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exposed to “more than one discipline” that taught the same or similar material.  Mike (ITEEA) 

described lessons being “set in some form of context…CTE courses [brought] real-world 

experiences to the table.” Michelle (NSTA) wanted to ensure students were prepared for the 

“real world” and/or the 21st century.  For her, the idea of integrated appeared to be a natural 

phenomenon for STEM subjects and should not be taught in “silos” as Maverick (ISEA) 

indicated.  It became evident from these other comments the rationale for students to experience 

such lessons was to ensure students could make appropriate connections with the disciplines, as 

seen in Michelle’s (NSTA) and Maverick’s (ISEA) statements and potentially develop certain 

characteristics in the students, as alluded to in Joel’s (NSTA) and River’s (NSTA) statements.   

Table 4-11 illustrates these categories in this theme.     
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Table 4-11 

Ethos of the I-STEM Experience based on Subjects’ Perceptions 

Categories/ 

Participants 

(Grade/Organization) 

Subjects’ Perceptions about the Ethos of I-STEM 

 

Curricular 
Belief in I-STEM Experience 

 

Mike 

(11/ITEEA) 

 

 Wrote curriculum for Non-PLTW ⌘ course to ensure there 

was a curriculum that gave students appropriate 

experiences 

 Personal Belief that I-STEM is the best thing for students.   

 Lessons must be set in some form of context 

 Believes CTE courses brings real-world experiences to 

the table 

 

Archer  

(9/ITEEA) 
 They have taught me about nanotechnology and cars that 

can drive by themselves based on this technology. 

 I provide a place to fail.  I provide a second chance. 

 Want to expose student to more than one discipline of the 

same or similar material. 

Michelle  

(10/NSTA) 
 Got endorsement to teach technology, physics, and earth 

science 

 Cannot keep teaching science separate from math separate 

from engineering separate from technology 

 

 Want to prepare kids for college/real world/21st Century 

 Help students learn about STEM careers and how 

integrated they are 

 

Gavin  

(12/NSTA) 
 Wanted to design a lesson so students could access the 

content information 

 Rubrics must accommodate creative solutions to problem. 

 

 Teaching environment must be very flexible 

 

Joel 

(9/NSTA) 

  I believe STEM is only successful when one gets their 

[sic] hands dirty 

 I strive as much as possible to apply the knowledge my 

students learn with experimentation in a wet-lab type 

setting. 
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Ethos of the I-STEM Experience based on Subjects’ Perceptions (Cont.) 

Categories/ 

Participants 

(Grade/Organization) 

Subjects’ Perceptions about the Ethos of I-STEM 

 

Curricular 
Belief in I-STEM Experience 

 

River (10/NSTA)  Rewrote lesson to not have it be a regurgitation of content 

knowledge 

 

 Belief lesson allows [him] to help direct students onto 

right path 

 No one right way or always a correct answer 

 

Maverick 

(9/ISEA) 
 Do not teach in isolation 

 Moving away from silos 

 Looking for relevant ways to make [Curricular] 

connections 

 Helping people understand many ways STEM can [fit] 

into different disciplines. 
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 The participants provided many different comments and statements that helped one better 

understand how they understand I-STEM and why these participants were motivated to teach I-

STEM lessons.  Chapter 5 examines the implications of such findings. 
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Chapter 5 

 

Conclusion 

 

Overview of Chapter 

 
I designed a study to better understand how teachers defined I-STEM, manifested those 

definitions into lessons and/or artifacts, how they assessed students in such lesson settings, and 

what factors or rationales supported their ability to conduct I-STEM lessons.  In this chapter, I 

will discuss how the data collection from surveys, interviews, email responses, and artifacts 

began to reveal the answers to questions related to these topics.   

My discussion will be in three broad categories.  First, it appeared teachers constructed 

a definition of I-STEM based on different personal experiences, and did so in the absence of a 

formalized definition.  These definitions revealed that participants had various perceptions about 

integration and which disciplines were to be implemented in an I-STEM lesson.   

Second, I discuss the findings from the artifacts, what they were asking students to 

do, and what the assessments valued. Third, the participants appeared to share three 

things in their perceptions about their understanding of I-STEM.  Lastly, I will discuss 

different factors that appeared to assist in their implementation of I-STEM in their classroom. I 

will discuss those findings and some considerations related to research in literature in regards to 

implementation of I-STEM in select teachers’ classroom.   

In the final sections of this chapter, I will provide some recommendations and possible 

reflections for school leaders and teachers who may be planning on conducting I-STEM lessons 

or implementing I-STEM programs in a secondary setting (grades 9-12). Included in this section 

are limitations regarding the study and future research opportunities.    
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artifacts dealing with technology.  The concept was included in five of the ten definitions, but 

was not incorporated into most of the lessons/activities identified in the participants’ definitions.  

Part of the issue may be how some organizations defined technology.  In the ITEEA definition 

mentioned in Chapter 2, technology and engineering were described as a single entity or so 

intertwined they cannot be distinguished from one another, as seen in the phrases  

“technological/engineering design based pedagogical approaches” and the “the content and 

practices of technology/engineering education” (http://www.isea-stem.org/#!about/cipy).  They 

were not distinguished as technology and engineering practices.  This lack of clarity was 

continued with NRC (2014) description of technology.  NRC (2014) defined the discipline of 

technology as the following: 

Technology, while not a discipline in the strictest 

sense, comprises the entire system of people and 

organizations, knowledge, processes, and devices 

that go into creating and operating technological 

artifacts, as well as the artifacts themselves. 

Throughout history, humans have created technology 

to satisfy their wants and needs. Much of modern 

technology is a product of science and engineering, 

and technological tools are used in both fields (p.14). 

This definition acknowledged various interpretations of technology in the I-STEM field.  

It was previously understood as “industrial arts” (p. 17), but was understood as different from 

vocational education.  However, it was referred to as “educational, or instructional 

technology…[that] included technologies such as filmstrips, movies, television, videos, and 

learning aids, such as calculators and electronic whiteboards” (p. 18). NRC (2014) described a 

third interpretation in which the discipline of technology could also contain the “tools used by 

practioners of science, mathematics, and engineering” (p. 18).  These tools could range from 

supercomputers, to microscopes, to telescopes and other resources that help these scientists and 

engineers examine various phenomena.  One’s understanding of how technology in the context 
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of I-STEM could impact how technology and other STEM disciplines are integrated.  

From the participants, only one lesson (Mike’s) clearly distinguished technology as a 

discipline the students were to incorporate in their designing of solutions and was included in his 

original definition.  Students were to program, troubleshoot, and design solutions for computers 

or computer-based systems.  Archer, Michelle, Gavin, and Preston included technology in their 

respective definitions or explanations, but applied it differently than Mike.  If technology was 

used in the their lessons, it appeared to be as a “tool used by practitioners” (NRC, p. 18).  Archer 

and Michelle asked students to integrate technology into their design, such as building fuel and 

power sources (Archer) or generators that run on alternate energy (Michelle).  Gavin and Preston 

described in their definition how technology was to be used, in both cases as a support discipline, 

but neither had it in a lesson or shared an activity with technology integrated in it.   Gavin 

explicitly stated it was a “tool” used in the creation of solutions, while Preston and Marsha 

described students learning math and science with technology classes to reinforce these 

disciplines.  

Technology was stated in five of ten definitions, but was not seen in many of the artifacts 

or discussed much in the survey, email, or interview responses.  Could this be due to a need for 

teachers to better understand the nature of the technology discipline? This was alluded to in some 

research literature.  Wang, et al. (2011), stated there was a need to incorporate technology with 

the other STEM disciplines.  However, some literature implied teachers might not have the 

aptitude to integrate technology that retained the integrity of the discipline. Neiss (2005); 

Koehler, Mishra, Yahya, (2007); and Archambault and Barnett (2010) all argued for a need 

develop a technology pedagogy that made it more comfortable for teachers to apply.  

