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Abstract 

The purpose of the study aimed at gaining a better understanding of how the intended Project Lead 

the Way (PLTW) curriculum differs from the enacted curricula. This understanding is important to 

make the professional development programs more meaningful to the immediate needs of the 

teacher in the classroom. By identifying, the factors that contribute to any merging differences 

between the curricula helped fill the gap in research on teacher knowledge and beliefs about the use 

of science and mathematics content in the PLTW classroom as they enact the curriculum. PLTW is 

an innovative hands-on pre-engineering curriculum designed for K-12 students based on project 

and problem-based learning. It tries to combine math and science principles to present engineering 

concepts to students in a way that tries to keep up with the rapid changes associated with 

technology in their everyday world. Multiple case sampling was used to select four teachers based 

on their years of teaching experience as well as background in science and math. They were 

interviewed about their knowledge and beliefs about project and problem-based learning. In 

addition, non-participant observations and teacher beliefs questionnaire were used to triangulate the 

data for more credible results. Findings of the study show that there were differences in the way 

teachers chose to enact the curriculum. It is recommended to address the professional development 

experiences of the teachers and make their beliefs a meaningful part of the training. 

Introduction            

Recently, the United States had experienced competitors from the global market catching up with 

its standing as the international leader in science and technology [1]. This challenge from the global 

community has led to the United States government issuing a call for reform-based science teaching 

with an aim of strengthening the science, technology, engineering, and math (STEM) workforce 



 

 

[2]. With this call comes the associated need to train competent teachers prepared to handle the 

challenges accompanying the demand to increase the STEM workforce. To help provide a capable 

STEM workforce, many institutions, groups, and committees have created and promoted STEM 

educational interventions aimed at                                                                                                           

 i) increasing the number of students pursuing STEM majors and                                                         

 ii) improving student understanding of key STEM concepts. 

One specific STEM initiative is the Project Lead the Way (PLTW) program. Previous studies 

indicate graduates of PLTW programs outperform comparable students in both reasoning and 

cognitive skills [3]. In addition, most PLTW graduates choose to pursue STEM-based careers at 

either two year or four-year colleges or universities [4]. These successes have helped PLTW grow 

into one of the most prevalent STEM education programs in the nation. 

 

 Impact of PLTW 

In 2015, 196 schools in Iowa offered PLTW programs. A survey carried out with high school 

seniors in the programs indicated that 80% aspired to take coursework in engineering, technology, 

or computer science after they graduated [5]. PLTW courses have also been shown to attract a 

much more diverse population than engineering programs in colleges and universities [6].  

 

A study conducted in the state of Iowa found that PLTW students enroll in first year education 

higher education courses at a higher percentage than PLTW students [4]. PLTW students also have 

demonstrated significantly higher achievement in reading, math and science on a NAEP-referenced 

assessment when compared to similar students in similar fields of study who did not take PLTW 



 

 

courses in high school [7]. One possible explanation for this would be that non-PLTW students do 

not receive rigorous enough training in math and science to do well on these assessments.  

 

Goals of PLTW Engineering Curriculum 

The three major goals of the PLTW engineering curriculum are to i) increase understanding of 

science, math, and technology ii) increase understanding of engineering and iii) increase the 

number of students pursuing STEM degrees and careers. Each goal is described in detail below:  

i) Increase Understanding of Science, Math and Technology.  

The US ranked 28th in math literacy and 24th in science literacy among 40 participating countries in 

the 2003 Program for International Student Assessment (PISA) [8]. The hands-on problem-based 

approach of the PLTW curriculum aims at making the study of these disciplines more interactive 

for the students [5] and therefore increase student achievement in these areas. 

ii) Increase Understanding of Engineering  

 Another goal of PLTW’s integrated approach to STEM education is to prepare students to pursue 

university courses in engineering. PLTW’s engineering curriculum exists because of declines in 

undergraduate engineering programs accompanied by lack of gender and ethnic diversity. In 

existing engineering programs, rapid development of technology suggests that P-12 students need 

special preparation to be adequately prepared to pursue undergraduate engineering coursework and 

ease their transition into college and toward career success [4]. To adequately prepare students to 

handle the rigor of undergraduate engineering coursework, PLTW, through its high school 

engineering curriculum, offers nine courses that are designed to engage students who have a high 

interest in pursuing these careers in an interactive hands-on learning environment relevant to real 

world situations [5]. Students who are enrolled in the engineering coursework are also advised to 



 

 

enroll in a college level math sequence.  

iii)   Increasing Number of Students Pursuing STEM Degrees and Careers 

 One of the major goals of PLTW is to increase the number of young people, regardless of gender 

or ethnic background who pursue a degree in science, math, engineering and/or technology. This is 

in line with the national goal of increasing the STEM workforce. Currently many young people opt 

out of pursuing these careers in middle and/or high school due to the challenging nature of the 

courses [9]. It has been proven that found that PLTW increases the chance of a student attending a 

2-year college by 64% (p = 0.007) and increases the chances that they attend a 4-year college or 

university by 52% (p = 0.024) [4].  

