 

Shuy, OVAE & TEAL (2010) suggest teaching students to use the SRSD model (self-

regulated strategy development model), which consists of developing a goal, monitoring and 

displaying progress, and developing positive self-talk as a form of encouragement. The district 

also states in the STEM standards, standard 3.4 Context-Relevant, that students should be able to 

reflect on their learning as a method to deeper their understanding of the concept. The 
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participants were asked can they teach self-reflection skills (such as goal setting, self-monitoring, 

and reflection), 78% agreed that they had the ability, whereas 23% said they did not.  Finally, 

research states that teachers are not the primary source of information, but the facilitator of 

information in a constructivist teaching-learning classroom (Aljohani, 2017; Bas, 2015; 

Harrigan, 2014; Zain et al., 2012). According to the data collected, the participants displayed an 

understanding of this concept. Ninety-five percent of the participants were able to guide their 

students to solve their problems rather than giving them the answers.   

Participant #5 did score themselves at a one or zero in the following four tasks: 

developing projects that are aligned with curriculum, organizing student groups, creating an 

effective assessment, and effectively managing class time.  When this participant's answer was 

cross-referenced with demographic statistics, this participant also stated that they did not have 

the opportunity to attend any professional development and believed that the training would be 

beneficial to them.  However, other participants from this campus scored themselves higher in 

each category.  When years of experience for Participant #5 campus were reviewed, Participant 

#5 had 2-3 years of service, whereas Participant #5 fellow co-workers had more than four years 

of service.   

Table 4.10 represents the Value of the participant's place on the implementation of the 

STEM program.  Participants were asked to answer the question using a scale ranging from 1-

strongly disagree, 2-disagree, 3-agree, 4-strongly agree.  Ninety-five percent of the participants 

enjoyed teaching STEM, while five percent did not enjoy teaching STEM. Eighty-six percent of 

the participants found the STEM program rewarding and satisfying; however, fourteen percent of 

the participants did not find the SETM program rewarding or satisfying. Two of the participants 

that stated implementing the STEM program was not satisfying or rewarding were from the same 
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 Table 4.10 

STEM Value: Frequency and Percentage of Teachers Value on the Implementation of a STEM-
Based Program- F#(%)  
 
Ratings  N/A     1     2     3     4 

I enjoyed teaching the 
STEM‐based lesson  

0 (0)    0 (0)    1 (5)    7 (32)    13 (63) 

The STEM program is 
rewarding to you 

0 (0)    1 (5)    2 (9)    4 (18)    15 (68) 

Implementing the STEM 
program is satisfying 

0 (0)    1 (5)    2 (9)    6 (27)    13 (59) 

The amount of effort it 
takes to implement the 
STEM program is 
worthwhile to you 

0 (0)    2 (9)    3 (14)    5 (23)    12 (55) 

It is important to your 
career to be successful 
in implementing the 
STEM program  

0 (0)    1 (5)    2 (9)    10 (45)    9 (41) 

You are recognized by 
your school colleagues 
and administration for 
your efforts to learn and 
execute the STEM 
program 

2 (9)    3 (14)    4 (18)    8 (36)    5 (23) 

You have learned new 
teaching skills by 
implementing the STEM 
program 

1 (5)    1 (5)    2 (14)    8 (36)    9 (41) 

The skills that students 
learn through the STEM 
program is useful 

0 (0)    0 (0)    0 (0)    5 (23)    17 (77) 

The STEM program is 
important to the 
achievement of most or 
all your students  

0 (0)    0 (0)    0 (0)    9 (41)    13(59) 

Note. N=22 

campus.  These participants also pointed out that their campus has a lack of support from the 

administration and office staff. The highest-rated Values the participants held was the skills that 

students learned through the STEM program, which were useful and the achievement of most or 

all of their student.  One hundred percent (100%) of the participants agreed on this. The 
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remaining Values ratings had high ratings, but not all participants agreed with the efforts it takes 

to implementing STEM. Effort rated at 78%, the importance of career rated at 86%, and skills 

learned by implementing STEM rated at 77%.  The value with the lowest rating was the teacher 

skills learned by implementing STEM into their classroom.  

Research has shown implementing STEM can be beneficial to student achievement.  The 

researcher wanted to understand the expectation from a teacher's perspective of the expectation of 

students that participate in STEM achievement.  The researcher asked three specific questions 

directly related to student achievement, and the participants were asked to respond to a rating skill  

Table 4.11 

Participants Expectation of their Students  
 
   N/A  1  2  3  4 

Most or all students will meet 
or exceed their current levels 
of performance 

0(0)  0(0)  6(27)  12(55)  4(18) 

Most or all, students will 
learn to manage their own 
learning 

0(0)  2(9)  5(23)  14(64)  1(5) 

Most or all, students will be 
highly engaged in the learning 

0(0)  0(0)  1(5)  3(50)  10(45) 

Note. F(%) equals the frequency and percent. N=22     
of 1-strongly disagree, 2-disagree, 3-agree, 4-strongly agree.  Although 95% of the participants 

agreed that most, if not all, students are engaged during a STEM project or lesson, the participants 

did not predict in favor of students managing their learning. When asked if they believed students 

would meet or exceed their current level of performance and achievement through the participation 

of STEM, 27% did not agree, 55% agreed, and 18% strongly agreed. Participant #10 rated students 

managing their learning as ‘strongly agree,’ whereas the remaining 64% rated somewhat agreed, 

and 32% did not agree. One of the foundations of constructivist learning theory is the release of 
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autonomy to students, which will help the students to develop a growth mindset (Harrigan, 2014; 

Zain et al., 2012). Texas Education Agency also states that part of the STEM fluency suggested 

for implementation is adaptability and resilience, as well as time resource/management, which 

states students are responsible for actively seeking learning opportunities and 

developing/completing tasks in a timely manner. Sixty-nine percent of the participant was able to 

implement this skill in their classroom. When asked whether colleagues and administration 

recognized their efforts to learn and execute STEM in their classroom, sixty-four percent of the 

participants replied that they did receive recognition, whereas thirty-two percent did receive some 

to no feedback or recognition for their effort. 