Neiss (2005) and Lewis (2012) both discussed the need to develop and train Technology 
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Pedagogical Content Knowledge (TPCK) as part of teacher preparation and development.  But, 

as Neiss (2005), particularly identified from his research, was the application of TPCK in a 

lesson that incorporated “teaching and learning with…technologies” (p. 513). Both studies 

identified teachers’ underdeveloped understanding of technology as pedagogy, as content, and 

how to integrate technology into a lesson.  Each author described various barriers to the 

incorporation of technology, such as a teacher’s “recognition of her own limitation with 

technologies” (Neiss, 2005, p. 520) or with appropriate training and support on various 

technology resources (Lewis, 2012).   

While this study did not specifically investigate teachers’ comfort level with technology, 

participants’ responses and artifacts gave some insight into understanding how the discipline of 

technology was considered in the context of an I-STEM lesson.  Additional follow up questions 

with these participants would have been needed to better understand more accurately their 

perceptions on technology. Mike, Archer, and Michelle appeared to be comfortable with 

technology.  Based on the information, these three reflected the interpretation of ITEEA’s 

definition as well as, the description of technology that incorporated technological tools in the 

design of the solution of a problem as described by NRC (2014).   

Three Shared Characteristics Emphasizing Experiences of I-STEM.  The previous 

section discussed how a teacher thought about I-STEM, but did not reveal much about why they 

may conduct an I-STEM lesson.  Part of the intent of this study was to better understand why 

teachers might conduct I-STEM lessons. In their responses, teachers described factors that 

influenced their perception about teaching I-STEM lessons.  

Nearly all participants shared three characteristics that can be best described as an ethos 

regarding their understanding of I-STEM.  When the data was looked at as a whole, the 
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participants consistently thought of I-STEM as a unique experience, I-STEM could assist in 

providing an authentic experience, and prior work experience influenced their perception about 

I-STEM.    

I-STEM as a Unique Experience. A certain conviction in the I-STEM experience 

underlined the purpose for conducting such a lesson.  Mike stated, “I-STEM is the best thing for 

students.”  For others, an I-STEM lesson gave students multiple opportunities to demonstrate 

proficiency.  Archer understood these lessons as a place for students to have a “second chance” 

on assignments.  Further, students had a place to fail, but it also provided a chance for him to 

teach and for students to improve their grade.  River aligned with Archer in his belief that many 

scenarios did not have “one right way” or a “[single] correct answer.” Failures experienced in 

class by students allowed him to “help direct students onto the right path.”  This author shares a 

similar perspective with Archer and River in the idea that students need to have “successful 

failures” (my term) in order to understand what they missed or not correctly designed as a 

solution or product; these lesson designs provide students opportunities for such experiences.  

Maverick and Michelle shared a similar belief in their efforts to show students how the 

disciplines were very much integrated.  Gavin and Archer stated the environment established by 

an I-STEM class was accommodating enough and flexible enough allowing students to have two 

or more chances in solving the problem or designing a solution.  One participant, River, 

expressed his delight in the coming of the new science standards for they were aligned to his 

own teaching philosophy, particularly the defined science and engineering practices and the 

cross cutting concepts (NGSS, 2013).  For them, I-STEM is the most appropriate way for 

students to make connections across the disciplines and construct lessons for such purpose. 
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Six of the ten participants revealed things they did to continue to improve learning 

experiences and well as the lessons for students.  Mike wrote curriculum for students in courses 

that did not use Project Lead the Way, a commercially produced STEM curriculum for grades K-

12, so they could have an appropriate experience.  Archer stated these lessons continue to teach 

him about current events and topics. He was being a learner along with the students.  His shared 

example is on how one student taught him about nanotechnology and its impact on driverless 

vehicles.  Michelle got additional teaching endorsements in technology, physics, and earth 

science to ensure her students had an I-STEM experience.  Joel actively searched for ways to 

conduct I-STEM lessons in his classroom with his curriculum, which was very similar to River’s 

effort to rewrite lessons to ensure students conduct I-STEM lessons and not participate in a 

“regurgitation of content knowledge.”  Maverick continuously looked for relevant ways to make 

content and application connections for his students as he designed his I-STEM lessons.  There 

was a real passion and persistence to construct a learning experience that students could begin to 

conceptualize what it meant to participate in an I-STEM experience.   

The Desire of an Authentic Experience in I-STEM Lessons.  As stated previously, one 

of the shared traits among the participants was this idea of authenticity.  It became an undeniable 

factor for most (8/10) participants’ decision to conduct an I-STEM lesson was the need to 

provide an authentic experience for their students with the STEM content.  Most participants 

stated the experience had to be “real-world” or authentic in some way.  Michelle designed a 

lesson/activity around a scenario where students imagined they were in an African country and 

needed to construct a generator from resources available in that country.  Mike had 

lessons/activities troubleshooting systems found in the common devices, such as computers.  

Archer asked students to take a current form of transportation and project themselves 25 years 
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into the future to build a transportation vehicle that operated on a new fuel and power system.  

Gavin asked students to imagine a scenario where they had to manipulate a spacecraft.   

The two teachers who conducted scientific investigations, however, did not ask students 

to imagine a scenario.  Rather, they placed students into their current reality and asked them to 

predict certain outcomes based on parameters set by the lesson.  For example, Maverick asked 

students to design their own experiment, collect the data, and present on one of the three 

Newton’s laws.  River introduced several environmental science concepts, such as succession, 

population, and carrying capacity, and asked students to predict outcomes when certain variables 

are changed.  Both applied science practices to an ordinary situation, by which the student could 

influence an outcome.     

This idea of authenticity in an I-STEM lesson was also found in literature (Davis, et al, 

2008; Davis, et al., 2010; Laboy-Rush, 2012).  Lombardi (2007) defined the idea of authentic as 

the “learning typically focused on real-world, complex problems and their solutions, using role-

playing exercises, problem-based activities, case studies, and participation in virtual 

communities of practice. The learning environments are inherently multidisciplinary” (p. 2).  It 

was this definition of authenticity that guided me in my study.  Lombardi (2007) goes on to 

explain, by referencing Lave and Wenger (1991), that authentic learning emerges the learner 

engaged in a context where they become responsible for their own learning.  As seen from their 

responses, several described what Strobel, et al., (2013) would have categorized as a “context 

authenticity” (p. 149) and “task authenticity”  (p. 149).  What participants did not describe in 

their responses or indicate in their artifacts were authentic experiences that reflected Strobel, et 

al., (2013) concepts of impact or personal/value authenticities.    

None of the participants ever actually defined authenticity, but some of the comments 
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alluded to their philosophy about the importance of an I-STEM experience.  In the next section, I 

will discuss prior work experiences, but the relevance of such experience cannot be 

underestimated or overlooked.  Participants openly described such experiences as ones they 

wanted to transfer into the classroom for students, as was evident from Joel’s prior experience in 

bench research, Michelle’s time working as an engineer, and Archer’s experiences working with 

NASA engineers.  

Prior I-STEM Experiences for Participants.  Part of what appeared to fuel this passion 

and provide this foundation for the ethos in conducting I-STEM lessons was the fact most 

discussed or provided information about previous experiences in a STEM field at some point in 

their careers.  Not only did it appear to provide the motivation for conducting such lessons, these 

findings appeared to reinforce the notion of how a teacher understood I-STEM was reflected in a 

lesson or activity.  Previous studies (Lin, 2013; Wang, et al., 2011; Roehrig, et al., 2012; Mong, 

2013) each found a teacher’s perspective about a STEM discipline influenced how it was 

designed and conducted.  The findings in this study were also consistent with findings mentioned 

in literature that I-STEM experiences influenced a teacher’s aptitude in conducting such lessons.  

Mong (2013) found “specific experiences gained as a STEM professional [could] affect teaching 

practice, with teachers who were STEM researchers more likely to find value in and use an 

inquiry approach than those who held non-research STEM positions” (p. 105). Similarly, Lin 

(2013) found teachers who had work experience in a STEM career were more likely to 

implement these practices.  She wrote, “teachers’ [with] prior work experience in the STEM 

industry…[who] had such experiences appeared to achieve more organized data collection, more 

use of extra material such as design logs, and more activities that were designed to help the 

students learn better.”  In the Wang, et al., (2011) study, they selected three participants, one 
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from math, one from science, and one from engineering.  Their study found teachers with a 

particular content background influenced their lesson design and purpose of lesson.  They wrote,  

In these three teachers’ cases, their perceptions of STEM 

integration strongly influenced how they designed their 

STEM integration unit. These included perceptions about 

he foci of STEM integration, perceptions regarding the 

processes of how to teach a STEM integration unit, and 

beliefs about how STEM integration can improve their 

students’ learning. It is interesting to note that the three 

teachers, who teach different subjects, have differing 

perceptions about STEM integration, and this led to 

different emphases in their STEM lesson units (p. 10-11). 