Importance of Implementing the New Curriculum with Fidelity 

The research studies discussed above have shown the benefits that can accompany effective STEM 

integration and STEM initiatives. The PLTW curriculum was developed as a program focused on 

promoting STEM integration and therefore, the way the curriculum is enacted in the classroom 

would seem a critical issue. For the types of benefits observed in previous research to be accessible 

for all students enrolled in PLTW courses, it is important newly trained PLTW teachers understand 

and can effectively implement all PLTW curriculum components. The PLTW curriculum is 

constantly reviewed by educators and industrial professionals to ensure that it is up-to-date and 

meets the goals of increasing the STEM workforce and the achievement of its students by using 

relevant real-world problems [10]. However, PLTW does not have a system in place to monitor 

how PLTW trained teachers are implementing its curriculum components. Because engineering 

education is new for many teachers, it becomes important to study their implementation. The focus 

should not be only about how they are applying the curricular materials and supports to help student 



 

 

understand engineering content, but also how they are implementing the PBL and if they are using 

the flexibility that is intent of the curriculum developers [5]. Research exploring other reform-based 

science teaching approaches supports the importance of monitoring the actual teacher 

implementation.  Studies that examine the differences between the intended and the enacted 

curriculum are referred to as “fidelity of implementation” (FOI) studies. These types of studies are 

essential to help identify components of implementation that influence student achievement and 

factors that influence teacher enactment of the curriculum. Research studies have shown that 

programs that are implemented with higher fidelity tend to lead to higher student achievement [11], 

[12]. With this global finding in mind, in this study, we examined how specific teacher 

implementation of the PLTW curriculum aligns with the intended PLTW curriculum. In this study, 

FOI not only encompasses the differences between the intended and the enacted PLTW curriculum 

but also factors that influence teacher’s implementation of the curriculum such as teacher beliefs.   

Effects of Teacher Beliefs on Curriculum Implementation 

Research studies focusing on curriculum implementation indicate that there are a variety of factors 

that influence how teachers choose to enact curriculum [13], [14], [15]. One recurring theme over 

the past two and half decades is the impact of teacher beliefs as they enact curriculum or other 

instructional interventions. Teacher beliefs have been shown to be influential in shaping the way 

teachers chose to implement a new curriculum. Studies have shown that PD needs to monitor shifts 

in teachers’ epistemic orientations. These shifts   have been shown to be crucial to ensuring that 

teachers implement new approaches as intended. [16], [17], [18]. 

 

More studies have shown that teacher beliefs tend to influence how the enacted curriculum differs 



 

 

from the intended curriculum [19], [20]. It is also important to investigate curriculum 

implementation beyond teachers’ self-report measures because what is reported tends to differ from 

what is observed in the classroom [20]. To avoid the repeated pattern of instructional practices that 

do not align with what was intended in the curriculum, it is important to consider teacher beliefs as 

they enact the curriculum. The study that is described in this article was designed to potentially 

gather support for this claim. 

 

Research Question 

 There are many factors that can lead to the difference between the enacted and intended curriculum 

and those include teachers’ beliefs about teaching and learning and their content knowledge. 

Therefore, to increase the likelihood of student benefit, teacher implementation with a high FOI 

should be the goal of the PLTW training. For this to be effective, how teachers enact the curriculum 

needs to be evaluated and what factors influence their implementation assessed. With an aim of 

gaining a better understanding what factors impact the difference between the intended and enacted 

curriculum, this study addresses the following research question:                                               

-What factors influence the way teachers enact the curriculum?                                               

This question aims to fill the gap in research about how teacher factors influence 

implementation of the PLTW curriculum.  

Research Design 

The research design used in the study is the multiple case study method. The participants in this 

study were four teachers with a science or math background. The main data sources employed in 



 

 

this study consisted of semi-structured interviews, classroom observation, and document analysis. 

The analysis strategy involved the use of first and second cycle coding with the goal of developing 

themes based on the way the teachers chose to implement the curriculum. Triangulation of data was 

used to enhance the credibility of the data collected [22].  

Participant Selection 

The study was carried out with high school teachers based in the state of Iowa who went through a 

two-week PD summer training program in the POE curriculum. Training in this phase focused on 

giving the teachers direct interaction with the content and providing pedagogical instruction on how 

to teach PLTW courses and build the teachers’ confidence. Certified trainers known as master 

teachers and affiliate professors lead the training. The teacher trainees are taught how to determine 

when their students have mastered content by using continuous assessment and review of 

engineering notebooks and assignments [5]. They are also trained on how to engage their students 

in problem solving and projects that require application of math and science.  