 The final section of the survey examined the component implementation measure or 

strategies that are used to implement STEM.  In this section, participants' information will be 

displayed in two tables. Table 4.12 identifies how often the participants used a list of recommended 

elements in their classroom, and table 4.13 identifies how often the students were able to engage 

in STEM-related skills.  

 Driving one’s lesson with a question as identified earlier in chapter 4 was an essential skill 

and component behind implementing STEM lessons.  The participants were asked about 

questioning skills on both the teacher and student component questions. Seventy-three percent of 

the participants used the skill of developing questions or having a problem-statement in their 

STEM lesson (table 4.12), which is closely related to the 73% of participants who identified as 

having the ability to create a question.  However, only 37% of the participants considered the 

student developing the skills of asking questions as necessary (table 4.13); 63 % of the participants 

did not require this from their students.  According to (Exline, 2004) and the NGSS (2013), student 

having to ability to develop their own questions is a key element to student become self-learners.  
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Some questions skills that may be used by the student include inference questions, interpretation 

questions, transfer questions, and questions about the hypothesis (Exline, 2004). 

Table 4.12 

Component of Implementation-Frequency and Percentage of Teacher Use of the Elements in the 
Classroom- F#(%) 
 
Ratings  N/A     1     2     3     4 

A driving question, essential 
question, or problem 
statement to focus the learning 

0 (0)    1 (5)    5 (23)    7 (32)    9 (41) 

Assessments of students' 21st 
Century skills, such as 
teamwork, presentation skills, 
critical thinking, etc. 

1 (5)    3 (14)    4 (18)    9 (41)    5 (23) 

Activities that required 
students to find answers to 
questions through their own 
research 

1 (5)    4 (18)    5 (23)    8 (36)    4(18) 

Rubrics for assessing student 
work on a project 

1 (5)    3 (14)    3 (14)    9 (41)    6 (27) 

R‐Student‐generated activities 
or research questions 

1 (5)    5 (23)    3 (14)    8 (36)    5 (23) 

R‐Scaffolds to support student 
learning  

0 (0)    0 (0)    5 (23)    6 (27)    11 (50) 

Note. N=22 The topics selected were based on “the activities centered around core aspects of the PBL methodology, including developing driving 

questions, developing detailed project plans, teaching students how to manage their learning, providing learning scaffolds, facilitating students’ 

learning, and assessing student project work” (English, 2013, p. 82)  

 

 According to Tomlinson and Imbeau (2010), teachers are responsible for student mastery 

of learning; Texas High School Project (2010) stated that schools must identify appropriate 

assessments for students to show mastery, which can be done through different forms of 

assessments (Exline, 2004). Sixty-eight percent of the participants were able to create assessments 

(see table 4.9).   Sixty-four percent of the participants used assessments that encompassed 21st-

century skills, such as teamwork, presentation skills, and critical thinking. Thirty-seven percent of 

the participants did not. When participants were asked if they used rubrics for assessing student 

work on projects, 68% said they did, while 33% did not (table 4.12). When the participants were 
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asked whether the student had the opportunity to evaluate or critique other students' work (table 

4.13), 50% said the students did. The remaining 50% did not give their students this opportunity.   

 When teachers release the autonomy to students, students began to develop a culture of 

innovation and learning (Kurti et al., 2014), which include developing their own research 

questions, projects, and methods.  The NGSS (2013) standards address students' ability to ask 

questions and defining problems as standard practice one.  NGSS (2013) also identify the skill as 

part of the STEM Fluency guidelines, it states that students should be able to define a problem or 

question and develop a plan to address the problem under the critical thinking skill.  The district 

identifies the skill of developing questions, problems, and solutions as a process of creativity-

curiosity. The participants were asked to identify activities students had to use the skill of 

developing a personal question, followed by the implementation of research in both chart 4.12 

and 4.13.  When asked did you as teacher implemented activities that required students to find 

answers to questions, 54% of the participants agreed.  The remaining 46% of the participants did 

not agree. The second question under teacher asked has the participants develop student-

generated activities or research questions, 59% of the participants reply frequently or 

always/almost always, whereas 42% did not.  When the participants were asked if the students 

had the opportunity to decide how and where to get information, they needed to answer questions 

(table 4.13), 46% said frequently/ always, or almost always, the remaining 54% did not. Or if 

they allow the students to collect, organize, and analyze information and data, only 46% of the 

participants stated they had. 
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Table 4.13  

Component of Implementation- Frequency and Percentage of Student Use of the Elements in the 
Classroom- F#(%) 
 
Ratings  N/A    1    2    3    4 

Collect, organize, and analyze 
information and data 

1 (5)    4 (18)    7 (32)    7 (32)    3 (14) 

R‐Solve real‐world problems  1 (5)    3 (14)    7 (32)    9 (41)    2 (9) 