For some teachers, prior professional development or work-related experiences in I-

STEM appeared to be a reason for conducting I-STEM lessons.  This lowered affect may have 

been caused by the experience gained or by the number of years they worked in the various 

professional experiences in and out of the educational field.  Mike and Archer stated specific 

number of years they had in various I-STEM experiences.  For Mike, he had 26 years teaching 

Career and Technical Education (CTE) courses, 22 years teaching engineering courses, and 7 

years teaching Project Lead the Way (PLTW) classes.  Archer stated his years of experience 

included “40 years of architectural design and architectural experiences.”   Other participants did 

not specify the total number of years, but comments made by participants, such as Michelle’s, 

Maverick, and Joel, implied they were all veteran teachers who had experiences with various 

STEM disciplines.   

Data from this study regarding integration of STEM disciplines appeared to support 

literature’s claim that teacher integrate disciplines in accordance to their own perceptions (Lin, 

2013; Wang, et al., 2011). Pedagogical practices described by participants included both 

engineering design and scientific investigations.  Two of the three ITEEA participants, Archer 

and Mike, both had experience in engineering fields and used an engineering design 
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methodology. NSTA participants had a mix of educational and professional experiences, which 

gave a variety of pedagogical practices.  Michelle, Shannon, Marsha each mentioned in their 

responses professional and education experiences with engineering backgrounds and, therefore, 

had the engineering design method in their activity or description, while River, a biology teacher, 

used scientific investigation. Maverick used scientific investigation as his means of integrating 

the other disciplines as part of the problem solving process.  Joel, who had “bench research 

experience” surprised me as he identified engineering design delivery method; I would have 

assumed a lesson using a scientific investigation method based on his wet lab type of experience. 

Participating on committees that studied the changes in standards and frameworks 

appeared to influence River and Maverick in their teaching of I-STEM lesson. River’s comments 

described the change in his state’s science standards to the new Next Generation Science 

Standards (Achieve, 2013) appeared to be a catalyst for the implementation of the types of 

lessons he always believed in conducting. Maverick incorporated the Common Core State 

Standards and their literacy components into the design of his I-STEM lesson.  His Literacy 

Design Collaborative (LDC) unit focused much on literacy outcomes using science as the 

context.  The product from the lesson addressed written communication standards. It was unclear 

from Maverick, if the development of STEM literacy was specific to this one lesson/activity or if 

the concept was part of a greater goal within the classroom.  These attributes based on 

participants’ statements are illustrated in Table 5.1. 
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Table 5.1 

Table Summarizing Participants’ Definitions, Perceptions of Integration, and Attributes 

Influencing I-STEM Implementation 

Participants 

Grade/Organization 

I-STEM Disciplines identified 

by Participants’ Definition 

Integration 

Portrayed by Participants 

Attributes Identified by 

Participants 

Mike 

(11/ITEEA) 
 Technology, 

Engineering 

 Engineering Design- 

Technology, 

Engineering equal 

contributors 

 

 Authenticity 

 Prior Experience 

 Ethos 

 School Did Not 

Influence 

Definition 

 

Archer  

(9/ITEEA) 
 Science, 

Technology, 

Engineering and 

Math 

 

 Engineering Design- 

Science and 

Engineering equal 

contributors, Math 

support role 

 

 Authenticity 

 Prior Experience 

 Collegial Support 

 Ethos  

 School Did Not 

Influence 

Definition 

Preston 

(10/ITEEA) 
 Science, 

Technology, Math 

 Technology support 

role 

 School Did Not 

Influence 

Definition  
Michelle 

(10/NSTA) 
 Science, 

Technology, 

Engineering and 

Math 

 

 Engineering Design 

 Science, Engineering 

equal contributors, 

Math support role 

 Authenticity 

 Prior Experience 

 Collegial Support 

 Ethos 

 School Did Not 

Influence 

Definition 

Gavin  

(12/NSTA) 
 Science, 

Technology, 

Engineering and 

Math 

 

 Hands-on 

 Science and Math equal 

contributors 

  

 Authenticity 

 School Did Not 

Influence 

Definition 

Joel  

(9/NSTA) 
 None Mentioned  Engineering Design  Authenticity 

 School Did Not 

Influence 

Definition 

Marsha 

(9/NSTA) 
 Technology  Hands-on 

 Technology brought in  

 None Provided 

 School Influenced 

Definition 

Shannon 

(11/NSTA) 
 Engineering, Math  Engineering Design  Authenticity 

River 

(10/NSTA) 
 Science, Math 

 

 Scientific investigation  Authenticity 

 Ethos 

 School Did Not 

Influence 

Definition 

Maverick 

(9/ISEA) 
 Science, Math  Scientific Investigation  Authenticity 

 School Did Not 

Influence 

Definition 
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Comparing My Definition with Participants’ Definitions 

As I investigated this project, I was pleased to find I shared the same conviction and 

passion about I-STEM and the need for students to participate in an I-STEM experience that 

most participants expressed in their statements.  However, we differed on how it should be 

defined.  My definition required an I-STEM lesson incorporating at least three disciplines 

equally contributing to the scenario.  By equal I mean, a situation requiring three disciplines in 

the development of the solution.  In other words, if one is removed, the student could not solve 

the problem. 

 As I stated for my definition in Chapter 3  

I-STEM is the deliberate integration of three or all four of 

the STEM disciplines within a single learning experience.  

This learning experience can occur within one or more 

classrooms and can occur over various lengths of time, 

such as one class on one day or over multiple days in 

various classes, but must occur in a shared learning unit.  

Each discipline must be applicable to scenario, contribute 

to the outcome, and must retain the integrity of the 

individual STEM discipline, in which the user applies 

appropriate content knowledge and skills associated with 

the disciplines. 

 

 

None of the participants would have been classified as having conducted an Integrated STEM 

lesson if their lessons were compared to my definition.  Participants had only two primary 

disciplines relevant to the outcome of their product.  Their definition would have been more in 

line with Sanders (2009) definition, which reflects Virginia Tech’s Integrative STEM Education 

Graduate Program.  He stated, “integrative STEM…includes approaches that explore teaching 

and learning between/among any two or more of the STEM subject areas…” (p. 21).  And 

therein lies the rub: various experiences and influences have shaped one’s understanding of I-
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STEM as perceived by the participant.  Therefore, it is very necessary for the members of the 

Science/STEM communities to have an agreed upon definition from which to start from.  If we 

agree with Sanders (2009) definition, then have we not already been integrating STEM 

disciplines long before we labeled it Integrated STEM?  A traditional high school physics course 

could be considered integrated if we work with that definition.  In many ways, Sanders (2009) 

concern with “STEMania” (p. 20) was prophetic and became reality. 

 If we want to continue using the term Integrated STEM or I-STEM, then we must begin 

to demarcate this concept from more traditional science, engineering, or technology lessons.  I 

agree with Sanders (2009) position that we do not need a “new stand alone subject” (p. 20), but I 

differ in that we need some form of endorsement or certification indicating that a teacher who 

implements integrative STEM lessons has qualifications to do so.  If there is no desire to have 

such certification, then we need to stop making such a push for I-STEM and provide better 

training and professional development for teachers to implement inquiry, project based learning, 

and/or purposeful design and inquiry (Sanders, 2009; McComas, 2014).  