 

Multiple case sampling was used to select a range of similar but contrasting cases in the Midwest. 

Out of the eighteen trainees who took part in the professional development, four volunteered to be 

case studies as they went about enacting the curriculum. All four teachers were part of the same 

core training session. Two master teachers also took part in the study. Their fidelity of 

implementation was not measured but their interview responses and observations made during 

training were used as a guide to how teachers were expected to enact the curriculum. 

  



 

 

 

Description of Participants 

Mr. Sam, a master teacher, has completed eleven years of teaching. He studied to be a math teacher. 

He started teaching PLTW courses four years ago. He trained for Principles of Engineering (POE) 

and has been teaching it for the past four years. Another master teacher, Mrs. Smith, has been 

teaching PLTW courses since the 2008. She started with Introduction to Engineering Design (IED), 

added Principles of Engineering (POE) in 2009 and Civil Engineering and Architecture (CEA) in 

2010. She was certified to teach Computer Science Principles CSP) in the summer of 2014. She has 

also continued to teach Math, primarily algebra, concurrently with her PLTW courses. She had 

been a master teacher for POE for two years at the time of the study. Although Mrs. Smith 

requested not to be interviewed, observations of her training skills were like those of Mr. Sam’s 

approach and gave a lot of insight on how the intended curriculum should be implemented. 

 

Two of the teacher’s trainees, Eric and Grace taught the POE curriculum as a two- semester course. 

The remaining two, Allison and Pete taught the POE curriculum as a one-semester course. 

However, all teachers taught the same course content in approximately the same amount of contact 

hours. Grace had a total of 10 years teaching experience. She had 11 boys and 9 girls in her 

classroom. Eric, a physics teacher, had two years’ teaching experience. This was his first school 

posting and first-time training with the POE curriculum. He had 10 boys and 3 girls in his 

classroom. Allison received her BA in Math. She had a total of 5 years teaching experience. She 

had 13 boys in her classroom. She had served in the current school since 2014. Pete received his 

BA in math education and had been teaching Math at the current school since 2008. He had 27 

years of teaching experience. He had taught geometry, computer programming, college statistics 



 

 

and college calculus. He had five boys in his classroom.  

 

 Although the study cannot be generalized to a wider population, the information obtained from the 

study will be used to inform future research on professional development training of teachers.  

 

Data Collection Procedure 

 The mode of data collections during training included document analysis, observations, and video 

recording, as well as interviews with the master teachers.  

 

During implementation, data was collected through videotaping of sample lessons taken at the 

beginning, middle and toward the end of the implementation of the POE curriculum. The researcher 

visited the class three times during this period as a non-participant observer. While observing, field 

notes were recorded of how the participants were implementing the curriculum.  A semi-structured 

interview protocol was also used in interviewing the participants about their perceptions of 

problem-based learning and in what ways content knowledge came into play while implementing 

the curriculum. The interview was carried out once with each participant during the implementation 

cycle.   

 

Document Analysis 

 Document analysis revealed that PLTW curriculum materials incorporate many real-life 

applications of knowledge. Most of the experimental procedures are provided. PLTW teaching 

materials include PowerPoint slides that contain most of the content to be learned. Some activities 



 

 

have simulations as an alternative to the hands-on activity. Although the PowerPoint slides and 

provided curriculum by themselves do not necessarily guarantee that the teachers will develop a 

PBL learning environment, if they are adhering to the characteristics promoted in the PD, then a 

PBL situation could exist.  

 

Trainer’s Views on Curriculum Implementation 

The trainers were interviewed to determine their views on key aspects of implementation of the 

PLTW curriculum. Mr. Sam emphasized the importance of content knowledge in implementing the 

curriculum: 

PI: If you describe your implementation when you were teaching, do you think you 

implemented it the way it was supposed to be? 

Mr. Sam: In my first year, I did the best I could, then I did it better in my second year and 

then you do it out of experience…. The way I was trained, I was trained to know that it is 

okay to use your strength. If you want to spend a little more time you know, math is my 

background... When I was dealing with trigonometry, force vectors that are going 

diagonally, finding the XY components. That is something the PowerPoint does an okay job 

but shows it once. I am going to give more examples and I might take examples because I 

also taught geometry. 

The above response showed that Mr. Sam relied on his math content knowledge to enhance student 

understanding of the content in POE. This leveraging of content knowledge to enhance student 

learning was used as an indicator of high fidelity because the trainer indicated the importance of 

this characteristic.   