Work collaboratively in groups  0 (0)    1 (5)    3 (14)    5 (23)    13 (59) 

Rely on logic, reasoning, and 
discussions with peers to 
answer questions 

0 (0)    3 (14)    3 (14)    7 (32)    9 (41) 

Decide how to present what 
they had learned 

0 (0)    5 (23)    6 (27)    7 (32)    4 (18) 

Demonstrate their learning by 
developing products and 
presentations 

1 (5)    4 (18)    6 (27)    6 (27)    5 (23) 

Present evidence to support 
their ideas or views 

0 (0)    4 (18)    6 (27)    8 (36)    3 (14) 

Develop their own questions or 
need to know 

1 (5)    2 (9)    11 (50)    7 (32)    1 (5) 

Decide how and where to get 
the information they needed to 
answer questions 

0 (0)    6 (27)    6 (27)    7 (32)    3 (14) 

Orally present their work to 
peers, staff, parents, or others 

1 (5)    3 (14)    9 (41)    5 (23)    6 (18) 

Evaluate or critique other 
students' work 

2 (9)    4 (18)    5 (23)    7 (32)    6 (18) 

Take responsibility for their 
own learning 

0 (0)    3 (14)    4 (18)    8 (36)    7 (32) 

Note. N=22 

Table 4.13 continued to identify the skills used by the participants in their classroom or 

work setting.  The remaining skills are all research-based methods of implementing STEM and are 

identified on the NGSS, Texas Education Agency STEM standards, and the district STEM 

standards.  Students may be evaluated on each of these skills or be observed completing these 

skills. 
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The next components under the student use survey addressed the implementation of 

research-based skills that could be observed in a STEM class. Constructivist teaching-learning 

theory, as well as the Texas STEM standards and the district standards, emphasized that students 

should be allowed to solve real-world problems, make meaningful connections, build on their 

schema and reconstruct their understanding using a real project (Sabelli, 2008; Texas Education 

Agency, 2019a). Participants were asked if they had allowed their students to solve real-world 

problems (table 4.13). Fifty percent of the participants responded that their students were involved 

with solving real-world problems frequently or almost always, 32% responded sometimes, and 

19% stated that their students did not partake in real-world problem-solving.   

 The following four components addressed how students communicate their ideas, 

projects, and research. Through Vygotsky Social Development Theory, research has shown 

students need a chance to socialize and communicate to develop a deeper understanding of their 

learning (Harrigan, 2014; McLeod, 2018b; Nastovska, 2014). Zain et al. (2012), students develop 

an ability to create solutions through an interchange of ideas. Aljohani (2017), identifies 

allowing students to develop a deeper fundamental understanding of their knowledge through 

writing and verbal responses are one of the nine components of a constructivist teacher. Practice 

seven and eight of the NGSS (2013) addresses communication. Practice seven states that student 

is given the ability to construct and defend their interpretations associated with their design.  

Practice eight states students should be allowed to communicate scientific or technical 

information orally or in writing. Texas Education Agency (2019a), addresses the standard of 

communication in both the High-Quality STEM Model and STEM Fluency model.  Texas 

Education Agency (2019a) states that students should have the ability to use a variety of visual 

representations, communication tools, and be taught the etiquette of presenting in the STEM 
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classroom. As for collaboration, the school district suggests that students are allowed to present 

and defend their work. The participants were asked six questions directly related to some form of 

communication (table 4.13). The first question asked did students decide how to present what 

they learned, 50% of the participants stated they did.  The next question asked did the students 

demonstrate their learning by developing products and presentations; 50 % of the participants 

stated they did. The third question asked did students present evidence to support their ideas or 

views; 50 % of the participants stated they did. And finally, did the students orally present their 

work to peers, staff, parents or others, 41% of the participants stated they did.   

 The final question for student component (table 4.13), addressed collaboration.  In a 

constructivist classroom, teachers provided opportunities for learners with multiple opportunities 

for learning by interacting with their environment and other learners (Nastovska, 2014). 

Collaboration is one of the 4C’s of 21st-century skills and can help students identify problems,  

brainstorm solutions, and decide the best course of action (Applied Educational System, 2020). 

Collaboration is also one of the six building blocks of innovative learning (Wettrick, 2014) and is 

identified as one of the STEM Skill Fluency components by the Texas Education Agency 

(2019a). The district suggests that the school provide time and resource for collaboration. The 

participants were asked two questions regarding student collaboration.  The first question asked 

did students work collaboratively in a group, 82% of the participants stated they had.  The 

second question asked did students rely on logic, reasoning, and discussions with peers to answer 

questions, 73% stated they had.  

The district that partook in this survey was a decentralized school district.  Decentralized 

means that each campus, along with the SDMC, makes the ultimate decision based on the needs 

of their campus. Therefore, each campus emphasis on STEM may not directly relate to the skills 
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identified by the states, district, or research. All five schools are identified as Title 1 schools.  

Although Title 1 grant provides additional funding to the schools, the principal and SDMC 

committee will determine how best to use the funds to benefit the students, such as professional 

development, technology, curriculum, or hiring an interventionist. Since every campus has been 

identified as a title 1 campus, they face challenges that may not be present on other magnet 

campuses, such as student hunger, high level of poverty, homeless students, high level of at-risk 

students, or student performing below grade level (Malburg, 2020). 

The last data set collected identified STEM on the campus as perceived by the 

participants. All eight questions were rated using a Likert-type scale. To gain a better 

understanding of the effects of STEM on the elementary campus, the researcher determined the 

average rate for each section. The rating scale ranged from 1-Never or Almost Never to 4-

Always or Almost Always.   