Assessment of Students was Predominately about Soft Skills 

Another development that emerged regarding assessments, particularly from the 

participants who submitted both survey and interview responses was a mismatch between the 

described lesson/activity and the submitted artifacts used in assessing students.  Soft Skills 

(Grugulis & Vincent, 2012) was the skill set assessed based on submitted artifacts. Grugulis and 

Vincent (2012), from Chapter 4, explained this concept as demonstrating one’s ability in  

“communication, problem-solving, team-working, ability to improve personal learning and 

performance, motivation, judgment, leadership and initiative” (p. 598).  Most participants (7 of 

10) expressed in their definitions outcome expectations as a physical object developed by an 
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engineering design method or data/information collected by scientific investigation.  However, 

from submitted artifacts, much of the lessons’ structure and point values lay in the ability of one 

to write about or present upon the topic and not necessarily the I-STEM content or skills used to 

create such a product.   

The majority of participants (seven of ten) described the creation of a product, which 

could be a physical object (conductivity meter, generator, vector model, or a prototype of a car, 

boat, plane) and/or a communications product, either written (paper, instructions) or oral 

(presentation).  From their data, six of ten participants mentioned various soft skills as part of the 

evaluation process.  For them, it was important to see students work as a group/team, exhibit 

perseverance through troubleshooting, and implement the appropriate literary mechanics.  Nearly 

all (seven of ten) discussed assessing I-STEM skills and knowledge through various means, such 

as exams, quizzes, or feedback provided by either students or teacher. 

While most statements from surveys and/or interviews discussed I-STEM skills and/or 

content knowledge, points were typically awarded to Soft Skills, specifically to one’s ability to 

communicate, either orally or in writing, their findings and procedures.  Rubrics contained few 

or any point values related to a student’s ability to perform the I-STEM skill or internalize the I-

STEM concept. Maverick’s rubric was intentionally designed to assess the communication 

aspect, both written and oral, of the lesson, for his lesson was a literacy-designed exercise.  Only 

a few of the overall points were awarded to I-STEM Skills and/or I-STEM knowledge.   

The most unique way of assessing students was found in Archer’s artifacts. For this 

particular lesson, students were to construct three different projects: a vehicle, a paper, and a 

video.  As students were designing and constructing each of these projects, students and the 

teacher were providing feedback to an individual student about their projects.  The rubric for this 
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assignment was not assigning point values to the projects, rather it was giving student specific 

information about his/her project.  If a student received a “RAMC,” they needed to “Research 

Additional Material Choices.”  Another abbreviated feedback was “RDPS,” which told the 

student to “Research a Different Power Source.”  With this information the student then returned 

to the respective project (vehicle, paper, video) and made appropriate adjustments.   

The submitted rubrics provided structure and feedback for students only on the writing 

project.  Technical writing could be considered an assessment of I-STEM skills (Girill, 2012); 

this was not the problem.  The concern was the lack of feedback/assessing for the I-STEM 

process and product development.  It felt a bit unbalanced, since the majority of the scoring was 

the writing product. 

The discrepancy found between the lesson’s expected outcomes and what was to be 

assessed raised some questions about why this was the case.  Literature from Wiggins and 

McTighe (2005) describes how for many teachers thinking like an assessor “does not come 

naturally or easily to many teachers” (p. 150) in designing an activity without first identifying the 

performances and/or products from the lesson. This leads to a mismatch between the assessments 

with the activity.  Another possible factor could be the difficult task of constructing rubrics, 

particularly “analytical rubrics” (Allen & Tanner, 2006, p. 188).  Such rubrics are designed to 

measure specific criteria, but many teachers “make the mistake of relying on criteria that are 

merely easy to see as opposed to central to the performance and its purpose” (Wiggins & 

McTighe, 2005, p. 172).  Allen and Tanner (2006) described two common rubric types, 

analytical rubrics and holistic rubrics.  They state, “Analytical rubrics use discrete criteria to set 

forth more than one measure of the levels of an accomplishment for a particular task…[and] 

often…have the best match between an assignment and its objectives for a particular course” (p. 
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198).  These are distinguished from “holistic rubrics” (p. 198) that are more generalized and have 

undefined categories and/or qualities.  Of the submitted rubrics, two of the four would have been 

classified as a holistic rubric, since they contained categories that were not well defined or tightly 

focused on the lesson attributes specific to I-STEM skills and content.     

As discussed previously, there was little agreement in the how they understood I-STEM; 

the design of assessment mechanisms was not much different.  These findings suggested teachers 

were assessing outcomes different from what they were stating in their own definitions and 

descriptions.  With no rubrics designed to assess or evaluate the constructed prototype or the 

skills applied in the development of the object, students may not be making the appropriate 

connections between the various STEM disciplines or developing the skills or content 

knowledge. Mike stated it most succinctly, when he wrote “We have to understand how systems 

interact to make things work properly…[by] getting the relationships between systems to be at 

the core [sic] of what students are experiencing makes the activity truly a STEM experience.”   

These outcomes have raised a concern about when and where in the process will the content and 

skills of STEM disciplines be assessed during the lesson experience.  

Soft skills are certainly abilities, in which we want our students proficient.  However, 

these skills are not unique to science or STEM communities.  They are universal attributes that 

students apply across all content areas.  What is unique to the STEM community is the ability to 

transfer, apply, and create knowledge and skills based on the four STEM disciplines.  It should 

be these skills we are deliberately assessing with a rubric or assessment system that allows 

students to understand their own strengths and weaknesses.    
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Two Notable Factors Related to Teachers’ Implementation of I-STEM 

 Some literature (Ashgar, et al., 2012; Park & Ertmer, 2008; NRC, 2014) described factors 

limiting or even preventing teachers from conducting their own I-STEM lessons.  Ashgar, et al. 

(2012) identified some specific external barriers in their article related to administrative support 

and curricular expectations.  While some findings from this study did overlap with conclusions 

from previous research, there was an additional outcome, collegial support that appeared to add 

depth to the conversation about why teachers conducted I-STEM lessons.   

School Influences on I-STEM Models of Instruction.  It appeared the school had little 

influence on a teacher’s reason for conducting a lesson.  The majority of teachers (9/10) stated 

their school/district did not have an influence on their definition or understanding of I-STEM.  

Only Marsha stated her definition was influenced by her school/district.  Schools or districts not 

having a common definition for teachers did not stop the majority (9/10) from conducting what 

they believed were I-STEM lessons. No evidence was submitted or provided by the participants 

indicating they taught these lessons because they had to or was a part of the teacher’s curriculum 

constructed by the school or district to use in the classroom.  

Ashgar, et al., (2012) raised a point from their study that lack of “administrative support 

and encouragement” (p. 94) was a barrier.  As described by Ashgar, et al., (2012), this support 

was necessary for it created an environment that encouraged teachers to “adopt new approaches 

to instruction and assessment” (p. 94).   I did not receive from any of the participants’ comments 

or statements that they did not have the support of their administrators in implementing I-STEM 

lessons.  As described in Chapter 3, three of the ten participants indicated they had a designated 

STEM pathway for their students in their setting.  For them, administrative support would be 
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expected.  However, the majority (9/10) did self-report they conducted I-STEM lessons 

regardless of the school setting.   

Collegial Support for I-STEM Instruction.  Much of the research examined individual 

teacher’s perception about conducting I-STEM lessons (Wang, et al., 2011; Roehrig, et al., 2012; 

Mong, 2013; Lin, 2013). However, Rockland, Bloom, Carpinelli, Burr-Alexander, Hirsch, and 

Kimmel (2010) described a factor they identified as “collective participation” (p. 55).  This 

concept was described as teachers meeting in “discipline and grade level groups to discuss 

strategies and content, and to develop approaches that they present to their peers” (p. 55-56).  

What my study appeared to also reveal was the importance of collegial support in the design of 

and implementation of participants’ perceived I-STEM lessons.   

Literature hinted about opportunities for teachers to work together, but was inhibited by 

the lack of common planning time.  Asghar, et al., (2012) wrote, “Several teachers pointed 

out…different students would be in different classes, they would not be able to work out an 

arrangement with a colleague to cover all discipline-specific curriculum material in an 

interdisciplinary fashion…without such an agreement they could not commit the time to 

interdisciplinary problems because they had too much material to cover” (p.106).  However, 

some of the participants’ responses ran counter to this argument.   