 

 

Investigating Differences between the Intended and Enacted curriculum 

This research investigated how the intended POE curriculum differed from the enacted curriculum. 

This was done by looking at common aspects of implementation between the cases and how they 

may or may not have differed from the intended curriculum.  

Overall Differences in Implementation 

There were noted differences in the way the teachers chose to enact the curriculum. These 

differences included: 

1)  Differences in pacing  

2) Differences in mode of adjustment to student needs  

3) Differences in how they emphasized math or science. 

These differences are described in more detail below. 

1) Differences in Pacing 

  All teachers except Eric expressed some concern about the pace required to cover most of the 

concepts in the curriculum. Grace had to adjust in pacing for some of the content as laid out in the 

curriculum.  She was asked to describe a vivid example of a PLTW lesson. In the following 

response to an interview question, Grace described a building activity-based on Simple Machines. 

She outlined the procedures to be covered following the steps outlined in the curriculum materials, 

a sign of implementation fidelity. However, she did this with a little adjustment in the pacing: 

Grace: The curriculum is well laid out. I did not have to make any other adjustments other than 

timing. 

What Grace said about not adjusting the curriculum is true from an observation standpoint because 



 

 

she based her lectures on the PowerPoint templates.  She managed to finish all that is outlined on 

the agenda on time and did not give any hints that she was rushing to finish the curriculum.  

 

  At the end of the school year, Eric indicated during his interview that he was on track and would 

be able to finish the curriculum on time: 

PI: So, have you managed to finish the curriculum this academic year? 

Eric: So right now, I shifted things around a little bit, but I will have enough time to get 

through the curriculum. We will finish this in about a week and then we will spend a week 

or two on statistics and then hydraulics and that is kind of all we have left. 

There was not too much stuff in this course to not get to. 

From his response and from observations in the classroom, Eric’s pacing of the curriculum was 

accurate compared to the content needed to be covered as outlined in the curriculum guide, 

 

During the interview, Allison said that she had skipped over some content that students would 

cover later with the other teacher:  

Allison: I have skipped over a few things that I do not feel are necessary to get them where 

they need to be for the end of the course assessments. So, I have done a few tweaking where 

I will go back when I have time to do it.  However, I really did not feel that they essentially 

needed to be done at that point in time. Therefore, I want to make sure that I get through 

what I need to. 

From her response, due to the rigor of the curriculum, Allison skipped parts of the curriculum, 

which would be covered later. Her main goal was to prepare them for the end of course 

assessments. 



 

 

  

During his second interview, Pete hinted at how the new curriculum still could not be finished 

properly in the allocated time and as a result, he rushed through some of the content: 

 

From the above, it is evident that the teachers’ mode of pacing differed. While Grace and Eric 

adjusted time and sequence respectively, Pete tended to rush through the content. Allison on the 

other hand tended to skip content altogether. Lack of timely completion of curriculum content was 

a sign of moderate to low FOI. This is consistent with comments from the master teacher who 

stated that teachers tend to spend too much time in one content area at the expense of other content 

areas. In addition, curriculum developers expect the entire course for POE in the respective schools. 

On the other hand, the teachers might be skipping certain content and rushing so that they can 

remain aligned with the project-based nature of the curriculum. 

2) Differences in Mode of Adjustment to Student Needs 

All teachers had their own unique approach to adjusting the curriculum according to the needs of 

the learners. Grace presented the science content as a subject matter expert who was familiar with 

the content. She created connections between concepts using her physics content knowledge. She 

also used the lecture and the PowerPoint templates as the foundation and examples to reinforce 

concepts learned. Grace also started shaping an engineering career path for her student as she 

shared examples related to their project presentations on different engineering careers. She made 

relations between concepts, reinforcing previously learned material through use of examples and 

through use of question and answer. 

 



 

 

 One of Eric’s lecture was marked by use of tangible examples (chair, door, and skateboard). He 

affirmed the importance of bringing the curriculum to the level of the students during the second 

interview that followed this observation session:  

PI: I saw you used the door, a skateboard, and a chair to explain force. Do you think that 

was helpful? 

Eric: I think so. I want to teach the way that I understand. However, I know that that is part 

of the beauty of teaching physics is that you can make it so relatable to them. Because 

informally kids have been learning physics their entire lives. They know where to open the 

door, but they just do not know why we should open. 

Additionally, his response reveals how passionate he is about teaching science as he tried to make it 

relate to the students using tangible examples. He also shows that he used more than just his content 

knowledge to ensure students can see connections between the concepts being taught. 

 

Allison expressed some concerns about some of the words and phrases used in the curriculum and 

would rephrase some concepts to make them more meaningful to her students: 

PI: So, were you teaching directly out of the curriculum? 