The emphasis on STEM projects ranged from 2.7 to 3.8, with no campus receiving a full 

four.  The emphasis rating may be due to the decisions made by the principal and SDMC or an 

indication of the lack of understanding of how a STEM Magnet should look as perceived by the 

district and state standards. Not enough data was collected to determine the factor. According to 

the data collected, the change in schedule did not affect the emphasis in STEM, the school with 

lowest emphasize rating had the highest flexibility, but the campus that had a three or higher had 

the least amount of flexibility, with one campus rating as not having any form of flexibility. The 

highest campus average for the emphasis on STEM offered very little flexibility to schedule.  

Only one out of the five schools offered a school-wide grading rubric and grading policy.  Two 

out of the three campuses had a flexible curriculum to accommodate STEM.    
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As mentioned earlier in chapter 4, the district, with input from the Texas Education 

Agency STEM standards, created a rubric using the 21st-century learning skills for teachers to  

Table 4.14 

Policies and Organizational Structure Implemented on Each Campus  
 
Campus  A    B    C    D    E 

Characteristic  Average     Average     Average     Average     Average 

Emphasis on STEM Project  3    2.7    3    3    3.8 

           

Block or Flexible Scheduling  3.1    3.3    2    0.7    2.7 

Flexible Curriculum 
Accommodated to STEM  3.7    2    1.3    3.3    2.8 

School‐wide Grading Rubric 
for STEM Work  3.2    1.6    1    1    1.5 

Grading Policy Aligned with 
STEM  3    1.7    1    1.7    3 

Collaborative Project 
Planning and Assessment 
System  2.7    2    1    1    2 

Adequate Student Access to 
Technology  3.1    3.7    1.7    3    3.5 

Adequate Teacher Planning 
Time  2.4    2.7    1.3    2.3    2.5 

Note: Rating Scale of 0-5 (0-Not Applicable, 1-Never or Almost Never, 2-Sometimes, 3-Frequently, 4-Always, or Almost Always). Ratings were 

based on participants' average scores for each campus. The characteristics selected “shows a relationship between PBL use and a school-wide 

emphasis on skills beyond academics. None of these have an explicitly obvious connection to PBL.  Many of these items were more closely 

related to the American Research Institute (AIR) index items than overall time on PBL, suggesting a variety of practices associated with PBL 

require support from supportive environment for teachers.” (Ravitz, 2008)  

use when assessing their students. Four campuses out of five scored school-wide grading rubrics 

for STEM work below two.  This score indicated that not every teacher was aware that the 

district had a rubric available, or the campus principal decided that each teacher may choose their 

methods of assessment. Only one out of the five schools offered a school-wide grading rubric.  

Two out of three campuses were identified as having a grading policy aligned with STEM 

standards. The district and the Texas STEM framework include technology as a critical element.  

Technology can include coding, programming, robotics, technology communication, and any 
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form of technology that can enhance learning. Four out of five schools had adequate technology 

support for their students but did not indicate if the technology was directly used for STEM 

projects, or what form of technology was available. Two out of the three campuses had a flexible 

curriculum to accommodate STEM.   None of the schools had a strong rating in the collaborative 

project planning and assessment system.  Campus A, B, D, and F average shows that they are 

given adequate teacher planning time to some extent; however, only campus C rated three or 

above.  

Research Question Two 

 Question 2: What are teachers' perceptions of motivational factors that influence the 

implementation of a STEM program?  

This question was answered using open-ended questions provided in the survey, and open 

coding was used to find themes in each question.  The research identified the participants' 

motivation or lack of motivation to implement STEM, factors that hindered the implementation 

of STEM, and resources/ support identified by the participants for the success of the STEM 

program.  

The first question was open-ended and identified factors that either contributed or 

lessened the participants' motivation to implement STEM. The question was later identified by 

the researcher as a double-barreled question.  The participants either replied with a contributed or 

lessened. Twelve participants gave open ended responses to what lessened the implementation of 

STEM, and ten participants responded to what contributed.   Table 4.15 identifies factors that 

contributed.  The factors were developed in three themes, student engagement, teaching a STEM 

lesson, and personal.  

 



102 
 

 

Table 4.15 

Factors That Contributed to the Implementation of the STEM Program 
 
Theme Comments 
Student Engagement student learning and enjoying, 

engagement of my students, seeing 
student apply core subjects in authentic 
ways, students joyfully exploring and 
tinkering 
 

Teaching a STEM 
Lesson 

integrate STEM objectives into 
activities and games, hands-on 
activities, variety of content to teach, 
meaning and authentic learning 
experiences 
 

Personal full motivation, passion for science  
 

Participants' comments were used to develop the theme. 