Four of the participants mentioned experiences where they had support from colleagues 

or community partners.  Three (Maverick, Michelle, River) described scenarios where they had 

collegial support in the design of and implementation of I-STEM lessons in the one classroom or 

across multiple classrooms.  Archer revealed he has community partners, NASA engineers, to 

aid in his lesson implementation, which were developed in a previous professional experience.  
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As he explained in our conversation, these engineers were resources he could call upon to either 

1) verify or clarify data or information or 2) set up conferences for his students to ask questions. 

Future Opportunities for Research 

From the comments and responses, the teachers who participated in this study were 

dedicated to this idea of integrated STEM.  However, the lack of a common definition greatly 

inhibits one in assessing the effectiveness or impact of such lesson.  Consider the impact upon 

students if we had such a definition and expected outcomes.   

This study anticipated a variety of participants from the four organizations and did 

receive data from persons identifying with three of the four organizations.  Of the ten 

participants, only one stated no I-STEM lessons were conducted.  This study would have 

benefited more from having additional participants like Preston.  Analyzing artifacts and lessons 

from teachers who self-reported as not conducting I-STEM lessons with those who did claim 

they were conducting I-STEM lessons would have been an interesting comparison.  How similar 

and different are the two groups? Do the lessons have patterns across organizations?  How 

similar are teachers like Preston, who state they do not conduct I-STEM lessons, to those who do 

state they conduct I-STEM lessons?  How similar are lessons, rationalities, assessments and/or 

experiences between these two groups? 

Another research project to consider is measuring the impact of student learning from 

such lessons.  It is necessary to determine what needs to be measured in the study.  I recommend, 

at a minimum, measuring the amount of content knowledge gained, along with the level of 

integration conducted within the disciplines.  How well did the user blend the skills and practices 

of the different disciplines as part of the solution development? Another thing I would measure is 

the level of creativity demonstrated by the learner.  There seems to be an ever-growing demand 
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for creative thinkers in STEM (Larkin, 2015).  Ramirez (2013) described it as the “secret in the 

sauce” (www.edutopia.org).  If we want to see an increase in creativity in our students’ thinking, 

then we need to measure for it.  

The study would need to start with a shared I-STEM definition followed with some 

professional development to ensure all have a common working definition in the classroom, and, 

finally, an instrument would need to be created to analyze the lessons, such as one described by 

Nathan, et al., (2013).  It would then have to measure pre- and post-assessment data on concepts 

identified prior in the study, such as confidence in the application of STEM skills, ability to 

identify connections across STEM disciplines, and/or an increase in STEM knowledge. This 

could be expanded to the four different school settings, as discussed in Chapter 2 (NRC, 2014), 

to measure effectiveness on student learning within each of the four school types.  Keep in mind, 

this study did not evaluate or determine effectiveness of submitted I-STEM lessons.   

An additional study could be to seek volunteers who believe they teach STEM or I-

STEM lessons and collect various lessons over the course of a year to determine the type of 

lessons are implemented in multiple lessons.  What was not pursued further in this study, for 

example, was if the engineering design pedagogical practice happens every time for the ITEEA 

participants.  This study asked only for each participant to submit artifacts from a lesson best 

representing I-STEM, so multiple lessons was not collected from participants.   Mike and 

Archer, both ITEEA, identified the classes they teach. Mike and Archer teach an engineering 

course, technology course, a Project Lead the Way (PLTW) course, or some combination, so one 

could assume their lessons are designed primarily around the engineering design method.  

However, this study did not directly ask which class or classes they taught on to submit 

http://www.edutopia.org/
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lessons/activities they thought were I-STEM in nature.  It was also not pursued for NSTA or 

ISEA participants. 

Implications Regarding I-STEM Instruction 

 So what does this mean when there is clearly a lack of research of integrated STEM, a 

lack understanding about the impact of I-STEM on student learning, and lack of consensus on a 

definition?  If each person or even each organization understands or defines I-STEM differently 

is it even possible to conduct an effective study between teachers who claim to teach integrated 

STEM lessons?  More importantly how can one determine if I-STEM is any more effective than 

a traditional project-based lesson (McComas & Hayward, 2014) that used engineering or science 

as the central concept?   

If I-STEM is to be considered a serious instructional practice, then some factors must be 

discussed.  First, schools and/or districts need to develop an agreed upon definition for the term 

and the allowable interpretations of I-STEM.  While there may not be a nationally agreed upon 

definition for I-STEM, schools and even districts can construct a working definition and methods 

for evaluating effectiveness.  This would provide guidance to teachers in their efforts 

constructing and/or implementing I-STEM lessons. 

In many ways, we are right back where we started in 1996 when the then new standards 

emphasized both content and inquiry, which was in support of a then new emphasis of “national 

education goals” (NRC, 1996, p. 12).   The new standards provide new and unique opportunities, 

but also reveal teacher weaknesses and areas of need, since new material has been included.  The 

need to establish an agreed upon, working definition for I-STEM can give focused professional 

development support and the development of appropriate resources for teachers to implement 

into the classroom.       



 

136 

Second, the teacher needs to understand his or her own perception about I-STEM.  As 

seen from the participants, nine of the ten stated their school had no bearing on their definition or 

description of I-STEM.  For most, it was constructed from personal experience, both educational 

and non-educational.  Teachers own biases about I-STEM influences their definition of and 

application of I-STEM; they should identify their own strengths and weaknesses in conducting I-

STEM lessons and collaborate with others to construct lessons for students that give a truly 

integrated experience.  Literature suggests teachers having a background in engineering and 

technology are more likely to conduct lessons in those contexts, as well as, teachers who have a 

background in other science fields may design lessons with attributes containing science content 

and scientific investigation methods.   

Another suggestion is the need for teachers to understand why I-STEM is necessary.  

Roberts (2012) wrote the primary purpose of I-STEM is for economic purposes.  She stated, “it 

serves to benefit the economy by enticing more students into the study of STEM fields following 

secondary education” (p.2).  This economic concept for I-STEM was also pushed in previous 

literature (NGA, 2007).  However, we must be more focused on the development of student 

competencies and skills sets in the various STEM disciplines, as well interest in STEM fields.  

Sanders (2009) pointed out students who “lose interest in science and mathematics…make an 

early exit from the ‘STEM pipeline’” (p. 22).  This loss of students could potentially influence 

economic outcomes.  While an admirable cause to cause a positive economic impact, another 

outcome should be to develop citizens who can think critically.   

Recommendations 

Develop a shared understanding of Integrated STEM. The importance of having a 

shared definition in which all persons can have a similar starting point cannot be 
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overemphasized.  In fact, we have an example in the history of science education of such an 

agreement occurring for an entire community: the concept of inquiry. 

The scientific community agreed a more comprehensive curriculum was needed and a 

more stringent understanding of what it meant to do science was needed. To meet this need, the 

National Research Council (NRC) (1996) published the National Science Education Standards in 

order to build upon “the best of current practice…” (p. 12).  In addition to defining the content, a 

shared definition of inquiry was produced.  NRC (1996) wrote,  

Scientific inquiry refers to the diverse ways in 

which scientists study the natural world and propose 

explanations based on the evidence derived from 

their work. Inquiry also refers to the activities of 

students in which they develop knowledge and 

understanding of scientific ideas, as well as an 

understanding of how scientists study the natural 

world (p. 23). 

 

While the content strands solidified what concepts should be taught in the various grade levels, 

the doing of science was still an enigma.  To address this, NRC (2000) produced another book 

Inquiry and the National Science Education Standards: A Guide for Teaching and Learning that 

in essence defined how to do science through inquiry.  This publication discussed what inquiry 

looked like in the classroom, how it should be assessed, and how teachers should be prepared to 

conduct inquiry in the classroom.  A similar approach is needed if we want to implement I-

STEM.     

Conduct Studies based on Established Definitions.  If we have taken a step back and 

established a working definition, then we need to reconsider how we understand the concept.  It 

would be necessary to understand NGSS (Achieve, 2013) incorporation of the idea of practices, 

which is a comprehensive term that includes both content and skills, and is therefore understood 
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to be applied simultaneously.  Second, the standards were expanded to include Technology and 

Engineering.  These two disciplines have their own entities and definitions, as discussed in 

Chapter 2.  Because of this all four disciplines are equally accessible to students in ways they 

have never been so before.  In many ways, we are right back where we started in 1996 when the 

then new standards emphasized both content and inquiry, which was in support of a then new 

emphasis of “national education goals” (NRC, 1996, p. 12).   The new standards provide new 

and unique opportunities, but also reveal teacher weaknesses and areas of need, since new 

material has been included. 