Allison: Yes. 

PI:  And were there any parts you wanted to change? 

Allison: I guess they had questions on how it was worded so I rephrased... I do not 

remember exactly which ones they were. They were rephrased in a way that would help 

them.  

In her response, Allison indicates how she had to use more than her content knowledge to help 

students make meaning of the concepts. When vocabulary was unfamiliar, she would rephrase the 



 

 

words and bring the curriculum to the level of the learners.   

 

In his second interview, Pete was asked about the most important lesson he learned. He indicated 

the importance of bringing the curriculum to the level of the learners:  

PI: What is the most important lesson you have learned about yourself while teaching this 

time around? Alternatively, what trends do you see in your teaching? 

Pete: The big thing is that I must adjust my teaching no matter what. You know what their 

abilities are... I can recognize where they are getting it.  

In his response, it was evident that his years of experience had led to his personal growth as a 

teacher and was able to adjust his teaching to the type and ability of students in his class. 

 

From the above all the participants were not just rushing to complete the curriculum but delivering 

it to the learners in a way that was familiar to them, to be able to grasp the contents. This however 

was interpreted as moderate FOI to the curriculum since they were not completing all that was 

needed to be covered.  While it is important to cater to students’ individual differences in 

understanding, it is equally important to cover all the content outlined in the curriculum guide to 

ensure that students acquire all the benefits associated with the content as outlined in the 

curriculum. 

3) Differences in level of understanding of math and science content 

Pete was a content expert in math and tended to rely on this background knowledge, using 

examples from this discipline to teach in his classroom. On the other hand, Allison and Grace were 

content experts in science and would emphasize their teaching based on their science content 



 

 

knowledge. Since Eric was both an expert in physics and math, his implementation reflected a 

balance in math and science content. This balance of knowledge was a sign of high fidelity from the 

perspective of the PLTW curriculum materials whose goal is to promote interdisciplinary learning. 

 

Overall, in response to the first research question, there were notable differences in the way the 

teachers chose to implement the curriculum. These differences were highly influenced by the 

teachers’ reliance on the curriculum materials, the master teacher’s views on how the curriculum 

should be enacted and in part by the teachers’ own beliefs on how the curriculum should be 

enacted.  

Factors influencing curriculum implementation. 

 Data analysis also revealed 8 common traits of the teachers when it came to curriculum 

implementation that reflected their enactment of the curriculum and the factors that influenced their 

enactment: Reliance level on PowerPoint templates; teachers’ understanding of certain concepts; 

positive relationship between math pre-requisites and student understanding; value of minimally-

bases learning approaches; timing; interdepartmental support; influence of training; and shallow 

curriculum materials. These are discussed below: 

1) Reliance level on PowerPoint Templates 

All teachers developed most of their lecture-based lessons using the PowerPoint templates as laid 

out in the curriculum materials (PLTW, n.d.). This was a sign of high fidelity as the curriculum 

developers encourage the teachers to make use of the PowerPoint slides.  As seen from Grace’s 

implementation and as she pointed out in her second interview, most times, the lab procedures 



 

 

required the students to follow the steps as outlined in the curriculum materials. This was mostly 

done by presenting the pre-set content provided in the curriculum as PowerPoint slides. By the time 

the students were entering the lab, they had already covered all the key science and math concepts 

in the lecture. Although the lab session is important, there was little discovery learning going on in 

the lab because the concepts were covered in the lecture:  

PI: Not as much hands-on as you would like it to be? 

Grace: They figure out the concepts, but I think many times the way the course is set up, 

we have already presented the concepts in the lecture whereas we do not really use the 

labs as introduction. It is more of reinforcement of the concepts already talked about in 

the lecture. 

As seen above, Grace used the lecture as the foundation for conceptual development and relied on 

the well laid out procedures in the PowerPoint presentations. Most of the concepts presented in the 

activity were already covered in the lecture portion preceding it. 

 

In a similar manner, most of the teachers found the slides a useful part of their implementation 

process. For Eric, he would not only use the slides but also figure out through use of examples and 

demonstrations how to bring the curriculum to the level of the learners. Allison struggled with 

keeping students on task, especially when they were using step-by-step instructions. Pete similarly 

used the PowerPoint slides for the lecture session. Previous experience under the old curriculum put 

him at an advantage in eliminating prior teaching mistakes. Since the curriculum materials are 

provided by PLTW, it is indicative that the teachers were implementing the curriculum with a high 

level of fidelity. 



 

 

2) Teacher’s understanding of certain concepts 

 All teachers had difficulty with Trusses. Eric indicated that despite the training and his strong 

background in physics he still found it difficult to teach concepts like Trusses: 

PI: Describe an instance of how you teach a science related concept.  