Table 4.10 also demonstrates points where participants identified positive reasons to implement 

STEM. Ninety-five percent of the participants stated that they enjoyed teaching STEM-based 

lessons, 86% of the participants found the STEM program rewarding, 86% of the participants 

found implementing the STEM program as satisfying, and 78% of the participants agreed that 

the STEM program is worthwhile. The second part of the questions identified factored that 

lessened the implementation of STEM. The topic theme was administration, time, materials, 

student’s inability, curriculum, and recognition. While participants were motivated to implement 

STEM, some external factors were causing the development of lack of motivation in the 

participants, such as the lack of administration/office support, testing, lack of resources, planning 

time, time restraints, project design, and cost of the materials. Although self-motivation is 

important, external factors can also influence motivation.  The students are not the only 

individuals that need the motivation to pursue STEM, but teachers need it as well.  
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 Research done by Shuy OVAE & TEAL (2010), shows that student self-motivation is 

influenced by the teacher’s attitude and motivational level.  A reference to students appears on 

Table 4.17 

Factors That Lessened the Implementation of the STEM Program 
 
Theme Comments 
Administration administration is not on the same 

wavelength as teachers, lack of support 
from office staff 
 

Time time, compliance task, test preparation 
comes first, time restraints 
 

Materials  materials needed, lack of resources, lack 
of supplies, cost of materials 
 

Students Inability students lack real-world experiences, 
student’s inability to think for themselves  
 

Curriculum no set unit or plan for STEM, no creative 
freedom for teachers, the difficulty of 
finding activities online 
 

Recognition lack of recognition, appreciation from the 
administration 

Participants' comments were used to develop the theme. 

both lessened and contributed charts. In the contributed factor under student engagement, the 

teacher appears to allow the student to self-regulate their learning, which is directly linked to 

motivation (Zimmerman & Schunk, 2008). On the opposite end, the factors that lessened, as it 

applies to students were lack of real-world experience and inability to think for themselves.  In a 

constructivist classroom, students develop meaning by building on their knowledge, but if they 

lack knowledge, Vygotsky states that social interaction among teachers and peers can be used to 

add to their background knowledge (Bas, 2015; McLeod, 2018b). Zain et al. (2012), also points 
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out that participating in a constructive based classroom allows students to construct knowledge 

by interacting with their environment, they will not know everything but learn as they explore.  

The second question identified factors that hindered the implementation of STEM.  The 

four themes identified based on responses (Table 4.17) were time-constraints, lack of resources,  

Table 4.17 

Factors That Hindered the Implementation of the STEM Program 
 
Theme      Comments 

       

Time Constraints 

 

limited time with students, only see 
students once a week, major projects 
are done after school, time and 
schedule of enrichment courses, time 
constraints, 45 minutes for each class, 
departmentalized, time interruption, 
begin STEM in the spring semester 

Lack of Resources 

 

purchasing rules, lack of resources, not 
enough materials, limit projects to 
choose from, lack of readily available 
supplies, access to resource, lack of 
materials 

Student Behavior 

 

behavior problems, classroom 
management 

Curriculum 

 

curriculum, focus on step‐by‐step 
learning instead of learning‐by‐
discovery 

Storage 

  

No storage for continuous projects, lack 
of storage space, limited space 

Participants' comments were used to develop the theme. 

student behavior, curriculum, and storage. Time-constraint and lack of resources were identified 

by more than 90% of the participants, whereas student behavior, curriculum, and storage were 

identified by over half of the participants.  Other topics, such as training, were also mentioned, 

but not enough to develop a theme.    
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The final open-ended question addressed what the participants perceived as needed to 

support the successful implementation of STEM; this could include tools, resources, information, 

and other supports. Table 4.18 identifies the responses provide by the participants  

Table 4.18  

Teacher Recommendation for Support to Successfully Implement A STEM Program 
 
Theme     Comments 

       

Time    more time, time, time management, 
more time, allotted time 

Funding    classroom funding, more money 

Professional 
Development 

  STEM training, procurement 
department support, behavior 
management training, better training 

Materials    materials to create games, supplies, 
materials, resources for robots, more 
advance tools and supplies, STEM 
materials 

Technology    technology, robotics, updated 
technology  

Curriculum    ideas, STEM curriculum, curriculum that 
includes STEM objectives, STEM TEKS 

Support     active support from admin, support 
from parents, help with STEM planning 
that goes with curriculum, more staff to 
assist 

Participants' comments were used to develop the theme. 

and the themes that were developed based on the response.  The themes that were identified are 

time, funding, training, materials, technology, curriculum, and support.  The themes identified 

under this question are similar to the themes identified under questions one and two, although the 

connotation was different. 

Summary 

 In this chapter, the researcher presented the results of the three study questions identified 

in chapter I.  Data were collected and analyzed using a survey containing Likert-type and open-
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ended questions.  Participants' responses were charted using Microsoft Word and Excel, and the 

researcher identified themes for each question using open coding. The discussion of findings, the 

implication of practice, and recommendations for future research are discussed in chapter V. 
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CHAPTER V 

SUMMARY, DISCUSSION, AND CONCLUSIONS 

 Introduction 

 In the previous chapters, the researcher presented the literature, means of collection, and 

analysis of the data collected. Chapter V consists of a summary of the study, discussion of 

findings, implications for practice, the recommendation for further research, and conclusion. The 

purpose of this chapter is to expand on the concept of the implementation of the STEM program 

and the effects it has on the school culture. As well as to recommend further research targeting 

the understanding of teachers’ overall perception of STEM. Finally, a summary statement 

summarizes the substance of what was gained in the research.  

Summary of the Study 

 This chapter begins with a summary of the purpose and structure of the study and is 

followed by the significant findings related to the implementation of STEM.  The conclusion 

from the findings of this study is discussed in relation to the characteristics of STEM and the 

constructivist theory. Finally, the implications for practice and recommendations for further 

research are presented and discussed.  