If we begin using a shared definition, like the one described above, then we should see two 

things.  First, we should see an increased level of transference of content knowledge and skills 

across the various disciplines.  Second, we should see an increase in the level of creativity in 

how one uses the disciplines to solve a problem.  One example of creativity was presented in a 

recent episode of CBS Sunday Morning where a team of scientists, in their efforts to cure late 

infantile metachromatic leukodystrophy (MLD) used the HIV virus to fix the single gene causing 

the condition.     

Limitations  

This study had some diversity in its participants with three of the four national 

organizations were represented.  One aspect of this study was to compare characteristics and 

patterns of definitions, artifacts, and assessments with those who self-reported they did conduct 

I-STEM lessons/activities with those who self-reported that they did not conduct I-STEM 

lessons/activities.  However, only ten subjects (N=10) responded to the survey.  Of those ten, 

only one self-reported no I-STEM lessons/activities were conducted.  There was not an adequate 

data sample to conduct an analysis between these two categories.  
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Within this small number (n = 10) of participants, it would have been most ideal if two to 

three teachers from each of the four organizations (NSTA, ISEA, NCTM, ITEEA) would have 

responded and if, at least, one fell into each of the typological categories.  However, that was not 

the case with this specific research project, therefore, generalizability is greatly reduced to other 

populations. 

Another generalizability limitation was limited number of artifact submissions from the 

participants.  The findings can only construct conclusions based on artifacts/lessons representing 

a snapshot into a teacher’s classroom.  Therefore, it is unknown if these identified characteristics 

are found consistently in other lessons conducted in the course.  A more confident interpretation 

of the teacher’s definition of and manifestation of his or her I-STEM definition into his or her 

lessons would have come from analyses of multiple artifacts from the same person over the year 

they conducted the course and through multiple classroom observations. 

Another limitation was the majority of the information was self-reported either in a 

survey or email response.  Three participants did conduct a phone interview so follow up 

questions could be asked for clarification and were recorded for accuracy.  However, three 

responses were conducted via email, with some follow up emails returned, and all artifacts and 

survey responses were self-reported.  One must assume they were correct, accurate, and truthful.   

Summary 

As NRC (2014) identified in their work, additional studies were needed in the area of 

Integrated STEM. This study was done to add to the conversation regarding I-STEM, albeit it 

was a small piece in a much larger conversation.  What I hope this study does is allow 

conversations to happen among colleagues and organizations about how I-STEM should be 

identified and implemented in both classrooms and across the grade levels.  It is important to 
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move beyond the catchphrase of I-STEM (Bybee, 2010b) and to develop a better understanding 

of the “nature of integrated STEM education…[so we can] contribute constructively to 

this…movement” (Heil, et al., p. 1).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

141 

References 

 

Allen, D., & Tanner, K. (2006). Rubrics: Tools for Making Learning Goals and Evaluation 

 Criteria Explicit for Both Teachers and Learners. CBE— Life Sciences Education, 5(3), 

 197–203. Retrieved from http://doi.org/10.1187/cbe.06-06-0168.  

 

Asghar, A. , Ellington, R. , Rice, E. , Johnson, F. , & Prime, G. M. (2012). Supporting STEM 

 education in secondary science contexts. Interdisciplinary Journal of Problem-based 

 Learning, 6(2).   Available at: http://dx.doi.org/10.7771/1541-5015.1349. 

 

Asunda, P. A. (2014). A conceptual framework for STEM integration into curriculum through 

 career and technical education. Journal of STEM Teacher Education, 49(1), 3-15. 

 

Barakos, L., Lujan, V., Strang, C. (2012). Science, technology, engineering, mathematics 

 (STEM): Catalyzing change amid the confusion. Portsmouth, NH: RMC Research 

 Corporation, Center on Instruction. 

 

Bell, R. L, Maeng, J.L., Binns, I.C. (2013). Learning in context: Technology integration in a 

 teacher preparation program informed by situated learning theory. Journal of Research in 

 Science Teaching, 50(3), 348-379. 

 

Bybee, R. (2011). Scientific and engineering practices in the K-12 classrooms: Understanding a 

framework for K-12 science education. Science Scope,   

 

Bybee, R. W. (2010a). What is STEM education. Science, 329(5995), 996 

 

Bybee, R. W. (2010b). Advancing STEM education: A 2020 vision. Technology and 

 Engineering Teacher. Retrieved from http://opas.ous.edu/Work2009-2
 011/InClass/Bybee-Integrated%20STEM%20Plan.pdf 

 

Girill, T. R. (2012). Technical writing: Themes from the common core.  Edutopia. Retrieved 

 from http://www.edutopia.org/groups/stem-education/245651. 

 

Grier, J. M., & Johnston, C. C. (2012). STEM professionals entering teaching: Navigating

 multiple identities. Journal of Science Teacher Education, 23(1), 19-44.  

Retrieved from doi:http://0-dx.doi.org.library.uark.edu/10.1007/s10972-011-9260-1. 

 

Grugulis, I., & Vincent, S. (2012). Whose skill is it anyway? : ‘Soft’ skills and polarization.  

 Work, Employment, and Society, 23.(4) 597-615. DOI: 10.1177/0950017009344862. 
 

Golafshani, N. (2003). Understanding reliability and validity in qualitative research. The 

 Qualitative Report, 8(4), 597-607. Retrieved from http://www.nova.edu/ssss/QR/QR8-

 4/golafshani.pdf.  

 

Gredler, M. E. (2009). Learning and instruction: Theory into practice. Upper Saddle River: 

 Pearson Education.  

http://doi.org/10.1187/cbe.06-06-0168
http://dx.doi.org/10.7771/1541-5015.1349
http://opas.ous.edu/Work2009-2
http://opas.ous.edu/Work2009-2
http://www.edutopia.org/groups/stem-education/245651
http://www.nova.edu/ssss/QR/QR8-
http://www.nova.edu/ssss/QR/QR8-


 

142 

Hatch, J, A. (2002). Doing qualitative research in education settings. Albany: State University of 

 New York Press. 

 

Hayward, J., & McComas, W. F. (2014). STEM: Science, technology, engineering and 

 mathematics. In W. F. McComas (Ed.), The  language of science education (p.102). 

 Boston: Sense Publishers.  
 

Heil, D. R., Pearson, G., & Burger, S. E. (2013). Understanding integrated STEM education: 

 Report on a national study. Presented June 2013 at American Society for Engineering 

 Education Annual Conference. Retrieved from 

 http://www.asee.org/public/conferences/20/papers/7712/view. 

 

Herschback, D. (2011). The STEM initiative: Constraints and challenges. Journal of STEM 

 Teacher Education, 48(1). 96-122. 

 

Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., Puntambekar, S., &

 Ryan, M. (2003).  Problem-based learning meets case-based reasoning in the middle-

 school science classroom: Putting learning by design into practice. The Journal of the

 Learning Sciences, 12(4), 495-547. 

 

Laboy-Rush, D. (2011). Integrated STEM education through project based learning. [White

 paper]. Retrieved from http://www.slideshare.net/dlaboyrush/integratingstem-education-t

 through-project-based-leaming. 

 

Larkin, Teresa L. "Creativity in STEM education: Reshaping the creative project." Interactive 

 Collaborative Learning (ICL), 2015 International Conference on. IEEE, 2015. 

 

Lewis, D. H. (2012). Enhanced one-to-one technology integration through elementary teachers'

 technological, pedagogical, and content knowledge. Retrieved from http://0-s

 search.proquest.com.library.uark.edu/docview/1282398893?accountid=8361. 

 

Learning science and technology. (2015). Education Letter, 91. Reports summarize learning 

 science and technology findings from Texas A&M university (self-determination and 

 STEM education: Effects of a autonomy, motivation, and self-regulated learning on high 

 school math achievement). Retrieved from http://0-s

 search.proquest.com.library.uark.edu/docview/1747431507?accountid=8361. 