Eric: The way I plan on teaching Forces will help us and the biggest that will help us is 

when we get to truss calculations. Because Truss calculations are a thing that students really 

struggle with, I think. When we did the training, they were hard for me and I had a strong 

background, and they were hard for other people.  

From the above, Eric shows the importance of a strong background in science and math background 

in teaching the POE content. 

 

From observations with the other teachers, students struggled to understand this concept. It shows 

that teacher’s fidelity of implementation was moderate too low when teaching this concept. Not 

only does math and science background influence how the curriculum is implemented, but the way 

some topics are approached in the curriculum influences implementation. 

3) Positive Relationship between Math Pre-Requisites and Student Understanding 

All students reflected a positive relationship between their math pre-pre-requisites and 

understanding of certain concepts in the POE curriculum. High math pre-requisites encouraged 

teachers to implement the curriculum with high fidelity while low math pre-requisites encouraged 

them implement with low fidelity.   

 

Towards the middle of her implementation, Allison, like Eric, experienced some challenges with 



 

 

teaching some difficult concepts (Trusses) which she described during her second interview: 

PI: Describe any challenges you had while teaching a math concept. 

Allison: Having the students identify all steps to solve a Truss. They do not follow the steps 

that you need to complete it. They kind of skip over some of the steps and do not find 

everything that they need to find is what the issue was. However, the more they did them, 

the better they got at them.  

From her response, Allison was more concerned about following the steps as opposed to 

understanding the concepts.  Allison indicated that even though the student struggled with the 

concept of Trusses, they got better with more practice. Although this lesson was not observed, from 

other lessons, Allison uses many examples and repetition to enhance her teaching. Lack of pre-

requisites may have caused the students to struggle and prompted Allison to use more examples in 

her classroom.  

 

Generally, teachers whose students did not have the recommended math pre-requisites had lower 

FOI levels, but number of years of teaching math also facilitated student understanding. If students 

had lower math pre-requisites, the teachers were more likely to alter the curriculum and use more 

examples in their teacher. This tended to enhance differences in their teaching practices.  

 

4) Value of Minimally Based Learning Approaches 

All teacher’s beliefs showed some appreciation of minimally based learning approaches. This was a 

sign of high FOI since PLTW is founded on principles of problem-based and project-based 

learning, which are minimally based learning approaches. Pete indicated that there was little change 

in his beliefs about problem-based learning since he started teaching POE because he had taught 



 

 

using this approach in the past. He believed it was the best approach to use in the classroom:  

PI: Describe how your beliefs about problem-based learning have evolved since you started 

teaching Principles of Engineering. 

Pete: They really have not because I already teach problem-based learning. I have been 

doing that for well over eight years. I would think that if you teach computer programming, 

then it is problem-based. Here is the issue, find a solution. My attitudes on it have not 

changed because I already had a belief that that was one of the best ways to learn. 

 Similarly, all the participants placed value in minimally based learning approaches. 

However, they were limited by the PLTW curriculum in implementing using these approaches to 

their fullest potential. 

5) Timing 

 One aspect of timing that was of interest was how teachers chose to develop the lessons. For most 

of the teachers observed lessons, all lessons were over 50% student-centered. Student centeredness 

was the part of class time where students were engaged with the coursework with minimum help 

from teacher. It was calculated as a percentage of total class time. For example, if a teacher spent 40 

minutes of a 55-minute lesson doing student-centered activities, the percentage of the lesson that 

would be considered student-centered would be: 

(40/55) *100 = 73 

 

Only one lesson in Pete’s case was less than 50% student-centered due to an ongoing administrative 

issue during the observed lesson. The layout of the curriculum tries to emphasize student-centered 

activities like projects and presentations over teacher centered activities like lecture and 



 

 

demonstration. Analysis of the percentage of student-centeredness was based on involvement of 

students through class discussion, question and answer sessions, presentations, and projects. On the 

other hand, teacher-centeredness was based on the amount of time spent on lecture and teacher 

demonstrations. In some cases, a percentage of time was set apart for administrative issues that 

were not part of the curriculum. All the other teachers’ lessons that were observed had higher 

proportions of student-centered activities over teacher-centered and/or administrative issues.  This 

showed that in this regard the teachers were implementing the curriculum with a high level of 

fidelity. 

6) Interdepartmental Support 

All teachers showed they valued interdepartmental support when it came to teaching difficult 

topics. Grace had the support of another teacher assigned to teach POE in the same year. Eric used 

the math department as a resource in teaching math content in the curriculum: 

PI: What resources have you used that are math related to teach math content in your class?  