 The purpose of this study is to gain expert insight from a teacher’s perspective of the 

implementation of a STEM program at an elementary level in a large urban school district 

located in Southeast Texas, by analyzing the perceptions of the teachers through descriptive 

qualitative research. The study was accomplished through the collection of information provided 

by educators that implement a STEM curriculum or program on their campus or in their 

classroom.   
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The Teacher’s Perception of the Implementation of the STEM Program survey is related 

to the components and tasks identified in the previous study conducted by English (2013). 

Participants were asked to answer a three-part survey that included Part I-Scale Questions, Part 

II- Open-Ended Questions, and Part III- Personal Data.  All responses were typed and placed in a 

table using Excel and Microsoft Office Word, then printed and reviewed by the researcher. 

The study included five campuses located in a large urban school district and 22 

participants. The participants were asked to answer a set of questions that help to describe what 

they perceived and sensed through their self-awareness and experience of the implementation of 

the STEM program on their campus.  Through the data collected, the following questions were 

addressed:  

1. What are the teacher’s perceptions regarding the implementation of a STEM 

Program? 

2. What are teachers' perceptions of motivational factors that influence the 

implementation of a STEM program? 

Discussion of the Findings 

 There has been extensive research completed about the effects of implementing 

Constructivist theory-based programs into the classroom.  Theory of constructivist teaching-

learning style takes learning from the traditional classroom setting, and places autonomy and 

inquiry into the learners’ hands (Bas, 2015; Vigil & Mieliwocki, 2015).  The implementation of a 

constructivist classroom does not come without its difficulties (Rush, 2015).  While businesses 

and government agency demand changes in the method classroom instruction are conducted, 

they sometimes forget the input of the main stakeholder, the teacher.  The goal of this study was 
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to develop an understanding of the teacher’s perspective on the implementation of one type of 

constructivist-based learning system: STEM programs or STEM lessons.   

Research Question One 

What are the teacher’s perceptions regarding the implementation of a STEM Program? 

The implementation of the STEM program at the elementary school level has many rewards 

and challenges, as identified in this study.  The participants' responses were aligned with the 

previous study. The participants that partook in this study were identified as STEM teachers by 

their campus and district; however, they implemented STEM on different levels of the STEM 

Model Progression provided by Texas Education Agency (2019a), this is because the district 

allows the principal and SDMC to make the decisions that are best for their campus. Only 45% 

of the participants used an introductory (interdisciplinary) integration, whereas the remaining 

55% practiced an exploratory (multidisciplinary) integration approach to implementing STEM.  

As Vasquez et al. (2013), stated it was not uncommon to find classrooms using a disciplinary 

design or multidisciplinary design, with very little or no integration, and each concept or skill is 

taught separately (Vasquez et al., 2013).   

Bradley-Levine et al. (2010) identify several challenges teachers face when implementing a 

STEM-based program, which includes but not limited to appropriate designs, rubrics, authentic 

lessons, and assessments. The Tasks part of the survey questioned participants on these 

challenges. The participants showed a strong understanding of the Tasks required to implement a 

STEM program.  Over 60% of the participants had the knowledge to develop an engaging 

question, develop projects that aligned with the curriculum, organize group learning, scaffold 

instruction, assess project work, teach student self-regulation, effectively manage class time and 

guide students to solve problems. Teachers that choose to implement a constructivist-based 
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classroom or unconventional classroom but sustain the mindset of a traditional classroom may 

run into challenges (Mitchell et al., 2009). In the traditional classroom, the teacher tells the 

student what and how they will learn, but in a STEM-based classroom, the students learn through 

their inquiry (Brush & Saye, 2008; Heick, 2013). The shift in responsibility is not always met 

with an open mind. In examining the Implementation guidelines or components, where the 

participants were asked to identify component expectation for students and themselves. The 

research shows that the participants had the a) ability or training to develop an engaging 

question, b) develop projects that aligned with the curriculum, c) organize group learning, d) 

scaffold instruction, e) assess project work, f) teach student self-regulation, and g) effectively 

manage class time and guide students to solve problems. However, when asked if these skills are 

applied to their STEM lessons, the ratings shifted to show fewer teachers used the skills in their 

lessons, except for students allowed to collaborate. The student-generated activity (student self-

regulation) had the most substantial decrease in percentage. The results of this study have shown 

that although the teachers may be able to identify the skills needed to implement a STEM 

program or lessons, about half of the participants reported that they failed to use the skills in their 

actual lesson.   

The five schools that were selected were identified by their district as elementary non-

selective STEM magnets, where STEM has been identified by the district as one of their 

disciplines, but the district does not state the expectations of the level of integration because the 

district is decentralized. The district, however, does provide STEM Standards-based on the 

Texas Education Agency (2019a) High-Quality STEM Model. One STEM standard implemented 

by the district was the rubric and grading policy for STEM.  Based on the results, only one 

school was aware of the district grading policy and rubric, whereas the other four schools 
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reported never having a uniformed rubric or grading policy for STEM projects. Teachers 

developed their rubric versus using the district rubric. 

When participants were questioned about pre-service training development, only 50% of 

the participants were given some information about the STEM, but the remaining 50% were not 

given any information about STEM or the requirements of implementing STEM. According to 

Hamann et al. (2008), the lack of training and preparedness or knowledge regarding strategies to 

implement a STEM-based program results in a decrease of motivation and the ability to connect 

learners and parents. The study did not reveal whether the participants participated in an 

alternative teacher program of traditional degree track; therefore, the researcher could not 

determine which pathway offered more STEM training.  