 

Lombardi, M. M. (2007). Authentic learning for the 21st century: An Overview. [White paper].   

 Retrieved from https://net.educause.edu/ir/library/pdf/ELI3009.pdf. 

 

McComas, W. F. (2014). Hands-on science. In W. F. McComas (Ed.), The language of science 

 education (p.102). Boston: Sense Publishers. 

 

 McComas, W. F., & Hayward, J. (2014). Problem based learning. In W. F. McComas (Ed.), The 

 language of science education (p.102). Boston: Sense Publishers. 

 

http://www.asee.org/public/conferences/20/papers/7712/view
http://www.slideshare.net/dlaboyrush/integratingstem-education-t
http://www.slideshare.net/dlaboyrush/integratingstem-education-t
http://0-s/
http://0-s/
http://0-s/
http://0-s/
https://net.educause.edu/ir/library/pdf/ELI3009.pdf


 

143 

Merriam, S. B. (2009). Qualitative research: A guide to design and implementation. San 

 Francisco: Jossey-Bass.  

National Association of Engineers, & National Research Council. (2014). Honey, M., Pearson, 

 G., & Schweingruber, H. (Eds). Stem integration in K–12 education: Status, prospects 

 and an agenda for research. Washington, DC: National Academy Press. 
 

National Governors Association Center for Best Practices & Chief Council of State School 

 Officers. (2010). Common Core State Standards. Washington, DC: Authors. 

 

National Research Council. (1996). National science education standards. Washington, DC: 

 National Academy Press. 

 

National Research Council. (2005). How students learn: Science in the classroom. Washington,  

 DC: The National Academies Press. 

 

National Research Council (2011). Successful K12 schools. Committee on the Evaluation 

 Framework for Successful K-12 STEM Education. Board on Science Education and 

 Board on Testing and Assessment, Division of Behavioral and Social Sciences and 

 Education. Washington, DC: The National Academies Press. 

 

National Research Council. (2012). Monitoring progress toward successful K-12 STEM e

 education: A nation advancing? Committee on the Evaluation Framework for Successful 

 K-12 STEM Education. Board on Science Education and Board on Testing and A

 Assessment, Division of Behavioral and Social Sciences and Education. Washington, 

 DC: The National Academies Press. 

 

National Research Council. (2012). A Framework for K-12 Science Education: Practices, 

 Crosscutting Concepts, and Core Ideas. Committee on a Conceptual Framework for New 

 K-12 Science Education Standards. Board on Science Education, Division of Behavioral 

 and Social Sciences and Education. Washington, DC: The National Academies Press. 

 

 

Niess, M. L. (2005). Preparing teachers to teach science and mathematics with technology: 

 Developing a technology pedagogical content knowledge. Teaching and Teacher

 Education: An International Journal of Research and Studies,21(5), 509-523. Retrieved

 from http://0-search.proquest.com.library.uark.edu/docview/62154354?accountid=8361. 

 

Mong, C. J. (2013). Examining the impact of a professional development course on STEM

 teachers' acceptance of and intent to implement problem-based learning Retrieved from

 http://0-search.proquest.com.library.uark.edu/docview/1436970068?accountid=8361. 

 

Outlier Research & Evaluation. (2012). List of Components of STEM Schools. Explore STEM 

 School Critical Components. Retrieved from

 http://outlier.uchicago.edu/outlier/visualizations/components/.   

 

Ramirez, A. (2013). Creativity is the secret sauce in STEM. Edutopia. Retrieved from  

 https://www.edutopia.org/blog/creativity-secret-sauce-in-stem-ainissa-ramirez. 

http://0-search.proquest.com.library.uark.edu/docview/62154354?accountid=8361
http://0-search.proquest.com.library.uark.edu/docview/1436970068?accountid=8361
http://outlier.uchicago.edu/outlier/visualizations/components/


 

144 

 

 

Roberts, A. S. (2012). A justification for STEM education. Technology and Engineering 

 Teacher.  Retrieved from https://www.iteea.org/File.aspx?id=86478&v=5409fe8e. 

 

Roberts, A. S. (2013). Preferred instructional design strategies for preparation of pre-service 

 teachers of integrated STEM education (Order No. 3576657). Available from ProQuest 

 Dissertations & Theses Global. (1464791223). Retrieved from 

 http://0search.proquest.com.library.uark.edu/docview/1464791223?accountid=8361. 

 

Rockland, R., Bloom, D. S., Carpinelli, J., Burr-Alexander, L., Hirsch, L. S., & Kimmel, H.

 (2010). Advancing the "E" in K-12 STEM Education. Journal of Technology Studies,

 36(1), 53-64.  

 Retrieved from https://scholar.lib.vt.edu/ejournals/JOTS/v36/v36n1/pdf/rockland.pdf. 

 

Sanders, M. (2009). STEM, STEM education, STEMmania. The Technology Teacher,  68(4), 20-

 26. Retrieved from 

 https://vtechworks.lib.vt.edu/bitstream/handle/10919/51616/STEMmania.pdf?sequence 

 

Stohlmann, M; Moore, T. J.; & Roehrig, G. H. (2012). Considerations for Teaching Integrated S

 STEM Education. Journal of Pre-College Engineering Education Research (J-PEER): 

 2(1), Article 4. http://dx.doi.org/10.5703/1288284314653. 

 

Strobel, J., Wang, J., Weber, N. R.,Dyehouse, M. (2013). The role of authenticity in design

 based learning environments: The case of engineering education. Computers and

 Education, 64, 143-152. 

 

Wilson, V. A., & Onwuegbuzie, A. J. (1999). Improving achievement and student satisfaction 

 through criteria-based evaluation: Checklists and rubrics in educational research

 courses. Retrieved from 

 http://0search.proquest.com.library.uark.edu/docview/62427948?accountid=8361. 

  

http://0search.proquest.com.library.uark.edu/docview/1464791223?accountid=8361
https://vtechworks.lib.vt.edu/bitstream/handle/10919/51616/STEMmania.pdf?sequence
http://dx.doi.org/10.5703/1288284314653


 

145 

APPENDICES 

 

APPENDIX A 

 

PURPOSE OF THE SURVEY 

 I am asking for secondary (grades 9-12) teachers to send me their best example(s) of the 

components of an integrated STEM (Science, Technology, Engineering, and Math) activity or 

lesson, which can include a lesson plan, powerpoints, assessments, rubrics, notes, student 

handouts, textbook activities, or any other resource applicable to that lesson.  Please share this 

survey with any other colleague in or out of your school, who may or may not implement 

integrated STEM lessons and would be interested in participating in this survey.  As responses 

are submitted and artifacts uploaded, an analysis of the survey questions and artifact data will be 

analyzed.  Each participant will be asked to provide, voluntarily, contact information for any 

potential clarifying questions.  

 

PARTICIPANT DISCLAIMER and INFORMED CONSENT 

Thank you for participating in our survey. Your participation in this survey is voluntary and, if 

completed, will indicate an informed consent and an agreement to share your resources with 

Jacob Hayward, doctoral student at the University of Arkansas, Fayetteville, for the purpose of 

research towards the completion of a dissertation.  You are free to refuse participation in this 

research or may discontinue your participation at any time. Your choice to participate or not will 

have no negative consequences or penalty.   

 

Confidentiality: All information collected will be kept confidential to the extent allowed by law 

and University policy.  To ensure confidentiality each participant will be known only to the 

researcher and no form of identification will be used during data analysis.  The data will be 

stored on a computer or external hard drive in which only the researcher has access.  Data or 

information provided by a participant and used in the study will be given a numerical code 

identifier, such as Participant 23.  

 

Risks and Benefits: There are no anticipated risks to participating in this study. Potential benefits 

include expanding the research literature regarding integrative STEM lessons for teachers to 

use/refer to in designing/implementing integrative STEM schools.      