Eric:  I really do not have too many resources for that either. I rely on math teachers to be 

doing their job. I mean I review some of the concepts when we get in, when we start talking 

about the trigonometry, SOCATOAH, I make sure that I refresh and review that content but 

in terms of specific content, I do not have too many other than just themselves, I guess.  

In his response, Eric indicated the importance of interdepartmental support in ensuring students in 

his class are mathematically literate. Also helpful is the review of basic math concepts used in the 

POE class.  Eric’s students were already familiar with most of the content that is presented in the 

POE class.  Eric did not seem to be lagging because of struggling math students in his class. 

 



 

 

Interdepartmental support assisted teachers to implement their lessons with higher levels of fidelity 

than otherwise possible, given their backgrounds and content knowledge specializations, was 

invaluable. It also enabled students to get help outside of the classroom, enabling them to 

understand the concepts better. 

7) Influence of Training 

All the teachers were influenced by the training directly or indirectly although some did not 

immediately notice its impact. The influence of the training was a sign of high FOI since the master 

teachers expected them to transfer what was learned in the training into the classrooms. Grace was 

enthusiastic about the effects of the training when asked about how it influenced her 

implementations:  

PI: In what ways has the training influenced your teaching of the curriculum this far?  

Grace: It was helpful to go through the training since it gave me the opportunity to try some 

of these activities and allowed me to take notes on them so that I had something to go back 

and refer to if I was unsure on how to implement or guide an activity.  

This shows that Grace used her training as a reference source when she was uncertain about how to 

do a particular activity.     

                                                                                                                                                                                 

When asked how training influenced his implementation, Peter indicated he wished he had gotten 

more guidance during the training: 

PI: In what ways do you see the training influenced your teaching of the curriculum? Is 

there any way it influenced the way you are teaching? 

Pete: I am just following the pattern of how they taught it. I mean they pretty much taught it 



 

 

through the PowerPoint.  

In his response, Pete indicates the training focused too much on the PowerPoint templates and 

jumped into activities without first showing the trainees the correct method of implementation from 

the trainers’ perspective. Despite this, Pete showed through the observation sessions that he was 

implementing the curriculum with a high level of fidelity. 

8)  Shallow Curriculum Materials 

All teachers indicated that the curriculum materials were not in-depth enough for the students to 

fully benefit from its hands on and interactive approach to learning.  Since teachers were relying on 

the curriculum materials to advance the lessons instead of using open-ended questions, which is the 

intent of problem, and project-based learning, this was a sign of low FOI. For Allison, it was not the 

classroom materials that were not that in-depth, but the training materials. She said that the training 

materials only had formulas and relied mostly on the PowerPoint with little or no explanation of 

how to implement it:  

PI: Did the training have any impact on the instructional strategies that you would usually 

use to teach science affected by the training? 

Allison: No. They give you all the formulas. There is not much background needed. It is just 

the formulas needed. 

Allison indicated that it is only the formulas needed for the training, which implies that the 

curriculum materials do not give enough information about how to implement. 

  

In general, some teachers used the information they received in training to develop the lesson. 

Although some showed appreciation for the training, others did not immediately see its benefits or 

did not think it was in-depth enough. Since the training is supposed to boost implementation, 



 

 

teachers who used the information to develop their lesson had high FOI. 

 

In summary, all the teachers relied on the step-by-step procedures laid out in the curriculum. 

Secondly, all teachers had some difficulty teaching the topic of Trusses, which lowered their FOI 

levels. They attributed this to a lack of math pre-requisites by their students, particularly the lack of 

preparation in algebra and trigonometry. All the participants favored minimally based learning 

approaches like problem-based and problem-based learning. These approaches have been shown to 

improve achievement and increase cognitive ability of students (Albanese & Mitchell, 1993). 

Teachers who used the information they received in the training relating to lesson development had 

higher FOI levels, particularly when they discussed their own experience with the students.  

Table 1 summarizes the participants FOI levels based on the 8 factors above. 

Table 1. Comparison of Enacted Vs Intended Curriculum 

Aspect of curriculum 

Implementation  

Grace Eric Allison Pete 

Relying on PowerPoint 

slides  

High FOI High FOI High FOI High FOI 

Difficulty with Trusses Moderate FOI Moderate FOI Moderate 

FOI 

Moderate FOI 

Relationship between math 

prerequisite and student 

understanding 

Moderate FOI High FOI Low FOI Moderate FOI 

Value of minimally based High FOI High FOI High FOI High FOI 



 

 

guided learning 

approaches 

Timing Moderate FOI High FOI Moderate 

FOI 

Moderate FOI 

Interdepartmental support High FOI High FOI High FOI High FOI 

Influence of the training High FOI High FOI Moderate 

FOI 

High FOI 

Shallow curriculum 

materials 

Moderate FOI Moderate FOI Moderate 

FOI 

Moderate FOI 

 