Additional findings suggested that teacher’s learning styles did not affect their decision to 

teach STEM. Teachers could create a STEM lesson that was aligned with the curriculum, 

although they stated they would like more help with this since it is time-consuming.  Although 

teachers used questioning skills to lead their lesson, they did not allow students to develop their 

own questions, which may limit the student's knowledge or want of exploration. Teachers 

seldomly released the power of critiquing to other students, but prefer to assess the students 

themselves.  Only half of the participants were comfortable, allowing their students to critique 

someone else assignment. Finally, although real-world problems solving was listed on all the 

standards, not every participant allowed their student to use real-world problem-solving skills in 

their classroom. 

Research Question Two 

 What are teachers' perceptions of motivational factors that influence the implementation 

of a STEM program? 
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 Factors can arise both externally and internally. If a person is not motivated to complete a 

task, they will build their internal barrier, whereas external factors can arise and are out of the 

control of the teachers. This question identified both internal and external factors teachers might 

face when implementing a STEM program. The participants were asked about what motivates 

them to implement the STEM program since motivation is considered to be tools for developing 

a growth mindset, whereas the lack of motivation causes people to stop trying (Larmer et al., 

2015; Zain et al., 2012). Internal motivation played a role in the implementation of STEM. Fifty-

nine percent or 13 participants' motivation came from the thrive on helping their students, and 

41% or 9 participants enjoyed teaching in a STEM environment. When participants were asked 

what contributed to their motivation of implementing STEM, the following themes were 

identified: student engagement, teaching a STEM lesson, and personal reasons. For example, 

participant #22, stated: “my passion for science has fueled my motivation to implement my STEM 

program.”  Although the participants' internal motivation did affect the implementation of 

STEM, the external factors such as lack of administration/office support, testing, lack of 

resources, planning time, time restraints, project design, and cost of materials decreased the 

participants' motivation. Motivation is the reason people tend to participate or not participate in 

an event.  Teachers are often able to motivate their students, whether internally or externally, but 

the teachers themselves need motivation. Participants in this study stated that they did not 

receive recognition for their effort to implement STEM. This study showed that although 

teachers were motivated to implement STEM because of internal factors, such as the success of 

their students, the external factors caused a sway in their motivation.   

The participants were questioned about factors that hinder their ability to implement STEM 

and what supports would be needed to make STEM successful. Using the data collected, the 
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researcher identified themes that hindered the implementation of STEM lessons, as well 

recommended support which includes (a) time constraints, (b) funding, (c) training/professional 

development, (d) materials/lack of resources, (e) technology, (d) curriculum, and (f) support.  

These themes match the challenges identified by Vasquez et al., (2017); Nelson and Harper 

(2006), which stated that implementing a STEM program is not without its challenges or barrier 

since the program requires teachers to give up classroom time, take hours of planning, 

continuous collaboration, give students full autonomy, change their teaching style and 

implementing a hands-on lesson with minimum funding.  

Implications for Practice 

 The era of implementing STEM in the United States started over five decades ago (Drew, 

2011).  Many businesses, communities, and parents have called for a change in the curriculum.  

Communities and stakeholders have called for a more rigorous curriculum that will prepare 

students for the jobs that require critical thinking and creativity (Vigil & Mieliwocki, 2015). 

Many schools and districts have stepped up to this challenge by implementing innovative 

programs.  One type of innovative program is STEM, which has an emphasis on science, 

technology, engineering, and math. As with the implementation of any program, the 

implementation of the STEM-program does not come without challenges. These challenges can 

be seen in all levels of education (Vasquez et al., 2017).  

 The findings of this study have implications for any person interested in the 

implementation of an innovation program. The study identifies links between the school district 

and campuses. The first implication is that although the district has developed a universal 

definition, goal, and vision for the implementation of a STEM program on STEM magnets, each 

principal is responsible for implementing the STEM program on their campus. Principal/campus 
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coordinators and the SDMC should evaluate the effectiveness of their STEM program and 

reassess their level of integration based on the STEM Model of Progression. Principals can use 

the STEM Model Progression to determine at what level of integration they expect for their 

campus, and how to progress through the model if they choose. The level of integration can be 

identified as multidisciplinary or thematic integration, interdisciplinary integration, or 

transdisciplinary integration, and should be stated should also be addressed with the staff 

(Vasquez et al., 2013). Once the principal and SDMC committee have decided on the level of 

integration, the teachers should be introduced to the STEM skills fluency rubric that explains 

what that level of integration looks like on the campus, concerning components and tasks of a 

STEM-based program or lesson.   Finally, the principal can also implement a self-assessment for 

teachers to determine self-efficiency.  The district provides an example of a self-assessment, but 

the principal or campus coordinator can develop a self-assessment that is closely related to their 

campus.  

 The second implication is the collaboration among teachers.  The participants indicated 

that they were not able to conduct collaborative project planning.  Under the STEM Standard #2 

of Cultural and Design, the district identifies collaboration among staff as a key element to 

successfully implementing STEM.  Time, materials, curriculum support, and overall support 

were topics identified as factors that have a negative influence on educators’ implementation of 

STEM.  Allowing teachers to spend time collaborating across content, grade levels, or the district 

can help improve or add to the success of a campus STEM program.  