 

Informed Consent:  

Thank you for participating in this survey. Your participation is voluntary and, if completed, will 

indicate an informed consent and an agreement to share your resources with Jacob Hayward, 

doctoral student at the University of Arkansas, Fayetteville, for the purpose of research 

towards the completion of a dissertation.  No names, schools, or any other forms of 

identification will be given in the production of the dissertation or will be shared with any third 

parties.  Only the researcher has access to the data and web sites collecting the information.  If 

you have questions or concerns about your rights as a research participant, please, please email 

or call Jacob Hayward at jhaywar@uark.edu or 479-750-8777 or Dr. Stephen Burgin, faculty 



 

146 

advisor, at srburgin@uark.edu or 479-575-4283 or email or call Ro Windwalker, the University’s 

Compliance Coordinator, at irb@uark.edu or 479-575-2208. 

.   

Survey for Teachers 
 
ITEM 1a- Please provide a name.  This is what you will need to use as your identifier for any 
artifacts you provide. 
ITEM 1b- Please provide contact information, such as email or phone number (if you wish 
to participate as a follow up interview).  
 ITEM 1c- Select one of the following organizations that you identify most with as a 
professional association: 

- National Science Teachers Association (NSTA) 
- International STEM Education Association (ISEA) 
- National Council of Teachers of Mathematics (NCTM) 
- International Technology and Engineering Education Association (ITEEA) 

 
ITEM 2- Please indicate which grade level (Grades 9, 10, 11, or 12) you teach or most often 
teach. If you teach multiple grade levels, please select the grade level that most aligns with 
the artifacts submitted. 

- Grade 9 -Grade 11 
- Grade 10 - Grade 12 

 
ITEM 3-  Please select the description the best matches your secondary school (any 
combination of Grades 9-12) 

- A secondary school with NO STEM academy or designated STEM pathway 
- A secondary school with a STEM academy or designated STEM pathway 
- A  secondary STEM school that draws from a selected area, but has no entrance 

criteria (inclusive) 
- A secondary STEM school that draws students from a selected area and does have 

entrance criteria (selective) 
 
ITEM 4- Please provide your definition or description of Integrated STEM and describe how 
it would look like in a secondary classroom? 
 
ITEM 5 - Is your definition influenced by a school, district or state definition?  If yes, please 
provide that definition (if different than the one provided above).    
 
ITEM 6- Based on your definition, have you conducted an integrated STEM lesson or 
activity?  Yes or No 
If YES, please continue to ITEM 8.   
If NO, please go to ITEM 7 and give a brief explanation as to why these types of lessons are 
not conducted at your school.  
 
ITEM 7- If you said “NO” in ITEM 6, please provide any information about why such lessons 
are not conducted.  Please, if you said “NO” in ITEM 6, do not proceed further; ITEM 7 
concludes your participation in the survey.    

mailto:irb@uark.edu
tel:479-575-2208
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ITEM 8-  Please upload artifact(s) used in your class that represents an integrated STEM 
lesson.  This may consist of lesson plan, PowerPoint, assessments, rubrics, notes, student 

handouts, textbook activities, or any other resource applicable to that lesson.  
 
ITEM 9- Please provide the objectives/goals related to the submitted lesson/activity.  
 
ITEM 10- Briefly describe how the objectives provided in your activity or lesson meets your 
definition of Integrated STEM. 
 
ITEM 11- Briefly describe how students are assessed or expected to demonstrate their 
understanding of the lesson or activity objectives.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

148 

APPENDIX B 

 

Semi-Structured Interview Questions 
 

Participants will have a choice when they submit their contact information, if they chose to 
participate in the follow-up opportunity, to respond with an Interview over the phone or 
through an email.  The same five questions will be asked in either scenario.  However, 
additional questions may be added based on the survey responses. 
 

1. In your survey response, you stated your definition for integrated STEM 
is__________(Read the Statement)____________________________.  Can you elaborate on how 
you developed that definition or description?  

 
2. In your survey response you stated your reason(s) for conducting/reasons for NOT 

conducting an integrated STEM lesson/activity is/are ________(Read the 
Statement)________________.  Can you elaborate on this statement?  
 

3. Based on the artifacts or lesson submitted, discuss why/how these activities were 
selected as part of the learning experience 

 
4. Discuss how the assessments were selected or created to allow students to 

demonstrate their understanding of the integrated STEM concepts?   
 

5. Can you provide an example of a student assessment/product that went beyond 
your expected outcomes? 
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APPENDIX C 

 

FOLLOW UP INTERVIEW QUESTIONS 

 

1. In your survey response, you stated your definition for integrated STEM is…  

 Can you elaborate on how you developed that definition or description? 

  

2. Based on the artifacts or lesson submitted (IF APPLICABLE), discuss why/how these 

activities were selected as part of the learning experience.  You may include additional artifacts 

if necessary. 

  

3. Discuss how assessments were selected or created to allow students to demonstrate their 

understanding of the integrated STEM concepts? 

  

4. Can you provide an example of a student assessment/product that went beyond your expected 

outcomes? 

  

5.  How long does this lesson/activity typically take?  How many days, weeks, or months do you 

allow in your planning for this activity? 

 

6.  In your lesson (IF APPLICABLE), how do failed attempts by students reinforce your 

understanding of integrated STEM?  
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APPENDIX D 

 

 

  

109 MLKG • 1 University of Arkansas • Fayetteville, AR 72701-1201 • (479) 575-2208 • Fax (479) 575-6527 • Email irb@uark.edu 
The University of Arkansas is an equal opportunity/affirmative action institution. 

Office of Research Compliance  

Institutional Review Board 

January 6, 2016 
 

MEMORANDUM 
 

TO: Jacob Hayward 
 Stephen Burgin 

   

FROM: Ro Windwalker 
 IRB Coordinator 
 
RE: New Protocol Approval 

 
IRB Protocol #: 15-12-433 

 
Protocol Title: Analysis of Secondary Lessons Prepared as Integrated STEM 

Lessons: Common Characteristics, Learning Expectation and the 

Impact of Definition 

 

Review Type:  EXEMPT  EXPEDITED  FULL IRB 
 

Approved Project Period: Start Date: 01/06/2016  Expiration Date:  01/05/2017 
 

Your protocol has been approved by the IRB.  Protocols are approved for a maximum period of 
one year.  If you wish to continue the project past the approved project period (see above), you 

must submit a request, using the form Continuing Review for IRB Approved Projects, prior to the 

expiration date.  This form is available from the IRB Coordinator or on the Research Compliance 
website (https://vpred.uark.edu/units/rscp/index.php).  As a courtesy, you will be sent a reminder 

two months in advance of that date.  However, failure to receive a reminder does not negate 
your obligation to make the request in sufficient time for review and approval.  Federal 

regulations prohibit retroactive approval of continuation.  Failure to receive approval to continue 
the project prior to the expiration date will result in Termination of the protocol approval.  The 

IRB Coordinator can give you guidance on submission times. 

This protocol has been approved for 250 participants.  If you wish to make any 
modifications in the approved protocol, including enrolling more than this number, you must 
seek approval prior to implementing those changes.  All modifications should be requested in 

writing (email is acceptable) and must provide sufficient detail to assess the impact of the 
change. 

If you have questions or need any assistance from the IRB, please contact me at 109 MLKG 

Building, 5-2208, or irb@uark.edu.
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Appendix E 

 

Email Correspondence 

 

First email statement. 

Dear __(Insert Participant Name)____, 

 

Thank you for your responses in the survey and your willingness to participate in a follow up 

interview.  Your input will help provide much needed data for this doctoral research study.  As 

you have indicated in your survey response, you wish to provide additional information through 

an email.  At this time, I am reviewing your survey statements and artifact submissions.  Within 

five (5) business days, you will receive a second email containing the interview questions.  

Sincerely,  

Jacob Hayward, Ed.S. 

Doctoral Student 

University of Arkansas, Fayetteville   

Follow-up email message. 

Dear ____(Insert Participant Name)___, 

 

I again want to thank you for participating in this study.  The following questions are asked to 

help clarify your comments made in the survey and to accurately reflect your understanding of 

integrated STEM.  You will find the questions are listed below and as attachment.  Your 

responses may appear directly in an email or may be submitted as an attachment. In either 

format, please be sure to identify your answers with the appropriate question number.   As with 

the original survey, you may chose to not answer any question or stop participation at any time.  

Please return your responses as soon as possible. Thank you.  

Sincerely,  

Jacob Hayward, Ed.S. 

Doctoral Student 

University of Arkansas, Fayetteville 

 

 