 

Discussion of Results 

Aligning Teacher Beliefs with Curriculum Implementation 

 The results reported in this study are part of a larger study conducted to understand fidelity of 

implementation of the principles of engineering curriculum [30]. The results reported here show 

that that at times teacher beliefs about how the curriculum should be implemented did not match up 

the goals of the curriculum. A similar study found that the pedagogical and curricular decisions 

made by teachers were strongly influenced by their beliefs about teaching that did not necessary 

align with the principles of educational reform [23]. This could be beneficial if teachers are acting 

as risk takers with the curriculum to learn from their mistakes and use it to improve their enactment 

the next time round ( [24]). However, it might prove to do more harm than good given that 

implementing the curriculum as intended has been historically proven to be beneficial to students. 



 

 

For students to reap these benefits, teachers should strive to align their beliefs to curriculum reform. 

It is important to confront teacher beliefs during curriculum implementation because they will tend 

to implement it in a way with which they are more comfortable regardless of whether the approach 

used aligns with the curriculum [20]. In some cases, their beliefs might match the reform agenda 

but still fail to implement the curriculum as intended because of the narrowness of their beliefs [25] 

[26]. 

 

As described in the study, in many cases, teachers chose to lecture and not teach in a truly PBL way 

except when students were working on projects.  In most cases, the teachers chose to stay with the 

PLTW outline and not teach in a truly PBL way. By doing so, they could miss the opportunity to 

pass on the benefits associated with the curriculum to their learners. However, to narrow the 

divergence created by their own beliefs and the benefits of the curriculum, it is essential for 

curriculum developers and trainers to offer teachers the much-needed support to ensure that their 

beliefs align with curriculum goals.  

 

The results of the study show that teachers tend to emphasize their background disciplinary 

knowledge. This is contrary to the goals of interdisciplinary learning. If teachers tend to emphasize 

the portions of knowledge with which they are most comfortable, they are not maximizing the 

benefit of giving their students deep critical thinking skills [27]. However, this may be improved if 

they get interdepartmental support from members from other disciplines.  

 

It has been reported that teacher’s value inter-disciplinary approaches, but their discipline specific 



 

 

training limited their ability to integrate math and science concepts [29].This was also evident in the 

current study. Instructors should carefully explain disciplinary language to build a clear picture for 

the learners [30]. This can be done by presenting the concepts as real-life problems or discussing 

the scientific methodology where knowledge connections in science, technology, engineering, and 

math must be validated, replicated, generalized, and quantified. 

Implications for Future Research and Training  

From the above discussion, it is possible to improve on the PD experiences for PLTW teachers to 

be able to increase their FOI levels to bring about the expected benefits of the curriculum. The 

results of the study can guide trainers on how to carry out their PD sessions to ensure that its 

trainees are all implementing the curriculum with high level of fidelity. The results of the study 

show that although teachers were implementing the curriculum with moderate to high levels of 

fidelity, their implementation was at times misaligned with their beliefs about the success of the 

approaches used. Focusing the training on creating conceptual change among the teacher trainees 

would help align teacher beliefs with the curriculum. 

 

The discussion also showed the benefit of involving teachers in curriculum development and/or 

modification process as they are more likely adapt the appropriate teaching approaches in their 

classroom. In POE, this would be of a major advantage because teachers’ beliefs will not be tossed 

aside and through a process of collaboration with others will get to come to a conceptual change that 

shows the advantage of adapting the new curriculum approach. 

 

The current study focused on fidelity of implementation of the POE curriculum. Future research 

should target the FOI of other PLTW courses on a longitudinal basis to see how the teacher’s 



 

 

fidelity of implementation changes with experience. Such a study should also investigate the effects 

of on-going training on curriculum enactment. 

 

A study that compares a teacher’s preferred mode of enactment to assessment outcomes of their 

students would also inform study about which enactment has the most positive influence on student 

comes. This study showed that some teachers were heavily influenced by the curriculum while 

others were more influenced by the training. Others were also influenced by their own beliefs about 

how the curriculum should be enacted. Comparison of assessment outcomes would help determine 

which modes have the most benefits for the students.  Since there has not been a systematic analysis 

of levels of implementation and relationship of FOI levels to student gains, a first step is to develop 

ways to best assess implementation in general and then apply that understanding to the relationship 

of high FOI to student gains. 

 

Future studies could target the differing perspectives (both from researchers and the teachers) on 

what truly is intended. The intent of the structured curriculum from both will lead to a better 

understanding of how the curriculum is to be enacted, (is it the PLTW documents, chronology, and 

PowerPoints or the characteristics of PBL, or something else?) and then different factors that can 

impact the implementation that could be better explored in future studies. 
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