 As shown by the study, not many educators are introduced to STEM content before 

entering the teaching field; therefore, it is recommended that continuous professional 

development in STEM-related topics is important. The third implication, as suggested by the 



115 
 

 

National Science Board, is the increase of professional development that supports classrooms 

that allow the student to learn through investigation and the ability to identify student’s growth 

as they learn through STEM inquiry (MacFarlane, 2016). As well as encompass strategies for 

implementing a successful STEM program, and how to link STEM standards across 

multidiscipline. The professional development should include observation and collaboration 

among different campuses, as well as how to differentiate and address different learning styles 

when implementing a STEM lesson (MacFarlane, 2016). Finally, pre-service programs should be 

re-evaluated to determine the effectiveness of preparing teachers to teach STEM. Pre-service 

programs should incorporate STEM-based learning or training should prepare teachers to enter 

STEM-related classes, build confidence, and STEM identity. 

Recommendations for Future Research 

 The goal of this study was to investigate the teacher’s perception of the implementation 

of the STEM program at several elementary schools located in a large urban district in Southeast 

Texas. The data collected were used to test the three research goals related to this study. The 

study resulted in many findings but had many limitations. One limitation was the findings only 

represented a small sample population of teachers that implemented a STEM program.  Another 

limitation is the design of the study. The study focused on aggregated data collected from a 

survey with a set amount of Likert-type questions that did not allow the participants to expand on 

their meaning. Based on the inadequacies of the study, design suggestions are made for future 

research.   

The first question examined the actual implementation techniques used by each 

participant.  The first question identified that the participants understood the skills and 

acknowledged their ability to use the skill in the classroom. Still, the last part of the study 
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revealed that even though the participants knew the skills, they did not use the skills when 

addressing STEM activities in the classroom. Although the information collected for the survey 

gave a great amount of data, the researcher was not able to identify a deeper understanding.  

Future research among these lines should include an interview or focus group to understand 

better the relationship between the Tasks and Component of Implementation, and quantitative 

analysis can be used to show a correlation between the success of the school and the components 

of implementations.  The study can further examine the relationship between teachers’ 

perceptions and expectations when placed into a STEM school versus choosing to work at STEM 

school.  

 Future research into this subject should also include surveying or interviewing 

stakeholders, administration, community members, parents, and teachers, about the effect the 

implementation of a STEM-based program has on a school climate.  The results from this survey 

design were not enough to fully understand the effects a STEM-based program has on campus.  

The results identified a link between a teacher’s motivation level (or lack of) to implement a 

STEM program based on external factors, such as administrative support and professional 

development.   

 An additional avenue of research could be to conduct a study of schools that have been 

identified as implementing STEM at a multidisciplinary level, by their principal and SDMC.  

This study selected schools that were identified by the school district as a STEM school; 

however, each school had a different level of integration, which resulted in a different number of 

participants from each campus.  The campus that implemented the STEM program into all 

disciplines had more participants than the campus that had a STEM lab and/ selected science or 

technology teacher(s) in charge of implementing STEM.  
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 The research identifies the effects of a STEM program at an elementary level.  Future 

research is suggested to determine if students that participated in a STEM program at an 

elementary level enter the STEM career or STEM-related disciplines; this can be through a 

longitudinal study that follows a selected percentage of students. Also, a study regarding the 

teachers’ perception of professional support in a STEM magnet versus a non-STEM magnet can 

help to define the difference in expectations, outcomes, and resources provided to these 

campuses.  

 This study identified teacher learning preference and learning experience. A study that 

investigates the relationship between teacher learning style/preference and teaching style, as it 

relates to teaching STEM lessons with a correlation to student success, can help determine how 

educator teaching-learning preference learning influence student’s outcome. Finally, two studies 

can be done to identify the importance or pre-service training and professional development.  

The first study can help to determine if teachers that attended traditional or alternative 

certification programs were more prepared to teach in a STEM classroom.  The second study can 

be conducted to understand the relationship between offering more STEM-related training in pre-

service and the effect it has on teacher STEM identity and confidence to teach STEM.   

Conclusions 

 The findings of this study expanded the works of previous researchers in the area of STEM-

based programs at an elementary school level. The study was conducted using five schools 

identified by the school district as non-selective STEM magnets and 22 participants that have 

implemented STEM for more than two years on an elementary school campus.   

The study revealed that a teacher maybe has the ability to identify the components of 

STEM, but struggle with implementing the components, due to lack of training or a clear 
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understanding of the expectations of the program. The campuses being decentralized affected the 

level of implementation on each campus and expectations, although the district and state of 

Texas offer a guideline for implementation. Behavior management is always an essential topic in 

the education field.  This study suggests that although some participants struggle with classroom 

management during STEM lessons, teachers were able to maintain control during the STEM 

activities. The participants used project-based lessons, that was led with an open-ended question 

or task, as suggested in the High-Quality STEM Model provided by TEA, but did not release the 

power of autonomy to their students. A high percentage of the participants guided their students 

towards mastery, but did not release learning to the students, therefore causing the students to 

lose a chance at developing autonomy. Students are given the opportunity to develop STEM 

projects, but many were not given the opportunity to defend or present their findings.  Presenting 

and defending one's project helps students gain autonomy while teaching other students.  

Presentations can also contribute to stakeholders' participation in a STEM classroom.  Although 

students were not given many opportunities to present, they were given opportunities to 

collaborate with peers and teachers.  

 Finally, the study revealed the factors teachers face when implementing a STEM-based 

program. These factors consist of teacher motivational levels, factors that hindered the STEM 

program, and support needed to implement a successful STEM program. The survey also 

revealed a link between the lack of training and support influenced teachers’ attitudes regarding 

the implementation of the STEM program. Overall, participants found implementing STEM 

lessons in their classroom beneficial to their students, even though they faced challenges. 
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